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Abstract
The article deals with the evaluation parameters of conveyor belts using multivariate statistical methods. The first part analyzes selected parameters (variables) of conveyor belts through the
method of principal components analysis (PCA).
The second part of the article uses cluster analysis
to group monitored conveyor belts into clusters
with similar characteristics.
Key words: parameters of the conveyor belt,
principal components analysis, cluster analysis
Introduction
Within last year’s conveyers belong to the most
widespread means of transport in various industries. Thanks to that it developed quickly in design and can be found in a variety of operating
conditions, particularly in the continuous transport of materials. Advantages of belt conveyors,
particularly with regard to performance, economy
of operation and maintenance are still greater in
comparison with any other means.
Belt conveyors are mainly used to transport
many different types of bulk materials. The conveyor can also be used to transport bulk piece of
material after appropriate adjustment.
The most important part of belt conveyor is the
conveyor belt. Optimal use of the conveyor belt
with regard to its performance, adequate care and
timing of any service with using first class materials and tools have a decisive influence on work
efficiency, reducing operating costs as well as on
being environmentally friendly.
4

Materials and methods
Monitored conveyor belts and parameters
The Quarry Včeláre in eastern Slovakia was
established in 1965 as part of Factory Metallurgy
Ceramics, The East Slovakian Ironworks, Košice.
Currently it is part of Carmeuse Slovakia, s.r.o.
Carmeuse is a leading global producer of lime,
high calcium limestone and dolomite stone dedicated to many different uses.
The Quarry is situated on the northern slope
of Dolný Vrch and the nearest village VčeláreDvorníky is located about 2 km from the quarry
(48°46'N latitudes and 20°15'E longitudes). Recharge area reaches the state border with Hungary
in the south. Operating conditions of the fracture
surface are normal, incident height varies from 0.5
meters to 2.5 meters, keeping the bulk of the material strips are optimal.

Figure 1. Quarry Včeláre I (Satellite map)
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Multidimensional statistical methods
Statistics file, in which more statistic attribute are observed at the same time, are known as
multidimensional statistical method. Within basic
methods of multidimensional statistics belongs e.g.
method of principal components, cluster analysis,
factor analysis, correspondence analysis and others.

Figure 2. Quarry Včeláre II
The Quarry Včeláre mines up to 2.5 million
tons per year of limestone and its supplies are at
least for another one hundred years. This plant
supplies limestone to produce cement clinker, lime
sinter for blast furnaces, ingredients in the production of pig iron, saturation limestone for the sugar
and lime for construction purposes.
In the Quarry are over 30 belt conveyors, including smaller portable, especially in the treatment plant. We took into account only those conveyor belts, which belt service life could be determined (Tab.1).
There are seven selected parameters (variables)
that characterize the conveyor belts in the Quarry
Včeláre:
–– Thickness T of the rubber layer of conveyor
belt (mm),
–– Width W of conveyor belt (m),
–– Length L of conveyor belt (m),
–– Speed S (m.s-1),
–– Quantity of transport material per 1m2
QT (t.hm-2),
–– Life (months) and Input I (kW),
–– Quantity of transported material per 1m2.

Principal components analysis
In many research task occurs that, the number
of input variables is large enough to cause troubles with analysis and interpretation of results. For
simplification it is sometimes better to observe, if
attributes of observed objects cannot be substituted by smaller number of any other variables. For
resolution of this problem we can apply principal
components analysis (PCA).
Principal Component Analysis is one of the
basic multidimensional methods. The main goal
is to reduce number of independent variables
by particular group of new variables known as
components. New variables are independent and
the first principal component corresponds to the
greatest input variability. Each next component
reflects next largest remaining input variability
of data (Jollifte, 2002; Stankovičová, 2007). PCA
can also be applied to detect outliers, which sometimes need to be eliminated from further analyses,
and it is a useful method of classification of objects into clusters (Meloun, Militký 2005, 2006;
Stankovičová, 2007).
Cluster analysis
Main goal of Cluster analysis is to group the
monitored objects into certain similar, homogeneous groups, known as clusters. Its graphic
representation is a dendrogram. There is a distinction between hierarchical and non-hierarchical methods according to the cluster formation
mode (Meloun, Militký 2005, 2006; Hebák 2007;

Table 1. Index of conveyor belts
Number of conveyor belt
1
No.301

2
No.302

3
No.304

4
5
6
No.306
No.307
No.309
Number of conveyor belts

7
No.310

8
No.312

9
No.322

10
No.381

11
No.382

12
No.383

13
No.401

16
No.404

17
No.405

18
No.507
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14
No.402

15
No.403
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Řezanková et al., 2009). The most common hierarchical methods are the nearest neighbor method
(single linkage method), the furthest neighbor
method (complete linkage method), average linkage method, centroid method, median method and
Ward’s method. One of the most common nonhierarchical methods is the k-means clustering.
Statistical software
Multidimensional statistical methods are characterized by an extremely laborious computation
process. Hence, computing machinery was used
in the analysis. All results were obtained through
GNU R package. Its source code is freely available,
and its current version can be downloaded directly
at its home page http://www.r-project.org/.

higher than 0.7 is interpreted as very strong correlation, the value from 0.5 to 0.7 is interpreted as
strong correlation; value from 0.3 to 0.5 is mild; and
value which is less than 0.3 is trivial correlation.
It follows from the correlation matrix (Tab.4)
that there is a very strong correlation between the
vatiables Life L and Quantum of Transport QT
(r=0.869), Life and Length (r=-0.799), Life and
Input (r=-0.793), and Input and Length (r=0.723).
A strong correlation also exists between QT and
Length (r=-0.571), QT and Input (r=-0.569),
QT and Thickness (r=0.519) as well as between
Length a Thickness (r=-0.508).

Result and discussion
There are seven variables that characterize the
properties of the conveyor belts. Table 2 summarizes the basic statistical charakteristics of the conveyor belts parameters.
Principal Component Analysis
It was primarily determined in the data analysis
and evaluation whether there was any correlation
between the input variables, i.e. if they were interdependent. Since the surveyed variables were measured in different units, a correlation matrix was
used to identify the dependencies (Tab.3, Fig.3).
Absolute value of correlation coefficient which is

Figure 3. Correlation matrix

Table 2. Describe statistics of the conveyor belts parameters
Mean
Min. Value
Max. Value
Standard deviation

T
7.50
6.00
12.00
1.50

W
1.06
0.80
1.40
0.20

L
73.66
7.00
202.00
64.45

S
1.49
1.40
1.80
0.14

QT
6.24
0.43
25.71
7.43

Life
19.21
8.40
40.40
10.44

Input
30.33
5.50
100.00
26.24

Table 3. Correlation matrix
Thickness
Width
Length
Speed
QT
Life
Input
6

Thickness
1
0,469
-0,508
0,061
0,519
0,499
-0,355

Width

Length

Speed

QT

Life

Input

1
-0,396
0,171
0,070
0,163
0,225

1
-0,040
-0,571
-0,799
0,723

1
-0,083
-0,134
0,127

1
0,869
-0,569

1
-0,739

1
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Because of the relatively strong correlation
between these pairs (Fig.3), PCA was applied to
identify new, independent variables. The original
variables were replaced with new, independent
ones, known as principal components. Eigenvalues were used to extract the principal components,
using Cattell’s scree plot (Fig.4).

Figure 4. Cattell´s scree plot
The plot clearly indicates that the first principal
component (Comp.1) accounts for approximately
50.80 percent of the total data variance, the second
for 21.09 percent, the third for 12.63 percent, and
the fourth one for 7.76 percent of the total variance
(Tab.4). The last three principal components account for approximately 7.72 percent of the total
variance (fifth 6.18 percent, sixth 0.83 percent, the
last one 0.71 percent from full variability).

The original data variability is equal to the sum
of the elements on the main diagonal of the correlation matrix (s2=7). Eigenvalues li are indicated in the first line (Tab.4). The second line shows
standard deviations of individual components. The
share of individual components in the variance, calculated as (li/s2) •100%, is indicated in the third
line. Forth line presents cumulative proportion of
variability (in %), based on which we can understand how many principal components we need to
take in account instead of the original ones.
There are several techniques how to determine
an appropriate number of principal components.
A commonly used criterion is the Kaiser-Guttman
rule, according to which only those eigenvalues
that are larger than 1 are incorporated in the model
(Jollifte, 2002; Meloun, 2006). According to another rule, there should only be so many principle
components that account for 70 to 90 percent of
the total variance (Meloun, 2006; Stankovičová,
2007). It means that the first two principal components, which cumulatively account for more than
71.89 percent of the total data variance, were used
to define the new variables.
Eigenvectors represent weights, which make
combination of standardized variables possible.
Eigenvector coefficients, the so-called component
score coefficient matrix for all principal components, are shown in Tab.5.
The component matrix indicates that the first
component has strong loadings of Length, QT and
Life. The second component is mainly composed

Table 4. Summary results of method PCA
Eigenvalues
Standard deviation
Proportion of Variance (%)
Cumulative Proportion (%)

Comp.1
3.56
1.89
50.80
50.80

Comp.2
1.48
1.22
21.09
71.89

Comp.3
0.88
0.94
12.63
84.52

Comp.4
0.55
0.74
7.76
92.28

Comp.5
0.43
0.66
6.18
98.46

Comp.6
0.06
0.24
0.83
99.29

Comp.7
0.05
0.22
0.71
100

Comp.4
0.484
-0.274
0.561
0.110
0.536
0.011
0.276

Comp.5
0.664
-0.213
-0.003
-0.068
-0.476
-0.343
-0.406

Comp.6
-0.012
-0.151
-0.525
-0.076
0.431
-0.696
0.159

Comp.7
-0.198
0.454
0.414
0.004
0.295
-0.363
-0.604

Table 5. Component matrixes (Eigenvectors coeffcients)
Thickness (T)
Width (W)
Length (L)
Speed (S)
Quantity of transport (QT)
Life (Life)
Input (I)
Volume 7 / Number 1 / 2012

Comp.1
-0.365
-0.145
0.469
0.036
-0.447
-0.501
0.417

Comp.2
-0.347
-0.707
0.107
-0.457
0.118
0.119
-0.361

Comp.3
0.176
0.360
0.082
-0.876
-0.012
0.004
0.256
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of the variables Width. The third component includes univocally only the variables Speed. The
first two principal components can be written in
the form

C o p m.1 = - 0.3 6 5 T - 0 ,14 5 W + 0. 4 6 9 L +
+ 0.0 3 6 S - 0. 4 4 7 Q T - 0 , 5 01 L i f e + 0. 417 I
C o p m. 2 = − 0.3 4 7 T − 0, 7 0 7 W + 0.10 7 L −
− 0. 4 5 7 S + .0118 Q T + 0.119 L i f e − 0.3 61 I

example one very significant cluster is formed
by conveyor belts No.301, No.507, No.302; next
one is formed by No.403, No.401, No.402 and
No.404. Conveyor belts No.381 and No.405 appear to be strong outliers.
Cluster analysis
The cluster analysis was applied to sort and
group the conveyor belts with similar characteristics. Hierarchical agglomerative methods (the
nearest neighbour method, the furthest neighbour
method, average linkage method, Ward’s method,
median method and centroid method) were chosen
subsequently. The Euclidean distance, being the
most common technique, was used as the distance
metric, and the two principle variables generated
via PCA were selected as the input variables.
The cophenetic correlation coefficient CC was
used to verify the results and determine the best
clustering method. The highest value of CC defines the best clustering method. The closer its
value is to 1, the more appropriate the hierarchical
agglomerative clustering method is for the analyzed data structure definition (Řezankova, 2009;
Meloun, 2005). The results indicate that averagelink clustering and the centroid method seem to
be the most suitable clustering techniques (Tab.6).

Figure 5. Biplot
Fig.5 is a graphic representation (biplot) of the
original variables in the coordinate system of one
principle component in relation to another. For instance, it follows from the graph that there is an
abundance of the variable Life and QT (confirmed
by correlation coefficient r= 0.839). There is a high
incidence of the variable Speed in the conveyor
belts No.301, No.507 and No.302; and of the
variable Thickness in the conveyor belts No.310,
No.312. Strong position of parameter Life and QT
are in conveyor belt with number 306.
Biplot sorted the conveyor belts into several
clusters according to a similar parameters. For

Figure 6. Dendrogram – average linkage method

Table 6. The cophenetic correlation coefficient CC
Methods
Average linkage method
Ward’s method
Centroid method
8

CC
0.807
0.766
0.777

Methods
Single linkage method
Complete linkage method
Median method

CC
0.784
0.639
0.736
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The conveyor belts similarity dendrogram obtained through average linking clustering represents the ultimate cluster analysis result (Fig.6).
One of the dimensions stands for the conveyor
belts and the other for the distance between them.
According to the dendrogram, conveyor belt
No.381 and No. 405 differ a lot from the others.
They can be considered distant objects that can affect clustering.
In non-hierarchical method of clustering we
used k-means method. The cluster formation algorithm works iteratively and always starts from
a different initial arrangement, so the number of
possible clusters is large.
As criterion for determining the optimal number of clusters we chose Calinsky-Habarasz index
(CHI). The Calinsky-Habarasz index (CHI), also
known as pseudo-F index, represents possibility
how to define an optimum number of clusters.
High CHI values indicate well separated clusters. Therefore, the highest index value was being
searched for within the estimated interval of cluster quantities of three to eight. Seven was picked
as the optimum number of clusters (CHI7=42.07).
The results of non-hierarchical clustering are
shown in a scatter plot, whose axes represent the
first two principal components, which account for
96.29 percent of the total variance (Fig.7).
The results of the hierarchical agglomerative
average linkage method and non-hierarchical kmeans method are summarirized in Table 7. The
results of both methods are similar.

Figure 7. Scatter plot (k- means method, 7 clusters)
Conclussion
Belt transport is widely used for the transportation of material. It is used to transport various
types of material and is exposed to a whole series
of surrounding’s conditions, weather and environment. Given all the facts is very difficult to take
into consideration all factors affecting the belt
transport. The most vulnerable part of belt transport is a conveyor belt itself.
Multidimensional statistical methods were applied in the survey of similarity of conveyor belts.
The survey was oriented at monitoring of conveyor belts parameters. The original dependent variables were replaced with two independent input
variables. These were determined according to
PCA and cumulatively accounted for almost 72
percent of the total data variance. Applying cluster
analysis, conveyor belts were divided in few homogeneous groups, known as clusters. The results

Table 7. Results of clustering
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7

Average linkage method
306, 307, 322
301, 302, 304, 507
405
309, 310, 312, 382
381
401, 402, 403, 404
383

Volume 7 / Number 1 / 2012

Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7

k-means method
306, 307, 322
301, 302, 507
405
309, 310, 312, 382
304
401, 402, 403, 404
381, 383
9
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of the hierarchical agglomerative method of centroid method pointed to the fact that conveyor belt
No.381 and No.405 appear to be outliers. A similar result was obtained through the principal component analysis and non-hierarchical agglomerative method of k-means. All results are obtained
by program R package.
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Abstract
Project risk management in contemporary uncertain conditions gains increasing importance.
There is risk in all projects no matter how complex or great they are, and in all phases of their
life cycle. There is great number of standards and
guides that refer to project risk management. Risk
management in a project is a systematic process
of identifying, analyzing and responding to risk
within the project. It includes maximizing the
probability and consequences of positive events
and minimizing the probability and consequences
of adverse events to project objectives.
Key words: project management, risk, risk
management, standards for risk management.
1. Introduction
In contemporary conditions of undertaking a
business project management has become discipline that is clearly distinguished and utilized as
essential element for accomplishing better business
results. Scope of project management is directed
to management of single processes, business undertakings or functions aiming to execute them more
efficiently. In recent years project management as
specialized branch of management theory, has experienced intense development. Concept of project
risk management in contemporary conditions of
intense changes gains increasing importance. Risk
management becomes component not only of business structures by undertaking daily business activities, but it is also inevitable factor of efficiency
incorporated in level of states’ development. Business organizations with objective to continuously
develop their business founded on approach of
planning, implement system of risk management in
Volume 7 / Number 1 / 2012

their essential business processes [1, 2]. Therefore,
possibility to learn and assess risk in business environment, possibility to respond preventively as well
as their monitoring and directioning in desirable
directions, represents the essence of risk management processes major factor while increasing quality in all business areas. There are great number of
standards and guides that refer to project risk management. Objective of this paper is to look for approach to organizations’ integration in which it can
quickly respond and be effective at the same time.
The key for integration is information technology,
which integrates standards in project management,
and integrates concepts in project risk management
to particular project that is being executed. For an
organization to respond quickly and be efficient in
such environment featured by continuous changes
a scientific research is performed. Scientific objective of this paper is to ensure integration of existing
methods and procedures with methods which result
from this research in cosistent approach of increasing efficiency in project management by examining
standards of infrastructure and information technologies.
2. Nature and structure of risk
Risk is present in everyday living. Risk exists
in all projects regardless of their type, size or comlexity, and in all phases of their life cycle. Project
is undertaking which is done in future that is by
definition unknown and uncertain so the execution
and expected results of each project are uncertain.
When future events are referred to, risk is most
often mentioned besides uncertainty. Risk implies
something unexpected, i.e. event that is not previously planned [3]. Project risk is confined to possibility of not achieving its objectives, to achieve
11
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bad results, to loose financial means invested in
project and so on. Deviations from objectives are
hardly acceptable in common case, and sometimes
completely unacceptible.
According to [4] project risk is uncertain event
or circumstances which, if realized, can affect the
project positively or adversely. Each risk has its
cause and, if realized, a consequence. Project risk
involves threats for project objectives, but also
probalilities that can improve project objectives. A
cause for a risk is in uncertainty that certain events
will be realized, the uncertainty is a component of
every project activity. Known risks are those that
are already identified and analysed and it is possible to determine action plan referring to the risks.
It is not possible to manage unknown risks though
some activity rules are possible to determine, based
on experience from previous projects.

Figure 1. Overall risk is a function of its components [5]
According to [5] risk of an event has two primary components: probability of an event to occur
and amount of impact if the event occurs (Figure
1) and can be represented in the following way:
Risk= f (Probability, Impact)
If any of the two increases, so risk does. In
project management both probability and impact
must be taken into account.
Another element of risk is its cause. This source
of threat is labelled as hazard. Certain hazards can
be, to a large extent, overcome if they are known
and if safeguards are undertaken to overcome them.
Risk may be represented in the following way [5]:
Risk = f (Hazard, Safeguard)
12

Risk increases together with hazard and decreases with safeguards. Good project management should be structured so that it identifies hazards and allows safeguards to develop to overcome
them. If suitable safeguards are available, then the
risk can be reduced to an acceptable level.
3. Guides and standards for project risk
management
Project risk management is one of particular application of risk management. Certain principles
applied to project risk management are the same
as those in other applications. However, in projects
where some specific issues exist referring to the
way how the projects are organized and managed,
there are possibilities for common management
principles to be developed through more detailed
instructions. During last decade of XX century a
great wave of interest appeared for improving the
ability to manage the uncertainties. It resulted in development of tools and its application, techniques,
processes and methodologies qualified by the term
risk management. There are a lot of number of standards and guides referring to project risk management. Some of them are according to [6]:
–– Australian and New Zealand standard AS/
NZS 4360, Risk Management,
–– Chapter 11 of American PMBOK deals
with risk management in a project,
–– APM’s Project Risk Analysis and
Management (PRAM) Guide and
–– Britannic giude Management of Risk
(M_O_R).
Australian and New Zealand standard AS/
NZS 4360 was first published in 1995 and revised in 1999. and 2004. It is a common standard
in risk management easily applicable in project
risk management. It is not restricted to projetcs,
but also refers to risk in insurance, finances and
safety (security) as well as to project risk management. It functions well on all levels from individual activities to complete business dealings; it
can especially be utilized on the basis of integrated
programme or solution of process of business risk
management in project’s plan.
Chapter 11 of PMBOK refers to project risk
management. It is structured in form of input, proVolume 7 / Number 1 / 2012
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cess and output. In this paper the approach to project risk management is based on this chapter.
PRAM guide is independent guide for project
risk management. It deliberately differs processes
of risk management from detailed techniques and
methods which can be utilized during implementing various phases in processes. It is written within structure of project management and deals with
processes and responsibilities for process management. It ensures examples and techniques for individual steps in the process.
Guide for risk management, known as
M_O_R, is written for organizations in public sector. Deals with all risks to success of organization
and includes guide to processes in risk management,
management structure, roles and responsibilities as
well as check-lists that assist various process’ steps.
It elaborates application of risk management from
strategic level including corporate management system, through programmes, projects and functioning.
Aforementioned standards can be supplemented by standard ISO 31000 Risk management –
principles and instructions in implementation. ISO
31000 is international standard having essentially
wider scope and primarily is focused on project
risk management of an enterprise or organization.
4. Project risk management
To execute objectives of a project, risk events
must be paid appropriate attention. Project risk management implies to identify all risks within a project,
to categorize them, to determine their importance and
to undertake measures for the risks to be removed
and/or alleviated. Essentially, all these activities are
endeavored to decrease the possibility for realization of undesirable events and at the same time to
increase the possibilities for results to be realized [3].
Major processes in project risk management are
[4]: risk management planning, risk identification,
qualitative risk analysis, quantitative risk analysis,
risk response planning on realized risk threat and
risk monitoring and control. The processes are in
interaction to each other but they interact other
processes from other areas. Each mentioned process appears at least once in each project, while in
practice they overlap and influence each other.
Risk management planning is the process of
making decision on the way how to approach and to
Volume 7 / Number 1 / 2012

plan activities in risk management for overall project. It is very important for a planning process to
take into account that activities to be planned must
be in accordance with the risk and importance of
project for organization. Risk management planning process is essential for ensuring optimum way
in risk management in relation to risk type and project importance for the organization. Risk management planning is required to be done as soon as possible, already during project planning phase.
Risk identification implies determining which
risks may affect the project and documenting
their characteristics. Participants in risk identification process constitute, as far as it is possible,
the following: project team, risk management
team, experts from appropriate fields belonging
to other organizational parts, users, managers of
other projects, stakeholders and outer experts.
Risk identification process is iterative procedure
because during life cycle of the project new risks
appear, which could not be determined in initiating phase of the project.
Qualitative risk analysis is process of impact assessment and probability of risk identification. This
process determines and sorts out risks according to
their possible impact on project objectives. Qualitative risk analysis is a way to determine importance
of paying special attention to single risk, as well as
preparing appropriate activity in case of risk realization. Special weight to a risk can be given by time
conditionality of risk impact to project objectives.
Qualitative risk analysis demands for probability
and risk consequences to be determined by utility
of accepted methods and techniques for qualitative
analysis. Trend of results derived by iterated qualitative analysis, can suggest necessity to intensify or
decrease intensity of activity directed to hinder risk
realization. Utility of the analysis can help to correct incorrect or inaccurate data which always exist
in each project plan.
Quantitative risk analysis refers to impact
analysis of those risk events which by previous
qualitative risk analysis were determined to have
probably the highest impact to project risk realization. Quantitative risk analysis is to realize numerical probability analysis for realization of each
identified risk and its impact on project objective.
This process uses techniques named Monte Carlo
simulation and decision tree analysis.
13
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Response planning to risk is process in which
options are developed and activities determined
for accepting opportunities and reduction of threats
for accomplishing project objectives. Eventual
response to risk is possible – planned activities
which will be realized only in case the risk really
occurs, and elaborate strategy for managing negative (threats) and positive (probabilities) risks. The
process includes identification and assignement to
individuals and teams, responsibilities and tasks
for realization each of agreed responses. Efficiency of planned responses determines if the overall
risk for the project will increase or decrease. Process of planning a response to realized risk threat
must be adequate to gravity of risk threat, efficient
in costs and well timed, so that it is successfull,
realistic, within project’s scope, and in accordance
to all stakeholders and managed by liable person.
Monitoring and control over risks is a process
of taking evidence on identified risks, monitoring the residual risks and identifying new risks,
with objective to ensure regular occurrance of risk
planning and assess of their effectiveness referring
to decreasing the risk. Risk monitoring and control of risk threats is continual process which occurs during life cycle of the project. Risk changes
during project execution, new risks appear, while
supposed risks dissappear. Risk control can also
include process of choosing alternative strategies,
implementing action plan in case of realization of
risk threat, undertaking corrective actions or undertaking project planning from the beginning.

weight of their impact to costs, terms and project
quality. Data collected by the questionnaire were
processed by application of software packet RiskyProject [9]. Software tool RiskyProject is based on
PMI‘s standard ANSI/PMI 99-001-2004 and includes two types of risks: global and local.
Global risks are those that can have impact on
project as a whole and are not limited to particular
activities or resources. For each global risk filled
in columns are presented in Figure 2 [9].

Figure 2. Example of global risks
In Figure 3 is presented an example of determining local risks for activities „Main shutter in vertical manhole“ using dialog Task Information [9].

Figure 3. Local risks

5. Research results
In the area of East Herzegovina a research has
been performed on identification of critical factors
of construction projects efficiency [7] [8]. Questionnaire was chosen as optimized way of research.
Identification of the most influental risk events is
necessary so that by planning response to critical
risk event, by risk control and monitoring over realization of response to risk, their negative impact
would reduce, and at the same time increase probabilities for project’s success. Questionnaire took
place in first half of 2009. Questionnaire was delivered to seven organizations, and 35 examinees
filled in the questionnaire. Examinees were offered
52 possible risk sources which they were to assign
14
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Figure 4 represents parameters which gave the
best results for Monte Carlo data simulation for
risk calculation in project of constructing hydrotechnical supply tunnel Fatnicko polje – Akumulacija Bileca.
Monte Carlo simulation obtains risk sources on
the project costs, schedule and quality. Sensitivity
analysis presents which variables may potentially
have impact on major project parameters. Results
of sensitivity analysis are shown in Figures 5, 6, 7,
8, while Figure 9 shows risk matrix [9].

Figure 5. Results of sensitivity analysis to project
duration

Figure 6. Results of sensitivity analysis to project
costs

Figure 7. Results of sensitivity analysis to project
quality

Volume 7 / Number 1 / 2012

Figure 8. Results of sensitivity analysis to all parameters of the project

Figure 9. Risk matrix
According to examinees’ estimation, the most
critical risk factor to deadlines prolongations is
hydrological conditions.This risk factor has been
accounted for while constructing the tunnel, but
not too seriously, for the floods lasted 190 days.
The following risk factors are: inefficient (or nonexistent) system of risk management, unavailability of required material resources, additional and
extra works, delays in procurement of materials
and equipment and unstable political environment.
The examinees have identified five major risk
factors for exceeding the costs (Figure 6): inefficient or nonexistent risk management system, unavailability of necessary material resources, delays
in procurement of materials and equipment, additional and extra works and hydrological conditions.
For reduced quality one of the major factors
are: geotechnical conditions, low level of communication integration, bad coordination of all
participants, inefficient (or nonexistant) risk management system, unstable political environment,
hydrological conditions, bad insurance system
and quality control and so on, Figure 7.
If results of overall project risks list are looked at
(Figure 8) and related risk matrixes (Figure 9) it can
15
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be concluded that first three risk events represent
critical risks for overall project efficiency, the next
fifteen risks are significant risks, while risks 16, 17,
and 18 fall into tolerable (sustainable) risks. Critical
risks have very high priority (in Figure 9 they are
marked with red color) and it is necessary to apply
immeditale strategies for project threats to the risks.
For significant risks (marked yellow) early attention
is neecessary, while tolerable risks need regular attention (marked green). The objective is for all these
risks to transfer them into the field marked green.
During the research critical factors were expected like the following: hydrological conditions,
additional and extra works, unavailability of required material resources, delays in procurement
of materials and equipment, unstable political
environment, geotechnical conditions and so on.
The following strategies may be applied to these
threats: to escape the risk, to transfer the risk, and
to mitigate the risk. Transferring the risk to third
person (insurance guarantees,...) is the most frequent strategy by which the investor responds to
threats (costs increase, prolongations of deadlines,
non-performance of the contract and reduced quality). By this the other contractual party (contractor, project engineer, and supervising engineer)
accepts responsibility if a risky event occurs that
could have impact on project objectives. On the
contrary to expectations, contractors who perform
the contract do not have within their business systems an elaborate system for risk management, or
the existing system is not sufficiently efficient. In
this way they jeopardize their own efficiency in
project execution. By this strategy of risk mitigation probability is reduced and the impact to acceptable threshold by undertaking activities during early phase of the project.
Besides the expected responses to critical factors, examinees recognized the problem of low
level of communication integration, bad coordination of all participants, inefficient project risk management, insufficient experience of participants in
project and bad insurance system and quality control. A successful response to these risk sources
can be the approppriate appliaction of information
technology, as well as additional education in area
of project management.
The most critical risk source is executing the
works. The next source of critical risk efficiency
16

factor is project management, and immediately after it natural risk source, relationships between project’s participants and at the end political risk source.
6. Conclusion
For an organization to be sustainable and efficient in contemporary business conditions, it is
necessary to apply concept of project management, as a new business philosophy. There is risk
in all projects regardless of their type, size and
complexity, and in all phases of life cycle. Risk
of an event has two primary components: probability of certain event and the size of its impact
if it occurs. Project risk management is one of the
special application of risk management. There
are great number of standards and guides which
relate to project risk management. Some of them
are the following: Australian and New Zealand
standards AS/NZS 4360, Chapter 11 of PMBOK,
PRAM guide and M_O_R guide. Major processes
of project risk management are the following: risk
management planning, risk identification, qualitative risk analysis, quantitative risk analysis, risk
response planning on realized threat and risk monitoring and control.
On the basis of sensitivity analysis and risk matrix risk events are determined for the project of
construction of hydrotechnical supply tunnel Fatnicko polje- Akumulacija Bileca. The first three
risky events represent critical risks for overall
project efficiency, the following fifteen risks are
significant risks, while risks 16, 17 and 18 fall
into sustainable risks. Critical risks have very high
priority and strategies for threats to project are required to be applied immediately. For significant
risks early attention is needed, while regular attention is necessary for sustainable risks.
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Abstract
In the fire protection, the intumescent paints are
used on the surface of the elements of building construction as to give them a certain fire resistance.
When exposed to the fire they expand and form
a char on the surface of the element, protecting it
from the fire a certain period of time. It is necessary
in the Fire Engineering to know more closely the
fire resistance of the building elements protected by
the intumescent paints. In this paper we have taken
a simpler model to calculate the fire resistance of
the building elements protected by the intumescent
paints through the temperature fields in the elements, which consist of the char and the element.
A standard fire curve was applied to such a structure. In this way we get the heating of the structure and through it the time when it reach a defined
temperature. The period of expansion of the paint
and forming of the char is relatively short and is not
taken into account. It can be determined through the
preliminary tests and was taken approximately as 5
minutes. The properties of the char as density, thermal conductivity and specific heat are taken from
the literature and the calculations are made with the
two-dimensional numeric program TASEF for five
different paints. The results are summarized in the
heating curves of the structures from which the fire
resistance can be determined.
Introduction
The use of the intumescent paints in fire protection is common as to provide an adequate fire resistance of a building element or some other element.
The elements are tested in the laboratories with an
intumecent paint applied to the surface. There are
also a number of theoretical models that treat the
system the paint plus the supporting element including the process of the expansion of the paint
and forming of the protective char layer [1,3,4].
18

Intumescent substances provide flame retardancy properties by forming a carbonaceous layer
on the element. The paint undergoes the expansion
which also contain the cooling gases and finally
the char forms which limits the heat transfer to the
underlying material.
The knowledge of the fire resistance of the element protected by an intumescent paint is important. It is provided by the tests and usually it is
given by the producer of the element stating the
result of fire tests.
However, sometimes is necessary to know the
fire resistance of the system more closely.
In this paper we took a simple model in one dimension of a system consisting of the char and the
steel substrate, which we heated by the standard
fire curve. In this way we neglected the expansion
phase of the intumescent paint and started with the
system char-steel. The experiments show that the
expansion phase is relatively short [1]. We were
not interested in the chemical composition of the
intumescent paints and only with the thermal
properties of the ensuing chars. Our chars have the
names char a to char e.
The heat transfer calculations were performed
with TASEF, the two-dimensional code for temperature analysis of structures exposed to fire [2].
The transient two-dimensional heat transfer
equation
∂
∂T
∂
∂T ∂e
(k ) + (k ) − + Q = 0 , ......... (1)
∂x ∂x ∂y ∂y ∂t
with
x,y – coordinates (m),
T – temperature (K or °C),
k – thermal conductivity (W/mK),
e – specific volumetric enthalpy (J/m3),
t – time (s),
Q – internally generated heat (W/m3),
Volume 7 / Number 1 / 2012
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is solved by the finite element method. The
heat flux at the boundaries is specified as

culations we took two thickness of the chars, 10
mm and 7 mm.

q = ε s ( T g4 − T s4 ) + β ( T g − T s ) γ , . ........ (2)

3. The chars and the results of the calculations

where
ε – resultant emissivity (-),
σ – the Stefan – Boltzmnn constant (W/(m2K4),
Tg – absolute surrounding gas temperature (K),
Tg – absolute surrounding gas temperature (K),
β – convective heat transfer coefficient (W/
m2K),
γ – convective heat transfer power (-).

3.1 Char
Thermal properties of this char were taken
from [1] density r = 113 kg/m3 and the thermal
conductivity was k = 0.106 W/(mK) (constant), cp
= 2900 J/(kgK). The results of the calculations are
shown in the Figure 2.

2. The model of the calculation
We took the heat transfer coefficients for the
exposed and unexposed side as they were in the
code. The structure we calculated consisted of a
10 mm char and 4 cm steel, Figure 1.
The thermal properties of the chars we took
from the mentioned papers. We also modified
somewhat these properties and formed the hypothetical materials as to see how those changes
influence the fire resistance of the structure. The
thermal properties of the chars in some calculations were taken as constant and in others they
varied with temperature according to [3,4].

Figure 1. The structure of the calculation
The final thickness of the char can be different[1], ranging from 2 mm to 17 mm. For the cal-

Figure 2. Heating of the structure with the char a
We also modified the specific heat of the char
a and the results show that this has no much influence on the heating of the structure as shown on
the )), Figure 3 (char a1 has cp = 4900 J/(kgK), and
char a2 cp = 1250 J/(kgK)).

Figure 3. Influence of the specific heat change of
the char

Table 1. Thermal characteristics of the chars
Char
char a
char b
char c
char d
char e
Volume 7 / Number 1 / 2012

Density r
(kg/m3)
113
365
550
682
167

Specific heat cp
J/(kg K)
2900
1250
1200
1300
2900

Thermal conductivity k
W/(mK)
0.106
0.053
0.08
0.05
0.1
19
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3.2 The results for other chars
In the following table (Table 1.) are given the
thermal characteristics of the chars used in the calculations.
The results of the calculations are shown in the
Figures 4 and 5 for the char thickness of 10 mm
and of 7 mm respectively.
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Figure 4. Heating of the structure with different
chars - thickness of the char 10 mm
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Figure 5. Heating of the structure with different
chars - thickness of the char 7 mm
Discussion
The fire resistance of the structure is the time to
reach the average temperature rise of 140 °C on the
unexposed side, starting from an ambient temperature. The measurements of the thermal properties
of the chars give the possibility to calculate the fire
resistance of the building and other elements.
From the heating diagrams this time can be
easily determined. Of course, the specific structure shall be used in the calculation and tested to
ascertain the fire resistance and the protection the
intumescent paint provide.
The thermal conductivity of the formed char is
the main factor, as can be seen from the diagrams.
Of course, one can change the composition of the
intumescent paint as to get the best paint and to
achieve the desired fire protection.
20
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Abstract
The present study investigates the determinants
of wiki diffusion in education. The model presented in this work examines four facilitators and
one inhibitor of wiki diffusion among Greek high
school students. The sample population of the research was chosen randomly from three schools of
the Greek prefecture of Eastern Macedonia. Factor analysis and multiple linear regression analysis
were conducted to examine whether, and to what
extent, wiki diffusion is affected by factors such as
relative advantage, compatibility, complexity, student personal interests and professor motivation.
The analysis revealed that the most significant determinant of wiki diffusion is the personal interest
of the student for information search. On the other
hand, as supported by the literature, complexity
was proved to be an inhibitor of wiki expansion in
education. Professor motivation, relative advantage and compatibility can also encourage wiki
diffusion, though in a smaller scale.
Key words: Wiki diffusion, relative advantage,
compatibility, complexity, student personal interests, professor motivation, multiple linear regression
1. Introduction
It is known that cyberspace has lots of opportunities for learning and education and students
can perform a much wider search for information
which shows the beginning of a new era in education. The present study deals with wiki technology,
a different method of exchanging information than
the common web sites. The diversity and originality
of the wiki pages having to do mainly with the user’s ability to change their contents only by using a
simple web browser and that can be used by a wide
range of users (Hester and Scott, 2008). Today, the
importance of wikis is magnified because of their
Volume 7 / Number 1 / 2012

friendly content with the result that present updated
information vital to many institutions for the entire
educational community and (Abreu, et al., 2010).
Another important issue is that the construction of a
wiki based collaboration of users.
The “WikiWiki” formulated by Howard Curringham 1995 and aims to create a simple act of
government online data and collaboration (Ebner
2006) that is easy for all users (Wang, 2004) and
(Elrufaie, 2005). The ability for fast content updating and easy data modification, along with the
fact that the information becomes directly available online are significant characteristics for any
educational cause (Leidner and Jarvenpaa, 1995).
The present paper is studying the educational role
of the wikis and their impact on high-school level
students. As Willemse at. Al., 2005 report in their
research, their personality of the student affected
by their teachers and impacting knowledge becomes more efficient (Silins and Mulford, 2004).
Wikis are the teachers’ modern educational tools
not only because they combine the three “A” (anytime, anywhere and anybody) (Ebner. 2006) but
also because they have three types of interaction
as an important component of deep and effective
learning (Preece et. Al., 2002).
2. Literature review
Several studies show that the topic of wikis
will continue to draw the attention of scientists
and professionals worldwide in the coming years,
mainly due to the fact that the future is open to
innovative educational standards association, such
as wikis (Albors et.al, 2008) as technology grows
dramatically, and according to Majchrzak et al.,
(2006) wiki technology is sustainable. Challborn
and Reimann (2005) after investigating specific
wikis, as Seedwiki, Mediawiki and Wikki Tikki
Tavi, assumed that the obvious candidate of wi21
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kis is distance learning. Raitman et al·, (2005),
reviewed the various pathways in which students
reflect events collaborations in an online learning
community. The findings showed students were
excited should be remembered that the initiative
of wikis and felt easy and accessible and willing to
produce and expand their work on a specific topic.
On the other hand, Ebner et al. (2006) concluded that when the debate on top levels of education
students are not as receptive. Abreu et al. (2010)
examined the acceptance of wikis by students of
a university community which provided a highly
technological environment. One of the conclusions reached was that, although the use of wikis
has become compulsory for students, one third
of them used wikis for personal reasons, while
two thirds of these used independently and is not
the case for teachers. Another conclusion of this
study was that users are keener in editing a wiki
in groups. The research also showed that students
consider the educational value of wikis to be the
same or higher than other learning methods.
3. Methodology
The aim of the present research is to study
the facilitators and inhibitors of wiki diffusion in
Greek students. In order to accomplish this task,
four facilitators and one inhibitor were used and
a conceptual model was constructed. This model
is a synthesis of the models used by Hester and
Scott, (2008) and Abrantes et al., (2007). A questionnaire was developed and distributed to high
school students in order to find which factors affect wiki diffusion. Before presenting the confirmatory factor analysis, linear regression analysis
and the results of the factors used are analyzed using past literature.
The base for every technology implementation research is the model developed by Roger
(1995), but to analyze the model proposed in the
present study, it is important to present the Moore
and Benbasat (1991) model that was developed
in order to measure individual comprehension
in accepting an information technology innovation. Moore and Benbasat used relative advantage
and compatibility, as two of the relevant factors.
The aforementioned factors, plus complexity, are
also taken into consideration in Fichman’s model
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(2004). Moreover, as mentioned by Beatty et al.
(2001), Majchrzak et al. (2006) and Grudin (1994)
the adoption of any innovative technology is positively associated to its relative advantage. According to Fichman (2004), Fiol and O’Connor (2003)
and Swanson and Ramiller (2004), the decision to
implement any technology is positively connected
to compatibility, an element which generally plays
a major role in innovation.
The third determinant used in our model is complexity. In the works of Roger (1995) and Moore
and Benbasat (1991) complexity is claimed to be
negatively related with the adaptation of any innovation theory. Dedrick and J. West (1994) and
R. Agarwal and J. Prasad (2004) also agree that
when users assume that a technology is complex,
they are less likely to implement it. Another determinant of the model used in the present research is
the personal interests of the students. The research
by Abrantes et al. (2006) results in significant facts
about learning performance. Wikis are used by educators in order to intrigue the learners’ curiosity
and boost the learning performance. As supported
by Abrantes et al. (2006) the motivation variable
also correlates with learning outcomes.
Finally, in the proposed model the last determinant affecting wiki diffusion is professor motivation. As Marks (2000) and Young et al. (2003) put
it, the level of learning perception is principally influenced by the students’ own interests, which is,
nevertheless, strongly correlated with the motivation set by educators. This research was conducted
among Greek students attending the final class of
high school in the area of Eastern Macedonia of
Greece. Eastern Macedonia is comprised of two
prefectures (Drama and Kavala). From the capital
cities of these two prefectures three high schools
were randomly chosen. The sample population
of the research was 317 students. Questionnaires
were distributed in the classrooms, during classhours, achieving in this way a high response rate
(93%) that is 295 valid questionnaires for the statistical analysis.
Factor analysis and linear regression analysis
were conducted to examine the factors that affect
wiki diffusion. As illustrated in Figure 1, the model examines the impact of each factor on wiki diffusion. Multiple regression analysis revealed the
beta values (β1, β2, β3, β4 and β5) for each of the five
Volume 7 / Number 1 / 2012
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factors depicted below. The greater the beta value
of a factor, the stronger the relationship between
wiki diffusion and this particular factor. Moreover,
the sign of betas (+/-) reveals whether there is a
positive or negative relationship among wiki diffusion and the factors examined.

Figure 1. Conceptual Model
Thus are formed five cases to examine the determinants of diffusion wiki in the Greek educational system. Following Hester and Scott (2008),
the first hypothesis concerns the relative advantage that the student might obtain by searching
information over the internet using various wikis.
Therefore, the first hypothesis is formulated as
H1: Relative advantage is a determinant of wiki
diffusion.
In the same sense, compatibility is the next
wiki diffusion driver that is examined. We assume
that if wikis are compatible with the software systems Greek student use (such as Office, Adobe
Acrobat, Flash and so on), the expansion of wikis
is facilitated. This driver was also used by Hester
and Scott (2008) for their theoretical approach of
wiki technology diffusion. Therefore, the second
hypothesis is formed as:
H2: Compatibility is a determinant of wiki diffusion.
Moreover, as mentioned before, our model also
examines one inhibitor of wiki diffusion. Based on
the literature it is assumed that complexity is a factor that averts students from using wikis in order
Volume 7 / Number 1 / 2012

to retrieve information (Hester and Scott, 2008).
We assume that the simpler it is for students on
that level of the educational system to search information using wikis, the wider the expansion of
wikis will be. For that reason we hypothesize that
H3: Complexity is an inhibitor of wiki diffusion.
The fourth factor examined, is the students’
personal interest for information searching and
gathering over the internet. We added this factor
motivated by the study of Abrantes et al. (2007) as
we expect it to have a strong impact on wiki diffusion. The hypothesis to be examined is
H4: Student personal interest is a determinant
of wiki diffusion.
Following the studies of Abrantes et al. (2007),
Marks (2000) and Young et al. (2003) the level of
learning perception is principally influenced by
the students’ interest which is strongly correlated
with the motivation provided by educators. Therefore, the last hypothesis becomes as
H5: Professor motivation for information searching over the internet leads to the diffusion of wikis.
4. Results and Statistical analysis
4.1 Factor analysis
The Kaiser-Meyer-Olkin measure tests whether
the partial correlations among variables are small.
On the other hand, Bartlett’s test of sphericity is
an indicator of the appropriateness of the factor
model used (Raftery, 1995). In the analysis of the
present work, the results of both tests are considered to be acceptable, since the KMO measure is
0,548 (higher that the 0.5 required for a satisfactory factor analysis) and the significance level of
Bartlett’s Test of Sphericity is ,000 (less than the
0.05 required to prove that the correlation matrix
is not an identical matrix, Raftery, 1995). Since the
results of the aforementioned tests proved the suitability of the sample for statistical analysis, confirmatory factor analysis was conducted to examine
the weights of the items used in the questionnaire.
The extraction method used was principal component analysis and four components (factors) were
extracted with acceptable weights /values (over
0.5). The factors extracted were:
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Table 1. Factors and Factor weights / values
FACTOR
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14
Q15

Student personal
interests
0,781
0,900
0,792

Professor
motivation

Compatibility

Complexity

0,561
0,924
0,881

The following tables summarize the reliability tests for each one of the five factors extracted.
Cronbach’s alpha figures indicate acceptable reliability level for the five factors, since they are all
greater than 0,7 (Hutcheson and Sofroniou, 1999).
Factor 1 - Relative Advantage
Table 2. Reliability analysis factor 1
Cronbach’s Cronbach’s Alpha Based
N of Items
Alpha
on Standardized Items
0,831
0,863
3

Factor 2 - Compatibility
Table 3. Reliability analysis factor 2
Cronbach’s Cronbach’s Alpha Based
N of Items
Alpha
on Standardized Items
0,781
0,802
3

Factor 3 - Complexity
Table 4. Reliability analysis factor 3
Cronbach’s Cronbach’s Alpha Based
N of Items
Alpha
on Standardized Items
0,869
0,878
3

Factor 4 - Student personal interests
Table 5. Reliability analysis factor 4
Cronbach’s Cronbach’s Alpha Based
N of Items
Alpha
on Standardized Items
0,781
0,782
3
24

Relative
Advantage

0,794
0,957
0,861
0,827
0,960
0,738
0,879
0,969
0,824

Factor 5 - Professor motivation
Table 6. Reliability analysis factor 5
Cronbach’s Cronbach’s Alpha Based
N of Items
Alpha
on Standardized Items
0,741
0,731
3

4.2 Multiple linear regression
The five factors extracted from the factor analysis were integrated into a multiple regression
model. The independent variables are Relative
Advantage (RA), Compatibility (C), Complexity
(COM), Student Personal Interests (SPI) and Professor Motivation (PM). In the following linear
regression equation, let α represent the constant
value and ε represent the error in the calculation
that cannot be totally eliminated. The dependent
variable is the first question in the questionnaire,
in which students are asked whether they are familiar with websites where the content can be created, modified and updated automatically by any
user via a web browser. Therefore, the linear regression model has the following form:
Wiki Diffusion = α + β1 (RA) + β2 (C) +
+ β3 (COM) + β4 (SPI) + β5 (PM) + ε .
In order to assess the effect of each variable on
wiki diffusion, the beta values of the model (correVolume 7 / Number 1 / 2012
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lation coefficients) were examined. The next table
presents the model’s analysis of variance. The value F designates that the slopes β1, β2, β3 and β4 are
non-zero and can be used for the analysis. Moreover, the sig. Value of 0,000 indicates the statistical significance of the test at the 1 per cent confidence level (Hutcheson and Sofroniou, 1999).
Based on table 8, it can be inferred that from all the
variables examined in this study, ‘student personal
interest’ is the most significant facilitator of wiki diffusion, since it has the greatest beta value (0,640). In
consistence with the theory, complexity has proved
to be an inhibitor of wiki diffusion and, therefore, it
has a negative beta value. Professor motivation and
relative advantage are also important drivers of wiki
diffusion. Compatibility has a low impact on the
overall model. Finally, the constant of the equation
(a) is 3,078. Therefore, the linear regression model
presented above becomes as follows:

Table 9. Collinearity statistics

Wiki Diffusion = 3,078 + 0,103 (RA) + -0,161(C) +
+0,068 (COM) + 0,640 (SPI) + 0,121 (PM)

The analysis performed in this work, demonstrated that the most significant determinant of
wiki diffusion in Greek students is their personal
interest for information search. In addition, confirming existing theories, complexity was proved
to be an inhibitor of wiki expansion in education.
Professor motivation, relative advantage and compatibility are also drivers of wiki diffusion, though
their impact is of a smaller scale. The implications
of this research are multiple for the educators. For
example, we propose that emphasis should be given on encouraging students to use wikis in order

Table 9 presents the co-linearity statistics (Tolerance and Variance Inflation Factors). Tolerance
values fall at the [0-1] interval, an indicator that
there is a linear relationship among the independent variables. On the other hand, VIF values are
also acceptable (VIF = 1/tolerance) since they
are less than 5, indicating that there is no co-linearity between the four variables of the model
(Hutcheson and Sofroniou, 1999).

Factor
Constant
Complexity
Relative advantage
Compatibility
Student personal interest
Professor motivation

Tolerance
1,000
1,000
1,000
1,000
1,000
1,000

VIF
1,000
1,000
1,000
1,000
1,000
1,000

At this point, it is important to explain that
our research is a case study, conducted on a small
fraction of participants in the Greek educational
system. The present study has produced and attempted to analyze and interpret original findings
that can be of value in the field of wiki expansion
in education.
5. Conclusions and further research

Table 7. ANOVA
Model
1 Regression
Residual
Total

Sum of Squares
136,742
356,465
493,207

df
5
289
294

Mean Square
27,348
1,233

F
22,172

Sig.
0,000

Table 8. Correlation coefficients
Constructs
Constant
Complexity
Relative advantage
Compatibility
Student personal interest
Professor motivation
Volume 7 / Number 1 / 2012

Unstandardized
Beta
3,078
-0,161
0,103
0,068
0,640
0,121

Std. Error
0,065
0,065
0,065
0,065
0,065
0,065

Standardized
Beta
-0,124
0,080
0,052
0,494
0,094

Sig.
0,000
0,014
0,112
0,296
0,000
0,062
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to retrieve information for their assignments. The
students could benefit more from wiki technology
if course assignments were more oriented towards
information finding and web-searching.
This research was conducted in a specific
geographic area of Greece and was focused on
a small population sample of the Greek school
community. It is an original investigation of the
determinants of wiki diffusion in Greek students
of eastern Macedonia. Hopefully, this study will
trigger more profound research to illuminate the
issue of wiki expansion and diffusion in education. Further research can be performed to examine a larger geographic area covering Greece as a
whole or other wider areas. It would also be interesting to examine whether a similar study on
a different sample of students would produce the
same results. Another idea is to conduct a research
on specific school subjects, to examine which subject is more suitable for assigning projects that
require the acquisition of web information using
wiki technology. It would be extremely helpful
to discover for which school subjects wiki usage
produces the best results and assists the learning
procedure.
Finally, this study could be expanded to include
higher levels of the Greek educational system. A
similar research could be conducted on a sample
of students of Greek universities or technological
educational institutes. Wiki technology can upgrade the educational systems and processes, not
only in Greece but in every country, therefore, serious efforts should be undertaken by all interested
parties.
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Abstract
The recovery and strengthening of the Serbian
economy, the transition process, privatization,
market linking and integration in the EU certainly
indicate the need to define the most appropriate
ways to respond to the challenges that these processes bring along. In this sense, foreign direct investment (FDI) are extremely important for Serbia
because, unlike other modalities of capital inflows,
investment packages brought by FDI include not
only capital but new technologies, management
and organization skills, foreign market access and
likewise. Therefore, they are essential not only in
terms of development needs of the economy, but
also in terms of growth and maintenance of the
competitive positions and performance. The paper provides concrete measures to increase FDI
inflows. Attention should be focused on maintenance of political stability and improvement of
legal safety in order to improve the investment climate, in order to significantly increase the number
of greenfield projects in the future which, among
other positive characteristics, include the creation
of new jobs and thus alleviate the growing unemployment problem. Possible intensification of the
political crisis in Serbia would have a negative impact on FDI, and it would be difficult to talk about
the greenfield investments in this situation.
Key words: Foreign direct investment, competitiveness, transition, the Republic of Serbia.
Introduction
Transition of different countries differ in many
aspects, but they also have certain similarities of
which the two are most important: a substantial
reduction of production in the first years of transition and growth of poverty. Production decrease is
largely due to the collapse of the old coordination
28

mechanism, before the new one was constructed,
and elimination of companies that have no chance
in the market. The growth of poverty is the consequence of decrease of incomes, increase of inequality and the slow development of effective
mechanisms of social security.
In Serbia, a new private sector grows, but it does
not present such a driving force as it presented in
some other countries in transition (in Poland, for
example), where it quickly became the main carrier of economic progress. The causes of this are,
firstly, the fact that there was the private sector,
which was a relatively developed even prior to the
changes in October, while in most transition countries it began from scratch and, therefore, quickly
grew in the early stages. Secondly, an important
limiting factor for private sector development in
Serbia was the banking system, which was not
nearly able to monitor the financing needs (and the
old banking system, did not have that role, so there
was no financing of private companies). The main
source of investment money are still the company’s profit and owner’s assets, which prevents
rapid development. And thirdly, there are other
problems burdening the economy in Serbia and
bring barriers to entry: complex administrative
procedures, weak law enforcement and protection
of contracts, i.e. low level of legal protection, often uncooperative local authorities, problems with
the building and construction land and so on.
1. Transition process in Serbia
There are several reasons for the lack of production decrease during the transition period in
Serbia, that is for its growth. Firstly, Serbia did not
have a radical break in coordination mechanism
as the vast majority of countries in transition, i.e.
it did not switch from central planning to a market system in 2000, as it had already been in the
Volume 7 / Number 1 / 2012
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market system, although deformed by the socialist government and party, but it was still a market system. Serbian economic institutions and the
people, accustomed to the market, were in 2000
much better prepared for the transition than other
countries of Eastern Europe a decade earlier.1
Price liberalization, foreign trade and business
activities, as a whole, at the end of 2000 and early
2001 only eliminated many unnecessary regulations, as well as broad formal and informal government administration of the ruling party, which even
1 Begović, B. et.al.: Četiri godine tranzicije u Srbiji, CLDS,
Belgrade, 2005. ISBN 86-83557-33-2 2005.

had a positive effect on the production: when some
unnecessary regulations are eliminated, that is the
government intervention it is natural to have an increase of economic activity. Secondly, macroeconomic stabilization also brought improvement of
business environment and enabled growth. Thirdly,
a substantial inflow of external financial support
(EUR 3.2 billion in the period October 2000 - end
2004) encouraged domestic production, although a
considerable part went into imports. Fourthly, after
the victory of democratic forces the last sanctions
against Serbia were removed, the financial ones,
which also had a positive effect on economic activ-

Privatization of
SMEs.**

Restructuring of
companies

Price liberalization

Trade

Competition
regulation policy

Reform of the
banking sector

Infrastructural
reforms (total result)

Telecommunications

Railway
infrastructure

Electric energy
production

Road
infrastructure

Water
management

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Large
privatizations*

Table 1. The EBRD transition indicators for Serbia (period 1989-2009)

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
2,00
2,33
2,33
2,67
2,67
2,67
2,67
2,67

3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,00
3,33
3,33
3,67
3,67
3,67
3,67

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
2,00
2,00
2,00
2,33
2,33
2,33
2,33
2,33

2,67
3,67
3,67
3,67
3,67
2,67
2,67
2,67
2,67
2,33
2,33
2,33
4,00
4,00
4,00
4,00
4,00
4,00
4,00
4,00
4,00

2,00
2,00
2,00
2,00
2,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
2,67
3,00
3,00
3,00
3,33
3,33
3,33
3,67
4,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,67
2,00
2,00
2,00

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
2,33
2,33
2,33
2,67
2,67
2,67
3,00
3,00

1,00
1,00
1,00
1,33
1,33
1,33
1,33
1,33
1,67
1,67
1,67
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,33
2,33

1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,33
2,33
2,67
2,67

2,00
2,33
2,33
2,33
2,33
2,33
2,33
2,33
2,33

1,00
1,00
1,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,00
2,33
2,33
2,33
2,33
2,33
2,33
2,33

1,00
1,00
1,00
1,67
1,67
1,67
1,67
1,67
1,67
1,67
1,67
2,00
2,00
2,33
2,33
2,33
2,33
2,67
2,67
2,67
2,67

1,00
1,00
1,00
1,00
1,00
1,67
1,67
1,67
1,67
1,67
1,67
2,00
2,00
2,00
2,00
2,00
2,00
1,67
1,67
1,67
1,67

Source: EBRD (http://www.ebrd.com/country/sector/econo/stats/index.htm); September 2010.
Note:
* Ranking (4) indicates that when it comes to state-owned enterprises, more than 50% of equity is in private ownership, and the
highest rank (4 +) indicates that more than 75% of capital is in private ownership.
** Ranking (4) shows that the privatization of small enterprises is complete, while the highest rank (4 +) indicates complete
absence of state ownership in small businesses; performance of the enterprises at this level are typical for developed industrial
countries.
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ity. In other words, the beginning of real transition
did not bring the reasons for the decrease of production, but, rather, for its growth.
Similarly, there was no strong reason for the
increase in poverty. Firstly, as a consequence of
growth of GDP, the incomes of the population
were growing. Secondly, the increase in inequality
was not large, so that it could not affect the transfer
of more people to the poor. Thirdly, there used to
be nominally well-developed social welfare system in Serbia, which was only poorly financed, so
the debts to consumers were more than two years
old (social welfare, child allowance, etc.). After
normalization of the situation in the early 2001,
and with the assistance of donations, debts were
settled and regular payment of current transfers
was provided, which improved the situation of
the poorest. Ensuring of regular payments of pensions had a similar positive effect on the position
of the oldest citizens. Fourthly, a significant and
already mentioned financial support of the world
increased the purchasing power of the population
over the level of domestic resources and allowed
visible growth of consumption. Probably, the most
important advantage of Serbia was tardiness in
the transition, caused by the political constellation and international situation during the 1990s.
Specifically, the transition in Serbia started only in
2000 with the wave of political changes that took
place in October of that year. In other words, the
transition in Serbia started with ten years of delay.
Serbia's progress in the transition period was
valorized, among others, by the EBRD. The transition indicators point to the conclusion that the
reforms were most successful in the liberalization
of prices (since 2001 their score has been 4.00),
then the area of trade and privatization of small
enterprises (detailed data are presented in Table 1).
The worst, on the other hand, were evaluated the
process of enterprise restructuring, large privatizations and the general situation of infrastructure.
In the field of transport infrastructure, the emphasis was on the railroad network which is in the
worst condition (score 2.33), while the road network is in somewhat better condition (2.67). For
comparison purposes only, Croatia had for these
two areas of infrastructure identical values of the
EBRD indicators in 1998 for the railroad and the
2002 and 2003 for road infrastructure.
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Within ten years of transition that took place
without Serbia great experiences were gathered in
many segments of transition that occurred in other
countries: the experiences, for example, regarding
macroeconomic policy, price liberalization policy
and foreign trade, privatization and restructuring of
the real sector, reforms of public services etc. These
experiences led to the accumulation of knowledge
about what some transitional policies and models
may bring, i.e. what the results of their application
are. Also, a vast knowledge on the mechanisms that
lead to such results was accumulated, as well as
which mechanisms lead to formulation and implementation of transition policies, that is which preconditions should be met in order to successfully
implement a specific policy. In this regard, the delay
of Serbia was a chance to learn from the mistakes
of others, that is not to repeat the mistakes that others have already made. Only the Slovak Republic,
among the countries of Central and Eastern Europe,
had such an advantage.
2. Performances of foreign direct investments in Serbia
Bearing in mind the necessity of strong growth
in production and export, the economic development of Serbia in the following period is virtually
impossible without fresh capital. In this sense,
foreign direct investments represent the optimal
form of investment, because in addition to capital components there are management skills, new
technology and many other related positive aspects. It is therefore in the interest of Serbia to
make its policy and the dynamics of the opening independent from political turmoil and, most
importantly, independent from the influence of
lobbying groups, which have been holding back,
to a lesser or greater extent, the process of liberalization. Acceleration of investment policy, to a
large extent, is the only way out of the vicious
circle: the growth of wages over productivity the growth of consumption and import - a decrease of competitiveness of export – the slowing
down and the fall of economic growth. Since, on
the other hand, the national savings will be for
a longer period far below the investment needs,
here the direct investments appear as a variable
of strategic importance.
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The inflow of foreign direct investments in Serbia during the nineties was constantly below the
level of USD 120 million annually, except in 1997
(740 million USD). The first significant amount
of FDI, greater than 1 billion (net) was recorded
in 2003. Then, there were oscillation again, until
2006 when the record inflow of USD 4.3 billion
was recorded (Figure 1).
Figure 2. Input cumulative of the foreign direct
investments in Serbia, 1997-2009 (in mill. USD)

Source: UNCTAD: World Investment Report 2010, New York
and Geneva, 2010., Annex

Figure 1. FDI in Serbia - a net inflow in the period 1997-2009 (in mill. USD)

Source: NBS, the Department of Economic Analysis and
Research Department, Balance of Payments Statistics Department, Balance of Payments 1997-2006, Balance of Payments
in 2007, 2008 and 2009 (http://www.nbs.rs/export/internet/
cirilica/80/platni_bilans.html) September 2010.

There was a sharp decline in FDI inflows to a
level of 2.5, i.e. 2.7 billion in 2007 and 2008, and
a negative trend continued in 2009, with the FDI
level of USD 1.9 billion.
According to the data for the period January July 2010, the inflow of FDI was USD 519.7 million net, which represents a significant decrease in
comparison to the same period last year (USD 896.0
million.) 2. The input state of FDI in 2009 reached
USD 20.6 billion (Figure 2). Expressed in relation
to GDP, in 2008 the cumulative FDI was 32.7%
of GDP3, an increase compared to 2002 (when the
share was at 10.7%) is more than evident.
Among the top fifteen countries by origin of
foreign direct investments placed in Serbia in the
period between 2000 and 2008 (Figure 3), none
was outside the European continent (USA ranks
as the sixteenth, with a total of USD 133 million).
2 NBS: Balance of payment of the Republic of Serbia
(I-VII) 2010 (http://www.nbs.rs/export/internet/cirilica/
80/platni_bilans.html); September 2010
3 Source: UNCTAD: World Investment Report 2009, New
York and Geneva, 2009, Annex B. ISBN 978-92-1112775-1
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Figure 3. Inflow of FDI in Serbia - top 15 countries, 2000-2008. (in cash - net, mill. USD)

Source: NBS, Economic Analyses and Research Department,
Balance of Payments Statistics Department (http://www.nbs.
rs/) I/2010.

Figure 4. Inflow of FDI in Serbia - top 15 countries in 2009 (in cash - net, mill. USD)

Source: NBS, Economic Analyses and Research Department,
Balance of Payments Statistics Department (http://www.nbs.
rs/); Sept. 2010

The top five countries for the period 2000-2008
are: Austria, Greece, Norway, Germany and the
Netherlands, and all with the amounts of FDI of
more than USD 1 billion (the largest amount of
FDI originating from Austria, a total of USD 2.6
billion). By far the largest outflow of foreign direct investment was in the observed period in Bosnia and Herzegovina (USD 901 mill.). Of all Eu31
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ropean transition countries, Slovenia is ranked as
the seventh (USD 655 mill.), Hungary as the tenth
(USD 353 mill.), and Croatia as the twelfth (USD
296 mill.). In 2009 (Figure 4), the largest amount
of FDI was placed from the Russian Federation
(USD 535.3 million, net), followed by Austria and
Holland, with USD 322.1 million and USD 242.5
million. The overview of foreign direct investment in the ECT is given in Table 2, as a summary
for the period 2000-2006 (for this period there is
no data for all countries from this group), as well
as for the last two years.
In 2009, Slovenia, Slovakia and Croatia dominate
(net inflows was USD 48.6 mill. USD 35.5 million
and USD 27.5 million). Apart from the three above
mentioned countries in 2007 Montenegro appeared
as a significant source country of FDI placed in Serbia, with significant USD 209.3 million.
Viewed by sectors, the highest amount of foreign direct investments in Serbia has been placed
in the area of financial intermediation, followed
by manufacturing, transport, storage and communication, real estate operations and wholesale and
retail trade, etc..
In the transport sector, the largest amount of
FDI (15.9% of total inward FDI in the period
2004-2008) was placed in telecommunications.

Figure 5. Foreign investments in Serbia by business segment in 2009 (share in%)

Source: NBS, Economic Analyses and Research Department,
Balance of Payments Statistics Department (http://www.nbs.
rs/); Sept. 2010
Note: includes commodity and cash flows

The banking sector, with the intensification of
competition from a growing number of market
participants, proved to be extremely attractive to
foreign investors. The main reasons for the attractiveness of the Serbian banking market are in the
fact that interest rates are extremely high, and that
the official "perceived" business risk is very high,
and that the real risk of doing business is still considerably lower.
According to NBS data for 2009, Manufacturing industry was dominant (with a share of 30.8%
in total FDI (USD 768.7 mill. in absolute terms),

Table 2. Foreign direct investments in money in Serbia from the ECT - net, 2000-2009 (in thous. USD)
2000 – 2006*
Czech Republic
Hungary
Poland
Slovakia
Slovenia
Estonia
Latvia
Lithuania
Bulgaria
Romania
Albania
Bosnia and
Herzegovina
Croatia
Montenegro
FYR Macedonia

2007

2008

2009

290.955
63.137
450.394
49.385
65.097
-

8.328
31.494
10.071
3.084
92.856
6.843
3.535
5.089
46.916
20.139
108

447
31.030
24.811
1.471
112.189
196
739
6.395
21.884
20.747
-39.066

1.881
23.424
2.609
35.551
48.569
445
1.381
47
2.219
748
-6.310

-1.589

-838.608

-60.804

-550

117.315
12.946
-

35.944
209.288
-47.981

143.148
73.900
-1.504

27.480
-5.599
-1.449

Source: NBS, Economic Analyses and Research Department, Balance of Payments Statistics Department (http://www.nbs.rs/);
Sept. 2010
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followed by the section of Mining and quarrying
(share amounted to 20.7%). All other sectors recorded participation of below the level of 15%.
It is interesting to note that there is a significant
difference when comparing years 2009 and 2005,
when financial intermediation and wholesale and
retail trade dominated, although the fact that the
share of individual sectors in the period between
2005 and 2009 is not disputable, although, they
varied significantly from year to year.
3. Investment incentives and optimal sectors for foreign investments
To encourage new investments and reduce
high unemployment, Serbia (based on the Decree
of the Government of Serbia, adopted in late June
2007), granted its potential investors from 2,000
to 10,000 Euros per open new job position. Investment projects in all sectors, except trade, tourism and agriculture, are eligible for the award of
grants from the National Investment Plan (NIP).
Proposed investment projects are evaluated based
on nine criteria. Starting with the investor’s references, it’s identity card and past indicators of success, then the share of domestic suppliers and the
effects of investment on the productivity of other
domestic companies in the same sector, as well as
the sustainability of the investment, i.e. length of
business activities.
Whether the submitted project will receive the
significant support from the Government, depends
on how the proposed investment will encourage
the general development and the development of
the municipality, human resources, environmental
protection and the scope of international services
(for investment in the service sector). Projection of
the effects show that, after the implementation of
projects, it would be realistic to expect the opening
of over 10,000 new jobs. 4 The funds are intended
4 In the first two application rounds 61 request came. The
funds were approved for 13 companies, of which 8 were
foreign and 5 domestic. 10.33 million Euros were set aside
for investments worth 78.83 million Euros and 5122 new
jobs were created . Contracts with 18 companies (nine
domestic and nine foreign companies) in the third round
for the allocation of grants to investors were signed
in July 2007, enabling the investments worth 150.6
million Euros in 16 municipalities in Serbia, as well as
Volume 7 / Number 1 / 2012

to finance investment projects in the manufacturing sector, services sector that may be the subject
of international trade, research and development.
The main requirement is that the minimum
investment value is between one and five million Euros, depending on the unemployment rate
in the municipality in which the investments are
made and to open at least 50 new jobs 5. There are
some disagreements among the domestic professionals about this kind of public spending, in the
sense that this kind of investment incentives is
bad, because the state should encourage foreign
investment by creating a better investment climate
reducing public spending. The argument for this is
that the number of employees actually grows with
the success of business enterprises, and not government subsidies, so that it would be more efficient to cut taxes for companies that want to invest
in Serbia. There are also views that the government helps the foreign investors too much, even
financially. The funds from that mentioned program were given, among others, to some famous
international companies, which are considered not
to need an incentive to invest. An issue which also
emerged in practice, is that the investor receives
cash boost just in case it takes over the company.
If it rents a hall from another company, as in the
case of German Drexel Meyer6, which is intended
with brownfield investment to rent a hall in Zrenjanin, it could not count on that money.
The question is what is the interest of the country, since the fact that someone bought the plant is
not a guarantee that it will not sell it in one year.
However, the big question is whether these companies would have chosen to invest in Serbia if
they were not offered these incentives. The position of the Government is that the incentives of
this type in this transition phase are necessary, due
to the still poor investment climate and instability,
as well as the growing problem of unemployment.
Even though their government covers a part of
the costs of new investments, Serbia in the medium term gets a lot more - increasing employthe opening of 2535 new work positions, and the total
of 5.22 million Euros from NIP were secured; Source:
Ministry of Economy and Regional Development (http://
www.merr.gov.rs/), September 2009
5 Source: SIEPA (http://www.siepa.sr.gov.rs); I/2010.
6 Source: same.
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ment and export, and the possibility for domestic
entrepreneurs to learn a lot from them. In addition,
the undeniable fact is that foreign investors bring
in Serbia more than necessary knowledge, technology, and new markets. There is much less disagreement when the issue is not a specific financial incentives, and the topic is attracting the investments that would bring a world famous brand,
which significantly contribute to new employment
and to bring new technology. In this regard, the
criteria by which the investment could acquire the
status of investments of special interest should
be precisely defined, world-famous brand would
imply, for example, that a given company is on
the list of the largest and most successful companies in the world; by a significant investment that
significantly contributes new employment would
be considered an investment of over EUR 20 million which would employ 100 new workers or an
investment in the areas that can undoubtedly be
characterized as high - tech. If the investor satisfied any of these conditions, he would acquire the
right to extraordinary relief, such as: free allocation of land (right of use), exemption from payment of the land development fee, providing infrastructure to the land on which the investment of
special interest is located, etc.
From the aspect of attracting foreign capital,
the most important advantages of Serbia as an optimal investment location are:
1. Central position in the South East Europe
(Corridor 10, the Danube)
2. Good access to markets through the process
of EU accession, regional free trade
agreements and free trade agreements with
Russia.
3. Industrial and research tradition and
experience in engineering and manufacturing
jobs.
4. Natural resources and production conditions
in agriculture and forestry.
Foreign capital is certainly welcome in all sectors of the economy. However, the sectors in Serbia that could contribute the most with regard to
the competitive advantage they have or may have:
• Public-private
partnerships
(energy,
telecommunications,
infrastructure,
metallurgy, mining and research).
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• Auto-Parts (focusing on the companiessuppliers of new car factories and
manufacturers of trucks and heavy vehicles).
• Information and communication technologies
(products and services with the possibility
of making software, administrative and
business activities, initiatives that are based
on the capabilities of universities and research
centers).
• Pharmaceuticals, medical care, clinical
research and chemical industry.
• Agriculture and food industry (food and
non-food agricultural products, with
emphasis on organic products, products with
geographical origin and products obtained
by indigenous and traditional technologies
of high quality, as well as the product of
conventional production and processing for
mass consumption of high quality).
• Banking and Financial Services.
• Engineering (specialized services, engineering,
building on the turnkey principle, etc.).
• Wood industry (mainly production of wood
furniture, which is based on craft skills).
• Tourism.
• Textile industry (short-term production
brand clothing and focus on certain markets).
It should be noted that the specified sectors are
developing at the global level as well, and they
stand out particularly because they have, in domestic circumstances, the potential to create significant numbers of new jobs. Projects in these
sectors may be able to connect local companies
and attracting foreign companies-suppliers, and
services, then they have the potential to develop
industrial clusters, and besides that they can influence the increase in export and affect the balanced
regional development of Serbia.
4. Measures for the improvement of the
investment environment and the growth
of FDI
The qualitative index of political risk is important determinant of the income of FDI, especially
given the fact that Serbia has not been for a long
time attractive to foreign investors. Elections, as
an important political factor, have a double effect.
Volume 7 / Number 1 / 2012
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At first, they cause a slowdown in reforms, and
reduced interest of administration for rapid modernization. Besides the direct impact, there is another which is not direct, but it is also essential
in the long run. Frequent elections reduce predictability, and therefore the ability of the economy to
develop business strategies and establish plans for
business development. Therefore, long periods of
consecutive election cycles lead to general slowdown in reforms and reduced the interest of potential new investors.
To create an attractive investment environment, the relationship of Serbia with international financial institutions (IMF, World Bank)is
extremely important, that should result in growth
of the rating of Serbia, which is very important in
terms of investment performance.
The stability of the business environment and
FDI will largely be affected by the process of EU
integration. European integration agreements,
undoubtedly, enlarged the credibility of governments in European countries in transition in terms
of commitment to reforms and focus on opening
their economies. EU has contributed to shortening
the transitional period by abolishing tariffs and quotas on imports of industrial products from Central
European countries. Such regime is very attractive
to potential foreign investors who want free access
to the markets of countries of the European Union.
Agreements, spurred interest among European
manufacturers, especially those that are significantly reliant on imports of raw materials from third
world countries, who have placed their finished
products to the EU market. The agreements further
motivated the moving of their production to one of
Central European countries in transition.
An important precondition for attracting FDI is
the creation of an adequate legal and institutional environment in Serbia, as well as institutional
regulation of capital markets, which is one of the
most important drivers of economic growth and
development. Foreign investors specially take into
account the judicial system and legal security in
the country they intend to place capital. In the case
of Serbia, progress in this area (according to the
World Bank and other international institutions) is
still problematic, and therefore attention in the future should concentrate on creating more effective
judicial system in Serbia. As a special segment of
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legal protection, it is very important to establish
adequate legal protection of intellectual property
rights. Slowness and delay of proceedings is still
believed to be a great interruption, as well as ignorance or insufficient knowledge of certain areas.
Arbitration procedure is not well developed and
the application of this form of dispute resolution
should be further encouraged. Inability to obtain
the right to own the construction land also is one
of the key obstacles for development of business
climate for placing FDI. In this sense, it is necessary to remove this obstacle and allow full competition in real estate trading and free pricing. The
problem is evident when it comes to real estate cadastre and land registry (very poor coverage of the
territory in the Land Registry), which resulted in
a significantly limited function of powerful mortgage creditors in collateral lending. Administrative
procedures are still, in some areas, inexplicably
complicated and difficult to understand for foreign investors, because they are primarily related
to organizational failures. It is necessary to speed
up the harmonization of the national legislation
with EU regulations, in order to increase the legal
security of business and investment. Of particular
importance is the regulation of property relations,
especially in relation to land and construction.
Although innovative and modern laws are being
brought, their impact is limited by numerous regulations, hidden in the bylaws. This issue is also
related to improvement of administrative capacity
and quality of public administration. Foreign investors give particular importance to this issue as
its resolution brings many positive effects - more
predictability, more efficient administration, and
less potential for corruption.
The position that Serbia has skilled labor is at
least debatable. After the enormous "brain drain"
in the nineties, Serbia remained largely free of
experts who, by definition, are the "backbone" of
the recovery of the economy of a country. Lack
of experienced professionals (managers, financial
experts, engineers) will be a growing obstacle in
the future, it is inevitable.
Reformation of the education system of Serbia and its harmonization with the needs of the
economy. The market still lacks adequate professional capacity in terms of functionality and management, in relation to formal education, experi35
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ence and previous employments. Employment of
labor and the number of qualified personnel are
still at odds as there is no sufficient supply of labor
to cover the growing needs. In addition, a large
percentage of people with basic education is obvious, so additional education is necessary. Also, it
is important to attract Serbs of adequate expertise
(those who work abroad and who have acquired
key skills and knowledge of business in global
companies) to return to Serbia. Foreign companies
are happy to appoint them to the highest leadership positions, instead of bringing in foreigners.
Encouraging the development of applied science, through appropriate financial support and
more intensive connections with research institutions from abroad.
More balanced development demands the increase of the efficiency of local self-government
in building regional infrastructure, which is important for attracting the investors;
State of the infrastructure is a significant factor for the foreign investors that determines the
attractiveness of a country, and even more, the attractiveness of the city or some other micro site.
The fact that new sites are offered without adequate infrastructure, and even without zoning and
cadastral records. For the elimination of such lacks
neither financial assets nor long periods of time
are necessary, but the improved administration at
all levels. One of the arguments for the continuation of liberalization in the field of infrastructure
(electricity, telecommunications, water supply
and sewerage, roads and dams, railways, ports,
airports), is the fact that infrastructural bottleneck
situation are the brake on the overall rapid development of transition countries. With the inflow of
foreign capital into the infrastructure sector it is
possible to significantly reduce and even eliminate
these bottleneck situations.
FDI can have a negative impact on the trade
balance if the country does not achieve significant
cooperation with domestic suppliers, which is
the motivating and driving factor of the growth
and development of local production. Regardless
of short-term benefits of such investments (more
diverse offer on the market, recruitment of local
staff), taking over of a part or even the entire market, observed in the long run has a negative impact
on the domestic producers.
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Greenfield investments are a form of placing of
foreign capital, which should always be encouraged
in terms of the various privileges and exemptions,
and much simpler administrative procedures. Although, the experience of transition countries that
joined the EU, greenfield investments started in a
significant scale only in the last stage of transition,
after the privatization process. In Serbia the attention should be focused on attracting this type of
FDI having in mind multiple positive effects. Practice from the region shows that greenfield investment affected economic growth in transition countries, because this form of investment had direct
(increased employment, export, taxes paid to the
state), and indirectly influence on their economic
development. Because with the arrival of greenfield
and subcontracting chains are created and small
and medium enterprises are developed. In addition
to the prolonged and often corrupted way to get the
permission for construction, Serbian for greenfield
investors, who employ almost completely local
workforce is no longer so cheap. Especially when
it comes to workers with lower qualifications, because their wages are lower in Belarus, Bulgaria
and Ukraine. As for the manager, Serbia is competitive, but are the well educated are not flexible.
Investors, therefore, prefer brownfield investment
- buying companies that went into bankruptcy,
because in this case the procedures for future operations are easier. In greenfield, the investor has
to think whose is the property on which he plans
to build, and with the purchase from the privatization he inherits the workers that are not qualified
or there are too many. In addition, he has to deal
with debts and outstanding matured receivables. It
has often happened recently that the the investor is
waiting for the company to go bankrupt, and then to
buy it and start the production.
When it comes to small and medium enterprises, we should note a worrying fact that in the
past the least amount of foreign capital was placed
in SMEs. It is therefore necessary to examine in
detail the possibilities of special incentives for this
segment of the economy, with full legal security for
foreign investors and developed legal framework
for tax incentives, without doubts and ambiguities.
In order to encourage export-oriented FDI, it is
necessary to implement the new development instruments. Establishment of industrial parks, otherVolume 7 / Number 1 / 2012
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wise, is one of the most important ways to attract
foreign direct investment. Industrial parks are sets
of companies concentrated in a specific territory,
which share the same infrastructure. They were initially used only for productive activities, while they
still combine manufacturing and services, and the
production is increasingly relying on high technology. Technology parks differ from industrial parks
in the activity of the company focused on technological development and commercialization of scientific research. For technology parks the crucial
are intensive links with the companies, universities
and research institutes. The purpose of industrial
parks is, in addition to provide physical space for
the realization of foreign direct investment, and
creating favorable conditions for the development
of specific regions. Production in industrial parks
affect: employment growth of local populations,
changing employment structure by education and
training (looking for staff of certain profile), attracting and supporting service industries, but also the
use of local suppliers and logistics, which affects
the economic development of the entire region.
Free zones were created as a mean for creating a
conducive environment for business, especially for
companies seeking low-cost export base. The main
attraction of free zones are favorable customs treatment, certain tax incentives and simplified administrative procedures. They include the identification,
determination and fencing of duty-free zones in
the country in which the exporting companies are
allowed to operate without the usual adherence to
local laws regulating the payment of customs and
other duties. Also, the companies are usually allowed to base their business activities on foreign
currency and they are often not subject to common
rules and obligations when it comes to labor laws,
foreign exchange operations and other administrative duties and regulations. Free zones operate
most successful in the least developed economies,
in which the usual laws and other regulations have
not yet been improved and modernized in order to
meet the needs of investors. An excellent example
is Dubai. Principles of free zones have, in recent
years, developed outside the original incentives
such as cheap labor, limited company taxation and
reduced paperwork, and these areas are developed
into large international trade and forwarding destinations.
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The Serbian Diaspora could become a much
larger investor than it is now. We should take into
account the actions of some generation towards
the ethno-transfer. The generation that left the
country for economic or political reasons, in the
greatest amount, is interested in profits, as well
as the fulfillment of moral rehabilitation through
by ethno-capital investments, and even to return
to their country of origin. The second generation,
born in countries of immigration, homeland ties
with their parents' home country are significantly
lower, while ethnic ties of the third-generation
have almost completely disappeared. This is,
therefore, time limited source of capital.
Conclusion
The strengthening of the Serbian economy,
growth of the industrial production, employment
and export, and integration in the EU are the imperatives, and it is therefore necessary to find the
most appropriate modality to meet the challenges
that these processes bring along.
In domestic scientific and professional community, in terms of the apparent shortage of investment
funds, slowing down of the economic growth, worryingly high trade deficit and high unemployment
rates, the need for intensifying the inflow of foreign
direct investment, especially export-oriented and
greenfield projects, no one disputes any more.
The alternative to the inflow of foreign direct
investments represent the credits that are expensive and will be more expensive, and domestic
savings is insufficient to finance investments.
The question that is now current is how to
achieve in the shortest possible time, and with
minimized negative effects of FDI.
In this sense, in the last segment of the paper
are stated measures that may be of importance to
achieve this goal, which can be summarized in a few
key guidelines: the necessity to maintain political
and macroeconomic stability, intensify the reform
of legal solutions primarily in the areas of ownership of construction land, more efficient courts,
increase the efficiency of administration, increase
labor market flexibility with the harmonization of
the education system with the current needs of the
national economy and intensify the development of
free zones, technological and industrial parks.
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Abstract
Low attendance rates at the national level soccer games in Serbia has resulted in unenviable
market place positions of the soccer clubs. The
current research analyzes the differences among
types of different fans among the top soccer clubs
in Serbia across the motivations for consumption
in sport and a team identification. A sample of respondents (N=365) were divided by their commitment and loyalty to the club into three subsamples:
temporary, loyal and committed fans. The results
indicated that the level of motivation and identification increases with the level of fan commitment
and loyalty to the club. There were significant differences for committed fans in regards to individual motives and team identification as compared
to temporary and loyal fans, with loyal fans showing higher levels than temporary fans. Implications based on these established distinctions suggest to sports marketers the necessity for making
adjustments in marketing strategies based on each
type of fan or target consumer group.
Key words: sports consumer behavior, spectator motives, football.
Introduction
Sport in Serbia has an important place within the
social sphere of a large number of citizens, and their
knowledge of current sport events is very high. A
significant reason for this overall knowledge of
sport is the great success and quality performance
of the Serbian national teams in a variety of team
sports (e.g., basketball, volleyball, water polo,
handball, soccer). Additionally many Serbian individual sport athletes in such sports as tennis and karate have reached levels to be considered among the
Volume 7 / Number 1 / 2012

world’s most elite. Therefore, during national team
competitions with other countries, attendance in the
stadiums and sport halls are at capacity. By contrast,
the matches involving domestic teams within Serbian national leagues suffer from much lower levels
of attendance. Supporters mainly, in great numbers,
attend only the “more significant” matches, while
attendance at the less important matches amount to
only a few hundred spectators. Recently, however,
even for the matches deemed important and significant, the stadiums are not completely being filled
with spectators.
Soccer in Serbia has the greatest number of facilities, clubs, leagues and athletes, as compared to
other sports. However, Serbian spectators as consumers of soccer, spend small amounts of money
on trips to stadiums, attending sporting events, and
overall consumption of sporting goods and services. There are many reasons for these low levels of
consumption including the constant departure of
young talented players to major European clubs,
small budgets and lack of major sponsors, small investments in infrastructure, staffing problems, inadequate marketing and promotion, and poor results
in European competitions. Additionally, frequent
incidents that suggest the increased the risk of being at the stadium, along with security factors, dissuade the public from attending live events. These
issues lead many consumers to watch competitions
on television at home, rather than coming to the stadium to watch the event live.
All these factors contribute to the fact that Serbian stadiums are only filled with the most attached
fans, while the overall number of loyal and casual
fans have decreased. An important factor to consider in the establishment of increased attendance
for Serbian soccer clubs is the extensive research
on motivations for attendance for sport consumers.
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Motivations for Attendance
The motives that induce sport consumption
through game attendance or media outlets have been
tested in a variety of different sports and a variety of
different populations (Sloan, 1989; Trail, Anderson,
& Fink, 2000; Trail & James, 2001; Funk & James,
2001; Mahony, Nakazawa, Funk, James, & Gladden, 2002; Funk, Mahony, & Ridinger, 2002; James
& Ross, 2002; 2004). Due to the importance placed
on fan consumption, sport managers must understand the motives of their individual customers
and market towards those specific motives in order
to increase consumption habits and overall sales.
Sport managers can identify and market to the motives of consumers based on the goals of their behaviors (Heckhausen, 1989), and in order to grasp
the significance of motives for sport consumption,
avariety of measurement tools have been created.
For instance, Wann (1995) developed the Sports
Fan Motivation Scale (SFMS), consisting of eight
motives, while Milne & McDonald (1999) suggested 12 factors in Motivations of the Sport Consumer
(MSC) scale. More recently, Trail & James (2001)
created the Motivation Scale for Sport Consumption, with nine motivational constructs. Instruments
examining motivational factors in countries outside
of North America have also been created to address
cultural differences in sport consumers (Matsuoka
& Hujimoto, 2003; Won & Kitamura, 2007). Kim
& Chalip (2004) emphasized the fact that although
many different instruments have been utilized to
measure motives, research consistently finds that
the motives of fans are multidimensional, and consumption habits are significantly predicted by these
motives.
Indeed, research on sport consumer motivations has improved the understanding of what
drives individuals to consume sport, and has provided greatly improved methods for attracting
spectators for marketers (Trail, Robinson, Dick, &
Gillentine, 2003; Trail, Fink, & Anderson, 2003;
Trail, Anderson, & Fink, 2005, Robinson & Trail,
2005; Won i Kitamura, 2006; Gi-Young & Hardin,
2008, Fink & Parker, 2009; Damon, Seungmo,
O’Neal, Greenwell, & James, 2009). Enjoying the
drama that a sport possesses or the physical performance of athletes may be potential reasons for
visiting stadiums (James & Ross, 2004). Motives
40

such as entertainment, escapism and eustress lead
to increased consumption and identification levels with the team, and ultimately higher levels of
spending in the sport (Wann, 1995).
The phenomenon of “group behavior” with respect to sports fans is of particular importance in
the study of consumer behavior. This can be attributed to the fact that viewers, or certain types of fans,
can be considered to be part of consumer reference
groups (Murreil & Dietz, 1992). Recognizing the
differences in motivations among various groups of
consumers, some authors have dealt with the comparison of motivational profiles and the differences
between supporters of different sports (McDonald, Milne & Hong, 2002, Trail et al., 2003; Wann,
Grieve, Zapalac, & Pease, 2008). Accordingly,
sport marketers often ask what do certain types of
fans expect from attending sport events, what motivates fans to spend their time and money on a these
events, and how does an individuals attachment to
a team influence behavior?
Team Identification
In order to fully understand how and why individuals identify with sport teams or organizations,
it necessary to grasp the concepts of the notable
theories behind team identification: identification
theory (Funk, Ridinger, & Mooreman, 2003; Mahoney, 1995) and social identity theory (Madrigal,
1995; Trail, Anderson, & Fink, 2005). These theories have provided a significant theoretical background for many of the instruments used to measure team identification, such as Trail and James
(2001) Team Identification Index (TII), which is
utilized within this study. Mahony (1995) defined
team identification as “the degree to which a fan
defines him/herself by the same attribute that defines the sport team” (p. 12). Additionally, the social identity that a group of fans has in common
with respect to their favorite sport team also provides explanation for team identification (Kwon,
Trail & Lee, 2008). James & Trail (2008) suggested that the identity of fan can be either categorybased or role based, illustrating the idea that both
social identity theory and identity theory should be
considered when discussing team identification.
Turner (1982) indicated that within social identity theory, individuals have both a personal identity,
Volume 7 / Number 1 / 2012
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which includes specific attributes such as the abilities and interests, and a social identity, which consists
of significant group categories that can be based on
demographic classifications, such as sex and race, or
organizational membership, such as religious, educational, and social institutions. According to Mael
& Ashforth (1992), when a person identifies with an
organization, he or she observes a “oneness with or
belongingness to the organization(s) of which he or
she is a member” (p. 104).
Identity theory, on the other hand, proposes that
the core of an identity is the categorization of the self
as an occupant of a role, and the incorporation, into
the self, of the meanings and expectations associated
with that role and its performance (Burke & Tully,
1977). Additionally, McCall & Simmons (1978)
said that identity theory includes all things that take
on meaning in relation to the plans and activities
of individuals. When an individual identifies with
a group, he or she will develop levels of self-categorization or identification in terms of membership
in particular groups or roles. Furthermore, identity
theory also illustrates that an individual’s concept of
self is comprised of multiple role-identities that explain past behaviors, while also providing direction
for future behaviors (Ervin & Stryker, 2001).
The purpose of this research is to examine the
motivations, levels of team identification, and a
number of psychological and behavioral indicators
amongst the fans of top soccer clubs in Serbia. A
dearth of cross-cultural research exists in the sport
marketing area, and this study will add to the literature by replicating seminal research in a setting
outside of the North America. Any discipline must
rely on multiple research efforts to demonstrate that
the same method results in the same conclusions to
a research question after multiple attempts at sampling the same target population. With the enormous
growth of sport worldwide and the rapid speed of
globalization, the need to examine the applicability of previously validated research in other cultural
contexts is becoming increasingly important.
Method
Sample and Procedure
The sample included 365 spectators at games
for two Serbian soccer clubs in May 2009 (FC
“Vojvodina”, Novi Sad and FC “Partizan”, BelVolume 7 / Number 1 / 2012

grade). Six trained survey administrators participated in the data collection, and were located in
different parts of the stadium prior to the start of
each match. The researchers distributed surveys
to potential respondents in the one and a half
hour period prior to the beginning of the soccer
match. About 40% (N=143) of the respondents
attended the game for FC “Vojvodina”, and 60%
(N=222) respondents attended the game for FC
“Partizan”. These teams are two of the three largest and best organized soccer clubs in Serbia.
As for the soccer club FC “Vojvodina”, spectators were surveyed during the last two league
matches in the Serbian soccer league competition (2009/2010 season), while the survey for FC
“Partizan” was conducted during the last game. It
should be noted that FC “Partizan” won the title
of national champion of Serbia and qualified for
the UEFA Champions League.
The full sample was then divided into three
segments for the purposes of analysis, and to accomplish the purpose of the research. Temporary
fans (N=107) were defined as those fans who
visited the most interesting matches, Loyal fans
(N=152) were defined as those individuals with
no fan passion, and Committed fans (N=106)
were defined as those who act organized in giving their support to the team. This type of respondent segmentation is similar to previous research pertaining to the same constructs (Wann
& Brascombe, 1990, Sutton, McDonald, Milne,
& Cimperman, 1997; Trail & James, 2001; Trail,
Fink, & Anderson, 2003; Trail, Robinson, Dick,
& Gillentine, 2003).
Of the total sample of respondents, the majority (81.2%) were males, with most of the respondents being of Serbian nationality (approximately 85% of respondents). The other nationalities
represented in the sample were Montenegrinian
(5%), Hungarian (4%), and a small number of
Slovaks, Roma and Ruthenian. The average age
of respondents was 26.2 (± 10.96) for Temporary
fans, 27.9 (± 11.44) for Loyal fans, and 26.6 (±
11.28) for Committed fans. When looking at the
self-reported perception of financial status, one
can see that the majority of respondents report
satisfactorily living (see Table 1).
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Table 1. Demographic characteristics of all respondents
Frequency Percentage
Gender
Male
Female
Nationality
Serbian
Montenegrian
Hungarian
Slovaks, Roma and
Ruthenian
Financial status of family
Completely satisfactory
Satitisfactorily, but with
rational consumption and
saving
Hardly satisfactory, giving
up everything that is not
necessary
It does not, often depriving some basic needs

276
64
340

81,2
18,8
100

297
17
15

86.8
5.0
4,4

13

3,8

342

100

80

24

201

60,4

43

12,9

9

2,7

333

100

Instrument
The instrument used in this study emerged
from three previous studies related to motivations
for attending sport events (Trail & James, 2001;
Trail, Robinson, Dick, & Gillentine, 2003; Trail,
Fink, & Anderson, 2003). Specifically, the item
scales used as a base for the instrument in this
study were the Motivation Scale for Sport Consumption (MSSC) and Team Identification Index
(TII). The MSSC contained 24 items (eight subscales with three items per subscale), and offered
response options on a seven-point Likert scale,
with answers ranging from 1 (Strongly Disagree)
to 7 (Strongly Agree). Based on previous literature
and the stated purpose of the current study, eight
motives were examined: achievement, aesthetics,
drama, escape, knowledge, physical skill, social
interaction, and family.
Several psychological and behavioral indicators were also assessed in the instrument as a means
to replicate previous research, and to expand the
level of understanding among the respondents in
the current study. The Outcome Expectancy for
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Event Scale (EEOS) contained three items, and
offered the same response options as the MSSC
items. The Intentions for Sport Consumption Behavior Scale (ISCBS) contained 4 items, the SelfEsteem Maintenance Behaviour Scale (SEMBS)
contained two 3-items subscales (BIRGing and
CORFing), while the Index of Affective State consisted of three 3-items scales (positive/negative
moods, and satisfaction). The Disconfirmation of
Expectancies Scale (DCES) included five items,
and response options were based on a seven-point
scale with 1 being “Much worse than I expected”,
and 7 being “Much better than I expected”.
Data Analysis
The primary statistical analysis used in this
study were the Kruskal-Wallis and Mann-Whitney’s tests. The Kruskal-Wallis test is an extension of the Mann-Whitney test, and is used when
assessing multiple samples. These analyses are
also attractive as they are a nonparametric alternative to one-way analysis of variance, thus adding
strength to the interpretation of the results. These
tests examine the null hypothesis stating that the
samples do not significantly differ in mean rank
for the chosen comparison variable. Because the
Kruskal-Wallis test takes rank size into consideration, it is more powerful and preferable when its
assumptions are met. Post-hoc tests were utilized
to examine specific comparisons when significant
differences were found between segments.
Results
The results of the analysis for differences between the observed types of viewers in the terms
of motives and their identification with their team
are shown in Tables 2 and 3. The results in Table
2, indicate that groups of fans differ in five of the
eight investigated motives assessed (Achievement, Aesthetics, Knowledge, Physical Skill and
Social motives).
The results indicated that the Loyal fan segment felt their team’s victory as a personal sense
of achievement, and were proud of their team’s
successful performance. In this regard, the group
of tested items for the aesthetics motive showed
that the Loyal and Committed fan segments significantly differed from the Temporary fan segVolume 7 / Number 1 / 2012
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Table 2. Differences between various types of fans for the Motivation scale for Sport Consumption
(Man-Whitney test)
Types of fans:
1 – Temporary, 2 – Loyal, 3 - Committed
Achievement
I feel a personal sense of achievement when the team does well
I feel like I have won when the team wins
I feel proud when the team play well
Aesthetics
I appreciate the beauty inherent in the game of soccer
I enjoy the natural beauty in the game of soccer
I enjoy the gracefulness associated with the game of soccer
Drama
I enjoy the drama of close games
I prefer watching a close game rather than a one-sided game
I enjoy it when the outcome is not decided until the very end
Escape
The game provides an escape for me from my day-to-day routine
A game provides a distraction from my every day activities
The game provides a diversion from „life’s little problems” for me
Knowledge
I increase my knowledge about soccer at the game
I increase my understanding of soccer strategy by watching the game
I can learn about the technical aspects of soccer by watching the game
Physical skills
The athletic skills of the players are something I appreciate
I enjoy watching a well-executed athletic performance
I enjoy a skillful performance by the team
Social
I enjoy interacting with other spectators at the game
I enjoy talking with others at the game
I enjoy socializing with people sitting near me at the game
Family
The game provides an opportunity for me to spend time with my family
The game provides an opportunity for me to spend time with my spouse
The game provides an opportunity for me to spend time with my children

* 0.05, ** <0,01 - Kruskal Wallis test
1, 2, 3
– subsamples, a < 0.01 , b < 0.05 - Man Whitney test

ment. Specifically, the results showed that Loyal
and Committed fan segments enjoyed the beauty
and grace of their supported team more than the
Temporary fans segment. At the same time, the
physical ability motive shows that the most loyal
fans pay more attention to the physical fitness of
athletes than their counterparts. Given that these
individuals were more motivated by aesthetics,
and more frequently visited stadiums in larger
numbers, it would suggest that loyal and dedicatVolume 7 / Number 1 / 2012

MEAN RANK

χ²

1.

2.

3.

135,9
130,6
142,0

174,31a
184,11a
185,61a

239,61a2a
230,51a2a
213,71a2a

55,1**
52,0**
36,3**

146,6
157,7
131,3

188,01a
183,81b
202,51a

206,21a
204,11a
195,01a

23,2**
13,7**
34,7**

169,9
181,9
194,7

179,3
181,3
173,6

185,9
174,2
170,6

1,4
0,4
3,7

165,0
149,1
165,9

176,3
169,8
181,7

191,81b
215,61a2a
186,6

3,6
23,9**
2,4

149,7
146,3
147,7

176,71b
182,31a
189,41a

205,81a2b
201,81a
193,41a

16,0**
16,4**
13,7**

155,1
158,0
148,1

187,81a
188,31a
186,91a

190,11a
188,51a
191,81a

9,7**
9,5**
15,8**

131,9
151,3
148,8

175,11a
174,9
173,2

220,51a2a
201,21a2b
208,81a2a

41,2**
12,8**
18,8**

176,9
172,5
168,7

180,5
174,7
179,0

173,5
190,1
182,7

0,3
1,8
1,1

ed fans are more open to increase their knowledge
about the sport, the strategy, and the technical aspects. In regards to social motives, it is evident
that the sports stadium, especially for Committed
fans, represents a desirable environment in which
they are located, and they are very motivated by
the social interaction with other spectators, wanting to talk and be near others sitting nearby.
The results reveal differences in 8 out of 9 subscales of identification (see Table 3). The results
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Table 3. Differences between different groups of fans in identification with a team
MEAN RANK

Types of fans:
1 – Temporary, 2 – Loyal, 3 – Committed
IDENTIFICATION WITH TEAM
I consider myself to be a „real” fan of the soccer team
I would experience a loss if I had to stop being a fan of the team
Being a fan of soccer team is very important to me
EXPECTANCIES
I expect the my team to play well today
I expect today’s game to be well played
I expect my team to win today
POSITIVE AFFECT
I feel happy
I feel cheerful
I feel delighted
SATISFACTION
I am satisfied
I am satisfied with the outcome
I am satisfied with the performance of the team
BIRGing
I would like to increase my association with this team
I would like to publicize my connection with this team
I would like to tell others about my association with this team
FUTURE BEHAVIOUR
I am more likely to attend future games
I am more likely to purchase the team’s merchandise
I am more likely to buy team clothing
I am more likely to support my team
EXPECTANCY DISCONFIRMATION
The quality of the offensive performance of my team
The quality of the defensive performance of my team
The overall quality of play
The overall quality of play by both teams
The results of the game
NEGATIVE AFFECT
I feel disappointed
I feel upset
I feel irritated
CORFing#
I do not want to support this team any longer
I do not wish to be a fan of this team after today’s performance
I would like to disconnect myself from this team

* 0.05, ** <0,01 - Kruskal Wallis test;
1, 2, 3
– subsamples, a < 0.01 , b < 0.05 - Man Whitney test
# - variables with opposite metric orientation.

also indicate a noticeable upward trend in identification as the level of devotion and loyalty to the
fans team increases. When looking at individual
44

χ²

1.

2.

3.

105,0
118,0
113,9

182,41a
171,91a
173,81a

251,51a2a
247,21a2a
251,31a2a

113,0**
88,4**
100,6**

121,2
135,8
143,0

190,11a
185,01a
187,01a

219,01a2a
218,61a2a
206,91a2b

64,9**
43,3**
34,1**

143,8
140,5
141,3

165,31b
170,51a
166,21b

220,11a2a
216,21a2a
222,01a2a

34,3**
31,8**
36,8**

148,4
141,0
147,0

175,41b
174,81a
167,7

200,51a2b
202,81a2b
192,11a2b

14,5**
20,5**
11,2**

128,6
141,0
127,2

171,21a
161,6
163,11a

226,51a2a
225,61a2a
240,41a2a

50,6**
41,4**
70,0**

115,5
109,6
107,7
130,3

183,21a
168,31a
174,51a
182,01a

229,41a2a
243,51a2a
248,41a2a
214,21a2a

73,7**
97,9**
104,8**
54,0**

158,6
176,7
165,9
172,5
167,3

175,6
176,9
174,1
171,0
178,6

202,41a2b
182,4
193,41b
184,8
190,9

10,0**
0,2
4,2
1,2
2,9

185,8
196,6
183,8

156,61a
150,61a
155,31a

178,1
177,22b
189,42a

6,0*
13,8**
8,7**

202,2
195,0
193,6

167,21a
170,11a
171,21a

157,81a
166,61a
164,71a

19,6**
9,4**
9,7**

scale items, in all subscales (except for Disconfirmation of Expectancies factor), there were significant differences in at least two items.
Volume 7 / Number 1 / 2012

technics technologies education management

Discussion and Implications
For sports marketers, the motives of fans, levels of team identification and behavioral intentions
are consistently the focus of researchers’ attention.
The significance of these tests is reflected by the
importance of detecting behavioral characteristics
of certain types of fans, that is, their willingness
to take action and purchase the products and services in the sport. This type of information significantly simplifies the marketing planning function
in sports organizations.
The results in Table 2, illustrate that the investigated groups of fans differ in items from five
out of eight analyzed motives. Confirmed statistically significant differences between the analyzed
groups of supporters in the terms of individual
motives for sport consumption, suggests that
these motives can serve as a segmenting variable
in determining the types of fans, as well as consumer groups, which is argued by Hunt, Bristol &
Bashaw (1999) and Trail et al ., (2003).
The improvement of knowledge with respect
to the sports that consumers intensively monitor,
provides committed the ability to “sharpen” their
senses and better enjoy the aesthetics and physical
abilities of athletes. At the same time, the satisfaction of social motives represents an important incentive for consumers and marketers alike. In fact,
going to a game, for loyal and committed fans, represents a chance for a change in everyday activities and escape from the daily monotony, allowing
consumers the chance to actually enjoy the interaction, conversation and socialization with other
people on the stadium. These differences were not
observed when it came to the use of the stadium,
when attending soccer matches, or in the possibility
of spending time together with family members. By
contrast, drama as a motive for attendance was not
distinctive for different types of fans. Consequently,
it can be concluded that for each type of fan in the
current study, drama is an equally important motive
for coming to the stadium.
The results of this study, as well as previous
studies, emphasize the importance of understanding the impact of team identification and perceptions of fans in practice. Research has illustrated
that committed fans have a more emotional experience and express their relationships with the
Volume 7 / Number 1 / 2012

club. Additionally, highly identified fans have a
need to emphasize and increase their fan membership over time (Wann, 1995; Fink, Trail, & Anderson, 2002a; Fink, Trail, & Anderson, 2002b;
King, 2004; Madrigal, 2006). Statistically significant support in future research could be improved
through the growing support of “more attached”
loyal and committed fans, which existed under
all items of the measured behavioral intentions.
Also, it can be concluded that these two groups of
fans, Committed fans and Highly Committed fans,
experience all the defeats and setbacks as “their
own” failures. Loyal, and especially Committed,
fans meet their achievement motivations through
attending sporting events of their teams. More
broadly, if we analyze the results from Table 3, it
can be observed that these individuals look on the
successes of their club as on their own successes,
and that they consider identification with the team
very important. Therefore, in terms of satisfaction
and expectations related to the team, these fans
express very positive attitudes. Explanation of the
sport consumption behaviors of committed “consumers” in relation with the achievement motive,
can be interpreted through the absorption of team
success, prestige and recognitions of the team as
beng characterized as their “own”. Gau, Gailliot,
& Brady (2007) found that highly identified fans
showed higher levels of motivation, higher reported levels of service quality, and greater levels of
satisfaction than those characterized by lower levels of team identification. For those fans with low
or moderate levels of team identification, managers and marketers should strive to increase their
identification (Kwon, Trail, & Lee, 2008).
These results equate with numerous studies
that confirmed the relation of high connection of
committed fans with team, players and coaches
(Laverie & Arnett, 2002; Wann & Branscombe,
1993; Mahony, Madrigal, & Howard, 2000). Effective sports marketers inevitably emphasize this
connection, and information about the differences
between temporary, loyal and committed fans allows sport marketers to satisfy needs and desires
(Funk & Pastore, 2000; Trail, Robinson, Dick, &
Gillentine, 2003; Robinson, Trail, Dick, Gillentine, 2005; Ross, 2007).
It is very clear that the reason for the large
number of unoccupied seats at the stadiums of the
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current study sample clubs is because of the absence of any significant recent results in the European competitions. Accordingly, it can be noted
that a large number of fans do not want to identify
with teams who win only in the domestic competitions, while achieving poor results in the international competitions. Due to this situation, it was
noticeable during the research process that some
of the fans decided to cheer for the major European clubs in the quality national competitions in
England, Spain or Italy. For example, the success
of the Partizan basketball club, (which operates in
the same sport association as well as FC “Partizan”), suggests that good results in international
competitions contribute to increasing numbers of
viewers in national competitions.
For this reason, the recommendations offered
by Hunt et al., (1999) and Kwon and Trail (2001),
for differently oriented marketing strategies toward different types of fans in soccer, should represent a strategic way to improve attendance at
stadiums. Marketing campaigns, through directed
messages, should address different types of fans,
or special consumer groups.
Limitations and Future Research
As with any study, the limitations of the current study must be acknowledged. One potential
limitation of the current study is the time of data
collection. Given that the data were collected at
the end of the season when the fans of both teams
were largely satisfied with the performance of their
teams, it is likely that respondents were basking in
the reflected glory of their teams (BIRGing). Another potential limitation that may have effected
the results in this study is the relationship between
motives and identification with the team. That is,
there seems to be a disconnection between the
level of expected service and the satisfaction of
the experiences of spectators in the Serbian soccer.
However, the results of this study on the motives
of top soccer teams in Serbia fans could serve as
a basis for future studies, as well as the creation
of more differentiated typology of individual fan
groups.
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Abstract
The focus of research activities in this work is
directed towards determination of qualitative criteria for the design of graphic products in the process of graphic communication, the formation of
evaluation ranks for the quality of a graphic product design by consumers and experts in graphic
design, and the correlation of these ranks using
the Spearman’s correlation. For this research, 10
design tasks were formed; they were executed by
64 participants of the Graphic Design course and
evaluated by 5 graphic design experts and 64 consumers. The basic criteria for evaluating each of
the ten tasks were the relevance of the design of
graphic products; originality of design; and execution. As the evaluation process result (for all the
tasks and criteria) two rankings were obtained: the
expert rank and the consumer rank. By correlating
these ranks by all criteria, it is confirmed that the
proposed criteria for evaluation of the quality of
graphic products design are universal according
to the type of the evaluator, and that they contribute to the fuller evaluation of design quality of a
graphic product.
Key words: qualitative criteria determination,
graphic product design, graphic communication
processes, quality ranks correlation
1. Introduction
Graphic communication processes can be divided into those in which the process results end
up printed on paper (or on another physical media
such as ceramics, plastics, metal, etc.), and those
in which the process results end up on the screen
of a multimedia device (computer, tablet, mobile
phone, etc.).
When the result is printed on a physical substrate, the process can be divided in four stages:
1) graphic design; 2) prepress; 3) printing; and 4)
final processing.
Volume 7 / Number 1 / 2012

Graphic design is the translation of messages
into a graphical meaning customized to each communication channel. Graphic design (now more
often communication design), implies a dialogue
between the message, the client, the designer, and
the audience. The world famous designer Milton Glaser said about graphic design: "To design
means to communicate with all the means you
can control and govern” [31]. Prepress includes
the transformation of graphic design into a form
suitable for printing regarding the type of printing.
Keywords in this stage of the graphic communication process are vectors, pixels, grids, lineatures,
grid types (AM, FM, XM) [8, 9, 11], the transformation of the vector entries in the pixel display
on the screen [3], the transformation of the pixel
display in the grid suitable for printing, PostScript
[6], separations (spot, CMYK). The term print
means reproduction of an original by the means
of some of the printing techniques. Printing techniques are commonly divided into a high, flat,
deep, permeable, and digital printing. Another important division of printing is printing on sheets
and printing with rolls [12]. Keywords of the third
stage are duplication, reproduction, and objective
reproduction [15], visual print evaluation [13, 16,
17, 18], printing quality, quality control, printing
quality evaluation [19, 20]. The final stage in the
graphic communication process is final processing. The processes of final processing include all
the necessary activities that make a completed and
finalized product of a printed material.
When the result of the graphic reproduction
process ends up on the screen as a web page or a
multimedia application, the process can be divided
into two stages: 1) graphic design; and 2) multimedia production. When creating complex websites,
the keywords related to graphic design are planning the website, creating the sitemap, defining the
wireframe of the web site, and the website design.
Keywords related to the phase of production are
development of a database, development or adapta49
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tion of CMS, the creation of HTML and CSS web
pages, Flash [4], virtual reality [10], filling in the
web pages with content, testing the web pages, and
setting up (uploading) the web pages. The scenario
for the development of multimedia application includes identifying the aim (target group), determining the content presentation mode, the selection of
the necessary technological equipment, the making
of the applications draft, the collection of material
(images, audio, video, etc.), digitizing the collected
contents, material processing, the creation of the
detailed application plan, the selection of tools for
creating the application, integrating plans and materials, testing the application, presenting the application to a client, brushing up the application, duplicating the application, updating the application, and
defining the legal safety. In this study, the last two
tasks will be from this area, and the works will be
saved in .swf or .avi format.
In both cases, the first stage of graphic communication is graphic design. If the prepress,
printing and final processing or the multimedia
production are of the same quality (as they are in
this study) then graphic products are differentiated
precisely by the quality of graphic design. However, the quality of the product graphic design
cannot be measured in laboratory (instrumentally,
completely objectively) – like the printing quality
– but is always the result of the observer’s evaluation. Graphic design is often considered an artistic process which is very difficult to be rationally
analyzed and quantified [23]. In the market, the
graphic product design quality evaluation is defined in a way that products are evaluated after the
final stage in the graphic communication process
(when the graphic product is finished and ready
for the market). However, when it comes to the
graphic product design evaluation before entering
the market, choosing the design among several offered ones, or choosing the highest quality design
in a competition, then there is no finished product
on the market. In such cases, the graphic product
design quality is then evaluated based on digital
proofs or smaller edition digitally printed, which
was done in this study.
The aim of this paper is to define a minimum set
of criteria for the evaluation of the graphic product
design quality, and to examine the universality of
these criteria by the type of an evaluator. The re50

search will be conducted by forming the ranks after
completing the procedure of graphic product design quality evaluation by consumers and experts
in graphic design, and subsequently by correlating
these ranks using the Spearman’s correlation.
Chapter Two gives an overview of previous
studies and analyses of the qualitative design
criteria. Chapter Three defines and describes the
research, and the criteria for the graphic product
design quality evaluation are determined. Chapter
Four describes everything about the evaluation,
while Chapter Five presents the research results.
Chapter Six is a conclusion that describes the research results and gives directions in which further studies could continue.
2. Previous studies and qualitative criteria
When grading works in the field of graphic design, it is important to establish clear qualitative criteria. However, in realistic environment, different
criteria for the evaluation of graphic design often
appear. The most common criteria used in ranking
the graphic design quality are aesthetic: proportion,
gradation, contrast, rhythm, repetition, symmetry,
simplicity, balance, unity, harmony [21]; visual organization and composition, originality, ingenuity
and creativity, the appropriateness of solutions for
the stated goals, aesthetic impression of the whole
presentation; or originality, technical quality of the
solution, typography quality, functionality, informative quality; interest quality, composition, coherence, aesthetic-functional component, the clarity of
the message, etc. At certain universities [5], where
graphic design is taught, the criteria for design evaluation are spatial organization and the structure of
elements, thoughtful use of colors, thoughtful use
of typography, the aesthetic aspect of design, and
creativity. World renowned Art Directors Club believes that the most important criterion of the graphic products modern design is how irresistible their
design is [29]. According to the Besemer’s model
of evaluating the product creativity (CPSS), three
main criteria (innovation, convenience and style)
and several additional criteria can be distinguished.
When it comes to innovation, unexpectedness and
originality are evaluated; when it comes to the convenience, logical quality, practicality, value and
user-friendliness are evaluated; and concerning the
Volume 7 / Number 1 / 2012
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style, integrity, the quality of creation and elegance
are evaluated [26]. Most of the major international
competitions, designer festivals, or awards in the
field of visual communication and graphic product
design, have their own criteria for evaluation. Thus,
the Red Dot jury evaluates design originality, emotional value, design quality, and efficiency [7]; at
the Epica Awards, the most important criteria are
the idea originality and the quality of its execution
[14]; whereas the Cannes Lions jury assesses (and
defines their value in percentages) creativity (40%),
originality (20%), execution (20%), and consumer engagement (20%) [27]. D&AD Professional
Awards evaluate how original and inspiring an idea
is; what is the execution quality; and how relevant
the design is when compared to context [28]. At the
Designboom competition, the evaluated criteria are
the originality and innovativeness of design, attractiveness, communication relativity to the topic, and
flexibility [30].
The less there is of those criteria and more precisely they are defined, it is easier for the jury to
judge the quality of the product graphic design and
to choose the best design works. It is important to
understand the design process; moreover, it is of
extreme importance to understand the design and
know how to evaluate the graphic design quality
[22]. In contrast to the quality evaluation of papers
in the field of liberal arts (artists who express themselves and their vision of the world around them),
works in the field of design should be possible to
be qualitatively evaluated since graphic design, in
most cases, has its client and is intended for the
market. Moreover, the evaluation results depend
on the physical, cultural and temporal context in
which the evaluation is carried out [25].
By reviewing recent studies, in full, no models were found, which would determine the minimum set of criteria that enable the evaluation of
the graphic product design quality in the process
of graphic communication. Given the above, research activities in this paper are aimed at determining these criteria and examining to what extent
the criteria are universal in modern multimedia
environment. The research will define the environment that will enable the formation of score
ranks for the graphic product design quality and
required multimedia tools will be used.
Volume 7 / Number 1 / 2012

3. Determination of criteria for the evaluation of graphic products design quality
For the purposes of the research, 10 design
tasks were formed, which were then executed by
64 participants of the Graphic Design course, and
evaluated by 5 experts in graphic design and 64
consumers. All the experts who participated in the
research have a minimum of five years experience
in the field of graphic design and visual communication. Consumers – the users of graphic design
are college students of Multimedia, Design and
Application, with no work experience in the field,
but with particular interest in graphic design.
In accordance with the abovementioned, ten
tasks were defined, grouped into two units, which
were then executed within the lectures of the
Graphic Design course.
3.1. Tasks connected with the book of standards
Tasks connected with the book of standards are
as follows:
1. To define and design a visual identity of a
multimedia youth club;
2. To design a poster for events in the club;
3. To design a package of an imaginary energy
drink with the club brand;
4. To create and design book covers for the
10th anniversary of the club.
These four tasks make a closed creative process related to the youth club, which is designed
for organizing various multimedia events such as
concerts, exhibitions, forums, etc. Accordingly,
for the purpose of executing the task, it was necessary to develop the club's name, to define and
describe the target group, to explore and describe
the competition, to define and describe the visual
identity, and to create a book of standards. The
book of standards should include a logo; a more
detailed elaboration of the logo and of the trademark; the system of colors; typography; and applications in several examples: interior, exterior,
bags, vehicles, business cards, letterheads, etc. In
the economic environment, these four tasks often
make a competition entry.
51
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3.2. Tasks connected with the exercises in the
Graphic Design course
Tasks connected with the exercises in the
Graphic Design course are as follows:
1. To visualize the dynamics;
2. To visualize positive and negative space;
3. To show visual anarchy;
4. To lay out four pages of a magazine on the
free-grid principle;
5. To show kinetic typography;
6. To create introductory movie labels.

target group; whether the ideas are in accordance
with the task (according to the “Brand Triangle”:
the product - the target group - the competition).
Regardless of whether the target group was specified by the client or it was determined by the agency
(graphic designer), it is always necessary to include
the users’ opinion with all design elements. For a
successful graphic design and design process, it is
necessary to know and understand design features
that are important to users (target group) [24].

The second group is presented by the tasks
associated with training in basic graphic design,
where the target group and the competition were
also supposed to be described. The concept of
tasks was set so as to permit examination of the
universality of criteria by the type of the evaluator
(graphic design experts and consumers).
3.3. Evaluation criteria
Before the evaluation procedure, the minimum
set of qualitative criteria was determined for the
evaluation of the graphic product design quality. In
accordance with previously mentioned, and bearing in mind all the previous research and experience [5, 7, 14, 21, 26, 27, 28, 29, 30], it is found that
the evaluation of the graphic product design quality must include relationships within the triangle:
a product (brand: the product or service) - a target
group - a competition. In determining the criteria,
the starting point was the adapted “Brand Triangle”
(Figure 1) [32]. One criterion must be defined in
relation to the target group; the second in relation to
the competition; and the third to the graphic product design itself and its execution. Accordingly, the
minimal set of qualitative criteria for the evaluation
of the graphic product design was defined, which
includes all previously analyzed criteria:
1. the relevance of the graphic product design,
2. the design originality, and
3. execution.
The criterion of the relevance of the graphic
product design implies an evaluation of how well
the design is customized for the target group, or eligibility of the topic from the point of view of the
52

Figure 1. “Brand Triangle” (the relationship
between the product, the target group, and the
competition)
The criterion of design originality includes an
evaluation of the extent to which the design is different and specific, unexpected and innovative in
comparison to what already exists in the market
(again bearing in mind the “Brand Triangle” and
the target group). Originality and diversity allow
quality differentiation in relation to competition,
and drawing the attention of the target group from
the competition. In evaluating this criterion, it was
important to determine whether the designers,
during the designing process, had successfully answered the following questions:
–– Who is a direct and who indirect competitor
to the product?
–– To what extent is the product different from
the competition?
–– How does the competition communicate?
–– Which important design element could be
emphasized and at the same time be different
from the competition?
–– Are the messages stronger than the ones that
the competition sends?
–– Which unexpected elements could be used
to reach the target group?
Volume 7 / Number 1 / 2012
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The criterion execution includes the evaluation
of graphic solutions quality, the quality of illustrations and recorded or selected photos and letter
type, integrity and elegance, and technical finishing of the solution. Moreover, with this criterion,
the evaluators should take into account any possible
constraints (legal, social, executive, financial, etc.).
4. Evaluation
All the ten tasks were evaluated by consumers
and experts by all three criteria (relevance, originality and execution) with grades from 1 to 5 (Table 1),
so that the maximum grade for one task was a total
of 15 points. The first group of grades (total points
given by five experts) is the expert rank E, while
the second group of grades (total points given by 64
consumers) is the consumer rank K.
Table 1. Evaluation activities for each task
Task
number
1
2
3
...
64

Criteria
Relevance
1-5
1-5
1-5
1-5
1-5

Originality
1-5
1-5
1-5
1-5
1-5

Execution
1-5
1-5
1-5
1-5
1-5

Two limitations were introduced in this research
when conducting the evaluation to ensure validity
of results. The first limitation consisted in a limited
number of points. The total average number of points
per work had to be ≤ 10. Hereby, the standardization of criteria is ensured, and it helped avoiding that
some of the evaluators would be too strict or too lenient. The other limitation was that each evaluator
should select 10 - 20% of works that must be evaluated with 12-15 points. This limitation ensures that
both the best and the worst works stand out. These
limitations are determined based on years of experience. All the participants in the research were familiar with these limitations (graphic design experts and
consumers) before the evaluation process began.
In order to ensure and maintain a high degree of
motivation and willingness of consumers to participate in the study – the consumers – the students of
the Graphic Design course at the college of Multimedia, Design and Application, were awarded points
that influenced their final grade in Graphic Design.
Volume 7 / Number 1 / 2012

In order to facilitate the process of evaluating the
graphic product design quality as well as data processing for the research purposes, web application
Eva was used. All the evaluators (experts and consumers) got user data (username and password) to
access the application. If any of the participants did
not follow instructions, Eva system warned them
and the administrator (the lead researcher). Each
user had access only to the grades that he gave.
The results in the application were generated by the
activity of participants; they imply a higher degree
of interaction, and the possibilities of its usage are
multiple [1]. All the evaluators had a time limit of
fifteen days for evaluating the works, and estimated
time that each evaluator would need for the evaluation and grade input into the Eva system was 12
hours, or less than one hour a day.
5. Research results
Collected grades of all the tasks are stored in
the database of the web application. Based on the
sum of the grades given by all experts, rank E was
formed; based on the sum of the grades given by all
consumers rank K was formed. In this research, the
connection between the two test groups is important. All the works were ranked from positions 1 to
64, both for experts and consumers. The resulting
ranks were then compared so to explore the correlation coefficient between the two ranks. As the most
appropriate method for testing these two ranks, the
Spearman’s rank-order correlation was chosen;
its result is the Spearman’s coefficient ρ [2]. The
Spearman’s correlation coefficient ρ for two ranks
can be calculated by using the following formula:
ρ = 1 – [6 Σ D2 / N (N2 - 1)]
where N is the number of the last ranked work,
and D is the difference between the ranks. Correlation coefficient is always between -1 (total disagreement) and +1 (total agreement); in literature,
it is defined as follows:
–– up to 0.20 implies slight correlation;
connection is almost inexistent;
–– from 0.20 to 0.40 correlation is low;
connection is small;
–– from 0.40 to 0.70 correlation is moderate;
connection is important;
53
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–– from 0.70 to 0.90 correlation is high;
connection is significant;
–– over 0.90 correlation is very high; connection
is very tight [2].
At the end of all activities related to the study
and after the evaluation by using the Eva system,
obtained results are given in Table 2.
If we look at the correlation coefficients according to some of the criteria, we have the following
situation: according to the criterion of relevance,
the Spearman's correlation coefficient ρ1 for all 10
tasks is 0.85 (rank K1 and rank E1); according to
the criterion of originality, the Spearman's correlation coefficient ρ2 is 0.79 (rank K2 and rank E2);
while according to the criterion of execution, the
Spearman’s correlation coefficient ρ3 is 0.69 (rank
K3 and rank E3). According to all the three criteria, the total Spearman’s correlation coefficient ρtot
between the ranks, according to the experts’ and
consumers’ grades, is 0.78 (rank Ktot and rank Etot).
The research results were visualized by using
graphs (1, 2, 3 and 4). On the graphs, dispersion
can be seen in relation to the full two-rank correlation (perfect matching, when the correlation coefficient is ρ = 1).

Graph 1. Dispersion in relation to the full correlation according to the criterion of relevance

Graph 2. Dispersion in relation to the full correlation according to the criterion of originality

Graph 3. Dispersion in relation to the full correlation according to the criterion of execution

Graph 4. Dispersion in relation to the full correlation according to all the three criteria together

Table 2. Spearman’s correlation coefficient for the three criteria separately and all of them together

For all 10 tasks
54

Spearman’s correlation coefficient ρ (according to the grades given by experts and
consumers) for the three criteria separately and together
Relevance (ρ1)
Originality (ρ2)
Execution (ρ3)
Total (ρtot)
0.85
0.79
0.69
0.78
Volume 7 / Number 1 / 2012
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6. Discussion and conclusions
The aim of this research was to define the
minimum set of criteria for the evaluation of the
graphic products quality design and to examine
their universality and possibility of application in
modern multimedia environment. Accordingly,
the criteria for the evaluation of the graphic product quality design were determined: the relevance
of design, originality, and execution; the defined
relationship had a central role in the research
(based on the formula “Brand Triangle”) between
the product, the target group and the competition.
The criteria were tested through ten tasks in the
field of graphic design. The research result (after
the evaluation by consumers and by the experts) is
two ranks (consumers rank K and experts rank E);
the Spearman’s correlation coefficient for these
two ranks, according to all the three criteria, is ρtot
= 0.78. It is found that correlation between these
two ranks is high (ρ is more than 0.70) and the
connection between the ranks is significant. Moreover, the Spearman’s correlation coefficients were
researched for each criterion. According to the
first and second criteria (ρ1 = 0.85 and ρ2 = 0.79),
it is found that correlation between the ranks is
high and the connection of the ranks is significant.
For the third criterion (ρ3 = 0.69), it is found that
correlation between the ranks is on the borderline
between moderate and high, and the connection
between the ranks is important.
After the research was conducted, it is concluded that there is a minimum set of criteria that can
enable a fuller evaluation of graphic product design quality in the process of graphic communication. According to the defined set of three criteria
(relevance, originality and execution) for the evaluation of graphic product design quality, using the
Spearman’s correlation coefficient, there is high
correlation between the rankings of the graphic
product design quality given by the experts and
consumers, which suggests that qualitative criteria are largely universal according to the type of
the evaluator. Moreover, since the wider context is
taken into account (based on the adapted “Brand
Triangle”), it shows that the selected qualitative
criteria contribute to more complete evaluation of
graphic products design quality. In the research,
Eva system (web 2.0 application) was successfulVolume 7 / Number 1 / 2012

ly used; it showed how to apply qualitative criteria
for the evaluation of works in the modern multimedia environment.
Qualitative criteria for the evaluation of graphic
product design, which were proposed in this paper,
represent a good basis for implementing a series
of future studies that could examine the criteria in
the case of several complex graphic products, or
the possibilities of using the three determined criteria (relevance, originality, and execution) could
be examined in the broader design and communication context.
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Abstract
Project compression as it relates to tradeoff
between time and cost is one of the main aspects
of project scheduling. In fuzzy environments, the
time-cost tradeoff problem is studied only consider
the uncertainty of the activity time without taking
into account the uncertainty of the activity cost.
The uncertainty of activity costs are often caused
by subjective factors, price fluctuations and so on,
as a consequence of the cost per unit time of compression is a fuzzy set. In this paper, a fuzzy linear
programming model for time-cost tradeoff is proposed, in which this model is considered the activity time and cost are also fuzzy numbers. And based
on this model, this paper presents solution program
which can save the fuzzy features for analyzing the
time-cost tradeoff problem under fuzzy environments. To validate the algorithm developed here, a
numerical example will be presented.
Key words: time-cost tradeoff; fuzzy sets;
project management; linear programming
1. Introduction
During the practical project implementation,
the project often subject to some uncertain external factors, such as temporary cessation of activity
caused by climate anomalies, project works variation caused by construction circumstances changes, the idle of construction machinery, etc. These
uncertainties usually cause the delay of project
completion and the cost increases, so the quantitative research for the uncertainty of project is particularly important. The traditional methods which
describe the uncertainties are statistical distribution
and stochastic analysis. Using these methods must
assume that the activity duration obey some specific probability distribution, however, in real world
applications some activity times must be forecasted
subjectively; for example, the human judgment inVolume 7 / Number 1 / 2012

stead of stochastic assumptions to determine activity times. On account of subjective factors cognizance and ambiguous language to convey meaning
and other factors are fuzzy, not suitable for using
the stochastic models to solve. An alternative way
to deal with imprecise data is to employ the concept
of fuzziness, whereby the vague activity times can
be represented by fuzzy sets.
Fuzzy theory use the set and membership degree to describe the fuzzy concept that cannot
be defined, and solve real-world environment of
uncertainty factors by the problems. Therefore,
some scholars such as Chanas and Kamburowski
(1981), Nasution (1994), Chanas and Zielinski
(2001), Chen and Chang (2001), Soltani and Haji
(2007), Yousefli et al. (2008) all assume the activity times are fuzzy numbers, based on program
evaluation and review technique (PERT) or critical path method (CPM) determine the corresponding project duration. Chen (2007) proposed an approach which is based on the extension principle
and linear programming formulation to critical
path analysis for a project network with activity
times being fuzzy numbers, in that the membership function of the fuzzy total duration time is
constructed and the fuzzy critical paths are identified at the same time, and definite the most critical
path and the relative degree of criticality of paths
by applying the Yager ranking method. As well
as, the tradeoff between time and cost has been
addressed by a number of researches including
Elmaghraby (1977, 2000) and Klastorin (2004).
Johnson and Schou (1990) consider the application of simple heuristics to select tasks for compression in a stochastic activity network. They
suggest three rules by which a project manager
might make compression decisions. They conclude, which conceding that additional research is
necessary, their rules appear to be effective heuristics on the basis of small simulation study for
a single sample project. Wollmer (1985) applies
57
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a stochastic programming approach to the timecost tradeoff problem where task durations follow
discrete distributions and a limited set of compression strategies exist. Leu, et al (2001) used genetic
algorithms and the sets under fuzzy environment
for solving the problem of project time-cost tradeoff. Ghazanfari, et al (2009) developed the possibility of goal programming and fuzzy set theory
for solving the project time-cost tradeoff problem. Mon et al (1995) assumed that the activity
time follows fuzzy triangular distribution or fuzzy
normal distribution and combined the program
evaluation and review technique (PERT) to make
a mathematical analysis of project time-cost tradeoff. Arikan and Gungor (2001) proposed a model
for project fuzzy time-cost tradeoff using fuzzy
goal programming, made the total project duration
and the direct costs preference satisfaction for decision maker converting the fuzzy numbers, then
the original fuzzy multi-objective problem can be
converted to the single objective problem which
meet the cost of total project duration and maximize the direct satisfaction, and then use a simple
linear programming. However, the above studies
only considered the activity times are fuzzy numbers and did not consider the case of the activity
compression costs are also fuzzy numbers.
Therefore, in order to more tally with the actual situation, this paper presents an approach
based on the method proposed by Chen (2007),
which takes into account the activity time and cost
are fuzzy numbers. In this paper, the fuzzy project compression problem is briefly stated in fuzzy
LP form representation. Then a pair of parametric
linear programs for calculating the α-cuts of the
fuzzy total compression cost is formulated based
on Zadeh’s (1965) extension principle and duality theory. Following this, a pair of second-level
linear programming is transformed into one-level
nonlinear programming to calculate the total fuzzy
sets of different α cut. Consequently, the actual
lower bound total compression cost and the upper
bound total compression cost can be obtained by
calculation. Finally, the fuzzy membership function of total compression cost is built and the optimal lower bound and upper bound of each task
activity time is found.
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2. Scope of the study and hypotheses
Project compression as it relates to tradeoff between time and cost. Many projects may be “compressed”, or “crashed”, below their normal makespan by investing in additional. These resources
may be additional hours from existing project staff,
additional labor resources, equipment yielding labor efficiencies, etc. The additional resources contributed to the project have the effect of reducing
the project makespan. Each task within a project
activity network is a typically characterized by its
duration, cost and its relationship to other activities within the network (predecessor and successors). The task durations and costs thus given are
the “normal” duration and cost, representing the
minimum cost and maximum duration for the task.
Additionally, for every compressible task, must be
considered the minimum feasible duration, which
be referred to as the crash duration, and the cost at
that duration, the crash cost.
In the sections that follow, the paper only discussion the compression issues under consider
the direct cost caused by the overtime and the increased supply of resources, as well as the time
period of activity
and the compression
cost are all triangular fuzzy numbers. Therefore,
giving the following basic assumptions.
1. The total compression cost function includes
the increased supply of resources and the
increased overtime and other direct costs,
without considering the increase of indirect
costs.
2. The normal (max or uncompressed)
duration, compression duration, project
completion time and the cost per unit time
of compression of task
are uncertain
value, suitable to be represented by fuzzy
numbers.
3. The logical relations between activities
are certain and the activity-on-arc (AOA)
network expresses this relations.
4. Each task can be performed between its
minimum duration and its normal (max
or uncompressed) duration; assume the
compression cost is a linear function of task
compression time does not consider the case
of other non-linear relationship.
Volume 7 / Number 1 / 2012
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3. Problem description
Consider a project network
sisting of a finite set

con-

of nodes (events) and a set

of arcs with crisp activity times, which
are determined by a function
tached to the arcs. Denote

and at-

as the time period

of activity
. and and are the same as
in the crisp case except that the compression costs
are approximately know and defined by function
, where
is the set of nonnegative fuzzy numbers. Denote fuzzy number
as the fuzzy compression cost per unit time of
activity

, and its membership function is

( )} , ,( i

ij

j)∈ A

........ (1)

is the support of , which deWhere
notes the universe set of the compression cost
per unit time of activity

. When the cost

per unit time of compression

, normal (max or

uncompressed) duration

, compression dura-

tion
of task
, and the project duration
are fuzzy numbers, the fuzzy project compression
problem is of the following form:
n

n

∑∑ C t
i =1 j =1

4. The proposed approach
The proposed approach is based on a combination of the concept of α-cut, Zadeh’s extension
principle, two-level mathematical programming,
and parametric programming. One approach to
is to de-

construct the membership function
rive the α-cuts of
as follows:
ij α

Cij = (cij , µC (cij ))|cij ∈ S Cij


max

s.t.



Z =






start time of
nodes must be less than or equal
to the project completion time.

( C ) = {c

. Then, have

{

must less than the earliest start time of node .
The last constraint makes clear that the earliest

. The α-cut of

( )

is defined

}

∈ S Cij |µc (cij ) ³ α ,,( i j ) ∈ A

ij

Note that

ij

....... (3)

is a crisp set rather than a fuzzy

set. Using α-cuts, can be represented by different levels of confidence intervals. Therefore, the
α-cuts of
defined in (3) is a crisp interval that
can be expressed in the following form:

{
{

inf c ∈ S
 c ij
(Cij )α = 
sup cij ∈ S
 c
ij

ij

(C ) µ
ij

(C )
ij

}
}

(cij ) ³ α , 

L
U
 = (Cij ) α ,(Cij ) α 
µC (cij ) ³ α 

Cij

ij

........................................ (4)
These intervals indicate where the values of
lie at possibility α.

ij ij

 ij
t ij ³ CT

By the same rule, the α-cuts of
can be expressed in the following forms:

 ij
t ij £ NT
Ti +t ij − T j £ 0
Tn £ T

......................................... (2)
as the

time period of activity
, is not less than its
compression duration, and not exceed its normal
(max or uncompressed) duration. The third constraint indicates that the earliest start time

L
U
= ( NTij ) , ( NTij ) 
α
α 


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

( CT )

L
U
= ( CTij ) , ( CTij ) 
α
α 


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

ij α

Ti ,T j , t ij ³ 0, i = 1,..., n; j = 1,..., n;(i, j ) ∈ A

The first two constraints indicate that

( NT )

of

ij α

(T )α

L
U
= (T )α , (T )α 



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

On the basis of Zadeh’s extension principle, the
membership function

is defined as

node plus the time period of activity
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This can be reformulated as a pair of two-level
mathematical programs which defined as Models
(11) and (12).


 µ  ( Cij )


 C


 µ ( NT )


ij

sup min  NT
=
(
c
,
NT
,
CT
,
T
)
z
Z


µ Z ( Z ) = 
 µCT

 ( CTij )




 µT (T )



Cij , NTij , CTij , T ∈ R + , ( i, j ) ∈ A
ij

ij

ij

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

is defined in Model (2)

and is the vector of cost per unit time of activity
compression,

is the vector of activity normal

(max or uncompressed) time,

is the vector of

activity minimum time. If the α-cuts of at all α
values degenerate to the same point, then the total
compression costs needed to crash the project is a
crisp number; otherwise, it is a fuzzy number. Thus
its membership value can be constructed use its
α-cut. In equation (8),

is the minimum of






min






L
Zα =  s.t.













α such that

equal to

to satisfy

.

To find the membership function
, is suffices
to find the left shape function and the right shape
function of

. This is equivalent to find the low-

er bound

the upper bound

the α-cut of

:
L
U
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U
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(C )

n

i =1

j =1

ij ij

tij ³ CTij
tij £ NTij
Ti +tij − T j £ 0
Tn £ T

Ti , T j , tij ³ 0, i = 1,..., n; j = 1,..., n; ( i, j ) ∈ A
£ Cij £ ( Cij )

L

U
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n
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L
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∀ ( i, j ) ∈ A

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

. To deal with membership value, we need
and at least one


max

 s.t.








It should be noted that at least one
or ,

,

,

must hit the boundary of their

α-cuts to satisfy
, only in this way can
the lower and upper bounds are below the corresponding possibility α
. Exist simultaneously, in order to sew up the largest feasible region for second-level in Models (11) and (12), the
Models (11) and (12) must be satisfied the below
two necessary and sufficient conditions:
n n



max ∑∑Cij tij
i =1 j =1


max  s.t. tij ³ CTij


tij £ NTij




Ti +tij − T j £ 0




Tn £ T
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...................................... (12)
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(1) The minimum duration
less than the
normal (max or uncompressed) for each task (i,j),
that it to say

,

, meanwhile,

,

,

the necessary and sufficient condition must be constrained that

.

(2) The project duration must be greater than or
equal to the all activity minimum duration on the
critical path, that is to say,
n

n

(∑∑CTij )CP £ T

........................ (13)
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...................................... (16)

,
the formal (13) can be rewritten as the following formal (14):
n

n

(∑∑ ( CTij ) )CP £ TαL
U

α

j =1 i =1

..................... (14)

Insert the formulas (13) and (14) into the Models (11) and (12) to get the new fuzzy mathematical programs defined as formulas (15) and (16).
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U

,

and

or , must hit the boundary of

lower bound of
ij á
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, ∀ ( i, j ) ∈ A , at least one the value

their α-cuts to satisfy
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Selected the

, put the constraint condition
U

,

( NT )

L

ij á

£ NTij £ ( NTij )

U

and

into the second-level. At this point,
since both of the first level and the second level
perform the same minimization operation, Model
(17) can be rewritten as the following conventional one-level linear program defined as Model
(18) .
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L
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,

of the second-level problem in Model (15).
Thus, Model (15) becomes (17).
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,

the constraint

( CT )
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el. Let

On

tij ³ CTij
tij £ NTij

ij α

On the basis of the duality theorem, the primal
problem and its corresponding compressing cost
problem have the same objective value. Therefore,
to solve Model (15), we can formulate the compressing cost problem of the second-level problem
to become a minimization problem that is consistent with the minimization problem of the first lev-
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To derive the upper bound of the objective value in
Model (16), we can directly set

to its upper bound

, to find the maximum objective value. Selected
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n

n

(∑∑CTij )CP £ T
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yij ³ 0, wij ³ 0, vij ³ 0, u ³ 0

( i, j ) ∈ A

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

, put the constraint conditions

into the second-level. At this point, since both of
the first level and the second level perform the
same maximization operation, Model (16) can be
rewritten as the following conventional one-level
linear program defined as Model (19).
The Model (18) and Model (19) are also linear
programs, and thus they can be easily solved using the simple method, interior-point algorithms,
or mathematical programming software package
(Taha, 2007). It should be noted that objective
function value of the Model (18) and Model (19)
are not the lower bound and upper bound of the
total compressing cost. The actual lower bound
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(∑∑CTij )CP £ T
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Ti , T j , tij ³ 0, i = 1,..., n; j = 1,..., n; ∀ ( i, j ) ∈ A

...................................... (19)
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5. Numerical example
To illustrate the validity of the proposed approach, the following example by Lee etl (1990)
are investigated whose corresponding network is
given in Fig.1.

,
and
.
In this case, the project duration
is triangular fuzzy number, and then the lower and
upper bounds of the α-cut of the project duration
are

+30, 28, respectively. The fuzzy numbers

of cost per unit time of compression
(max or uncompressed) duration

Figure 1. The network structure of the project
Take into account the cost per unit time of compression
tion

, normal (max or uncompressed) dura, compression duration

the project duration

of task

, and
are triangular fuzzy numbers

Table 1. The triangular fuzzy numbers of

,

, normal
, compres-

sion duration
of task
and the lower and
upper bounds of the α-cuts can be obtained easily
and are summarized in Table 1.
The associated linear program is can be expression in formula (22).
Next, according to Models (18) and (19), the
lower and upper bounds of

at possibility lev-

el α,
, can be solved as the following conventional one-level linear programs (23) and (24).
and the lower and upper bounds of the α-cut

Activity
a(1,2)
b(1,3)
c(2,5)
d(2,4)
e(3,4)
f(4,5)
g(5,6)

(80,100,120) 20α+80
(190,200,220) 10α+190
(90,100,130) 10α+90
(160,200,210) 4α+160
(180,200,210) 20α+180
(80,100,110) 20α+80
(90,100,120) 10α+90

-20α+120
-20α+220
-30α+130
-10α+210
-10α+210
-10α+110
-20α+120

(13,14,15)
(10,12,13)
(16,18,19)
(5,6,8)
(3,4,5)
(7,8,10)
(9,12,14)

α+13 -α+15
(4,6,6)
2α+4
2α+10 -α+13
(7,8,9)
α+7
2α+16 -α +19 (10,14,14) 4α+10
α+5
-2α+8
(3,4,5)
α+3
α+3
-α+5
(2,2,3)
2
α+7 -2α+10 (4,6,7)
2α+4
3α+9 -2α+14 (6,8,8)
2α+6

6
-α+9
14
-α+5
-α+3
-α+7
8

Table 2. The lower and upper bounds of the α-cuts and the corresponding total compression cost
Lower bound
α

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Upper bound
Total crashing
cost

7400
7284.2
7168.8
7053.8
6939.2
6825
6711.2
6597.8
6484.8
6372.2
6260

9600
9333.7
9070.8
8811.3
8555.2
8302.5
8053.2
7807.3
7564.8
7325.7
7090
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2200
2049.5
1902
1757.5
1616
1477.5
1342
1209.5
1080
935.5
830

Total crashing
cost
7400
7669.7
7942.8
8219.3
8499.2
8782.5
9029.2
9279.3
9532.8
9785.2
10040

9600
9889.6
10182.4
10478.4
10777.6
11080
11385.6
11694.4
12006.4
12321.6
12640

2200
2219.9
2239.6
2259.1
2278.4
2297.5
2356.4
2415.1
2473.6
2536.4
2600
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A mathematical programming software package Lingo, is used to solve the above linear programs. Table 2 lists the α-cuts of the total compression cost and table 3 lists the optimal time of
each activity at eleven distinct α values: 0, 0.1,…
0.9, and 1. The approximate membership function
of the fuzzy total crashing cost is shown in Fig. 2.

Figure 2. The approximate membership function
of the fuzzy total crashing cost
max c12 t12 + c13t13 + c25t25 + c24 t24 + c34 t34 + c45t45 + c56 t56





 s.t. t12 £ NT 12 , t13 £ NT 13 , t25 £ NT 25 , t24 £ NT 24 ,

 34 , t £ NT
 12 , t £ NT
 56 ,
t34 £ NT
45
56


 12 , t ³ CT
 13 , t ³ CT
 25 , t ³ CT
 24 ,
t12 ³ CT
13
25
24


 34 , t ³ CT
 12 , t ³ CT
 56 ,
Z = 
t34 ³ CT
45
56

T1 + t12 − T2 £ 0, T2 + t25 − T5 £ 0, T2 + t24 − T4 £ 0,


T3 + t34 − T4 £ 0, T4 + t45 − T5 £ 0, T5 + t56 − T6 £ 0,

T6 £ 28,


Ti , T j , tij ³ 0, ( i, j ) ∈ A.


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

min NT12 w12 + NT13 w13 + NT25 w25 + NT24 w24 + NT34 w34

+ NT45 w45 + NT56 w56 +CT12 v12 + CT13 v13 + CT25 v25


+ CT24 v24 +CT34 v34 + CT45 v45 + CT56 v56 + uT

s.t.
y
+
y13 ³ 0, y25 + y24 − y12 ³ 0,

12

y34 − y13 ³ 0, y45 − y24 − y34 ³ 0,

y56 − y25 − y45 ³ 0, − y56 + u ³ 0,


y12 + w12 + v12 ³ 20α + 80,


y13 + w13 + v13 ³ 10α + 190,

y25 + w25 + v25 ³ 10α + 90,


y24 + w24 + v24 ³ 40α + 160,


y34 + w34 + v34 ³ 20α + 180,

y45 + w45 + v45 ³ 20α + 80,


y56 + w56 + v56 ³ 10α + 90,

α +13 £ NT12 £ −α + 15,


2α +10 £ NT13 £ −α + 13,


2α +16 £ NT25 £ −α + 9,

α +5 £ NT24 £ −2α + 8,

ZαL = 
α +3 £ NT34 £ −α + 5,


α +7 £ NT45 £ −2α + 10,

3
α +9 £ NT56 £ −2α + 14,


2α +4 £ CT12 £ 6,

α +7 £ CT13 £ −α + 9,


4α +10 £ CT25 £ 14,


α +3 £ CT24 £ −α + 5,

2 £ CT34 £ −α + 3,


2α +4 £ CT45 £ −α + 7,


2α +6 £ CT56 £ 8,
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yij , wij , vij , u ³ 0, ( i, j ) ∈ A


...................................... (23)
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max ( −20α + 120 ) t12 + ( −20α + 220 ) t13

+ (−30α + 130)t25 + (−10α + 210)t24


+ ( −10α + 210 ) t34 + ( −10α + 110 ) t45


+ ( −20α + 120 ) t56

s.t. t12 £ NT12 , t13 £ NT13 , t25 £ NT25 ,

t24 £ NT24 , t34 £ NT34 ,


t45 £ NT45 , t56 £ NT56 ,

t12 ³ CT12 , t13 ³ CT13 ,


t25 ³ CT25 , t24 ³ CT24 ,

t34 ³ CT34 , t45 ³ CT45 ,


t
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T1 +t12 − T2 £ 0,

T1 +t13 − T3 £ 0,
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2 £ CT34 £ −α + 3,

2α +4 £ CT45 £ −α + 7,
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CT13 £ NT13 ,

CT25 £ NT25 ,


CT24 £ NT24 ,


CT34 £ NT34 ,

CT45 £ NT45 ,


CT56 £ NT56 ,

CT12 + CT25 + CT56 £ T,


Ti , T j , tij ³ 0, ( i, j ) ∈ A


...................................... (24)
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6. Conclusion
Several researchers have investigated the compression analysis in the project network with fuzzy
activity times and costs. Clearly, when the activity times and costs are fuzzy, the total compression
cost and each activity time are also fuzzy. This paper develops an approach to find the membership
function of the fuzzy total compression cost and the
compressed times of each activity when the activity
times and costs are fuzzy numbers. The underlying
idea is based on linear programming formulation and
Zadeh’s extension principle to transform the fuzzy
problem to a pair of parametric linear programs.
By enumerating different values of the possibility
level α, the lower and upper bound of the α-cuts of
the fuzzy total compression cost is calculated to approximate the membership function. A numerical
example studied by related studies is solved for illustrating the validity of the proposed approach.
In this paper, the fuzzy total compression cost
is expressed by a membership function that completely conserves the fuzziness of activity times
and costs. Compared with other studies, the proposed approach can obtain more reasonable solutions suitable for all cases ranging from the pessimistic case to the optimistic case, and so more
information is provided for making project management decisions.
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Abstract
The production of ceramic bricks and tiles is
accompanied by the generation of about 5 % of
waste materials developed during the firing process. These waste materials have the potential to be
crushed and used for the preparation of pozzolanic
mortars which could have significant environmental benefits in terms of reducing the volume of aggregate extraction and content of cement. One of
the emerging opportunities is the development of
regional resource synergies where this waste material, as a by-product, is re-used by mortar producers in the region. Employing this practice can
result in an improved utilization of these waste
materials, which would otherwise be discharged
to landﬁll and displacement, and in the reduced
use of stone aggregate materials and cement. The
objective of this paper is to evaluate the economic
viability of this waste when used in the pozzolanic mortars production. In addition, the research
provides the assessment of the ability to influence
the national economic policy in respect to the application of the observed waste. Overall results indicate a significant potential in their application.
Key-point for the economic viability of the waste
recycling is the transportation cost, according to
which the distance from the brick manufacturer to
the place of use should not exceed 100–150 km. In
the case-study, there are almost 10 brick factories
within this radius.
Key words: Ceramic brick solid waste, historic pozzolanic materials, economic evaluation
Introduction
The selection of building materials for specific purposes is, as a rule, made on their basis of
Volume 7 / Number 1 / 2012

functional, technical and financial dimensions.
However, due to the necessity to respect the rule
of sustainability as an important criterion in the
last decades, the classical approach of evaluating
building materials has changed.
The building industry is considered to be the
largest consumer of raw materials since the construction industry uses 60% of raw materials isolated from the lithosphere [1]. Out of that amount,
24% of total extraction is used in the construction
of objects. In Europe, 4.8 tons of mineral resources per inhabitant are annually spent for building.
On the other hand the solid waste material in
building is generated because of several reasons:
the demolition of structures [2], as a consequence
of structural deterioration, better economic gains
and natural disasters and war-inflicted damage.
In this way construction industry directly or indirectly causes a significant part of annual ecological damage and an appropriate utilisation of recycled waste materials can significantly contribute
to sustainable development. The achievement of
the stated aim is only possible if ecologically acceptable materials [3, 4] and ways of construction
are found. One of the possible solutions is recycling and re-use of given materials, which directly
influences sustainable production and utilisation
of renewable sources. The utilisation of waste
materials influences not only the decrease in environmental pollution but also has impact on the
preservation of the resources of the society, since
it decreases the exploitation of raw materials and
provides substitutes for materials such as cement,
whose production requires significant quantities
of raw materials, energy and assets for production.
Recycling of the brick production waste material and converting it to aggregate is a highly efficient and flexible way of transformation of waste
67
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materials into building materials. In such a way,
one of the basic problems of recycling centres is
solved, since the continual production of brick
products assures the supply of required materials
and solves the problem of the disposal of wastes.
The analysed technology has numerous advantages: (1) it decreases the exhaustion of natural
resources, (2) it is energetically efficient since it
decreases the expenditure of energy by substituting cement, (3) the recycling process is flexible,
since the wastes can simply be stored and used for
other purposes.
The usage of ground brick (dust and sand),
which is waste material in the brick/tile production,
for making mortars for plastering during the renovation of cultural monuments is of manifold importance. Brick dust reduces the required amount of
hydraulic binders because of its pozzolanic properties, while the coarse particles bricks can be used
as a substitution of natural sand. The products do
not lose much in terms of mechanical properties,
workability and plastering. At the same time the
thermal insulation of plasters is improved as well as
its compatibility with the existing materials regarding mechanical, physical and structural properties.
Paper objective
The main goal of the research presented in this
paper is to illustrate the potentials and possibilities
of the utilisation of brick industry for the production
of pozzolanic plasters. The wider framework of the
research includes finding a model for establishing
sustainable development of construction industry
and the overall society through the recycling of the
wastes. The purpose of such a model is to enable
appropriate decision making about the distribution
of resources to social organisations and enterprises
in order to achieve optimal overall results in that
manner. The analysis of the described problem has
been deduced by the Feasibility study of facilities
for the processing of wastes in accordance with the
previously applied methodology [5], whereby the
described steps are implemented in the form of the
case study for the region of Serbia: (A) Production
of the wastes has been assessed for the brick industry in Serbia, (B) Analysis of market requirements,
(C) Investments analysis, (D) Evaluation of recycling facility expenses.
68

Material and method
For the economic evaluation of the usage of
ground brick (dust and sand) for plasters preparation the composition and thermal conductivity
of ten plasters were analyzed. The composition of
plasters was obtained by mixing different combinations of five binders and two types of sand. For
the analysis the data were used for thermal conductivity of binder pastes of different composition published in paper [6]. The volume of sand
particles (river sand/crushed brick) and overall
water content in 1 m3 of compacted plasters were
calculated. Water absorption of crushed brick particles, used as aggregate (10%) in plasters, was
found to be higher than the river sand, and this is
compensated during the mix design. The thermal
conductivity of plaster with specific content, Table
1, has been calculated by the method defined and
published by ACI Committee 122, [7], Table 5.
Motion dynamics of the range of the brick production waste materials was analysed by the change
rate in the analysed period (2006-2010). Change
rates were verified by the exponential function. The
calculation of recycling expenses of the wastes of
brick industry starts with the calculation of investments in the processing facility designed for the
granulation of waste to achieve the desired grain
size. It was deduced based on the existing technicaltechnological project. The calculation of expenses
has been based on verifying the overall expenses
[8]. The calculation of expenses of the material was
derived according to the current price of the brick
wastes on the market. The amortisation was calculated according to the estimated investments and
assumed lifetime of particular assets. The salary
expenses were calculated in accordance with the
average salary in the Republic of Serbia decreased
in accordance with required qualification structure.
The expenses of the utilised energy were verified
according to the expenditures and market prices.
The expenses of the object and equipment maintenance were calculated following the experiential
regulations. The opportunistic expenses of financing and utilizing the land were calculated according
to the usual interest rates for long-term loans in the
Serbian market, while the insurance expenses were
included in accordance with the premium rates of
insurance companies.
Volume 7 / Number 1 / 2012
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Results and discussion
Results
The total production of the brick industry
in Serbia in the last five years (2006-2010) has
been3,267,589 tons on average [9]. The largest
part of this production (82.5%) refers to bricks
and blocks, while the smaller part refers to tiles
(17.5%). Regardless of the very expressed annual
rate of decrease in production (-20.81%), significant amounts of wastes are produced. The estimated amount of wastes on the annual level amounts

to 76,813 tons, the largest part of which (70.2%)
refers to the wastes from bricks and blocks production. The described quantity of the wastes was
much higher in certain years of the observed period, and amounted to 100,000 tons per year.
The described kind of wastes is very convenient
for recycling and use for the reparation of cultural
heritage objects for several reasons: (1) it has a
structure and composition compatible with existing materials, (2) it does not depend on periodical
events such as road and bridge construction and
unplanned events such as natural disasters, (3) it is

Table 1. Composition of mixtures for the preparation of 1 m3 of plasters
Mixture
Plaster 1
Plaster 2
Plaster 3
Plaster 4
Plaster 5
Plaster 6
Plaster 7
Plaster 8
Plaster 9
Plaster 10

Binder paste
Water ratio
Grinding
Binder pa- Binder paste
Water ratio
hydrated
for G.B.
brick
River sand
ste cement brick dust*
for R.S. ***
lime (parts/
sand **
sand**** (parts/mass)
(parts/mass) (parts/mass)
(parts/mass)
mass)
(parts/mass)
(parts/mass)
1.0
0,50
2,7
1.0
0,55
2,3
1,0
1.4
0,78
2,7
1,0
1.4
0,84
2,2
1,0
1.1
0,33
0,70
2,6
1,0
1.1
0,33
0,77
2,2
1,0
0.8
0,67
0,68
2,5
1,0
0.8
0,67
0,74
2,1
1,0
0.7
0,84
0,64
2,5
1,0
0.7
0,84
0,70
2,2
-

* diameter of particles <0.3 mm
** water/binder ratio plus ratio of water necessary for covering all the surfaces of the sand particles for 0.05 mm plus ratio of
absorbed water thickness (grinding brick sand)
*** water/binder ratio plus ratio of water necessary for covering all the surfaces of the sand particles for 0.05 mm thickness
(river sand)
****diameter of particles 1-4 mm

Table 2. Quantities of components (mass) required for the preparation of 1m3 of plaster
Mixture
Plaster 1
Plaster 2
Plaster 3
Plaster 4
Plaster 5
Plaster 6
Plaster 7
Plaster 8
Plaster 9
Plaster 10

Binder paste
hydrated lime
(kg)
0
0
196
196
196
196
196
196
196
196

* diameter of particles <0.3 mm
** diameter of particles 1-4 mm
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Binder paste
cement
(kg)
550
550
275
275
220
220
165
165
138
138

Binder paste
brick dust*
(kg)
0
0
0
0
65
64
131
131
164
164

Water
(kg)
277
304
371
396
340
371
333
364
318
349

Grinding brick
sand**
(kg)
0
1244
0
1015
0
1058
0
1050
0
1074

River sand
(kg)
1467
0
1267
0
1249
0
1240
0
1268
0
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available during the entire year and can be stored
at low cost. On the other hand, the quantities of
this waste depend on the range of the increase and
overall economic development which determines
the level of construction materials, i.e. the level of
construction and renewal. Based on the previously
stated bibliographical data and calculations, Table
1 presents the composition of ten kinds of plasters.
Based on the defined plaster compositions,
the quantities of components required for making
1m3 of plaster are given in Table 2.
The very process of grinding the brick and tile
wastes to the desired granulation is technologically
simple. The calculation of expenses of grinding has
been derived from the standard facility comprising:
(1) loader, (2) passer of burned wastes, (3) transporter for transportation to the crusher, (4) crusher,
and (5) transporter for transport out of the facility.
Apart from that, investments for the burned wastes
disposal site, required construction works (founda-

tions for assemblage of the equipment and disposal
strips), equipment for electric control, precipitator
and investments in projecting and provision of permits and approvals are provided for. The present
research [11-12] points that the construction and
capacities of construction material recycling facilities largely determine the capital expenses and possibilities for the provision of sufficient quantities of
wastes for processing. Thus, the cost-effectiveness
of the work of such a facility is mostly deduced to
the economics of the range of expenses and transportation costs. Since there is no significant transportation distance in the observed case, the analysis
of the cost-effectiveness of the work of the observed
facility is significantly simpler.
The investment into the observed facility amounts
to 235,000 €. The capacity of the facility has been
estimated on the basis of 80% of the nominal work
capacity so that the effect makes 13.5t/h the calculation of the total production range predicts working

Table 3. Assumptions for calculating recycling expenses
Ordinal
number

1.

2.

Components

 Capacity 13.5 t/h,
 Period of equipment exploitation 7 – 10 years,
 Period of objects exploitation 20 years,
 Working year of 260 days
 Work hours 8 hours per day
 Fixed amount of operational expenses

Basic
parameters

Expenses
of the
capital

 Equipment
and objects
 Land expenses
 Opportunistic
expenses
 Material
 Work
expenses

3.
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Operational
expenses

Assumptions

 Investment into equipment 190,000.00 €
 Investment into land and objects 35,000.00 €
 Without procurement of used equipment
 Property is insured against usual risks
 Land surface 1 ha
 Nominal rent 250 € per year
 Interest rate 8%
 Calculation of expenses of work materials is derived on the
basis of the current market price of brick industry wastes
 Work of the facility requires 3 employees with high school
qualification

 Energy

 Calculation of expenses for electric energy is derived in
accordance with the nominal power of the facility and planned
work range,
 Calculation of expenses for fuel is deduced according to the
power of the working machine, specific fuel expenditure and
planned utilisation range.

 Other

 Expenses of the maintenance of the facility are calculated
following experiential regulations
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in one shift and the working year of 260 days. The
total annual capacity of the facility is 26,325 tons.
Overall assumptions for the calculation of recycling
expenses are given in the table below.
The calculation of total work expenses of the
facility annually, i.e. of expenses per ton of obtained brick dust is presented in Table 4.
Based on the brick industry waste recycling
expenses, i.e. production of the brick dust, Table
4 and market prices of other raw materials for the
plaster production, the total price of the material
has been calculated. The quantities of materials
required for the production of 1m3 of plaster are
given in Table 2. The total expenses of the materials are given in Table 5.

Discussion
The cost analysis for materials for the production of plaster indicates that the price of utilised
material grows with the substitution of natural sand
with brick sand. This can be seen if the following kinds of plasters are compared: plasters 1/2,
plasters 3/4, plasters 5/6, plasters 7/8, and plasters
9/10. On the other hand, there is also a significant
change in the coefficient of thermal conductivity.
If the change of expenses and change of thermal
conductivity are compared, the following results
are obtained, which are presented in Table 6.
It can be deduced from the given data that the increase in the price of materials is higher than the de-

Table 4. Calculation of brick dust/sand cost price
Ordinal number

Expense category

1.
2.
3.
4.
5.
6.
7.
8.

Material
Amortisation
Salaries
Energy
Maintenance
Financing expenses
Insurance
Land
Total

Total annual expenses
(€)
493,071.43
22,750.00
13,680.00
19,249.29
5,100.00
18,800.00
3,375.00
350.00
576,375.71

Portion Expenses per unit of capacity
(%)
(€/t)
85.55
18.73
3.95
0.86
2.37
0.52
3.34
0.73
0.88
0.19
3.26
0.71
0.59
0.13
0.06
0.01
100.00
21.89

Table 5. Calculation of the cost price of analysed mixtures
Ordinal number

Mixture

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

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

Mixture cost price
(€/m3)
62.75
87.48
47.21
67.26
42.62
63.62
38.01
58.88
35.76
57.09

Coefficient of plasters thermal conductivity
(W·m-1·K-1)
1.140
0.739
0.844
0.599
0.990
0.633
0.798
0.625
0.797
0.642

Table 6. Comparison of the change of expenses and coefficient of the thermal conductivity for individual plasters
Ordinal
number
1.
2.
3.
4.
5.

Mixture
Plasters 1/2
Plasters 3/4
Plasters 5/6
Plasters 7/8
Plasters 9/10
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Change in the expenses
for the materials (%)
39.4
42.5
49.3
54.9
59.7

Change in total
expenses (%)
9.4
8.1
8.7
8.8
9.0

Change of the coefficient of the
plasters thermal conductivity (%)
-35.2
-29.0
-36.1
-21.7
-19.4
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crease of thermal conductivity. On the other hand,
it is necessary to take into consideration that the use
of plasters in their final form (built in the objects)
also causes building expenses which are higher
than material expenses, and thus the expenses of
the embedding amount to between 75 and 80% of
total expenses (materials and embedding). If a comparison of changes of total expenses is made, it is
possible to conclude that the increase of expenses is
smaller than the improvement of thermo-insulating
characteristics of the materials, Table 6.
The Required assessment of the observed technology can only be made following the complete
investment analysis. Only in this way is it possible
to reach the value of investments that the investor
can invest in the described facilities, i.e. recycling
expenses that can be covered with the achieved
income. Methods of the investment analysis must
be based on the market price of the product and
achieved income. Since there is still no wider market utilisation of brick dust as a raw material in
Serbia, it is not possible to give a complete investment analysis.
Conclusion
The paper presents economic parameters of the
utilisation of brick industry wastes as a substitute
for cement and natural sand. It has been identified
that the observed technology has its potentials and
economic justification. Accordingly, the following
conclusions are made:
–– The utilisation of brick wastes as substitute
for cement and sand increases the expenses
of utilised materials,
–– The increase in expenses for materials is
significantly lower in plasters, where cement
is substituted with brick dust,
–– The use of brick wastes as a substitution
influences the decrease of the coefficient of
thermal conductivity of the observed plasters,
–– The increase of the prices of the material
when substituting cement and sand is, as a
rule, higher than the change of the coefficient
of thermal conductivity of the observed
plasters,
–– The increase of expenses comprising
expenses for materials and embedding
expenses when substituting cement and sand
72

is lower than the change of the coefficient of
thermal conductivity of the observed plasters.
Recycling brick industry wastes should be included into the wider context of the sustainable
resource and waste management with an appropriate understanding of the interaction between the
key elements of production, disposal sites, recycling and transportation. A larger production and
utilisation of the described materials can be done
only if economic sustainability is proven besides
ecologic sustainability,.
In order to decrease the risk of investing for investors, economic and political instruments must
provide financial support for recycling centres in advance, as well as the regulation of the recycling market as a whole. This can mainly be achieved through
the concordant application of standards when using
recycled materials and financial support through the
indirect influence of the taxes on disposal sites or
primary raw materials, as well as through the direct
influence through subventions for recycling centres
or recycled secondary raw materials.
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Abstract
The communication concept is the main reason
for the realization of cultural formation among individuals. One of the most important change experienced in today’s world is cyber culture concept
formed against the traditional culture concept in
which literacy is one of the basic elements making up the cultural value. In this sense, newspaper
literacy is increasing the effect of literacy and is a
need that has been developed from internet literacy in the process of cultural transformation. Thus,
the concept of internet journalism making up cyber culture is one of the key elements of digital
literacy In this study, the significance of internet
journalism in cyber culture was investigated and
attitudes of adults were determined in terms of
their education level.
Key words: Cyber culture, internet journalism,
newspaper, digital literacy, education level.
Introduction
Internet emerged in the second half of the 20th
century and it is the most important development
that changed the lives of human being. It was
discovered for defense industry in 1960s and it
showed a steady improvement until 1990s. After
the invention of World Wide Web (www) protocol
by Tim Berners Lee, internet has reached a very
different dimension. Firstly our lives have become
computer based and afterwards internet based due
to the gradual reduction in the price of personal
computers day by day and rapid advances in internet technology. Communication is the leading
factor in paving the way for these developments.
One of the most important change experienced in today’s world Cyber culture (CyC) is,
was formed against the traditional culture and
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has marked the last twenty years. Internet based
culture has taken the place of traditional culture
structure nowadays. CyC concept is developing
its nationality and language structure in today’s
world. If chat forms at the cyber world are analyzed, it is remarkable that people generally use
abbreviations. (AAMOF = As A Matter Of Fact?
AFK = Away From Keyboard, Hw re u? (how are
you?), M8 = Mate, CU = See You etc.).1 While
CyC is creating a system of its citizenship related
to language, it is gradually expanding its own
cultural values as well. Marriages over internet,
cooperative bulk purchasing of products and getting cheaper products on internet, presence within
sharing by establishing groups can be stated as
important examples of cultural structure formation. Considering all of these examples, important
changes are being seen in the attitudes of individuals. Traditional neighborhood visits are replaced
by virtual visits, shopping and entertainment. In
fact, this situation is contributing to the deterioration of traditional values to a great extent and constituting new cultural movements. Until the early
2000s, one of the most important corner stones
of our lives and the cultural movement was the
changes in newspaper literacy. In today’s world,
newspaper literacy has become a necessity at the
point of tracing the changes in the world and it
leaves place to internet journalism (IT) serving instant access to news or more current information.
Today people are obtaining the instant news by
accessing the main pages of newspapers or connecting to the IT and a program (Rich Site Summary-RSS). Many RSS software’s are available
on internet. Online newspaper is a new approach
brought about by CyC in the world. It grows to
a large extent every day. Digital literacy can not
fully develop in individuals without the individuals having knowledge about CyC and IT because
Volume 7 / Number 1 / 2012
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digital literacy is an important criterion for developing of IT and CyC. In this sense, the topic of the
research is “In the development of cyber culture:
Internet journalism and attitudes of adults”. CyC
and IT are mentioned in the context of the main
topic of research. Literature about digital literacy
is reviewed and universe of study, data collection
and data analysis are dealed with the methodology
section. In the conclusion and discussion sections
after findings section about internet journalism
and attitudes of adults by education level.
CyC is the culture that has emerged from the
use of computer networks for communication,
entertainment and business. It is also the study
of various social CyC which is typically accomplished through cultural criticism or a textual approach to the material. Since the boundaries of
CyC are difficult to define, the term is used flexibly, and its application to specific circumstances
can be controversial. It generally refers at least to
the cultures of virtual communities, but extends
to a wide range of cultural issues relating to "cyber-topics", e.g. cybernetics, and the perceived or
predicted cyborgization of the human body and
human society itself. It can also embrace associated intellectual and cultural movements, such as
cyborg theory and cyberpunk. The term often incorporates an implicit anticipation of the future.2
The Oxford English Dictionary lists the earliest
usage of the term "cyber culture" in 1963, when
A.M. Hilton wrote, "In the era of cyber culture, all
the plows pull themselves and the fried chickens
fly right onto our plates. This CyC may be purely
an online culture or it may span both virtual and
physical worlds. That is to say, that CyC is a culture endemic to online communities; it is not just
the culture that results from computer use, but culture that is directly mediated by the computer. Another way to envision CyC is as the electronicallyenabled linkage of like-minded, but potentially
geographically disparate (or physically disabled
and hence less mobile) persons. CyC include
various human interactions mediated by computer
networks such as Chat, Blogs, E-commerce, peerto-peer networks, bulletin board systems, games,
social networks, USENET etc.
It can be seen that CyC is a reason for changing of
many concepts in traditional culture. The most important reason of this change is digital dividing with
Volume 7 / Number 1 / 2012

positive and negative effects. It is not possible for
CyC based societies to be affected negatively can be
said to be important in digital divide. At this point,
digital literacy is taken a place in the digital dividing. It can be said that people having high degree
for digital literacy are the leaders at the formation of
CyC. The leaders of traditional culture society are,
therefore, differs from those of CyC society.
Digital divide refers to a variety of phenomena,
such as the gap and inequality in accessing online
information, the capacity and skills of information and communication technologies (ICT) use,
the technical quality and width of the network,
the governmental and social investment for online
infrastructure and education, the overall ability to
translate and evaluate information, and the social
diversity of users.3 Elad Segev and his friend presented a study for providing a view from a different angle on the digital divide, by looking at the
most popular search queries in Google and Yahoo
in various countries. A new methodology and metrics is developed and employed to examine and
assess the digital divide in information uses, looking at the extent of political searches, their accuracy and variety.4
The popular CyC writings were generally descriptive. Usually required to follow the term
internet with the parenthetical phrase the global
computer network system, these journalists had
the unenviable task of introducing non-technical
readers to the largely technical and pre-World
Wide Web version of cyberspace. The cyberspace
nation is in the house. With its mail, discussion
groups, bulletin boards and shareware, with its
geography and its idiom, cyberspace simulates
community, a community more dependent on
imagination than most.5 To move digital information to allow on-screen formatting, photographs,
diagrams, moving video, sound, and text to appear
side by side, all within the narrow constraints of
bandwidth, each of these things must be turned
into data packets and shipped piecemeal across the
network. The packets must be reconstructed at the
destination and then translated back into things we
can work with on a computer screen.6
Call it cyberspace, the information superhighway, the matrix, the net or virtual reality. CyC
adds a new dimension to the concept of society
and society is a concept that it hasn’t a specific
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algorithm. Building community is a fundamentally different activity than writing computer code:
code does not write back and code does not respond strategically to one’s action.7
Generally, internet news consists of a front
page, article pages and topic pages. A page is a
two-dimensional surface containing text and images that can be accessed by scrolling up and
down in a web browser window. Internet news
usually organizes their pages in a hierarchical tree
structure, with the front page as the root and the
topics and stories branching out from it.8
Several studies were made about newspaper
and internet journal reading. Studies indicate that
the reading time for internet journals is crucial.9, 10
Aguila-Obra indicate that the advent of the digita-

lization of pure information products has created
new opportunities and changes in the information
goods markets.11 The increasing acceptance and usage of Internet and the decrease of the access’ costs,
provide a new broad scope of economic activities
and business models. At another study made from
Åsa Moberg and friends, the tablet e-paper newspaper seems favorable also from an environmental
point of view. The e-paper device has substantially
lower energy use during down-loading and reading
compared with using a computer for reading newspapers on the internet. Thus, it has been suggested
that the environmental impact can be lower than
for printed and internet-based newspapers. The differences of flow charts between printed newspaper
and IJ and it can be seen at Fig 1.12

Figure 1. Simplified flow charts of printed newspaper and internet journal
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Method
In this study, a questionnaire was developed for
determining the profile of digital literacy and attitudes for internet journalism by the authors. The
validity and reliability of the questionnaire were
made. According to this, Cronbha alpha value is
obtained as 0,8944.
The Universe And Sample Of The Study
The universe of the study is composed of 296
young adults (between 18-25 years) residing in the
city center of Elazig. The sample is sufficient to
represent the universe. In the study, 296 participants responded to the questionnaire.
Data Collection and Analysis
The questionnaire for determining the profile
of digital literacy and attitudes for internet journalism by education level developed by the authors
is used at data collection. In the analysis of data,
mean and ANOVA statistical techniques are used.
Findings And Comments
In terms of education level, variable of I like
to read internet journal is compared and a significant difference occurred at the level of 0,05 seen
at Table 1. Considering means, these differences
are seen in the following way: In particular, under-

graduate level individuals ( =1,5619) enjoy reading internet journals but primary-secondary level
individuals ( =1,8714) and graduate level individuals ( =1,7500) show an instable attitude about
this subject. In general, when looked at the means
( =1,6453), it is seen that individuals participating this research show positive attitude for internet
journal and they like to read internet journals.
When looked at Table 2, individuals generally
put forward their views as Internet Journalism is
the fastest news source. However, a significant
difference occurred at the level of ,05 between
primary-secondary level and graduate level individuals. While primary-secondary level individuals ( =1,500) show an instable attitude about
Internet Journalism is the fastest news source,
graduate level individuals ( =1,1250) exhibit
positive and keen attitude about this subject. At
the same time, it is seen that undergraduate level
individuals ( =1,2524) exhibit positive attitude
about Internet Journalism is the fastest news.
When variable of education level and variable
of internet journalism allows me to access different sources is compared, a significant difference is
seen at the level of 0,05 between primary-secondary level and undergraduate-graduate levels individuals seen at Table 3. Primary-secondary graduate individuals show instable attitude ( =1,7000).
Under graduate level ( =1,3286) and graduate

Table 1. The results of variance analysis between education level and attitude variable of I like to read
internet journal
Between groups
Within groups
TOTAL

Sum of Squares
5,215
212,538
217,753

Mean Square
2
293
295

sd
2,608
,725

F
3,595

P
,029

Table 2. The results of variance analysis between education level and attitude variable of Internet Journalism is the fastest news source
Between groups
Within groups
TOTAL

Sum of Squares
3,761
108,874
112,635

Mean Square
2
293
295

sd
1,881
,372

F
5,061

P
,007

Table 3. The results of variance analysis between education level and attitude variable of internet journalism allows me to access different sources
Between groups
Within groups
TOTAL

Sum of Squares
7,275
140,779
148,054
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Mean Square
2
293
295

sd
3,638
,480

F
7,571

P
,001

77

technics technologies education management

level individuals ( =1,3750) exhibit a positive attitude about internet journalism allows me to access different sources. In particular, it is seen that
internet journalism is a good instrument allowing
access to different sources ( =1,4189).
When variable of education level and variable
of it is easy to read news from internet is compared, a significant difference is seen at level ,05
between individuals who has primary-secondary
level ( =1,642) and undergraduate ( =1,420) graduate levels ( =1,250). It can be seen at Table
4. It is seen that individuals who has primarysecondary level show instable attitude about
reading news on internet but individuals who
has undergraduate and graduate level point out
positive attitude because of that it is easy to read
news from internet. In particular, if it is looked in
terms of individuals participated this research, it
is seen a tendency that it is easy to read news on
internet ( =1,466).
As a result of variance analysis between education level and attitude variable of I think that internet

journalism cannot take the place of traditional journals, it is seen a significant difference at level 0,05.
It can be seen at Table 5. Significant difference occurred between individuals who have graduate level
( =1,187) and individuals who have undergraduate
( =1,723) and primary level ( =1,871). While individuals who have education level think that internet
journalism can take the place of traditional journal,
others show instable attitude about this subject. In
fact, there seems generally to be a transition from
traditional journal culture to internet journalism, individuals who participated to this study live instability ( =1,729) about this subject and it is seen that
they can’t discard the issue about the importance of
continuation of the traditional journal culture.
As a result of variance analysis between education level and attitude variable of Internet journalism are more advantageous in other types of
newspapers due to the archive property, it is seen a
significant difference at level 0,05. It can be seen
in Table 6. Significant difference is seen between
individuals who have primary level ( =1,628) and

Table 4. The results of variance analysis between education level and attitude variable of it is easy to
read news from internet
Between groups
Within groups
TOTAL

Sum of Squares
3,310
146,352
149,662

Mean Square
2
293
295

sd
1,655
,499

F
3,313

P
,038

Table 5. The results of variance analysis between education level and attitude variable of I think that
internet journalism cannot take the place of traditional journals (pressed journals)
Between groups
Within groups
TOTAL

Sum of Squares
6,117
186,261
192,378

Mean Square
2
293
295

sd
3,059
,636

F
4,811

P
,009

Table 6. The result of variance analysis between education level and attitude variable of Internet journalism is more advantageous in other types of newspapers due to the archive property
Between groups
Within groups
TOTAL

Sum of Squares
3,767
138,017
141,784

Mean Square
2
293
295

sd
1,884
,471

F
3,999

P
,019

Table 7. The result of variance analysis between education level and attitude variable of Internet journalism is economic
Between groups
Within groups
TOTAL
78

Sum of Squares
4,681
183,180
187,861

Mean Square
2
293
295

sd
2,341
,625

F
3,744

P
,025
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individuals who have graduate level ( =1,125).
Individuals who have primary level show an instable attitude but individuals who have graduate
level are seen in the direction of opinion about the
effectiveness of archive property of internet journalism. Generally ( =1,473), it is seen that the internet journalism has an effective archive property.
As a result of variance analysis between education level and attitude variable of Internet journalism is economic, a significant difference at level
0,05 is found. It can be seen at Table 7. Graduate
level individuals ( =1,187) show positive attitude
about the cost of internet journalism but primary
level individuals ( =1,771) show instable attitude
about this subject. Considering the means, under
graduate level individuals ( =1,600) show nearly
positive attitude about the cost of internet journalism but nevertheless they show instable attitude.
In general, participants of this study show positive
attitude about cost of internet journalism.
Discussion and Conclusion
In terms of educational level, all of the participants of the study show positive attitude towards
internet journalism and they like to read news on
internet environment. As educational level increases, positive attitude levels about instant access to news on internet increases. According to
the participants responded the questionnaire, internet journalism is a useful tool for reaching different sources. It can be said that reading newspaper on internet is becoming a trend due to its easiness. In fact, there seems generally to be a transition from traditional journal culture to internet
journalism. Participants of this study had concerns
about this subject and expressed the importance of
the continuation of traditional journal culture. Participants also added that internet journalism has
archive property and is economic. Internet journalism is an important concept in the development
of CyC and digital literacy as a part of CyC. Many
studies have been performed about digital literacy
so far. Digital literacy concept has been a booster factor in development of CyC. In the studies
related to internet journalism, De Leon indicates
that reading news on internet is a need in cultural
transformation and digital literacy is an important
Volume 7 / Number 1 / 2012

dimension in this. Internet journalism is a milestone of CyC and internet journal readers deeply
read news more than traditional readers. It is seen
that individuals browse the same news in different ways. At our study, although individuals don’t
make too much comparison among news, they try
to reach various details relating to the same news
from different sources. In the same study made
by De Leon, it is seen that internet journal reading is performed by mouse clicks. Moreover, internet journalism exposes a new newspaper reader
profile. This profile’s characteristics can be listed
as follows: effective, active, arguing readers, who
like to examine the details of news from different
sources and like to obtain later news from databases when they want.
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Abstract
The estimation of qualitative features of picture
stimuli in graphics and cross-media reproduction
systems is dependent on various geometrical and
color characteristics of the stimulus.
Specific combination of black color in conjunction with the primary colors in additive and
subtractive synthesis, may lead to unwanted deviation in perception of color characteristics of the
presented stimulus, due to psychophysical visual
effect of neon color spreading. This is even more
pronounced on regular geometrical structures that
we encounter in the Ehrenstein model.
In this paper we investigate the influence of the
primary color stimuli selection in creation of test
samples which are formed as regular geometrical
structures, i.e. the Ehrenstein model of intensity of
the neon color spreading effect. The results show
that the use of black surround color of the primary
stimuli causes a greater intensity of the neon color
spreading effect, when compared with cases when
a complementary surround color was used in the
inserted segment of the primary stimuli.
Key words: Neon color spreading, Ehrenstein
model, color perception, inserted segment color,
surround color
1. Introduction
In everyday graphic communication, it is usual
that certain physical characteristics of stimuli determined by spectrophotometric methods of measurement are set as sufficient in assessing the qualitative characteristics of graphic reproductions.
However, only the physical characteristics of
stimuli, such as dominant wavelength of visible
light spectrum or the physical object, do not specify
how a man sees the spectral information (psychophysical experience), or clarify the relationships
Volume 7 / Number 1 / 2012

between colors. More correct description of the
color of the graphic reproduction would be that certain stimuli (dominant wavelength) under certain
defined viewing conditions are perceived as their
color [1]. When some simpler forms of sensory
perception (single stimuli) associated with the color
are analyzed through the domain of the standard
observer, then we can talk about colorimetry and
corresponding tristimuli information. Colorimetric
color models (CIE Yxy, CIE L*a*b*, CIE L*u*v*,
etc.) define colors and their relations well, but only
in the individual and defined conditions. When in
situations of observing graphic reproductions together with the primary stimulus some of the other
variables caused by the ambient and the correlation
between them are observed and analyzed (among
other things psychophysical visual effects), in order
to more accurately describe the human perception
of color, then we talk about the need to use different
color models which describe the prevalence of color (ZLAB, Nayatani, Guth, RLAB, CIECAM07,...)
[2, 3, 4]. The aforementioned models are able to
specify to a certain degree of accuracy certain psychophysical visual effects (primarily those of ambient-adaptation and surround) [5, 6].
There is a significant number of psychophysical
visual effects whose manifestation has not been fully researched. One of them is certainly the effect of
neon color spreading that presents a more complex
form of the color spreading effect. Psychophysical
visual color spreading effect is the effect of the apparent mixing of colored stimuli with its surround.
Graphic reproduction and all screening techniques
are based on it. Color spreading represents the
transformation of the simultaneous contrast effect
due to increment of the stimuli number in space or
the stimulus size reduction, provided the existence
of surround stimuli. The color spreading effect is
considered complete when the spatial clarity (the
width of the visual field) and the distance between
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the observer and the surround of the stimulus are
such that there is a fusion of the stimuli and surrounds into a unified whole. The neon color spreading effect represents a shift of color appearance by
creating a virtual extension of primary color stimuli
on a surround of graphic reproductions of the lattice
size of the inserted segment on the primary stimulus, but also in the process of template design in creating design solutions.
The neon color spreading effect was analyzed
under that name for the first time in the work of
Van Tuijl, H.F.J.M. who described the prevalence
effect in a situation where in a system of orthogonal
lattice lines - Ehrenstein model, specific sections or
sections of lines are replaced with segments of different colors [7]. The effect is manifested in the creation of virtual extension line color of the replaced
segment of the primary stimulus to the surround of
the test sample in the lattice size of the inserted segment. In further studies of the neon color spreading
effect, the influences of other geometric elements
within the test samples were examined [8]. It has
been shown that the apparent spreading of the color
of the same tone is like the tone of the inserted segment of the primary stimulus in black as the surround color of the primary stimulus. When using
some other primary color of additive or subtractive
synthesis as the surround color of the primary stimulus, the color spreading is the combination of the
tone of the inserted segment color and the tone of
the color complementary to the surround color of
the primary stimulus [9]. The intensity of neon color spreading effect in its dependence on the wavelength and brightness contrast [9, 10], and the influence of the contrast between the primary stimulus
and the surround on the experience of the mutual
position of the geometric structure elements of the
stimulus have been researched [11].
Previous researches of the neon color spreading effect have not given a complete picture of the
impact of certain parameters within the processes
of graphic reproduction on the intensity of the effect. The intensity of the manifestation of the neon
color spreading effect with respect to its known
characteristics is determined by various parameters [12, 13, 14]: standard illuminants, colored
stimuli characteristics, geometric characteristics
of stimuli, types of media in the reproduction system of graphic product design.
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The aim of this study was to determine the impact that the selection of a primary stimuli color has
on the neon color spreading. Test samples were created based on the Ehrenstein model, in which the
effect of the surround color of the primary stimuli
on the intensity of manifestation of the neon color
spreading effect was studied. Deviations in color
perception caused by manifestation of psychophysical visual effect of neon color spreading were
shown through the calculation of colorimetric color
difference DE ∗94 – Euclidean distance between the
coordinates of the reference color (the physical
value of the printing substrate surface) and the coordinates of the color of the reference field from the
atlas of colors associated to the perceived apparent
color on the test sample (physical value of the reference field from the atlas of colors).

Figure 1. The Ehrenstein model
2. Experimental Part
2.1 Methodology
Determination of the intensity of manifestation
of the neon color spreading is enabled by the application of colorimetric and psychophysical studies.
Together they form methodology for determining
the physical values of visual perception of colored
stimuli due to manifestation of psychophysical visual effects. The colorimetric part of the study presents
a spectrophotometric measurement which was used
with formed reference fields on the printed color atlas to determine the corresponding CIE L*a*b* values and colorimetric difference color values of each
field in relation to the printing substrate [15]. Visual
evaluation was based on the use of simultaneous
binocular technique of harmonization through the
visual discrimination of stimuli [16].
The experimental and selected variables (physical values) are designed on the basis of method of
Volume 7 / Number 1 / 2012

technics technologies education management

constant stimuli. While conducting a visual evaluation, the subjects had the task to separate and
join from the color atlas a test field of the atlas,
which is identical or most similar to values of the
observed manifestation of the neon color spreading effect of the test sample tested. The magnitude
of the neon color spreading effect in dependence
on the selection of primary color stimuli (surround
color and the color of the inserted segment), and
depending on the type of standard illuminant will
be displayed graphically using the calculated colorimetric color differences DE ∗94 . The colorimetric
color difference DE ∗94 is calculated using the formula [17, 18]:
DE

∗

94

 DL∗ 2  DC ∗  2  DH ∗ 2 
ab
ab
= 
 +
 +
 
k
S
k
S
k
S
 L L   C C   H H  
........................................ (1)

kL = kC = kH = 1 for reference conditions
S L = 1; SC = 1 + 0, 045C ∗ab ; S H = 1 + 0, 015C ∗ab

where kL, kC and kH are parameters that are used
to adjust the relative values of brightness, saturation and tone in conditions of observation, which
are different from those defined by the CIE Commission [19]. Factors SL, SC and SH represent positional function, whose role is to correct the perceptual non-uniformity of CIELAB color space.
2.2 Creating Test Samples and Color Atlas
In accordance with the proposed research methodology twelve test samples were created (Table 1)
by using Adobe Illustrator. The basis of test patterns
is the so called Ehrenstein model – the specific geometric structure made of the orthogonal system of
lattice-set lines formed by overlapping of different
color combinations of the primary stimuli. Table 1
shows the combinations of selection of primary color. The line color in each test sample is combined
with primary colors of additive (red, green, blue)
and subtractive synthesis (cyan, magenta and yellow) like the inserted segment of the primary stimulus. As a surround color of the primary stimulus
Volume 7 / Number 1 / 2012

“black” is used in one case (Figure 2) and colors
that are complementary to the color of the inserted
segment of primary stimulus in the second case
(Figure 3). The surround of the primary stimulus is
“white” of the printing substrate, size A4. The size
of test samples was defined according to standard
ambient conditions of observation (ISO 3664:2009
standard, which specifies the observation conditions for graphic technology and professional photography) at the viewing angle of 10o and the distance of subjects of 50 cm.
Table 1. Color combinations of test samples
Tests
samples
1
2
3
4
5
6
7
8
9
10
11
12

Inserted segment
color
red
green
blue
cyan
magenta
yellow
red
green
blue
cyan
magenta
yellow

Surround
color
black
black
black
black
black
black
cyan
magenta
yellow
red
green
blue

When creating a test sample CMYK color
space was used. As a file format vector (*.ai)
format is used. The printing of test samples was
performed on calibrated digital printing machine –
“Epson StylusPro 7900 HDR” on the principle of
liquid toner cartridges (Epson UltraChrome HDR
ink). Screening and printing were done by “GMG
ColorProof” application using the absolute colorimetric ICC rendering method. The accuracy of reproduction of tristimuli color characteristics with
the selected print resolution of 720x720 dpi is <
0.5 ∆E of the total color space. Multiple coated
printing paper for art printing – “GMG ProofMedia - Proof paper Gloss”, grammage 250 g/m2,
high whiteness (expressed in CIE L*a*b* values:
L* = 94.1, a* = -0.6 and b* = -0.3) was used as
the printing substrate. Before printing, the printing
substrate itself was placed in the identical room
conditioned in the time period of 48 hours to the
prescribed standard ambient conditions (the temperature of 23 oC and relative humidity of 55%).
83

technics technologies education management

luminants - daylight D65, cool white fluorescent
illuminant CWF (F2) and artificial light A, at the
viewing angle of 100. The accuracy of the device
is DE ∗94 = 0.4 for the D50 illuminant and viewing angle of 20. With spectrophotometric measurements of reference fields of color atlases the corresponding colorimetric values expressed in CIE
L∗ a∗b∗ values are determined. Based on these val-

Figure 2. Test samples by black surround

ues the colorimetric color differences DE ∗94 were
calculated – the deviation in relation to colorimetric values of unprinted printing substrate.

Figure 3. Test samples by complementary color
surround
For the purpose of visual evaluation of the test
samples using the constant stimuli method, six reference color atlases were created with the primary
colors of additive and subtractive synthesis by using
Adobe Photoshop. The color atlases are based on
the change of perceptual attributes of color within
the HSB color model in a way that the tone value
(H) and brightness (B) is constant, and reference
fields are formed in steps of 1% of the value change
of color saturation (S), ranging from 0-30% of the
saturation values (Figure 4). As a file format Raster
(*. psd) file format is used in the Lab color space. Atlases of colors are printed on identical substrates and
in identical printing conditions like the test samples.
2.3 Instrumental Analysis
In the printed color atlases, the corresponding
CIE L*a*b* values of individual reference fields
were measured. The measurement was carried out
with “GretagMacbeth Eye-One” reflective spectrophotometer, choosing three standard CIE il84

Figure 4. The color atlas
2.4 Visual Evaluation
Visual evaluation of the test samples was conducted on a sample of 15 subjects (mixed femalemale population, average age 21 years). Before the
evaluation process, the subjects successfully met
the criteria of the Ishihara test (24 plates) for the
detection of potential sight deficiencies. Figure 5
shows the configuration of the visual field to conduct the experiment in controlled standard ambient
conditions in accordance with the guidelines of ISO
3664:2009 standard – viewing angle of 100, the distance of the subject of 50 cm, neutral matte gray
ambient, dimmed area. For this purpose, the stationary cabin for the observation of the test patterns,
“The Judge II-S” was used. In accordance with the
preset experiment, the examined test samples and
the corresponding color atlases were evaluated unVolume 7 / Number 1 / 2012
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der three different standard CIE illuminants: D65
(6500 0K) – “daylight”, CWF (4150 0K) – “coolwhite fluorescent illuminant”, and A (2856 0K) –
„artificial light, incandescent light bulb”.

Figure 5. Configuration of the viewing field
The procedure of visual evaluation was performed using the simultaneous binocular adjustment
technique – the color atlas and the test sample were
placed simultaneously in an integrated visual field,
side by side. Each subject had a task to separate the
reference field in the color atlas which is of identical
or most similar value of the observed manifestation
of the neon color spreading effect of the examined
test sample by using visual discrimination and according to their personal judgment (Figure 6). The
duration of assessment of individual subjects was
not restricted. The described method is the method
of constant stimuli – the subjects were randomly presented with a set of stimuli with various preset fixed
physical values. Physical stimuli values (reference
fields in the color atlas) were selected in a manner
that the entire potential threshold area of perception
was covered. The minimum physical value of the
reference field is very slightly below the expected
threshold of perception, and the highest is above the
expected threshold of perception.

Figure 6. Principle of visual evaluation by the
color atlas
Volume 7 / Number 1 / 2012

3. Results and Discussion
Upon completion of the visual evaluation,
the colorimetric values (CIE L∗ a∗b∗ values) and
the corresponding colorimetric color differences
DE ∗94 were associated to the reference fields from
the color atlas that were identified by the subjects
as the equivalent to the manifested color spreading. The values are presented both numerically and
by graphs. The obtained values show deviation in
color perception caused by the manifestation of
psychophysical neon color spreading effect. Tables 1-2 show the colorimetric color differences
DE ∗94 of "black" surround and of the complementary surround color. The colors of the inserted segment were all primary colors of additive synthesis
(RGB) and subtractive synthesis (CMY).
The highest values of deviation in color perception, i.e. the greatest intensity of neon color spread-

ing shown through the selected DE ∗94 “black”
surround of the Ehrenstein model were measured
for the magenta of the inserted segment in most of
the standard CIE illuminants. The lowest intensity
of neon color spreading was measured for the blue
of the inserted segment in the majority of standard
CIE illuminants.

Figure 7. Graphic display of the color differences for black surround
Standard CIE illuminant D65 shows the highest intensities of neon color spreading in most
cases of “black” surround. The lowest intensities
of neon color spreading were shown by standard
CIE illuminant A in all cases of “black” surround.
The highest values of deviation in color perception, i.e. the greatest intensity of neon color spreading was shown through DE ∗94 for the selected complementary color surround of the Ehrenstein model
were measured for the magenta and yellow of the
inserted segment in most of the standard CIE illuminants. The lowest intensity of neon color spreading was measured for the blue of the inserted segment in all standard CIE illuminants.
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Table 1. Color differences for black surround

Table 2. Color differences for complementary color surround

Figure 8. Graphic display of the color differences
complementary color surround
Standard CIE illuminant shows the highest intensities of neon color spreading in most cases for
the complementary surround color. The lowest intensities of neon color spreading were shown by
the standard CIE illuminant D65 in most cases for
the complementary color surround.
4. Conclusion
Based on the presented research results, the
conclusion can be drawn about the impact of primary color stimuli on the intensity of the neon
color spreading effect.
The deviation in the perception of the color
spreading of the inserted segment of the primary
stimulus in the Ehrenstein model is higher with respect to the selection of a particular color of the inserted segment of the primary stimulus than with
respect to the particular standard CIE illuminants,
regardless the selection of the surround color.
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The impact of different surround color was
demonstrated– in most cases, “black” surround
color induces a higher intensity of neon color
spreading than a complementary surround color.
With the „black” surround color, the highest intensity values of the investigated effect are for the
D65 illuminant, and the lowest for the A illuminant.
Moreover, it was found that the standard CIE illuminant D65 (preferred for use in graphic technology standards) also causes the highest intensity of
manifestation of the neon color spreading effect.
In most cases, with the complementary surround color, the highest values of the effect intensity were found for the A illuminant, and the lowest for the D65 illuminant.
Given the above, while creating the design solutions in situations of using regular geometric
structures (such as, for example the Ehrenstein
model), where the neon color spreading effect
may appear, it is necessary to keep in mind that
the intensity of the effect, which is basically an
undesired phenomenon that causes a shift in the
incidence of the chosen color stimuli, will be reduced to a greater extent if we use structures with
the complementary surround colors in relation to
the structures with the “black” surround color.
The results of future studies of all the parameters that influence the intensity of the effect in the
Volume 7 / Number 1 / 2012
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process of graphic reproduction will enable more
optimal design and printing of graphic products in
the circumstances of the manifestation of the neon
color spreading effect.
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Abstract
Co-channel interference influence on the system performances of wireless communication system operating over kappa-mu fading channels is
examined in this work. Closed-form expressions
are derived for bit error rates over some coherent
and non-coherent frequency and phase- shift keying modulation schemes in interference limited
system. Selection diversity reception effect on the
performance improvement for various values of
fading severity is also investigated.
Key words:. κ-μ fading, CCI, SIR, space diversity, ABER.
1. Introduction
Multipath fading phenomena, a major source
of performance drawback in a communication environment, remarkably affects wireless communication systems performances [1-3]. It is modeled
by several distributions including Weibull, Nakagami-m and Rice [4]. By considering two important effects inherent to radio propagation, kappamu fading model was recently proposed in [5] as
a fading model which describes the short-term
signal variation in the presence of line-of-sight
(LOS) components. This distribution is more realistic than other special distributions, since its derivation is completely based on a non-homogeneous
scattering environment. Also kappa-mu as general
physical fading model which includes Rayleigh,
Rician, and Nakagami-m fading models as special
cases [6- 7]. As its name implies, it is written in
terms of two physical parameters, namely κ and μ.
The parameter μ is related to the multipath clustering, whereas the parameter κ is the ratio between
the total power of the dominant components and
the total power of the scattered waves [8].
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Frequency reuse is necessary for increasing
land–mobile radio systems spectrum efficiency
[9]. However, it also causes appliance of co-channel interference which is usually more significant
drawback than the front-end Gaussian noise.
Co-channel interference is also subject to multipath fading and is necessary to incorporate this
effect in assessing the performance of the communication system. In interference limited fading environment systems, signal-to-interference ratio (SIR)
based performance analysis is the most effective
performance criterion, since SIR can be measured
in real time both in base stations and in mobile stations using specific SIR estimators [10-11].
Average bit error probability is standard measurement for determining wireless system performances over channel condition. Broad class of
coherent, and non-coherent modulation schemes
over kappa-mu channels are given in closed form
expressions in [12]. of interference limited systems in the kappa-mu fading environment has not
so far been discussed in the literature.
An approach to the co-channel interference
influence analysis on the average error probability of wireless systems operating over kappa-mu
fading channels will be presented in this work.
Infinite series expressions are provided for the average probability of error over some modulation
schemes in interference limited system. The effect of selection diversity on the performance improvement for various values of fading severity
and system parameters was also discussed.
2. System model
The desired signal envelope in a kappa-mu fading channel follows the probability density function (pdf) given by [12] as:
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where Ωd = E [R2], is the desired signal average
power, I0 (x) is the zero-th order modified Bessel
function of the first kind.
Similarly the inter-channel interference envelope in a kappa-mu fading channel follows:
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3. Average probability of error (ABER)
In an interference-limited environment, the
average probability of bit error can be derived by
averaging the conditional error probability Pe over
the pdf of SIR:

2

with parameters defined in similar manner.
Since we are discussing an interference-limited
system, the effect of noise could be ignored. In
this case it can be shown that the instantaneous
signal-to-interference ratio (SIR), l=R2/r2, has the
pdf [13]:
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After substituting (1) and (2) into (3), we derive:
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with S=Ωd/Ωc being the average-signal to average interference power ratio (SIR), which is useful
in determining the co-channel reduction factor in
systems with frequency reuse.
Following [13], the cumulative distribution
function (cdf) of l can be obtained as:
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P e = ∫ Pe ( l ) pl (l)d l ................... (6)
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For a non-coherent frequency shift keying
(NCFSK) or a differential phase-shift keying
(DPSK) system, the conditional probability of error for a given SIR, l , is given by Pe =1/2 exp (-αl),
with α=1 for binary PSK, and with α=1/2 for binary FSK. After substituting (4) into (6), by using
[9] previous can be easily written as :
∞ ∞
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where ψ (a,b,x) is the confluent hypergeometric function of the second kind [15].
For a coherent system, the conditional probability of error may be expressed in terms of the
confluent hypergeometric function [16] as:

1
Pe = e rfc( αl ) =
2

αl
1
1 3

1 − 2
1 F1  ; ; −αl  
π
2
2 2

........................................ (8)
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Similary as previous after substituting (4) into
(8), we obtain:

1
( −α )k   Γ ( 2k + 2l + 2 )

1 α
 2 k
P e = − ∑∑∑
2 π p = 0 q = 0 k = 0  3  p !Γ k + 1 k !Γ l + 1 l !
( ) ( )
 
 2 k
k
k
µ dp + k µcq + k (1 + kd ) (1 + kc ) kdp kcq S k Γ( p + µ d + q + µc )
×
e k d µ d + kc µ c p ! Γ ( q + µ c ) Γ ( p + µ d ) q !
p +µd
l (1 + kd ) µ d




l (1 + kd ) µ d + S (1 + kc ) µc ) 
(

×
p + µd
l (1 + kd ) µ d


× 2 F1  p + µ d ,1 − q − µc ; p + µ d + 1;

( l (1 + kd ) µd + S (1 + kc ) µc ) 

∞

_

∞ ∞

........................................ (9)
where (a)p is the Pochhammer symbol [15] and
α was previously defined for required modulation
techniques.

cated. In fading environments where the level of
the inter-channel interference is sufficiently high
as compared to the thermal noise (cellular systems), SC selects the branch with the highest SIR.
In multi-branch SC diversity system with uncorrelated branches, the pdf of the SIR at the output
of the receiving structure is given by:
N

N

j =1

k =1
k≠ j

pl ( t ) = ∑ pl j ( t ) ∏ Fl k ( t ) .................... (10)

with N denoting the number of branches.
In Figures 1 - 2 space diversity reception effect
on the average error probability versus average
SIR for binary DPSK and NCFSK in a kappa-mu
fading environment for various values of system
parameters are presented. Balanced input SIR (S1
= S2 = S), system was observed.
Here we can observe obvious upgrading of system performances when diversity is present (case
of two diversity branches). For example, when we
are considering same transmitted power (i.e. S =
5 dB), we can observe that for the case of dual
diversity reception, average error probability significantly decreases. Similarly, considering the
same average error probability value at the reception (i. e. 10-2), we can see that we receive gain
in transmitted power of about 8 dB for the dual
diversity case. Finally, we can conclude from the
figures that for higher values of fading severity parameters κ and μ better performances are obtained
(system performances deteriorates).

Figure 1. Average error probability versus average SIR for binary DPSK in kappa-mu fading environment for various values of system parameters
4. Selection diversity reception
Fading and co-channel effects mitigation could
be obtained by usage of space diversity reception
techniques. They are upgrading transmission reliability without increasing transmission power and
bandwidth, while also increasing channel capacity. Based on complexity, there are several principal types of space diversity reception and selection combining (SC) is one of the least compli90

Figure 2. Average error probability versus average SIR for binary DPSK in kappa-mu fading environment for various values of system parameters
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5. Conclusions

 l p +µd −1S µc + q µ 2d p +µd µc2 q +µc kdp kcq
pl (l) = ∑∑  kd µd + kcµc
Γ ( p + µ d ) p !Γ ( q + µ c ) q !
p =0 q =0  e
µd + p
µ +q
1 + kd ) (1 + kc ) c Γ( p + µ d + q + µc ) 
(

×
p +µd + q +µc

1
1
k
S
k
l
+
µ
+
+
µ
( ( d) d ( c ) c)

∞ ∞

Closed form expressions for the bit error rates
of interference-limited wireless communication
system over some modulation schemes were investigated in this paper. The desired signal as well
as the interference were assumed to be subject
to kappa-mu fading. Since kappa-mu, as general
physical fading model, includes Rayleigh, Rician,
and Nakagami-m fading models as special cases
this analysis has high level of generality. Effects
of SC diversity reception on system performance
was discussed. Also, effects of various parameters
such as fading severity and system parameters
were also presented discussed.

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

A2. Appendix
CDF of output SIR could be derived from:
t

Fl (t ) = ∫ pl ( x)dx . ................ (A.5)
0

A1. Appendix
Defining the instantaneous signal-to-interference ratio (SIR) as l=R2/r2, the pdf of SIR can be
obtained as [13]:
pl (t ) =

1
2

∞ ∞

∞

∫p
t

by substituting (4) into (A.6), we obtain the following expression:

R

(r t ) pr (r )rdr . ........ (A.1)

Fl (t ) = ∑∑

Iv ( z) = ∑
k =0

z v + 2k
............ (A.2)
2v + 2 k k !Γ(v + k + 1)

results in:
∞

∞

pl (t ) = ∑∑ C1 ∫ r 2 p + 2 q + 2µd + 2µc −1
k =0 l =0

0

µ (1 + kd )   2 µc (1 + kc ) 

exp  −r 2 l d
 exp  −r
 dr
Ωd  
Ωc 

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

Let S = Ωd /Ωc denote the average SIR’s value.
Finally, by using well-known definition of
Gamma function (A.4) can be written as:

(1 + kc )

µc + q

t

..................................... (A.6)
Previous integral can easily be solved, using the well-known definition of incomplete beta
function:
l

∞

µd + p

e k d µ d + kc µ c Γ ( p + µ d ) p !
Γ( p + µ d + q + µ c )
x p +µd −1
dx
Γ ( q + µc ) q ! ∫0 ( x (1 + kd ) µd + S (1 + kc ) µc ) p +µd + q +µc

k =0 l =0

0

Substituting (1) and (2) in (A.1), with respect
to well-known series representation of modified
Bessel function:
∞

S µc + q µd2 p +µd µc2q +µc kdp kcq (1 + kd )

xm

a− p  a 
=
 
n b

m +1
n

m +1
m +1 
Bz 
, p−
;
n
n


0
n
bl
m +1
z=
, a > 0, b > 0, n > 0, 0 <
<p
n
a + bl
n

∫ ( a + bx )

n p

..................................... (A.7)
By using the famous relationship between incomplete beta and 2F1 hypergeometric function:
B z (a, b ) =

za
F1 (a,1 − b,1 + a, z ) . .......... (A.8)
a

and after straightforward manipulations we obtain CDF in the form of (5)
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A3. Appendix
Considering the cases of NCFSK and DPSK
transmission system, the bit error rate for a given
SIR, l , can be calculated from: output SIR could be
derived from (6). By substituting (4) into (AIII.1),
we obtain the following expression:
_

∞ ∞

P e = ∑∑
k =0 l =0

S µc + q µ d2 p +µd µc2q +µc kdp kcq (1 + kd )

µd + p

(1 + kc )

µc + q

Γ( p + µ d + q + µ c )

2e
Γ ( p + µ d ) p !Γ ( q + µ c ) q !
p +µd −1
x
exp(− gx)
∫0 ( x (1 + k ) µ + S (1 + k ) µ ) p+µd +q+µc dx
d
d
c
c
k d µ d + kc µ c

∞

..................................... (A.9)
Previous integral can easily be solved, by using
[16]:
∞

∫x

q −1

0

p
−v
exp ( − px )(1 + ax ) dx = a − q Γ(q ) Ψ (q, q + 1 − v, )
a

.................................. (A.10)
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Abstract
In this text the authors are trying to clarify in
what extent the rights of intellectual property,
as legal monopoly and deprivation of exploitation because of the foregoing, affect negatively
on competition. Legal exclusivity in employing
these rights protects the author, but also deadens
competition which is opposite to purpose of antimonopoly regulations’ goal. Both in theory and
jurisprudence as well, more and more prevails the
idea that the exclusivity in exertion of these rights
must give away the lead to realization of the competition rights in a certain market. Thereat, even
though the reason of all legal perceptions (comprehensions) is the same in that regard, the criteria
in executing this reason are after all different in
comparatively-legal systems.
Key words: intellectual property, legal monopoly, competition, using of the right, misuse,
Introduction
There is no doubt that intellectual property
is just one form of private property and as such
it enjoys absolute protection. Withal, generally
speaking same that intellectual property enjoys
privileged protection of employing-exploiting this
right. Therefore, character, extent and content of
intellectual property rights as per rule are regulated
in detail by special legal acts and are usually excluded from effect in usage of antimonopoly acts.
However, exclusivity which the author gets over
intellectual property also creates legal monopoly
(for example, patented invention, protected sample or model, authorial work etc.) with regard to
its’ productive exploiting that might have a negative impact on the competition.
In such reference correlation the question that
imposes here is whether we should give advantage
to legitimate private law (intellectual property law)
Volume 7 / Number 1 / 2012

or right to perform corporate (economic) activities and protection of competition as public right
(law). Could we impose to the author of property
which enjoys legal monopoly the obligation of
giving over the rights and industrial property or
authorial rights, and if so what does the justification for it consists of. In addition, in is evident that
the tehnological innovation generators long-therm
economic growth (1,153), while the findings given thier role both in terms of meeting the living
standards of people, and the impact on economic
structure, considered the most important resourses
of industrial property (2,38).
Comparative-legal solutions indicate on circumstance that the rights of intellectual property
are excluded from usage of antimonopoly acts
but in general which means that exceptions are
allowed and possible depending on public interest protection based on enough previously determined criteria.
Intellectual property as legal monopoly
Intellectual property is ... a set of set of intellectual values, of human spirit prevailing in the
economy (3, 19). But, the rights of intellectual
property represent special form of legal monopoly.
This right makes it possible for those who are entitled to it to exclusively use subject of protection/
patented invention, protected pattern and model,
authorial work etc./ and its’ corporate exploitation. The purpose of giving these rights is to enable to the inventor or the author to regain assets
invested in research and development by usage
of monopoly position vested in legal way and to
acquire an award for his innovation and creativity (4, 17). Thesis of correlation between technological knowledge and corporate (economic) development is completely accepted today both on
national and international plan(5,2).
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Today more and more present opinion is that
the acts of industrial property limit open competition both in national and international borders.
“The fact is that these two legal institutes are close
by their social-economic function, because they
are both established with purpose to stimulate and
provide technical and corporate (economic) progress as follows in national, regional and international proportions”(6,9). In practice, the question
that arises is how to delimit field of their usage
because as a matter of fact we have “one very interesting case of legal antimony, where there is
contradiction or incompatibility between two obviously justified positively-legal principles (7,9).
Regarding the solution of this arguable question two basic approaches emerged. One of them
is that the norms of industrial property rights guarantee only existence of industrial property rights,
while exertion of these rights should be adjusted
with regulations of open competition. This opinnion at first exsisted in theory of “Exhausting of
Rigs“, with european theoreticians, finding that
the anchorage of the same is located in clauses of
Roman contract because regulations of open competition are dominating over legal acts of industrial
property. Basically, the idea which was tended to
was that through this interpretation a better use of
iventions was found so that european companies
would become more competitive on the market
and could parry to american and japanese companies. But, this opinion haven’t managed to become
predominant.
Our stand-point regarding this matter is that we
cannot accept the opinion that there should be difference between existence and exertion of industrial property rights, because the question arises?
What will remain of industrial property rights if
the one that is entitled to them cannot perform it
and would “that mean practical destruction of the
right itself as such. Consequently, it wouldn’t exist neither for the ones that are entitled to it nor for
the third-parties.” Our opinion is that the solution
of established problem should be looked for in the
field of discrimination-misusage (abuse) of rights.
State (government) intervention and appliance
of antimonopoly norms must be in favor of realization of competition rights on market. General
interest prevails individual interest especially because of the reason that the same (individual inter94

est) is based on misusage. The problem appears
when one legitimate private right such as intellectual property finds itself in collision with another legitimate right and that is right to perform
corporate (economic) activity in the light of open
competition, which is basically also the public
interest. Does the exclusivity in exertion of intellectual property rights must flinch then in front
of need for competition establishment on certain
market. This problem has particular heaviness esspecialy when static data indicate on fact that from
overall number of new inventions and technical
solutions about 70% drops away on those which
were developed in domain of research sector of
multinational companies and 30% on individuals,
institutes, faculties.
Monopoly in exploitation of intellectual property rights can be manifested in two aspects:
–– through conventional restriction (limitation),
and
–– rejection (refusal) of intellectual property
rights concession.
Conventional restrictions are expressed through
territorial, time and realistic limitations. Thereat,
while territorial and time limitations are mostly
clear, realistic limitations on the other hand can be
various. Because of that the licensor can set conditions regarding the aspect of manufacturing and
putting into commerce or using subjects of contract.All previously stated limitations similar as
in systems of exclusive and selective distribution
might have economic excuse and all of that with
a view to guarantee to the customers quality of
the product and to provide additional services, to
ensure the return of funds invested in innovation
and development of inventions etc. Proponents of
strict antimonopoly regulations usage with a view
to accomplish competition rights, consider intellectual property just as one form of private property which, as such, can abide certain limitations
because of the general interest. This for example a
patent in function of technology transfer and technical knowledge furned info a commodity that
can be bought and sold on the market (7,13). On
the contrary of that representatives of intellectual
property rights protection state that by setting the
obligation of concession private property of one
person/intellectual property rights bearer/ is being
Volume 7 / Number 1 / 2012
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violated for the purpose of other person’s private
interest protection/who demands concession of
rights. Therefore, by imposing the obligation of
concession, right bearer is not discouraged from
enjoyment in material fruitage of his intellectual
creativity as a view of extraprofit (8,198). In accordance with such conceptions, in countries with
highly developed economy more and more prevail legal solutions which repress exclusivity in
exertion of this right in favor of need for competition establishment on certain market. Principle of
equal participation of countries in development in
international economic relations presents basically realization of primary goal of NMEP (9,158).
Without enabling to the previously stated to occur
new scientific and technical inventions, that process would be hard to accomplish.
1. USA law
American law in its’ own basis stands on one
firm aspect that the intellectual property rights
are excluded under the usage of antimonopoly
acts. Such aspect is based on a fact that the right
of inventor and author to legal protection of their
inventions and works has its’ ground in American
Constitution from the year 1787, by which is imposed that Congress, inter alia, is authorized also
to “stimulate progress of science and useful arts,
providing to the authors and inventors for a certain
period of time exclusive right on their writings and
discoveries.”(10). But, we should differ these rights
that arise from the law itself and legal regulations
about patents from the rights that the bearer of intellectual property rights acquire through private right
contracts on which are applied general legal regulations which are different from regulations about
patents. In cases like that, the line of intellectual
property rights exclusion under antimonopoly acts
is shifted, although the practice, even so rich, was
uneven and non-systemized. On account of unique
regulation of that problem, USA Department of
Justice and Federal Trade Committee announced in
1995. special Antimonopoly directives (guidelines)
for intellectual property licensing (11).
The directives start from two basic principles:
both antimonopoly and intellectual property right
have unique goal and that is stimulating innovation and the best as possible satisfactory of cusVolume 7 / Number 1 / 2012

tomers’ needs. Second, intellectual property right
is one of the forms of private property rights and
therefore basically enjoys the same position in relation to antimonopoly acts same as every other
form of property. But, even the intellectual property right grants power to eliminating competition
for certain product, the directives don’t signify that
automatically all of the contracts, where the intellectual property right grants market monopoly,
are considered forbidden and come under attack
of antimonopoly acts. Guidelines ordain that under forbidden contracts are considered: contracts
of price fixation, contracts of offers limitation and
contarcts of market division between the member
of same level of production-trading chain, and
also group boycots and establishment of resale
prices. Previously stated must be seen in context
of market structure in which contract execution
may cause negative consequences. Guidelines differ three types of market: products market where
production and commerce are protected right,
technology market, which consists of intellectual
property rights which are passed on and their close
substitutes, and inovation market. This means that
even in an analysis we must take into consideration each and every significant element of market
such as: degree of market concentration, height of
obstacles for entrance on the market of potential
competitors, degree of demand flexibility for certain product. Besides that, directives proportionally determine market share, for the purpose of establishing safety zone, finding that the collective
market share with license contracts doesn’t exceed
20% on the observed product market
As for the reference towards rejection of intellectual property rights concession, American legal theory doesn’t take negative attitude even in
the case when the one that is entitled to it himself
doesn’t exploit protection subject. It is his legitimate right. Judicial practice also followed that line.
This is the situation in case “SCM v. Xerox”( SCM
corp. v Herox Corp, 645 F 2d 1195 /2 d Cir 1981).
SCM Company, in the lawsuit against Xerox Company. The Court overruled prosecution request,
finding that the prosecutor didn’t suffer damage on
the basis of lost profit because of the behavior of the
patent holder and besides, regardless of compensation amount for conceded licenses, the purpose of
patent protection acts would be questioned.
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Judicial practice arbitrated in favor of legal exclusivity in usage of intellectual property rights
also in the “Berkey Photo” case. Subject of the
lawsuit consisted of problem- was the Kodak
company obliged to inform their competitors- film
manufacturers about preparations for marketing
of their new product- pocket camera and adequate
film, so that the same products (of other companies) would show up on the market at the same
time as their (Kodak’s) product. Court of law sustained prosecutor’s request, but Court of Appeals
overruled that decision and found that such behavior is competitive because even the monopolist is
allowed to fight aggressively.
Nevertheless, judicial practice allows possibility of issuing compelling license because of the
important public interests(for example in case of
patent disusing or insufficient patented product
production vital for people’s health). But, cases
like these are very rare in practice.
Also, judicial practice took a stand that it’s
possible to instruct issuing of compelling license
even in case of patent misusage. That’s the case
when certain company gets all available patents
in order to obtain monopoly in certain area, and
with a view to maintain such situation rejects
concession of license for certain patent.Thus in
“General-Electric“ case, after it was established
that this company momopoliated all of the patents
for electric light bulbs production, the Court obligated the company to concess patents for light
bulbs and light bulbs spare parts to the public for
usage(U.S. v. General Elec, Co., 82 F. Supp. 753,
D. N. J, 1949).
2. EU law
EU Law in this domain in certain sense has
followed destiny of American law. Legal monopoly in intellectual property law is strictly
obeyed. When we’re talking about contract clauses, by using clause 103(ex 83) of the Convention, the Council announced special regulation nr.
240/96(12), which in terms of clause 103 (ex 81
state 3) regulated so-called section of exclusion
related to technology transfer contracts. Similar as
with other type of contracts, so-called black list
was established-when we’re talking about forbidden clauses and white list-when allowed clauses
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appear in contracts of technology transfer, and
these contracts, if they meet criteria, are excluded
from vanity. But, Committee has a right to suspend
exclusion in relation to some contracts of technology transfer. Condition is that such clauses produce consequence of prevention or violation of licensed product competition or products which are
from the customer’s point of view by their characteristics, purpose and price mutually replaceable.
According to the article 7 state 1 point 1 of the
Regulation such legal offence exists if the market
share of licensed product purchaser exceeds 40%.
This indicates that the compilers of Regulations
adhered to this problem by solving the similar one
from the american guidelines.
When the question is about rejection of intellectual property rights concession in EU law also
valid is the rule that it is legitimate right of the one
entitled to it. Exception is if there exists a misuse,
and the same exists if the dominant company performs election of persons to whom it will assign
the license in arbitrary way, that is, it performs discrimination during the election of license gainers.
EU law approves compelling license also in
some other cases. While American law justifies that
with important public interests, meanwhile the EU
law justifies it with doctrine of necessary resources.
In this way if the product of intellectual property
presents resource necessary for performing of economic activity of other firms on the same or dominant market, owner of this right doesn’t have the
right to deprive usage of the same. Thereat, term
“necessary resources” is interpreted very widely.
In practice of this matter also important is the
“Mogill” lawsuit which was concluded in 1995.
after perennial duration( Verdict of Comission for
competition: Mogil Tv Guide /ITP, BBC and RTE,
L 78/43 OJ 1989-95).The dispute was in domain
of authorial rights “protection. Subject of the lawsuit consisted of television stations’ rejection to
give the information about schedules of broadcasting their program in purpose of their publishing
in TV guides. Both Committee and Court took a
stand that broadcasting TV program makes a completely separated market than publications market
which includes information about broadcasting
schedule. Therefore, such behavior of TV stations
doesn’t have an excuse because it keeps new products from showing up on the market, and besides
Volume 7 / Number 1 / 2012
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that TV companies didn’t publish similar guide
themselves so that they could allude on protection
of authorial right in that regard. Some analysts by
interpreting this verdict intoduce opinnion that in
this case it had to be started from interpretation
whether the publication of TV program presented
basic or side product of primary authorial rights. If
the TV companies don’t profess with publication
of TV programes, then it is a side product of basic
authorial right, which justifies coercively authorial
rights concession that are subordinate(13).
3. Great Britain law
The thing typical for British law in this domain
is completeness of legal acts that not only regulate
rights of the intellectual property bearer but also
includes clauses which regulate limitation of that
right as well. Thus the clauses which limit freedom of negotiation are found in Contract of patent
license and Contract of licensed products marketing (selling) determined by the Patents Act from
the year 1977. / Patents Act- 1977/ . By this Act
institute of General controller for patents was established. His authorities were wide and his rights
discretional, provided that this discretion is controlled by public interest (14,50). So, if the Committee for competition determines that, in regard
to accomplishment of intellectual property rights
/whether regarding product or procedure/ there is
monopoly which acts or can act contrary to public order, then the General controller for patents
is able to announce those contract clauses invalid
or /if the case is about rejection of patent bearer
to grant license under reasonable conditions/ he
is then able to ordain granting of compelling license. And even if the parties (clients), by directive, don’t agree over contract conditions, those
conditions then can be determined by the General
controller himself. However, the Commission has
rarely resorted to the forced solution. Thus, in the
case of “Ford Spore Ports“ dispute The Comission
expressed opinnion /which was accepted/ that the
“Ford“ company by refusing to give away the licence for spare parts production for their products,
presents behavior that is contradictory to public
interest, because it disables competition on the
market of spare parts, and which would contribute
to bigger accomodation and lower prices. HowVolume 7 / Number 1 / 2012

ever, by protecting basically the exclusivity on intellectual property rights they haven’t resorted to
compelling licence, but as more durable solution
The Comission recomended abbreviation of legal
deadlines of industrial property rights duration.
4. German law
In accordance with attachment to principle of
precision and legal security, German law tried
to arrange this matter distinctly too. Guarantee
of property rights is imposed by clause of article
14. of the German Constitution in a way that allows legislator to determine content, but also the
limitation of property rights (ar. 14, st. 1:“Property right and right on inheritance are guaranteed.
Content and limitations of these rights are regulated by law“). Thus by the Act against limitation
of competition (in article 17 and 18), conditions
in relation to contract content about licenses and
contracts of other protected and unprotected intellectual services are regulated. Basically the exclusivity in usage of that right is being protected
and certain forms of contract clauses are explicitly
excluded from prohibition, as clauses that protect
interests of intellectual creation bearer (owner).
If the relations between granter and purchaser of
license are regulated in another way by contract,
which jumps out of legal norms, such contracts are
in principle considered as forbidden. However, the
Act left the door open here, giving possibility to
the syndicate apparatus to be able to allow such
special limitations if they unjustifiably don’t limit
the freedom of purchaser’s economization and if
the extent of limitations doesn’t endanger significantly competition on the market.
5. French law
The French law also acknowledged legal monopoly to the bearers of the intellectual property
right, which is a result as well of important property
establishment as immune and sacred right, which
can be limited only if that is in a specific way required by public need which is determined by law.
This right is by its essence monopoly and is obtained under special conditions imposed by law.
Such protection is justified because it backs up inventive and thereby the business initiative too.
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But, this right doesn’t automatically mean
absolutism in regard to exertion of the same. By
exertion of this right competition itself must not
be violated on the part of right bearer. Therefore,
French law finds that, if by exertion of this right
through contract, the competition is violated,
sanctioning of the same can be taken under clauses
which regulate prohibition of syndicate contracts
article L-420-1 Code de commerce, and sanctioning according to article 420-2-I is performed when
the case is about rights misusage (for example unjustified rejection of rights usage concession).
6. Serbian law
Until the separation of state union Serbia and
Montenegro, in Serbia, in regard to competition
protection, Federal Antimonopoly Act from the
year 1992. was used (Official paper of Federative
Republic of Yugoslavia, nr. 29/96). Even though
this act didn’t strictly exclude the possibility of
legal monopoly limitation of intellectual property
right bearers, clauses of this act weren’t actually
applied on bearers of intellectual property rights,
which means that the exclusivity in legitimacy of
intellectual property rights’ usage enjoyed both legal and actual monopoly.
After the separation of Serbia and Montenegro
state union, Serbia then enacted in 2005 a new
law in domain of competition protection under the
name Act of competition protection (15). According to article 4, state 1, point 2, of this Act it was
imposed that its clauses were to be applied also on
bearers of intellectual property rights, if the very
same by their acts and deeds perform or might perform violation of competition.
New Act of competition protection was announced on July the 14th year 2009 (16), and in a
lot of segments it introduced most modern solutions in competition protection domain. In regard
to intellectual property rights previous solution
which anticipated that the clauses of this Act are
applied also on intellectual property rights bearers. Thus in article 3 state 1 point 3of this Act is
regulated that:
“Clauses of this Act are exerted on all legal
and physical entities which directly or indirectly,
all the time, occasionally or one time participate
in commerce of merchandise, and services, apart
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from their legal status, form of property or nationality, or otherwise state belonging (in further text
also participants on market) as follows:
3. …..bearers of intellectual property rights and
others.”
From this formulation clearly arises that the
norms of Antimonopoly law don’t exclude bearers
of intellectual property rights from appliance, i.e.
if the legal monopoly of bearers of that right violates the competition, then the exclusivity in exertion of that right can be limited. By this formulation every dilemma in correlation of connection
between legal monopoly of intellectual property
rights bearers and norms of Act of competition
protection is dispensed.
Conclusion
In accordance with introduced contemplations
it is possible to conclude:
–– extent and content of intellectual property
rights are by rule precisely determined with
special clauses which exclude them from
appliance of antimonopoly acts,
–– unjustified rejection of concession of
intellectual property rights exploitation
because of the need for competition
establishment on certain market can lead to
exclusivity loss in exertion of this right,
–– sanctioning of rejection of intellectual
property rights concession and exploitation
must be exerted exclusively in public interest
and on the basis of previously determined
criteria,
–– criteria which justify primacy of
antimonopoly acts over self-governed
arranged rights of intellectual property
bearers must be clearly determined.
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Abstract
Growing interest in interdisciplinary courses is
apparent worldwide particularly in social sciences.
This paper argues that development of interdisciplinary courses requires a pluralistic approach towards research methods among academics in these
fields for mutual understanding and collaboration.
It seems that a pluralistic rather than one-sided
approach is vital for interdisciplinary courses to
help both academics and students approach multifaceted phenomena of concern in these fields. Although research methodology has long been taught
as an integral part of university courses at both
undergraduate and postgraduate levels in social
sciences, however, the quantitative approach has
been predominant in these fields. Recently qualitative research methods attracted a fresh attention of
academics, researchers and postgraduate students
looking for alternative approaches to overcome
shortcomings associated with quantitative research.
Nevertheless, the structure and content of university courses on research methodology in education,
psychology and social science remained mainly untouched, presumably due to entrenched traditional
quantitative approaches. This study was aimed at
exploring factors impeding a pluralistic approach
towards research methods. Data were collected using a survey instrument administered to a sample
of 148 graduate students of social science. Results
indicated that negative attitude toward qualitative
approach and lack of relevant expertise among lecturers contributed most to such a problem.
Key words: Pluralistic research approach, interdisciplinary courses, higher education
A theoretical background
The qualitative-quantitative debate centers on
two essentially different philosophical perspectives. Qualitative researchers make efforts to observe people in their natural settings. They argue
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that social phenomena cannot be captured by manipulating, measuring, or controlling variables. On
the contrary, the quantitative research studies is
centered on objectivity through enumeration, aggregation, and causation (Reichardt & Rallis,1994).
They equate knowledge with measurement, cause
and effect, and reductionism (AbuSabha, 2003).
The positivists regard the world as made up of
"observable, measurable facts” (Glesne & Peshkin,
1992, p. 6) although there is a remarkable controversy over their assumption that social variables
could be objectively identified and measured (p.7).
Researchers subscribed to positivism tend to use
quantitative research including experimental methods to examine their hypotheses (Hoepfl, 1997), and
presumably causal relationships between variables
in question (Denzin and Lincoln, 1998). Quantitative approach and statistical terminology have been
so predominant that research is usually known as a
synonym for quantitative study (Bogdan and Biklen 1998, p. 4). As Winter (2000) properly argued
quantitative research aims to fragment and delimit
phenomena into measurable or common categories
that can be generalized to similar situations. But the
irritating question is whether or not the research instrument is able to capture the reality of what it is
supposed to measure (Crocker and Algina, 1986).
By contrast, qualitative research generally refers to "any kind of research that produces findings not arrived at by means of statistical procedures or other means of quantification" (Strauss
and Corbin, 1990, p. 17). Instead, qualitative research using a naturalistic approach is aimed at
exploring phenomena in real world settings with
no manipulation whatsoever (Patton, 2001). As
Maxwell (1992) pointed out what differentiate
quantitative from qualitative research is generalizability of findings. Generalization of findings is
not of interest at all to qualitative researchers seeking context-bound understanding (Hoepfl, 1997).
A remarkable paradigm in qualitative research
is constructivism which assumes knowledge as
Volume 7 / Number 1 / 2012
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socially constructed. From the constructivist perspective, varying constructions of reality are possible. Therefore, it is necessary to use methods of
data collection in order to acquire multifaceted
realities. Triangulation is an appropriate way to
incorporate various methods of data collection
and analysis. Then triangulation is defined to be
“a validity procedure where researchers search for
convergence among multiple and different sources of information to form themes or categories in a
study” (Creswell & Miller, 2000, p. 126).
The tension between quantitative and qualitative research may arise from the dichotomy of the
two distinct yet arguably incompatible approaches
(Abusabha, 2003). The quantitative research studies are criticized for being superficial and lacking
validity. Similarly, the qualitative research studies
are undermined for being unrepresentative, impressionistic, unreliable, and subjective (Fry et al.,
1981). Meanwhile, Madill and Cough (2008) argue
that the boundary between quantitative and qualitative inquiries is fading and therefore, communication between these approaches could be facilitated,
regarding each as an integral part of research studies.
Likewise, Bryman (2006) suggested that quantitative and qualitative approaches could be integrated
under an overarching framework. However, unlike
many authors advocating the objectivity of quantitative inquiry, Westerman (2006) argued that both
quantitative and qualitative research is interpretive
alike and "both types of research are pursued by investigators who are themselves participants in the
world of practices" (Westerman, 2006, p. 273).
Beach et al. (2001) suggest that a comprehensive approach to research should be adopted while
investigating complicated and multifaceted issues
since quantitative methods alone fail to explore
the essence of intricate and subtle subjects.
Growing interest in developing interdisciplinary courses in recent years in Iran, requires an

appropriate approach towards research methodology. This study argued that a pluralistic approach
is needed to develop interdisciplinary courses in
order to bring together researchers of various perspectives. From a pluralistic view all research approaches could be of value and can help shed light
on the issue of concern from various perspectives.
Method
This survey study was aimed at exploring views
of postgraduate studies towards research methods
with emphasis on qualitative approaches. A sample of 148 postgraduate students studying management, business, educational administration, psychology and political sciences participated in the
study. A five-point Likert type survey instrument
developed by the researchers was administered to
the sample. All items ranged from Strongly Agree
to Strongly Disagree. Multiple regression analysis
was used to analyze the data collected. The effects
of various variables on students’ capability in using
qualitative methods as the criterion variable were
examined. As shown in Table (1) students’ interest
and lecturers’ mastery of the subject were positively
related to the students’ ability in using qualitative
methods whereas the lecturers’ interest were negatively related to the criterion variable. As shown in
Table (1) evaluation process had no significant effect on students’ ability and familiarity with qualitative approaches. This indicates that while students
were in favour of qualitative approach lecturers are
in doubt about qualitative approach as an integral
part of research methodology.
Conclusion
With regard to the position of qualitative approach within psychological studies, Madill and
Gough (2008) stressed the potential permeability

Table 1. Multiple regression analysis (n=148)
Predictors
Constant
Learning opportunities
Lecturers’ interest
Lecturers’ mastery
Evaluation process
Students’ interest
Volume 7 / Number 1 / 2012

B
732/1
107/0
334/0469/0
095/0
372/0

Std. Error
625/0
87/0
089/0
104/0
095/0
090/0

Beta
099/0
- 0.395
516/0
102/0
446/0

t
773/2
225/1
762/3494/4
997/0
126/4

Sig.
006/0
223/0
000/0
000/0
331/0
000/0
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of the quantitative–qualitative boundary and identify different ways of increasing communication
between researchers subscribed to each perspective. They further challenged the idea that various
research paradigms are prima facie incommensurate. In addition, they suggest that a continuum
of paradigm integration for research can be made
possible by enhancing communication between
researchers of various perspectives.
Rossen and Oakland (2008) argued that gradate students should be provided with adequate
courses on research methodology to ensure that
the prospective psychologists are well prepared to
join research communities. In their study on 192
American Psychological Association (APA)-accredited programs they found most doctoral-level
psychology programs require only introductory
courses on research methodology with no emphasis on more advanced courses. In fact, advanced
methods courses are offered by many programs as
electives since fewer than 10% of program leaders
were in favor of additional courses.
Generally speaking, it seems that research methods are not adequately provided at advanced level
at universities. Meanwhile, quantitative methods
are prevailing in both introductory and advanced
courses alike. Results of the present study indicated
that Iranian postgraduate students were interested
in learning more about qualitative research whereas
the respective lecturers were not. Therefore, attention paid to quantitative and qualitative approaches
is disproportionate. To facilitate a balanced attention to either approach requires a pluralistic approach toward research methodology which in turn
facilitates communication between research communities involved in interdisciplinary fields.
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Abstract
This work presents a model for estimation of
student knowledge that can be used as a student
model in game-based learning systems. The proposed student model describes the new formula
for student knowledge evaluation. The use of neuro-fuzzy system rules for making decisions about
the level of student knowledge gives us an easy
access when it comes to determining the current
level of student knowledge. Since the initial model did not give satisfactory results, we presented a
new model with a system of educational games,
which is based on variable coefficients for input
variables: correct answers, number of used Help
and spent time. Here we illustrate data calibration
of coefficient improvements to the model, and we
report results on its accuracy.
Key words: game-based learning, student
model, educational game, estimation of student's
knowledge
1. Introduction
In the education process with the use of today’s
modern multimedia technologies and Internet a lot
of teachers usually use interactive simulations for
student training and practice. However, since the
game environment is becoming more and more
complex, educational games can be very useful in
providing by-ways leading to the teaching material
concepts, which are difficult to acquire by traditional methods. Educational games attract student’s
attention in a simple way. Research in this field
shows that this phenomenon is a result of an emotional connection between a game and a student.
Measuring student knowledge in a particular
game level is therefore very important. Further
behavior of the educational game (next level or
Volume 7 / Number 1 / 2012

back in current level) depends on a good diagnosis of student knowledge in the game level. This
works presents the existing learning model as the
initial one, which we have modified and adjusted
for educational games. Since the initial model did
not give satisfactory results, we presented a new
model with a system of educational games, which
is based on variable coefficients.
Section 2 describes modern teaching systems,
especially an educational game for learning a specific science course; Section 3 presents some methodology of the student model, realized through intelligent tutoring systems (ITS) and game-based
learning (GBL); Section 4 includes the use of educational game ArhiCOMP as a new teaching approach, and the neuro-fuzzy reasoner (NFR) as the
initial way of student knowledge evaluation in the
game; Section 5 describes the proposed student
model for game-based learning system; finally,
Section 6 illustrates the experimental setting and
results of the proposed student model recorded
by students during playing the educational game
ArhiCOMP on the course Computer Architecture
and Organization 1.
2. Theoretical background
2.1. Game-based learning
Game-based learning (GBL) refers to different kinds of software applications that use games
for learning or educational purposes [1]. The interestingness and extensiveness have conditioned
research of the educational games applicability
models in the process of education especially for
those children who have lost interest in certain
school subjects. Although there are few empirical claims that electronic educational games can
improve learning, it should be mentioned that this
103
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occurs only in the case that interaction in the game
is not led by teachers, or unless some other forms
of instruction are included in the game. One of the
main reasons for limitations of GBL is that the
knowledge needed for playing the game doesn’t
have to be the same knowledge needed for learning certain instructions [2]. Learning takes place
only in the case when a student actively makes
a connection between the game and the existing
knowledge. The precise moment at which a student is going to build such a connection usually
depends on the individual knowledge level and
meta-cognitive skills [3] relevant for learning (individual explaining and individual observing).
The term educational game refers to a learning system that realizes some or all components
of the learning process (learning theory, gaining
skills and experience, estimation of knowledge
level) in a game context. In the past several years
the research in the field of educational games has
suddenly developed in several scientific fields.
The development of the game industry has also
increased interest among researchers of education
technologies, and it therefore seems that electronic
educational games are a new magic tool that will
solve many problems in the field of learning with
the help of computers. Today’s elementary and
secondary school pupils, as well as university students, belong to the generation born in the Internet
age. Modern psychologists, sociologists and pedagogues refer to it as the Net-generation (Net = the
Internet). Research shows that the Net-generation
students more difficultly accept reading of a huge
quantity of text [4,5], regardless of whether it is
a long task or a long instruction. They like to do
a thing, rather than only to think or speak about
the thing. Educational games are considered to
improve learning on the basis of a better learning
method that meets the needs and habits of today's
Net-generation students. Providing this kind of
support to learning is at the same time extremely
important and represents an extreme challenge.
Creation of special learning systems that contain
educational games represents a challenge since it
demands a careful analysis of stimulating learning
and maintenance of positive motivation [6].
Stimulated by the use of modern technologies,
teachers in the field of natural and mathematical
sciences use educational games and simulations
104

more and more frequently in order to successfully
motivate students of the new Internet generation
[7]. Through this type of educational material today’s teachers are trying to present teaching material to students in the simplest and most interesting
possible way [8]. A combination of dynamic simulations and educational games on courses in physics for teaching the new generation of students is
used by teachers of the Norwegian University of
Science and Technology (NTNU). Bjarne Foss
and Tor Eikaas present in their work [9] the main
design and a series of online learning resources
based on dynamic simulations which give significance to the use of games on engineering courses
in the future. To a great extent educational games
can be referred to as computer science disciplines.
Authors [10] have implemented the educational
game concept in the learning game for C# programming language. Their system is based on the
common game engine architecture, but it is extended for the use in educational games and consists of two high-level subsystems: a game engine
and a learning engine.
2.2 Intelligent learning environment
A student model is one of the fundamental components of intelligent learning environment, and
much research has been devoted to creating student
models for various types of computer based support [11]. There is increasing research in learning
student models from data [12,13,14,15], but most
of this research has focused on student models for
more traditional intelligent tutoring systems (ITS).
The use of multimedia in education demands
from a teacher to actively use some of pedagogical software packages available on the Internet, as
well as to be familiar with tools and techniques
for creation and modeling of multimedia contents.
The aim of modeling of all educational multimedia materials is to make possible for students to
better understand and remember a specific teaching unit. Adaptive hypermedia is an alternative to
the traditional "one-size-fits-all" approach in the
development of hypermedia systems. Adaptive
hypermedia systems build a model of the goals,
preferences and knowledge of each individual
user [16], and use this model throughout the interaction with the user, in order to adapt the hyVolume 7 / Number 1 / 2012
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pertext to the needs of that user. Most of the early
research on adaptive educational hypermedia was
inspired by the area of intelligent tutoring systems
[17,18,19] in an attempt to combine an intelligent
tutoring system (ITS) and educational hypermedia. The most important task of ITS was to support
a student in the process of problem solving.
One of the most important characteristics of ITS
is the possibility of adjusting instructions to students' needs. To acomplish this ITS must precisely
determine the current level of student knowledge.
Estimation of student knowledge is most often
carried out with the use of appropriate tests. The
learning model estimation is called diagnosis because it reveals hidden cognitive states of the observed behavior. The model creation through observation of the student behavior is a difficult task,
since it is based on accidental assumptions about
the student. ITS performance is improved with the
use of the fuzzy-logic technique, which enables
procession of unprecise information such as students' actions and description of human knowledge and students' cognitive capabilities.
According to the IMS-LIP specification, a student can be classified on the basis of predefined
rules. This kind of classification can be easily presented in the form of fuzzy-logic expressions. For
example:
IF (TEST_RESULT IS LOW) THEN STUDENT_
CLASS IS BAD
This rule says that if a student’s test result is
low, he will be classified as a bad student. The expression (TEST_RESULT IS LOW) is a premise,
and the expression STUDENT_CLASS IS BAD
is the consequence of the fuzzy rule. TEST_RESULT and STUDENT_CLASS are linguistic variables, and their corresponding values are LOW
and BAD.
3. Related work
Many authors [20,21] took part in the Bayesian networks (BN) in the first person role - playing games - and through the use of guiding artificial agents, which showed that the agents could
help students and facilitate their interaction with
the model. In those games, each player could
Volume 7 / Number 1 / 2012

choose a character that identified him/her in the
game. In our proposed student model, there are
no predefined character players to be selected by
students at the beginning of the game. Bayesian
networks in our model served as a graphic modeling tool for presenting different levels in the
game.
The student knowledge level in an adaptive
hypermedia application [22] is measured using
the answers to the questions previously presented
to the student. The decision whether a student has
solved the task presented in our proposed model
is made on the basis of a formula that, besides
correct answers, also includes two additional parameters (time and the number of used Help options).
In the ITS approach [23], user model content
variables are used for keeping records on user interaction with the ITS and for adjusting the content presentation to the user profile. These learning
style variables are part of a BN for making conclusions about the student. There is a list of variables
for each topic: spent time, topic deepness level,
wrong answers and correct answers. The variables
relevant for deciding on student knowledge in our
educational game ArhiCOMP also include spent
time and right answers. However, the spent time
in our approach does not represent total time spent
for learning a teaching unit but considers the entire
time spent for solving a task with Help option and
without it.
The idea of the NFR system, presented by Z.
Sevarac in his work [24], was the initial inspiration for the model for student knowledge diagnosis in our game-based learning system. The NRF
system is relatively simple, supports creation of
high-level pedagogical strategies, and can be
easily adapted to individual teacher’s preferences. The NFR model for student classification is
based on test results and the time needed to complete the test. Modification of the NRF system
parameters is made by adding a new parameter
– help.
4. The ArhiCOMP game and initial model
The possibility of visual representation of the
task solving method for rehearsing material on the
course Computer Architecture and Organization
105
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1 enabled their implementation in the form of an
interesting game [25]. The teaching unit “Unary
logical operations“ is aimed at teaching students
(the first year at the Electrical Engineering and
Computing Science College in Belgrade) about
the way of performing logical operations at the
level of registers in the computer system, through
comparing the register binary contents before and
after performing of the given operation. The content of the educational games was designed as a
platform for learning through tasks whose solving
was stimulated by the game content and directly
facilitated acquisition of knowledge in the said
subject.

Figure 2. The initial model based on NFR in
ArhiCOMP
4.1. Variables in model
Variables in the fuzzy initial model are used as
a primary model structure:
1. Input values:
–– Task score [0.. n],
–– Number of used Help [0..n],
–– Spent time needed to complete the task
[0..n].

Figure 1. The interface of ArhiCOM
As said in Section 2 of this work, modern
learning systems use intelligent multimedia applications or educational games, and estimation of
student knowledge in these systems is thus much
more complex. The complexity is reflected in the
fact that in such systems a student is observed
through his or her actions in the time domain. It
is very important to perform appropriate knowledge estimation at the precise moment so that the
system could continue to lead the student and the
entire learning process properly.
The learning model we used in this education
game is based on the principle of operation of
the neuro-fuzzy reasoner – NFR. Our model was
supplemented with another input variable – Help,
since in the educational game this component was
used to a great extent by students. The initial model based on the neuro-fuzzy reasoner, which we
used in the educational game ArhiCOMP, is given
in Figure 2.
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2. Output values:
–– Status of student knowledge of the task:
{Mastered or Unmastered}.
3. Fuzzy sets
The input space is partitioned by the following
fuzzy sets:
–– Task score: Bad, Medium, Good;
–– Number of used Help has two states: Rare
and Often. “Rare” denotes rare use of the
help window by a student, while “Often”
denotes frequent use of the help window;
–– Spent time to complete the task, interpreted
as speed: Slow and Fast.
The rules for student classification taken from
the human teacher are shown in Table 1.
The presented NFR rules for classification of
students, modified and adjusted to our learning
system with educational games, haven’t given
quite precise calculations. The rule by which a
student's knowledge is classified as „mastered“
in the situation when the result of playing is medium, where the number of used Help windows
is higher, and the time of playing is slow, proved
Volume 7 / Number 1 / 2012
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to be false in our case. Table 2 shows part of the
parameters recorded during playing a game by
71 students.
Table 1. Fuzzy rules for student classification
Score
good
good
good
good
medium
medium
medium
medium
bad
bad
bad
bad

Help
rare
rare
often
often
rare
rare
often
often
rare
rare
often
often

Time
fast
slow
fast
slow
fast
slow
fast
slow
fast
slow
fast
slow

Knowledge
mastered
mastered
mastered
mastered
mastered
mastered
unmastered
unmastered
unmastered
unmastered
unmastered
unmastered

After the use of the education game, students
were given a practical task on a paper in order to
compare accuracy of the presented model. The
results of comparison of practical results and estimation of the knowledge level through the given model were not satisfactory. The error which
occurred in the estimation equalled the value of
52.11%, which can be seen in Figure 3.

Figure 3. The ratio of estimated values given by
the initial model and values obtained through a
practical task
5. The model of variable coefficients
Since the initial model had not given expected
results, we applied a new model for knowledge
level estimation which used coefficients as variable
values. The rule for determining the percentage of
knowledge applies basic arithmetical operations
to input parameters of the model. The significance
of the input values for final knowledge estimation
is determined on the basis of empirical coefficient
values, given by the teacher. The current knowledge
level a student possesses after playing the education
game is given with the following formula:

Table 2. The parameters recorded during playing
Student
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Score
48
100
48
52
48
100
36
60
100
100
52
100
100
100
40
100
100
60
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SET
medium
good
medium
medium
medium
good
medium
medium
good
good
medium
good
good
good
medium
good
good
medium

Help
0
0
0
0
0
2
2
0
0
0
0
0
0
1
1
0
1
1

SET
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare
rare

Time
8
11
11
12
14
30
33
34
36
37
41
42
45
50
50
51
56
56

SET
fast
fast
fast
fast
fast
fast
slow
slow
slow
slow
slow
slow
slow
slow
slow
slow
slow
slow

Estimation
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered
mastered

Practic Score
0
100
0
100
0
100
0
100
100
50
0
100
100
100
100
50
0
100
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where a, h and t are coefficients next to the three
main parts of the formula. The values the coefficients can have range from 0 to 1. The first part of
the formula has the most significant role in calculating a student’s final knowledge level, since it uses
the number of correct answers - Ai. The second
most important part for knowledge estimation is
the second part of the formula, which represents the
number of used Help windows during playing the
game - Hi. This part of the formula has the negative mark, since it decreases probability of the final
knowledge level. The part of the formula with time
has the least importance for knowledge calculation.
When a student uses the Help window, the time
needed for giving an answer increases, which results in reduction of the student’s total knowledge.
The basic terms that explain the principle of
logical operation functioning are reached by selecting the Help window in the game. When a student starts learning with the use of the game or
faces a difficulty during solving a task generated
by the application, Help serves to accelerate finding the right solution. This means that formulation of definitions and theorems within Help is the
key moment in designing the entire application.
The values ta and th in the part of the formula
including time show the average time a student
needs to give an answer when he or she uses the
Help window, i.e. the time needed for giving an
answer without using the Help window:
–– time ta – average time needed for giving an
answer without using the Help window
–– time th – average time needed for giving an
answer with the use of the Help window
In this model the rules are interpreted as:
IF (TIME < ta or th ) THEN (t>0) AND (PROBABILITY OF KNOWLEDGE IS GREATER)
On the basis of teachers’ experience, the values referring to significance of coefficients in the
given formula are presented in Table 3.
As it can be seen from the table, the most important coefficient in calculating the entire knowledge
of a student is the coefficient a. Influence of the
first part of the formula on calculation of the entire
108

student’s knowledge is huge in the case when the
number of correct answers during playing of the
game is also high. This coefficient has therefore
been assigned the value 0.50. A lower value, but
also important in calculating the knowledge, for
the coefficient with Help – h, is presented with the
value 0.30. The third part of the formula is of least
significance in the calculation, and thus the coefficient next to it has the value of only 0.15.
Table 3. Values of coefficients in our model
Coefficient
a
h
t

Values
0.50
0.30
0.15

Through repeated comparison of practical results and estimation of the knowledge level with
the new model we have come to very encouraging
results. With the use of the new model we have
managed to reduce the error in estimating student
knowledge level by 20%. The error that is now
made by the system has been reduced to 29.97%
with the use of the above given formula with empirical coefficient values. The ratio of the estimated values and real results we obtained with the use
of this model can be seen in Figure 4.

Figure 4. The ratio of estimated values given by
the model of variable coefficients and the values
obtained through a practical task
6. Experimental setting
In order to get system using educational game
ArhiCOMP, we examined the sensitivity of the
proposed model. To exclude the possibility that
the three given values represent ideal figures, we
tried to use higher values (0.70 for coefficient
Volume 7 / Number 1 / 2012
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a, 0.50 for coefficient h and 0.30 for coefficient
t). Higher values for a better precision coefficients
a and h, while higher value coefficient t does not
change the precision. These results indicate that
we are unable to observe appropriate values for
coefficient a, ranging from 0.50 to 0.75, and for
coefficient h, ranging from 0.30 to 0.55. They also
indicate that the model is generally more sensitive
to changes of coefficient t (from 0.15 to 0.30).
Adjustment of the coefficient values in proposed
formula 1 depends on the level of student knowledge requested by the teacher. The estimation
whether a student has solved a task presented in the
game depends on the teacher’s experience and the
task difficulty level. For the medium task difficulty
level in ArhiCOMP (task SHIFT RIGHT/LEFT), to
proceed to the next game level with more difficult
tasks (ROTATE RIGHT/LEFT) a student has to
solve 75% of the given task. If P(X) ≥75% the student has solved the given task to a satisfying degree
and he/she should be allowed to proceed to the next
task. If this is not the case, the student is given the
same task but with a different text.
An example of student knowledge estimation in
relation to practical results obtained in medium difficulty level tests in educational game ArhiCOMP is
given with the following values: 0.68 for coefficient
a, 0.47 for coefficient h, and 0.20 for coefficient t.
The new set coefficient error in the assessment is
reduced to only 15.57%. This model in which coefficient values are adjusted depending on the task
difficulty is named the calibration model.

7. Conclusion
As shown in this work, application of existing
student knowledge estimation models onto the system using educational games is not adequate. Therefore, in this work the authors turn to a new way of
measuring current student knowledge level with the
use of modification of input parameters that are applied in the existing models as well. Modification
of parameters is made by adding a new parameter
– help. Adding the help domain to the system is inevitable since in educational games Help serves to
accelerate finding the right solution.
The presented model can be used as a basis
for new components in the form of pedagogical
agents that can be added to game-based learning
and intelligent learning environment.
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Abstract
This paper points at the importance of educating young people for qualitative information usage
from the Internet. The review of abilities and skills
incorporated in information literacy is presented,
which helps in illustrating the role of independent
learning skills in this type of literacy. Independent
learning skills, e-learning, distance learning as
well as life-long learning are all based on information literacy. Electronic learning (e-learning) and
distance learning (UND) enable users to attend
some of the offered educational courses that can
be found on web sites of educational institutions.
The review of distance learning, a forerunner of
web oriented learning, is presented as well. It is
also described a development process of contemporary educational technology which follows this
type of learning. Finally, the most important notions related to distance learning and modern information technologies are explained as well.
Key words: information literacy, the Internet,
distance learning, modern information technology.
1. Introduction
The notion of information literacy is essential
for understanding the functioning of individuals in
information domain which is becoming available
via the Internet.
“According to some opinions, the skill of information operating, which represents the essence of information literacy, should be developed continually
during the educational process through contents and
activities of different teaching subjects and themes”
(Fisher, 1995; Meyers, 1986; Plut and others, 2001).
A student who is information literate has the
following abilities and skills (Shrock, 2003):
1. Estimates information efficiently and
successfully:
a) aware of the need for correct information,
Volume 7 / Number 1 / 2012

b) asks the necessary questions in order to get
the right information,
c) identifies different possible information
sources.
2. Evaluates information critically and
competently:
a) determines correctness and relevance,
b) makes difference concerning facts, points of
view and opinions,
c) identifies incorrect and confusing information,
d) selects information according to the problem
or the question he/she has in mind.
3. Uses information efficiently and creatively:
a) organizes information for practical usage,
b) uses information in critical thinking and
problem solving,
c) produces and transfers information in
appropriate formats.“ [1]
The Internet has changed learning and teaching practice especially at faculties and universities
well equipped by new technologies. This fact is
most obvious in university transformation related
to distance learning. They are trying to use benefits
of information and communication infrastructure
for their basic field of work with prospects concerning quality improvement and reducing costs
of teaching offered to students.
2. Learning supported by new technology
The Internet has introduced new terms for
learning, learning via web, or online learning. Online learning is classified as a general term, related
to learning by the help of a computer and the Internet. The levels of such learning are various, starting from basic programs that include texts and the
course graphics, exercises, tests and tests results.
Some of them include animations, simulations,
111
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audio and video sequences of discussion groups
with peers and experts, online tutorial, links for
materials on the Internet or web as well as other
educational resources (Urdan & Weggen, 2000).
Together with online learning the term online
education has also been made. Online education enables studying advanced education courses via the
Internet. All course materials including documents,
contacts with tutors and colleagues may be accessed
via personal computers and telecommunications.
Online education offers students freedom to
study virtually in any location and in tempo which
could be adjusted to their own conditions, work
and families (Kearsley, 1999).
Close terms to online learning are Web-based
learning and technology-based learning. The use
of terms e-learning and e-aided learning is appropriate nowadays. There are different definitions of
such learning. The shortest definition was given
by English Ministry of Education and Skills in
2003: “If someone learns how to use information
and communication technology, he uses electronic
learning” (DfES, 2003).
Electronic learning assumes learning in which
computer web is used for information distribution,
interaction and improvement of the learning process. Here, different computer webs, such as LAN,
WAN or the Internet can be used, as well as audio
and video tapes, satellite broadcasting, interactive
TV and CD-ROM and mobile network. Within the
learning based on new technologies it is important
to mention resource-based learning, too. This term
has become popular partially because it reflects
new trends and progress and because it serves as a
concept which covers the terms such as open learning, flexible learning, individual learning, computer
aided learning and project based learning.
Time and location independence, great volume
of resources and dynamic contents nature have
made the Internet a great potential for learning.
Students who acquire knowledge at universities all over the world have already had certain
subjects which they study via the Internet, or online. Most employed people, as well as those who
live far from universities enroll online courses organized by universities and colleges. [2]
Because of fast development of technologies
the accepted concept of adults’ education and permanent life-long learning represents one more ele112

ment that supports the necessity for implementation of a modern way of distance learning.
Distance learning according to definition of
“United States Distance Learning Association”
(USDLA):
“Distance learning is assimilation of knowledge and skills through indirect methods of informing and education comprised by various technological and other types of distance learning.” [7]
Some authors have defined distance learning
from technological aspect:
“Distance learning is a system and a process
of connecting users with distributed educational
resources. In order to understand the current potentials of distance learning it is necessary to comprehend that it represents much more than simple
combination of innovative technologies for knowledge transfer. Before introducing information-communicative technologies in education it is necessary
to: accept individual differences, let more capable
users with previously assimilated knowledge to
make progress faster and understand that a machine
can perform the task well only if a good program
is made. We may conclude that education must respond to changes and become more efficient”. [5]
3. Computer aided learning
The Internet as a medium with electronic mail
and hypertext navigation can offer students a
chance to actively participate in the learning process and communicate easily with other students.
Interaction and feedback information in educational
process of distance learning can have ill-effects and
often the feeling of isolation that the students may
have. Despite being separated in time and space,
students must be encouraged to work as a group by
developing those learning activities which improve
interaction and collaboration among partners. It is
important to structure pedagogical parameters in
virtual surroundings in logical and methodological
way as well as to present the whole material clearly
and precisely (Harasim, 1993).
3.1. Technologies of Web-environment
Learning is a process of acquiring knowledge,
developing skills, building views and attitudes in individual interactive relationship between a student
Volume 7 / Number 1 / 2012

technics technologies education management

and information and the environment. In Web-environment communication among students as well
as student/teacher/instructor communication can be
performed easily no matter how far they are. Learning resources are also here and available technologies of Web-environment enable evaluation of students’ achievements. According to Centre for Academic Practice, CAP University of Warwick, Great
Britain (www.warwick.ac.uk) the Internet learning
technologies may be grouped in three groups:
1. Learning resources,
2. Communication via computer and
3. Evaluation aided by computer.
1. Learning resources
Can be simply distributed Word documents on
the Web which students can download and print
or they can be PowerPoint presentations, digital
streaming videos or other interactive programs.
2. Communication via computer
can be performed by any means that individuals and groups use to communicate. The main
technologies include:
–– Electronic mail (E-mail) – the most
popular Internet service that is used for
exchanging messages. The users send and
receive messages by the help of programs
installed on their computers. A user can
send messages simultaneously on several
addresses and attach files. In this way online
learning is made easier.
–– Mailing lists – communication channels
between groups (many-to-many).Individuals
send messages to the mailing list and they
receive copies of all messages which were
sent there. It can be used for discussions
and training within the society for learning.
However, too big groups can more disturb
than help the learning process.
–– Usenet newsgroup – A special Internet system
which enables the users to read and participate
in the work of global specialized newsgroups;
the number of themes of newsgroups is
enormous and discussion topics are going
from standard to completely bizarre ones.
–– Computer conferences (discussion bodies,
lists of connected discussions) – it enables
groups of people to discuss by reading and
Volume 7 / Number 1 / 2012

leaving textual messages on computer system.
The advantage in relation to mailing lists is
in the fact that messages are archieved and
discussion recorded. Computer conferences
are widely used to support learning.
–– Internet Relay Chat, IRC – another Internet
system which enables the users to have
synchronized communication - “alive” – by
using texts or a phone via the Internet. Software
on the server keeps data when the people from
the list, who are specified, get involved online.
They can communicate individually (one-toone) or at the conference. Some systems have
an electronic whiteboard where a teacher can
write information visible to all chat participants
- simulation of a classroom situation.
–– Videoconferences – By using this means
small groups of people, geographically
distant, may discuss in real time and they can
hear and see one another and also exchange
different information.
Hybrid systems - combine the lists of performed
discussions, chat, and mailing lists enabling the
users to transfer easily from one to another group
depending on discussion themes.
Communication via computers can be synchronized (exchanging messages in the real time)
or a-synchronized (messages are attached at any
time and the users read them and reply at the
time which suits them; in other words, the users
do not have to be online at the same time as in
synchronized exchange). Electronic mail, mailing
lists, computer conferences- all of them are a-synchronized, while chat, phone via the Internet and
video conferences belong to synchronized communication. All these types of a-synchronized and
synchronized communications via computers are
available in Web surroundings. The type of communication depends on the type of discussion. All
types have their strong and weak sides both concerning technical advantages for software and the
type of interaction which they encourage. [2]
3.2. Evaluation aided by computers
Evaluation cannot be performed without feedback information from the instructor or a sophisticated artificial intelligence which usually assumes
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a kind of objective test delivered in the form of
online quiz. Since the test is objective and the answers available, the feedback information can be
automated. Students can get feedback information
including their test results. Such application of
evaluation, aided by computer, for independent,
diagnostic evaluation can be performed fast and
it provides valuable feedback information about
learning efficiency. [2]
4. Programs and courses
Education, traditional or based on Web, involves the work of experts for organizing contents, sequences of teaching activities, the structure of tasks, a set of interactions and the process
of evaluation. (Harasim and others,1995).
The course which is designed or adopted to
be delivered via Web is delivered to different
surroundings from a traditional classroom and
because of that the designed process imposes respecting the following pedagogical steps, including the need for:
–– changing the role of an instructor going
from a teacher to an assistant or a process
guide,
–– leading students through non-linear,
hypermedia surroundings which enables
making knowledge and meaning in a new
way,
–– building feelings for class community
and strengthening learning by building-in
collaborative elements,
–– providing an academic integrity.
Virtual classroom is a medium which possesses
its unique characteristics contributing to selection
of appropriate pedagogy (McCormack & Jones,
1998).
Another critical factor that can contribute to
effective on-line learning is the Class Web Site.
The Class Web Site provides an organizational
structure convenient for students’ engagement in
the work with course material and for team work
(Palloff & Pratt, 1999). Making materials for
Web differs from making printed materials because Web has more senses (Porter, 1997).Web
project must be readable, informative and it must
have clear conceptual and intuitive lanes through
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parts of information. Customers want navigation
on Web site which won’t cause confusion (Hall,
1997). The more interaction there is on Web site
the easier students will understand the course contents (Porter, 1997). Many authors agree that interaction represents a significant component in the
teaching program. It is a means for learning (Hall,
1997). It is the key element of successful courses
and students should use it efficiently in order to
achieve the aims of learning and become satisfied with the achieved experience. Interactions
in on-line learning are strengthened by specially
designed tools for incorporating interaction in virtual classroom, for suggestions concerning access
to learning in Web environment, identification and
selection of specified activities which are serving
well in on-line surroundings. Every tool offers
specific opportunities and it has its requirements
which make it appropriate only for a certain purpose (McCormack & Jones, 1998).
5. Types of academic programs
Academic programs for on-line learning, except those on virtual universities, are always realized partially in traditional classrooms (face-toface). If 80% of the program contents are realized
via Web, these programs are considered on-line
programs (The Sloan Consortium, 2005). If the
contents delivered via Web includes 30...79% of
the whole program then such programs are called
blended / hybrid programs; along with blended /
hybrid programs the name blended / hybrid learning is also used.
Blended learning
Development of information and communication technology has brought fast changes in education. The first experiences with these technologies have revealed possibilities for better quality
of learning, its efficiency, adaptability and prices.
It is obvious now that learning experiences will
evolve and become “blended” combinations of
traditional methods and learning methods based
on technology (Singh & Reed, 2001).
Blended learning represents one of leading trends
of current education; it is a combination of electronic learning and traditional learning in a classroom
and its aim is achieving maximum learning effecVolume 7 / Number 1 / 2012
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tiveness. Blended learning includes the best parts of
electronic and traditional learning in order to achieve
flexible, price acceptable education and training that
can be accessed by wide public both geographically
distant and different concerning learning styles and
the level of education (Clark, 2003).
The key for blended learning is a selection of
the right combination of media which will lead to
optimum solution. Components of online media
can be combined with components of offline media (traditional classroom).
Offline components of blended learning can
be classified in six groups:
1. Individual learning (at home, at work place);
2. Learning with the help of tutor, instructor or
mentor;
3. Classroom learning (lessons, laboratories,
seminars);
4. Printed media (textbooks, practicum, journals);
5. Electronic media (audiocassettes, audio-CD,
video tapes, CD-ROM, DVD);
6. Radio-TV (TV, radio, interactive TV).
Online components of blended learning can
also be classified in six groups:
1. Online contents for learning (simple and
interactive resources for learning);
2. Electronic tutor, instructor or mentor;
3. Online collaborative learning (e-mail, mail
lists, chatting, virtual classroom, audio-conferences, video-conferences);
4. Online knowledge management (data browsing, making documents);
5. Web (browsing machines, Web-sites, users
groups);
6. Mobile learning (laptop, mobile phones).
At designing blended learning we should take
care about planned learning achievements, students, their culture, available resources for learning, electronic infrastructure, the extent and possibilities of servicing the proposed solution. [2]
6. Standards of distance learning
Electronic networks do not only offer accessing to an enormous amount of information but
they also enable valuable distribution of resources,
Volume 7 / Number 1 / 2012

ideas and experiences between students and teachers’ communities. In developed countries there are
numerous formal and informal networks of students and teachers, both on regional and national,
and even on the international level.
Their purpose is storing, managing and distributing learning materials to final users. Development of qualitative learning materials assumes a
considerable time and money spent. Therefore,
it is very important that these materials are compatible with different platforms for electronic
learning, their versions and operational systems
over which they have been created. For all these
reasons a standard should be defined that will be
accepted by producers of learning platforms and
creators of learning materials. If this happens all
materials harmonized with this standard will work
on standardized platforms for electronic learning.
6.1. LMS (Learning Management System)
LMS is a system for managing learning. LMS
are Web applications that work on servers and
they can be accessed via web reader. Server is usually located in computer classroom but it can be
anywhere in the world. Teachers and students can
access it, no matter where they are, through local
computer web or via the Internet connection.
LMS give teachers tools for creating web site, a
course and they give it a possibility for access control, so only enrolled users can see it. Beside access control LMS possesses different tools which
may help the course to be more successful; they
enable simple leaving documents, performing discussion on the web, testing and polling users, collecting and correcting tasks, recording grades.
LMS have tools for simple contents publishing.
Instead of using HTML editor and sending documents by e-mail or FTP, web form is used in order
to keep and publish contents which are created on
server. Many teachers publish complete materials,
notes and relevant articles so students could read
them when necessary.
The most important part of the learning process
is contents. Modules for learning must be creative
so they could motivate and interest students for
learning. Presenting contents is performed by the
help of audio and video method and with application of interactive feedback connection. A student
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can access the module as many times as he needs
for fulfilling his aims.
Majority of LMS has tools for monitoring students’ access to the course and every web page
(sometimes with measuring time which the student has spent studying on some web page or answering the test questions). The analysis of students’ behavior is important for the course success
analysis, both its good and bad sides.
While accessing the Internet instructors and
students can communicate in the following way:
–– On-line forum and chat offer communication
possibilities outside the classroom. Forum enables students to communicate
asynchronously with all participants. Chat,
as a way of synchronous communication
makes possible fast contacts of different
participants in the learning process who are
physically distant.
–– Electronic mail (e-mail) is the simplest type
of communication. It is an asynchronous
type of communication, in other words, it
enables communication at any time. E-mail,
in combination with local networks (intranet),
is used for internal communication or for
wider communication on the Internet. The
important thing is the fact that it represents a
personal way of communication when mails
are sending from one person to another, but
the same message can be forwarded to the
whole group at the same time, for example,
from the teacher to all groups of students.
–– Videoconferences represent synchronous
communication and they must take place
in real time. This way of communication
and teaching requires a microphone and
cameras. Distant students follow their lessons
via monitors and they can be involved in
discussion with their instructor by the help of
microphones.
Web tests and surveys can be processed and
marked instantaneously. These are excellent tools
which may give the students the results and additional comments related to tests in a few seconds.
Moreover, they can evaluate the extent of course
material understanding.
Web task sending is a simple way for monitoring and evaluating students’ work. The research
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shows that the use of web surroundings for anonymous correction of tasks by student’s colleagues
can strengthen his/her motivation and, in this way,
improve success.
Web book gives students updated information
about their course progress. In this way, a student
can see only his/her own marks. For a teacher, web
book represents a good way for keeping and monitoring students’ progress and the analysis of students
and groups’ achievements according to themes.
6.2. LCMS (Learning Content Management
System)
LCMS is a system for managing educational contents. This system serves for creating, storing and
collecting personalized e-learning contents in the
form of digital educational units. It represents a combination of functional CMS - Content Management
System and Learning Management System (LMS).
The difference between LMS and LCMS is
in the fact that LMS automate administration of
events during educational process while LCMS
enable the author of the course to create, store,
manage and publish the contents on the Web.
Recently, possibilities of LMS and LCMS are
becoming more and more equal, therefore 70% of
the leading LMS offer an option for content management while LCMS are increasingly including
functionality of monitoring of users and making
reports.
6.3. SCORM (Sharable Courseware Object
Reference Model) standard
SCORM standard introduces the term of SCO
(Sharable Content Object) which represents an
elementary Learning Object. SCO is an equivalent for a unit in e-course. SCO can be compiled
of texts, pictures, video sequences or even of interactive contents such as flash or java applications (these smaller parts of SCO are called Asset). SCO is described by metadata which enable
finding units according to different technical, and
pedagogical criteria. Every SCO should represent
logical and complete unit which is not too large
and can be incorporated in e-course entity. Units
can contain lectures or tests with different types of
solutions (one or multiple choice, additions, etc.).
Volume 7 / Number 1 / 2012
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Learning materials are without any changes
transferrable to different platforms for electronic
learning (created e-materials for learning on some
compatible platform can be used on any other
platform no matter the producer).
LMS will, in practice, read the necessary
SCORM package from the local storage (most
frequently relational base or simply data system),
understand its content and then according to requested organizations start individual SCO package parts. Every start-up SCO is forwarded to a
student through local school network or global Internet and then it is started-up locally in the browser on the student's computer [6].
7. Software platforms for distance learning
application
Most tools for distance learning (courseware)
have a module for preparation, delivery and processing tests online. If such courseware for delivering educational surroundings are used it is normal
to use its own tools for online tests, as well. There
is no need to buy expensive tools for distance learning if they will not be used completely. If only online tests are needed, then the selection of some sort
of open source (free) courseware with a developed
module should be considered. The great advantage
is that it may be adjusted to needs. The best known
platforms will be individually described here.
MOODLE is an acronym of Modular Object
Oriented Dynamic Learning Environment. It is a
verb which describes the process of an easy pass
through a certain material, trying to work only
when the student want to (or must), enjoying in
the work that leads towards deeper creativity and
knowledge.This verb describes best the origin and
development of Moodle system as well as the way
the students and teachers may use to access to educational process in distance learning.
Moodle is available as software of the open code
(under GNU Public License). In fact, it means that
Moodle is protected by copyright but it has some
additional freedom. It is allowed to copy, use and
change Moodle under the following condition – to
enable the others the accession to the open code;
original license or information about copyright will
not be changed or removed and that the same license will be applied to any solution.
Volume 7 / Number 1 / 2012

Moodle will operate on any computer which
can start PHP and which supports some of better
known data bases.
Moodle is a flexible and fast open source tool.
It has a support for two bases: MySQL and PostgreSQL. It also has a support for a great number
of languages. Great popularity of this tool is based
on a simple and fast installing, small requirements
concerning computers on which it is performed
and on simple integration in the existing systems.
This tool has quickly gained a great popularity
among teachers because of its pedagogical features
and adjustability to academic environment. Although it has smaller possibilities than commercial
tools it satisfies a great number of users who can
easily and fast become familiar with these tools.
WebCT is a programming tool used for distance
learning or as an addition to classical courses and
traditional education. It uses multimedia possibilities that WebCT and Internet technologies enable.
WebCT is one of the best tools for e-learning.
It is fairly intuitive for work and possesses a great
number of functions. It contains numerous additional tools for help in learning (links, audio, video, dictionary...) and a great number of tools for
communication as well.
The program enables a teacher to make certain
changes on the course at any time. These changes
may or needn’t be visible to all students. The access to WebCT courses is authorized. Every attendant or a teacher has his/her user name and password for accessing WebCT.
One of rare tools which except WYSIWYS
(What You See Is What You Get) editor possesses
an editor for formulae. Support for creation and
evaluation of knowledge is excellent as well as
statistic review of achieved results.
WebCT enables:
–– enriching the course by multimedia elements
(sound, picture, Internet links, additional
information...)
–– evaluation of students’ knowledge by online
tests and tasks
–– self-estimation of knowledge
–– creating index and a dictionary of important
notions that appear in lessons
–– communication of students among
themselves and with a teacher via forums
(discussions) or chat.
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The advantage of WebCT-a is in the field of
mathematics because it has a qualitative program
for easy input and change of mathematical formulae and a quizz that accepts mathematical functions and generates questions on account of them.
aTutor is open source Learning Content Management System (LCMS) designed for needs of
adjustment and availability. Administrators can
simply install or upgrade aTutor in only few minutes. Instructors can quickly collect teaching content, incorporate it in the package and distribute it
online or input already the existing one. Students
learn in adaptable environment.
It is simple and intuitive tool which requires
minimum time for getting used to work. The main
advantages are compatibility with SCORM format, speed, availability and easy installation and
maintenance.
There are lots of disadvantages and some of
them are:
–– The authors of materials cannot put
multimedia on the course pages;
–– Too general support for multimedia and
video conferences;
–– There are no private forums;
–– Students cannot download their answers and
tasks or exchange data with other students;
–– There are no students’ groups;
–– Knowledge tests do not offer enough
possibilities.
Despite current disadvantages which will probably be reduced in some future versions, aTutor is
a decent open source courseware. Tools for testing and correction are within the list of tools for
management. The main task of this courseware is
creation of on-line tests and quizzes whose aim is
practicing and knowledge check.
At Technical Faculty “Mihajlo Pupin” aTutor
has been studied in details and the user interface
has been translated in Serbian [3].
AHyCo (Adaptive Hypermedia Courseware)
is an adaptable hypermedia LMS or a system for
e-learning. AHyCo has basic characteristics of
adaptable systems:
–– it is based on hypermedia,
–– it contains domain models which describes
the structure of knowledge within the
learning field,
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–– It contains the user model for storing
student’s characteristics,
–– It is possible to adapt the parts of the system
on the grounds of information in the user
model.
Adaptability of AHyCo system is implemented
by adjustment of hyperlinks and by the help of
adaptable series of the learning contents. The system tries to limit students’ free movements as little
as possible through the learning contents but it directs and leads, in the same time, students towards
knowledge acquisition. The first version of AHyCo system has supported only interaction between
students and the learning contents by the help of
adaptable hypermedia and on-line tests.
IBM Workplace Collaborative Services is professionally business oriented LMS. It is coordinated
with all current norms for data exchange and it is delivered with progressive program of intuitive interface for input and arrangement of course contents.
The courses can be organized in other programs
which are adjusted to the norms as well. The very
content cannot be directly arranged by web interface.
Besides the great number of complete work reports and success of individual students it is possible to make conclusions about business progress
qualitatively. This LMS could be additionally independently expanded by the use of available and
well documented API invitations and, in this way,
it can be adjusted to more demanding users.
This is one of rare LMS which have in-built
support for blended learning, in other words, a
combination of learning in the classroom and elearning. When deciding about the course organization it is possible to estimate, in advance, when
the lessons will be organized in the classroom It is
good because, in this way, a complete support for
a classroom work is provided( classrooms can be
reserved and necessary teaching material – notebook, projector prepared).
Claroline originates from “Classroom on
line”. Claroline system for learning management
is a modern distance learning courseware that can
help in improving teching and the way of teaching. Claroline jis convenient and intuitive courseware which satisfies numerous criteria.
Its great advantage is in the fact that it is Open
Source software, it has GNU (General public liVolume 7 / Number 1 / 2012
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cence) which enables taking original code and its
adjustment to own needs. It enables numerous organizations all over the world (universities, schools,
associations...) for creating and administrating
courses the space for collaboration via the Internet.
The courseware is multi-platform one (it is written
in PHP language and it uses MySQL base), so it can
be installed on Windows, Macintosh Unix, Linux
and other platforms; it is used in more than 80 countries all over the world in more than 30 languages.
Progress of technologes caused developing the
need for a new way of distance learning by using
communiction and computer technologies. Claroline was created by a group of teachers (professors, language experts...) who respected pedagogical principles and methods in order to organize
and perform the teaching process by using WWW.
The platform is very simple to use and it can
be mastered in a short time and used without
problems even without previous knowledge from
computer field. The authors of Claroline wanted
to enable teachers to master technological skills in
education and pedagogy and in that way become
more creative and independent in implementing
pedagogical principles.
BlackBoard represents one of the best coursewares for distance learning that has appeared on
the market. It is very intuitive for using and can
be mastered quickly. It has an excellent support
for communication within the course and is one of
rare courseware which supports chat and the use
of "whiteboard" at the same time. .
A great progress of courseware has been noticed especially concerning creation and evaluation, knowledge testing and monitoring the work
of students.
Blackboard has web page with 30 days long
experimental version in which, both students and
teachers can see how it looks like.
dotLRN is e-learning platform of commercial
quality, developed on MIT and published under
open source license. It contains a support for developing web portal and an option for managing
content on web and Internet is originally included.
eLearner is a system for managing e-learning
environment. It belongs to generic group under
the name LMS. It is adjusted to SCORM standard. Primary orientation is managing a complex
e-learning environment of corporative type and
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public portals. It does not have courseware for
content development but it relies on specialized
outer courseware. It enables:
–– introducing e-learning participants in the
system and organization through group
membership,
–– implementation of SCORM compatible
interactive or passive content,
–– organization of attendants, content and
tutors according to classes,
–– mutual communication,
–– on-line teaching and testing,
–– monitoring and statistic analysis of the work
– individual, group and class,
–– writing reports.
Eledge is Learning Management System which
provides courseware for creating on-line courses
and teaching materials. Eledge secures functional
equipment for creating distance learning courseware and instructions for web pages, including
students’ registration, quizzes, exams, homework,
evaluation, uploading data and others.
FirstClass is interesting because it is supported
on all standard platforms, such as: Linux, Windows, Macintosh.
It is divided in components Server, Client, Internet Services, Voice Services i FirstClass Directory Services. It provides asynchronous and synchronous communication to users (mail, forums,
chat ) as well as the exchange of data via folders
and common calendars. Its advantage is in that it
supports voice mail and fax and it also has wide
options for accessing messages in mailbox - if
voice mail is in question then it is possible to listen
to it via phones or mobiles.
ILIAS is open source courseware which has
been developed thanks to reference of Austrian
Ministry of Education. Although it is made by
using PHP, along with additional libraries its purpose is to be performed only on Linux platform (it
was tested on RedHat distribution).
Kewl was made at "University of Western
Cape" with the aim to research e-Learning. Later,
Kewl was used and developed in teaching, too.
Kewl has basic possibilities of majority of commercial tools with the same purpose.
A great advantage of this courseware is extensive documentation and the examples of complete
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courses which can be simply incorporated in it. An
option concerning translation in other languages
has been anticipated as well.
Manhattan Virtual Classroom is protected
by password, web oriented system for e-learning
which includes several different discussion groups,
synchronous chat, sections in which teachers may
publish materials, module for organization of online tasks, module for marks, surveys, private
messages among course students...
8. Conclusion
The Internet is a powerful means for engaging students’ cognitive activities. Individuals and
groups of students can cooperate in projects, they
can express their interests, taking responsibility
for collecting information and within this process they can all communicate with their peers
and with experts from all over the world. For a
teacher/ instructor the Internet opens an electronic door towards resources for learning and practical experiences that couldn’t be reached before.
No matter in what extent the field of interest is
specialized there is always someone on the Internet who can help in finding useful resources. Full
potentials of the Internet as a means for learning
are still unknown but its capabilities are unlimited.
There is a great number of different courseware and programs for distance learning on the
market. Their performances are various, some are
commercial and some are free. Very important elements concerning the choice for using are simplicity, smaller requirements related to hardware
and software support, larger data bases, openness
in loading and regular communication. There
are numerous advantages of tests as instruments
for knowledge check within web authorized systems: independence related to the place and time
of testing, smaller costs for users, possibility for
self-organizing concerning the time for testing,
multimedia materials, an option for test repetition,
instantaneous availability of test results.
It is important to know the criteria before selecting the courseware. An attention should be
paid to the fact whether it supports the standards
for data exchange and the features of the relevant
standards.
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According to test results, WebCT and BlackBoard have satisfied the highest criteria. However,
during testing it seemed that they were not simple
and logically connected for using, so they are not
recommended even to those who can work on
similar systems. They may be recommended only
to progressive users.
According to researching factors aspect the following courseware are satisfying: aTutor, BlackBoard, Moodle and WebCT. Taking all said into
account, a lot of effort should be invested in this
complex field if we want to speak about qualitative evaluation in distant environment.
Two types of courseware are competing closely
for the best free of charge courseware - Claroline
and Moodle. They are both simple and intuitive
for using but Claroline is better according to the
number of criteria.
During the analysis it was noticed that a great
number of courseware, declared as courseware for
e-education, had certain bad sides and they generally lacked a great number of possibilities. Some
programs are difficult to install and are rather nonintuitive.
Prior to the courseware selection it is necessary
visit web pages of the relevant courseware producer in order to get more details about courseware
performances, supported standards, user support,
etc. The best advice is to try as many types of
courseware as possible and then, according to the
objective, make decision about the most appropriate courseware.
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Abstract
Constructivism is a cognitive theory that emphasizes that learners construct new knowledge by
rearranging and refining their existing knowledge.
Agile software development methods follows this
approach of learning as software is developed in
short iterations and agile team incorporated all
new knowledge gained through feedbacks from
preceeding iterations. Agile software development methods are different from traditional software development methods and therefore, metrics
proposed for projects using traditional software
development methods are not fit to use in agile
software development projects. In this paper, new
metrics are proposed that can measure the progress and quality of the product in agile software
development projects. The proposed metrics are
also compared with existing agile metrics.
Key words: Metrics, Agile Methods, Quality,
Progress, Software
1. Introduction
It is well known that, from the cognitive perspective, software development is a complex process [2] and it is based strongly on the people that
carry it out [4]. Constructivism is a cognitive theory that examines the nature of learning processes
[4]. More specifically, the theory suggests that
new knowledge is constructed gradually, based on
the learner's existing mental structures [4]. Mental structures are developed in steps, each elaborating on preceding ones, although there may of
course be regressions and blind alleys [4]. Leron
and Hazzan [7] refer to this process as "learning
by successive refinement". This use of successive
refinement is based on the assumption that successive refinement is an especially effective way for
the human mind, with its particular strengths and
limitations, to deal with complexity [4].
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Agile software development methods are different from traditional software development
methods. Agile team’s goal is to continually produce stable, incrementally enhanced version of the
product at the end of each iteration that meets the
customer's needs. An agile team works in short iterations and at the start of each new iteration, an
agile team incorporates all new knowledge gained
in the preceeding iteration and adapts accordingly
[1]. If a team has learned something that is likely
to affect the accuracy or value of the plan, they adjust the plan [1]. So, agile software development
methods follow the theory of constructivisim.
With increased popularity, more people are being drawn to agile methods, bringing with them
modes of evaluation incompatible with agile
values and principles [3]. Metrics are essential
to software engineering as they help in measuring quality, estimating required resources and
cost, scheduling and controlling activities such as
progress in the software development life cycle.
Traditional metrics do not fit well with agile practices. In general, agile metrics emphasize on some
useful characteristics such as, measuring software
progress and quality, customer satisfaction, flexibility for changing in software, simplicity for the
late changes in requirements. Two of the most important aspects of a software development project
that need to measured are progress and quality. We
are required to keep track of the progress so as to
finish the project on time. Also, we are required
to make sure that the product we are developing
is of acceptable quality. The main motivation of
this paper is to propose new metrics to measure
the progress in agile software development project
and quality of the product being developed. This
paper is organized as follows: In the next section, related work is described. In section 3, new
metrics related with progress and quality are proposed. These metrics are proposed specifically for
projects using agile methods. In section 4, some
Volume 7 / Number 1 / 2012
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well known agile metrics are described and compared with proposed metrics. Finally, the paper
concludes in section 5.
2. Literature Survey
In recent years, agile software development
methods have become more popular. The principles of agile methods are different from traditional
software development methods. Hazzan and Dubinsky [4] analyzed one of the agile method, extreme programming (XP), based on constructivism theory. They explained how the XP values of
feedback and communication, as well as several
of XP practices, support gradual construction of
knowledge related to the development of software
systems [4]. Hartmann and Dymond [3], pointed
out features for good agile metric or diagnostic
which can be used while designing measurements
for the agile process. They mentioned that a good
agile metric should affirms and reinforces lean and
agile principles; measures outcome, not output;
follows trends not numbers; belongs to a small set
of metrics and diagnostics; easy to collect; reveals,
rather than conceals its context and significant
variables; provides fuel for meaningful conversation; provides feedback on a frequent and regular
basis; may measures value (product) and process,
encourages “good-enough” quality [3]. Langr [6]
formulated a set of principles for establishing and
using metrics in an agile environment. The principles are: do not produce metrics that no one wants
, be honest about how management uses metrics,
do not use metrics to compare teams, take team
maturity into account when selecting metrics, ensure that metrics do not demoralize the team, a
single metric on its own has minimal use [6]. He
further suggested using metrics as a basis for discussion, not as a final decision point and metrics
should change over time [6].
3. Proposed Metrics for Agile Software
Development Methods
There are various agile methods such as Extreme Programming (XP), Scrum, Feature Driven
Development (FDD), Dynamic Systems Development Method (DSDM), Adaptive Software Development (ASD) etc. Requirements are written
Volume 7 / Number 1 / 2012

in different forms using these methods. Using XP,
requirements are written in story cards where each
story card describes a feature to be added in software. A feature is a characteristic or attribute of a
product for which work must be done to develop
and deliver it [8]. It is what allows a product to be
advertised, marketed, and sold [8]. Requirements
are written as backlog list items in Scrum, features in FDD and ASD, and functions in DSDM.
Product is developed in many iterations using agile methods. Scrum uses word “sprint” in place of
“iteration” whereas ASD uses “adaptive cycles” in
place of iteration. As the proposed metrics can be
used for any agile methods; for simplicity, we will
use the word feature and iteration.
All feature are not equal in size so a relative size
will be assigned to each feature. Similarly, every
features may not have same importance. Some features must be implemented and are highly desirable
in the software whereas others may not be of equal
importance. So, a priority will be assigned to each
feature. A range of numbers can be choosen to assign relative size and relative priority. For example,
a range of 1 to 10 can be used to assign relative size.
A feature assigned size 10 must be double the size
of a feature assigned value 5. Similarly, a range of 1
to 5 can be used to assign relative priority. A feature
with priority value 5 is highly desirable and must be
included in the software. A feature with priority value 1 may be included if time permits but software
can function properly even without it. These ranges
are flexible and organizations can choose different
ranges to assign relative size and priority according
to their needs.
It is very important to propose metrics that
can measure progress and quality of the product
at iteration level as well as release level. One of
the main points of agile is that we should look at
concerns and challenges in each and every iteration [6]. The shortness of agile iterations allows us
to introspect many, many times, correcting small
problems before they grow into larger ones [6].
Progress in an iteration (in %)
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Where,
n is the total number of feature that are already
implemented and tested so far in an iteration
Si is the relative size of ith feature which is
already implemented and tested in an
iteration
Pi is the relative priority of ith feature which
is already implemented and tested in an
iteration
N is the total number of feature that are planned
to be implemented in an iteration
Sk is the relative size of kth feature which is
planned to be implemented in an iteration
Pk is the relative priority of kth feature which
is planned to be implemented in an iteration
Exact Progress in an Iteration (in %)
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where,
p is the total number of feature that are planned
to be implemented in an iteration
Si is the relative size of ith feature that is planned
to be implemented in an iteration
Pi is the relative priority of ith feature that is
planned to be implemented in an iteration
m is the number of features that are planned to
be implemented in an iteration but passed to
the next iteration due to time constraints
Sj is the relative size of jth feature that is passed
to the next iteration
Pj is the relative priority of jth feature that is
passed to the next iteration
a is the number of features that are not planned
to be implemented in an iteration but added
later in an iteration due to some reasons e.g.
customer’s request
Sk is the relative size of kth feature that is added
in an iteration
Pk is the relative priority of kth feature that is
added in an iteration
Progress in the release (in %)
124

l

PR =

∑S ∗ p

i

∑S ∗ p

k

i

i =1
T

k

k =1

∗ 100

Where,
l is the total number of features that are
already implemented and tested so far in
the iterations which are already finished or
being in progress
Si is the relative size of ith feature which is already
implemented and tested in the iterations which
are already finished or being in progress
Pi is the relative priority of ith feature which
is already implemented and tested in the
iterations which are already finished or
being in progress
T is the total number of features that are
planned to be implemented in the release (in
all iterations)
Sk is the relative size of kth feature which is
planned to be implemented in the project
Pk is the relative priority of kth feature which
is planned to be implemented in the project
Feature Correction Rate in an iteration (in %)
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Where,
n is the total number of feature that are already
implemented and tested so far in an iteration
Si is the relative size of ith feature which is
already implemented and tested in an iteration
Pi is the relative priority of ith feature which is
already implemented and tested in an iteration
Ei is the number of errors detected and
corrected in the ith feature
N is the total number of feature that are not
yet tested (either planned to implemented or
already developed but not tested yet) in an
iteration
Sk is the relative size of kth feature which is not
yet tested in an iteration
Pk is the relative priority of kth feature which is
not yet tested in an iteration
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Feature Correction Rate in the release (in %)
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Where,
n is the total number of features that are
already implemented and tested so far in
the iterations which are already finished or
being in progress
Si is the relative size of ith feature which is
already implemented and tested in the
iterations which are already finished or
being in progress
Pi is the relative priority of ith feature which
is already implemented and tested in the
iterations which are already finished or
being in progress
Ei is the number of errors detected and
corrected in the ith feature
N is the total number of feature that are not
yet tested (either planned to implemented or
already developed but not tested yet) in the
release(in all iterations)
Sk is the relative size of kth feature which is not
yet tested in the project
Pk is the relative priority of kth feature which is
not yet tested in the release

4. Comparison of Proposed Metrics with
Other Existing Metrics for Agile Software Development Methods
Some existing metrics which can measure progress are given in table 1. These metrics can be compared with proposed metrics PI, EPI and PR. All
three proposed metrics are calculted by assigning
a value to every feature. Value of a feature not only
depends on the priority but also on the size. Using
the proposed metrics, progress can be measured at
the iteration level (using PI or EPI) or at release level (using PR). At the iteration level, progress can be
measured while a iteration is still going on (using
PI), or after an iteration finished (using EPI).
Business value delivered metric can be used to
measure the progress after an iteration finishes. It
can not measure the percentage of work finished
while the iteration is still going on. Developers
can not determine the business value of features
alone, they must take the help of business people.
Velocity metric can also be used to measure the
progress after an iteration finishes. Just like the
previous metric, it can not measure the percentage
of work finished while the iteration is still going
on. Moreover, it only considers the size of the feature as the measure of progress. It does not take in
consideration the priority of the feature. So a feature with more size but lower priority will return
higher value for this metric compared to a feature
with small size but higher priority.
User Stories carried over into next iteration represents the planned work in an iteration that could

Table 1. Some existing progress metrics for agile software development
Name of the Metric
Business Value
Delivered [3]

Description
It measures the value that is delivered at the end of each iteration. It is calculated by
assigning value to every feature and then adding the values of every feature delivered at the
end of a particular iteration.

Velocity is a measure of a team’s rate of progress [1]. It is calculated by summing the
number of story points assigned to each user story that the team completed during an
Velocity [3]
iteration [1]. Story points are a unit of measure for expressing the overall size of a user
story, feature or other piece of work [1].
User Stories carried
It is the number of user stories planned for a particular iteration but could not be implemented
over into next iteration and therefore passed to the next iteration. It has the adverse effect on progress.
Running Tested
RTF represents how many features are shipped in each iteration [6]. So, it can measure the
Features [5]
progress in a release.
Each story is assigned a weight by the product owner and is either finished or not finished.
Earned Business Value
EBV is the sum of the weights of all finished stories.
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not be finished and therefore carried to the next
iteration. This metric only considers the number
of user stories without considering the size or priority of those stories and therefore can not be an
accurate measure.
Running Tested Features (RTF) just considers the number of features shipped in an iteration. Number of features alone can not provide
the progress accuartely because size and priority
of the features if not more but equally important
to measure the progress. Two different iterations
having five features each but of with different sizes and priority will give the same value for progress using this metric.
Earned Business Value (EBV) assigns a business value to each story which depends on how
important that story is for the product. In other
words, it only considers the priority of a story to
assign a relative weight but not the relative size.
Some existing agile metrics which measure
quality of the product are given in table 2. These
metrics can be compared with proposed metrics
FCRI, and FCRR. FCRI gives the percentage of
the features which passed the acceptance tests
compared to the total number of the features that
are being planned to be implemented in an iteration. It considers the size, priority and number of
errors detected and corrected in a feature. A feature
of higher importance/priority (or size) passing the
acceptance tests contributes more towards (give
more confidence in the) quality of the product than

a feature with lower priority (or size) passing the
acceptance test.
Unit tests per user story gives the quality of
a particular user story. More the number of unit
tests per user story, higher is the quality of the user
story as it is tested more thoroughly. As such it
does not provide the idea about the quality of the
whole product.
Functional (Fitnesse) tests per user story gives
the quality of a user story from customer’s perspective. Higher number of of functional tests per
user story give more confidence that the code implementing the user story satisfactorily meets the
customer’s needs. Again, like the previous metric,
it does not provide the idea about the quality of the
whole product.
Builds per iteration gives the idea about the
quality of the features already implemented in a
build but it does not counts the number of features
implemented in comparison to the total number
of feature planned. To get an idea of the overall
quality, we require more information for example:
quality achieved in an iteration is 60% because
60% of the features (considering the priority and
size) have already passed the tests.
Defects carried over to next iteration metric
value represents the total number of defects irrespective of whether these defects are in a single
feature or scattered around all features implemented in an iteration. This missing information
is equally important because a product having de-

Table 2. Some existing quality metrics for agile software development
Name of the Metric
Unit tests per user story
Functional (Fitnesse)
tests per user story

Builds per iteration
Defects carried over to
next iteration
Running Tested Features
(RTF) [5]
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Description
Unit test checks the behavior of a single piece of code. Unit tests are written by the
developers.
Functional tests checks that a feature or group of features meet customer’s requirements
and achieve goals, such as performance. Normally functional tests are the responsibility
of the customer but it can be written by developers based on the stories of the customers.
It is the number of builds done in an iteration. When a build is successfully made, it
ensures that there are no defects remaining in the build and all the modules in the build
are working correctly together as a single unit. So, it ensures the quality of the features
implemented in the build.
It is the number of defects that are carried over to the next iteration. More the number
of defects carried over to next iteration, lower the quality of the product.
RTF represents how many features are shipped in each iteration [6]. It is the ability to
continue shipping quality product to the customer [6]. The fact that the features are
tested ensures some level of quality [6]. Unfortunately, a good RTF measurement is
only as good as your last iteration [6].
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fects in all implemented feature is of lower quality
compared to a product with just one faulty feature.
Running Tested Features (RTF) just considers the number of features shipped in an iteration.
Two different iterations having equal number of
features but of with different sizes and priority will
give the same value for quality using this metric.
5. Conclusion
Constructivism is a cognitive theory that suggests that new knowledge is constructed gradually, based on the learner's existing mental structures and mental structures are developed in steps,
each elaborating on preceding ones [4]. Agile software development methods support the gradual
construction of knowledge related to the development of software systems and therefore, follows
the theory of constructivism. New metrics are proposed to measure the progress in agile software
development project and quality of the product
being developed. The proposed metrics are also
compared with existing agile metrics to show that
they better represent the progress and quality of
agile software development projects.
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Abstract
Corporate governance has necessarily been
imposed as a need in changing and changed environment of the world economy, in the creating of
wealth and providing the opportunities for higher
employment. Corporate governance refers to the
structures and processes of governance, directing
and control of business companies. It represents
the set of relationships between managers, the
board of directors and the supervisory board, major and minority shareholders and other groups
of interest, it defines the goals of business companies, determines the means for attaining those
goals and monitors their execution and effectiveness.
In this paper the author provides the insight
into the regulation of the corporate governance in
Serbia, with a special reference to the role of the
board of directors as a key element in the structure
of corporate governance. On the basis of the research (Radović, 2010) conducted in the Serbian
companies during 2006-2008, the author endeavored to establish the state of corporate governance
in the corporations in Serbia, and especially the
extent to which the board of directors realizes its
role in governance and to which it contributes to
good governance of companies and meeting the
expectations of shareholders. This paper especially emphasizes good and bad sides of the boards of
directors and gives the recommendations for the
improvement of governance, with the aim of raising competitiveness of Serbian companies and of
financing from the external sources under favorable terms.
Key words: Company, competitiveness, corporate governance, the board of directors.
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1. Introduction
Corporate governance represents a common
expression for implementation of legislation and
series of voluntary defined and adopted procedures that enable the profit making company to
improve efficiency of business and to attract the
financial means as well as the best staff. A good
system of corporate governance contributes to the
sustainable economic growth, to strengthening of
business companies and to attracting of domestic
and foreign sources of capital and their protection (Ristic,2004). It ensures the structure through
which the goals of the company, the means for
attaining the goals and the ways of monitoring
the results are determined. A good corporate governance should provide the management and the
boards with the incentives to attain the goals and
interests of the company and the shareholders. The
presence of a good corporate governance in the
company helps it achieve the degree of confidence
necessary for proper functioning of the market
economy. The result of such governance is lower
cost of capital, more efficient use of resources and
faster growth of the company. Legal, regulatory
and institutional environment influence on corporate governance, but as well as the business ethics,
shared awareness of the interests of the environment and social interests also influence on a longterm reputation and the success of the corporation.
For establishing the state of corporate governance in the business companies in Serbia, the
empirical material is obtained through the survey.
The companies are selected according to the criteria: various activities and presence of small shareholders in the ownership structure.
The survey is focused on the specific relationships and issues related to governance, remuneration and transparency the board of directors with
Volume 7 / Number 1 / 2012

technics technologies education management

the aim of analysis of the quality of the corporate
governance in the business companies in Serbia.
The questionnaire (Radovic,2010) for the
members of the board of directors contains 35
questions. The questions are grouped into four
sections, and they refer to:
–– the basic data on the business company,
–– the composition and operation of the board
of directors,
–– remuneration and
–– transparency and audit.
2. The role of the boards of directors in the
system of corporate governance
The board of directors manages the company
instead of the owner. The role of the board of directors is complex because of the shareholders
that can be minor, individual or large institutionalized, that can have little or no power, that can have
controlling stake owing to the number of shares,
they vote by the representative with proxy, or
they come to every annual assembly and actively
participate in assembly’s work. The board of directors should meet the different interests of the
shareholders, so for that reason its role is nowadays more important and more significant than it
has ever been.
The boards of directors have a key role in good
company management. They are also important
for the role of the corporation in the society. A
good governance is reflected in the rising expectations that are put before the board of directors
in the form of advisory guidelines, principles, recommendations, code of conduct, with statutes and
regulations of the government and its agencies,
institutions as the stock market, Securities Commission and others. The board of directors decides on the goals of the business company and its
purpose. It manages on behalf of the owners and
meets their expectations. The managers decide on
the way of attaining the goals and on the choice of
the means. The board of directors defines which
means are not allowed (acceptable) because they
may harm the reputation of the business company.
If the policy of the board of directors is clearer, inasmuch the management can use faster and skillfully its knowledge in attaining the agreed goals.
The problem is in setting the boundary between
Volume 7 / Number 1 / 2012

the tasks of the board of directors and the manager, and/or the executive directors.
The participants of the corporate governance in
Serbia have accepted found boards of directors and
they seek to be successful within the existing norms.
Placing the corporate governance at the center of
events and appearance of codes of good practice,
in conjunction with market conditions of economic
activity, should contribute to increasing of the success of the board of directors. According to John
Carver and Caroline Oliver, a significant shift requires a new model of governance, and not only the
improvement of the existing model (Carver, 2002).
One of the problems that is put before the
board of directors is also the issue of evaluating
the results of the work of the board of directors
and the executive directors. The members of the
board of directors, and/or its commission, should
set the criteria for evaluating (to agree) in such a
way that they will learn from the previous process.
The goal of a strong board of directors is to make
a shift in governance in the interest of their owners
and the company in general. High grade board of
directors sets and creates a powerful management
that acts as best it could.
Although there are different customs, important events, different organization and structural
complexity of the companies, nevertheless there
are common features of governance bodies that
may be considered as a general model of corporate governance. The board of directors proceeds
from the general purpose and nature of competence, and not from the structure and the processes
in practice. Governance includes every aspect of
business of the company, but it should be separated from the management.
Governance should be seen within the concept
of ownership, it resolves the current issues and
it imposes higher level of responsibility. It is demanding and it awakes a passion for leadership,
but not only the leadership over the others but also
on behalf of others (Carver, 2002). The policy of
the board of directors should be seen as:
–– steps below the property, and not the steps
over management;
–– active, determined, independent link in the
competence from the owner to the executor;
–– commanding, and not advisory role;
–– responsible control of the work of the manager;
129
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–– team activities, because the chairman is only
the first among equals;
–– transparent business of the company, both to
the owners and the company. (Tipurić, 2008)
The purpose and nature of the competence of
the board of directors require different approach
to governance and management. These are different roles that produce different added values, require different skills and deal with different types
of work. Governance may be difficult if these two
roles are not clearly defined. Mixing of governance
role and managerial role in practice we encounter
in giving the role to the chief executive officer and
the role of the chairman of the board. Both roles are
accountable to the board of directors, but they cover
different areas of competence, so they require different skills. The success of the chairman of board
of directors is assessed by the efficiency of governance, and the success of the chief executive officer
is assessed by the efficiency of management. Even
if these two roles are performed by the same person, it is required that the roles be separated.
The quality of corporate governance is reflected in greater transparency, less dependence on the
management, in the change in the composition of
the audit committee and in separating the role of
the chairman of the board of directors from the
managing director.
However, practice shows that the responsibility
of the board of directors (directors’ board) is rarely
mentioned. Governance of the Enrom has shown
the deficiencies in corporate governance. The practice of Enrom does not differ from others, often
at the meetings of the boards of directors, a story
about mere fortunate circumstances may be heard.
The reactions to the case of Enrom more tell about
corporate governance than it tells itself. Top managers and the audit committee have born the guilt,
and just minor remarks have been addressed to the
board of directors. The board of directors controls
the executive directors and elects the audit committee. If the responsibility is not only formal, then the
failure of the executive managers, the audit committees and auditors is at the same time the failure
of the board of directors. The boards of directors
are at the top of the ladder, but there is no corporate
awareness, so the media and the public do not see
them from the point of responsibility.
130

3. The board of directors in Serbian system
of corporate governance
Rules of governance and supervision over governance are regulated by Law on business companies and Code of corporate governance. The goal of
regulation is, in the area of corporate governance,
to strike a balance between the power and the influence of the bodies in the company, to create a permanent and consistent system of the control of the
work of the management and to protect the rights of
investors, which enables the business company to
achieve business success in the long run.
The board of directors is responsible for governance of the company in accordance with the rules
and the general acts of the company. It has a fiduciary duty to the company and all shareholders,
also including the minor. The board of directors
should tend that the company operates realizing
profits, and thereby protecting the interests of the
shareholders, the employees, creditors, consumers
and public interest. The members of the board of
directors in this capacity should perform the tasks
conscientiously and should work in the best interest of the company.
The board of directors supervises and determines the responsibility of the executive directors,
as well as the other persons with significant authority in the company. The members of the board
of directors have the duty of keeping secret and
other confidential information. The board participates in defining the strategy of development and
it shall assess the degree and evaluate the types of
risk acceptable in achieving the stated objectives.
With the authorization of shareholders’ assembly,
the board of directors may take defensive measures that will prevent or aggravate the takeover.
Law allows at least three, and maximum of fifteen members of the board of directors, and their
number should be odd. Number of members is determined by Articles of Association, where particularly the following is taken into account: a fast and
effective decision making, different business and
life experiences of the members, as well as their
knowledge from various fields important for the
governance and management of business company.
At least one member of the board of directors should
have knowledge and experience in finance management and accounting in quoted business companies.
Volume 7 / Number 1 / 2012
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The board of directors must have majority of
non-executive members. Non-executive members
are persons that are not members of the board
of directors. The board of directors must have at
least two independent members. An independent
member is a person that does not have business or
family ties with the company or with the controlling shareholder, nor do the members of his/her
close family have them, and which may, because
of the conflict of interests, influence on objective
and independent judgements in decision making.
It is desirable that the board of directors appoints
the head of non-executive members, and he/she
should always be available to the shareholders.
Code of corporate governance recommends to the
companies that the chairman of the board of directors and the president of the executive board be
different persons, whereby greater independence
and objectivity in judgements when making business decisions would be enabled.
The board of directors reports shareholders’
assembly about its work, presenting reports about
the number of sessions held and about attendance
of each member of the board of directors at the
sessions. Every member of the board of directors
has one vote. The decisions are made by majority
vote, under condition that there is quorum.
To increase the efficiency of governance, the
board of directors may form the expert committees. The committees represent advisory and auxiliary bodies of the board of directors, and their
decisions have the character of opinion, advice,
suggestions, recommendations or proposals. The
committee can not make decisions, it only performs the research, examination or study, and on
the basis of this, the board of directors makes decisions. The board of directors must form the nomination committee and the committee for remunerations, and the recommendation is that it forms
also the audit committee. (Code, Article 217)
The tasks of the nomination committee are:
making proposals for the election of members of
the board of directors and giving opinion on every proposed member, drawing up proposals and
giving opinion on the members of the executive
board and other activities in the field of personnel
policies of the company. The members of the committees should be independent and non-executive
members. Basic criteria for selection of a member
Volume 7 / Number 1 / 2012

of the committee should be: expertise and professional experience in connection with the activity
of business company, professional and moral integrity, knowledge of the basic principles of business ethics, company law and mangement.
The committee for remunerations has the task
of: drawing up a proposal on the policy of remunerations to the members of the board of directors, the executive board and auditors, establishing the criteria for remuneration and questioning
the appropriateness of the remuneration for each
individual member of the board of directors, the
executive board and auditors.
The chairman of the board of directors should
not preside over the audit committee. The tasks of
the audit committee are: drawing up a proposal for
appointment and dismissal of the members of the
supervisory board, giving opinion on the appointment of the external auditor, giving opinion on the
contract with the external auditor, the examination of the application of accounting standards in
the preparation of financial statements, checking
the accuracy of financial information before its
publishing, examination and monitoring the independence of the external auditor and checking
the quality of the work of the supervisory body in
the company. The committee should have a timely
access to all information and should hold the sessions at least three times per year.
On the proposal of the committee for remunerations, shareholders’ assembly accepts the
proposal of remuneration policy in the company,
especially to the members of the board of directors and the executive board. This decision should
be a component of the financial statements, and as
a special item on the agenda at shareholders’ assembly. The remuneration for the members of the
board of directors and the executive board should
consist of fixed and variable part. The variable
part should enable the connection of interests of
the members with long-term interests of the company and its shareholders. The goal of publishing
the remunerations is to disable the concealment of
the certain aspects of remuneration to individual
members, to limit its amount, as well as to provide the shareholders with the basis for validity
of received remuneration. A member of the board
of directors is not considered independent if receives the remuneration that depends on the busi131
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ness results. Amount of remuneration will depend
on the financial situation of the company, on the
economic environment and on the work results of
the very member and the board as a whole.
The conflict of interests between a member of
the board of directors i.e. the executive board and
the company exist, when a member of the board,
or a member of his/her family has a personal interest contrary to the interest of the company or is,
directly or indirectly, engaged in other economic
subject of competitive activity. In case that there
is the conflict of interests, a member of the board
of directors should act in the best interest of the
company, and not in own interest.
4. The results of the research
The boards of directors of the surveyed business companies have had six members on the average. The smallest board of directors has three
members, and the largest has 9 members. In the
boards of directors in the sample there are only
20% of female members.
4.1. Governance of the business company
The surveyed business companies (Radovic,
2010) have assembly, the board of directors and
the director, which is in accordance with Law on
business companies and other legislation, and
with the tradition of governance of the business
companies in Serbia. 80% of the business companies have the supervisory board, in 77% of the
companies there is the executive board, while the
committees within the board of directors and the
supervisory board exist in only 45% of the business companies.
A classic question from the area of corporate
governance is: “Who dominates the business company, in/or, who exercises the control over the business company (the owner, the board of directors,
the employees or the director)?”. It results from the
survey that the board of directors with the owner
dominates the decision making in one half of the
business companies, which is very good result
from the point of the corporate governance theory.
A dominant influence of the owner in 20% of the
business companies results from the ownership
structure. The role of the director is important only
132

in coordination with the board of directors and that
is in one third of the business companies, which indicates that there are possible problems in corporate governance, because neither the owners (nor
small shareholders) participate in the governance.
The author’s opinion is that in the business companies where there is no majority owner however, the
directors dominate, while board of directors has a
secondary role and it is usually under the influence
of the director. The answers to the question testify
in favor of it: “To what extent does the board of directors accept the proposals of the director?”
In 78% of the business companies, the board of
directors always or often accepts the proposal of
the director, which testifies to his/her influence on
decision making within the business company. In
contrast, only in 22% of the business companies
it is common practice that the board of directors
decides on the proposal of its members. However,
the impression is alleviated by the fact that in one
fifth of the business companies the proposal of the
director is not always accepted, which testifies that
the director does not have an absolute control in
the business companies.
In Serbia, during the previous decades, the
influence of political structures (party organizations and powerful individuals) outside the business company has been large and often dominant.
Therefore, it is interesting to see what the influence is today when the privatization is at an end.
The answers to the question: “Has the politics
(influential individuals, political parties, authorities etc.) in recent times influenced on the selection
of managers, business policy, privatization, organizational forms of business company and investments?“, have confirmed that a direct influence of
the politics on the functioning of business companies is significantly reduced after the privatization.
Political structures do not have the influence on the
selection of managers, organizational structure and
the choice of investments, in 33% the politics interferes in the current business policies, in 20% of the
companies the politics has influenced on the privatization. Whereas in the past the election of practically every director was due to political approval, or
even the director was imposed by the political factors; now the election of the director is proposed by
the board of directors, and shareholders’ assembly
accepts it. However, neither now the influence of
Volume 7 / Number 1 / 2012
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the politics is eliminated. These relatively low percentages, however, testify that non-economic factors still, although far less than before, influence on
the business of the business companies.
It is also evident that the influence of politics is
very high before the privatization. Law on privatization gives the state a right of initiative in the process of privatization of every business company,
so that the state authorities may influence on the
process, both formally and informally (creating
the lists of business companies for an accelerated
privatization etc.).
4.2. Action of the boards of directors
The board of directors is, as the representative
of the owners, in most of the modern world the
main body of governance of business companies.
Its primary responsibility is providing long-term
profitability and supervision over the management. In most countries the board of directors is
responsible for adoption of the business strategy
and setting up, dismissal and remuneration of the
management. In fact, its job is to protect the interests of the company and its owners before all that
can endager it, so thereby also the management.
The board of directors in the business companies performs the tasks common to the boards of
directors. It regularly submits annual reports to the
assembly, suggests distribution of profits, appoints
and dismisses the general director, gives guidance
on the business policy and makes investement decisions. In all surveyed business companies the
boards of directors perform tasks within its competence on the whole.
One of the attempts of determining the position
of the board of directors is questioning on whose
proposal it is chosen in the present composition.
We may assume that board of directors owes the
loyalty to the proposer, and/or protects his/her interests. To the question:“On whose proposal has
the board of directors been chosen?“ possible answers were: on the proposal of the director, shareholders, the employees and the committee for
election and the nomination committee.
In 77% of the business companies the proposers of the current members of the board of
directors for candidates are shareholders, and in
33% the members are proposed by the nominaVolume 7 / Number 1 / 2012

tion committees, and are adopted by shareholders
at shareholders’ assembly, which is natural in the
privatized business companies. On the basis of
the research it follows that in practice, the Law is
obeyed in its entirety.
In 22% of the business companies all members of the board of directors are employed in that
company, whereas in 78% there are the employees
outside the company. So, in most there are also
the external, so-called the independent members
of the board of directors. The independent members are not in any formal way dependent on the
management and may contribute to the work of
the board with its independent attitude, whereas,
on the other hand, they may be less interested in
the fate of the business company, just because they
have neither financial nor other interests in it.
The meetings of boards of directors are held:
over 15 times per year in 25% of the companies,
from 10 to 15 times in 25% and less than 10 times
in 50% of the business companies.
So as the members of the board of directors
could work successfully, it is certainly necessary
that they dispose of information on the business
company. However, the answers to the question
“Do the members of board of directors have unlimited access to information and documents?“ have
shown that it is not the case in 10% of the business
companies. The directors believe that there is business information that the members of the board of
directors should not know, which is unacceptable
from the point of corporate governance.
Of the members of the boards of directors that
have answered the survey, 87% are not in the
boards of directors and the supervisory boards of
other companies, whereas only 13% participate in
the work of two more boards of directors or supervisory boards. These results show that there is
no significant accumulation of functions, which
would otherwise negativelly influence on the
quality of corporate governance.
In 60% of the companies from which we have
got the answers, there is the rules that regulates the
work of the board of directors. Even 40% of the
members of the management claim that the rules
does not exist, which we may only accept in part.
It remains unclear whether it really does not exist
or perhaps this answer testifies to the insufficient
knowledge of the company by its own members.
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To the question “Are there documents that regulate the conflict of interests between the members
of the board of directors, shareholders and the corporation?“ 60% of the interviewees have answered
that such document exists, whereas 40% are of the
opinion that such situations are not regulated.
The opposite situation is in the question “Are
the issues related to the transactions with connected persons regulated by the statute or the rules
of procedure?“. Even 60% of the members of the
boards of directors consider that this issue is not
regulated, whereas 40% confirm that there is the
rules that regulates the transactions with connected persons. Since this problem has proved to be
key in developing the quality of corporate governance, it is necessary to give attention to it in the
developing the code of corporate governance.
The members of the board of directors are
largely satisfied with the quality of communication with the supervisory board (even 40%), completely (25%), partially (25%), and 10% of the
interviewees have not answered. Since 65% of
the surveyed persons are satisfied with the cooperation from the point of the quality of corporate
governance, the question is whether there is an adequate supervision and transparency of business
toward the shareholders and the public.
The members of the board of directors have
indicated in 50% of their answers that they are
completely satisfied with the legality of business,
profitability and company’s reputation. The other
half of the interviewees is largely satisfied. If we
start from the results of business of the individual
business companies, the question is whether it is
the best possible result or it could be better. It remains an open question: whether the shareholders
are satisfied as the members of the board of directors are, bearing in mind the decline in share price
in a significant number of the surveyed business
companies, as well as the fact that, as a rule, the
dividend is not paid.
4.3. Remuneration the members of the boards
of directors
Different techniques of remuneration of the
members of the boards of directors have the goal
of encouraging the best possible work in the interest of the company. However, the situation is
134

quite different in Serbia. In 16% of the surveyed
business companies, the questions about the remuneration have not been answered to, which indicates the attitude of the employees that the data
on the way and amount of the remuneration for
the board of directors should not be transparent.
The interviewees were unpleasantly surprised by
the questions about remuneration and they were
not ready to disclose specific data. Such attitude
testifies to the existence of founded remains of the
old system or of the insufficiency of knowledge in
the field of corporate governance.
The criteria for remuneration in 75% of the
companies are defined by the contract, whereas
they do not exist at all in 25% of the companies.
Explicitly defined criteria in the statute, the rules
or some other document do not exist. It is obvious
that the amount of the earnings of the members of
management is mainly defined by negotiations, in
accordance with specific terms. There are conditions for significant improvement of transparency
in this area.
The most important criteria for remuneration
are: fulfillment of the plan, implementation of strategic objectives and the success of business in the
field of which an individual member of the board
of directors is charged. Loyalty to the company
and the quality of reporting is of lower importance
in the remuneration.
Special benefits in the remuneration are present only in 30% of the companies and that is in the
form of a car for private use. In most companies
(even 70%) there are not any forms of special benefits, there is only fixed salary, which indicates to the
possibility of introducing of new forms of stimulation for the members of the board of directors.
In 70% of the business companies the remuneration is paid fixedly, in cash, and in 30% of the
companies the members of the board of directors
receive the remuneration in the form of fixed and
variable part, in proportion 50%-50% or 70%30% in behalf of fixed part, where variable part is
paid in cash. The means for increasing the motivation in corporate governance for the members of
the board of directors may be, besides the fixed,
also the variable remuneration.
The measures to the remuneration of the members of the board of directors in the period 20062008 were applied as follows: remuneration in
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shares in 10% of the companies, the variable part
of the earnings and profit sharing of the members
of the board of directors in 20% of the companies,
the connection of success with the variable remuneration in 10% of the companies, and in 40% of
the companies there are no developed criteria for
additional remuneration. This confirms that the
system of remuneration of the members of the
board of directors is still undeveloped. In the period from 2006 to 2008 only in 12% of the business
companies the members of the board of directors
got the credits.
A cumulative remuneration to all members of
the board of directors in two thirds of the business
companies is transparent, and/or it is published at
an annual shareholders’ assembly, whereas in 25%
neither these data are published. The results of the
survey suggest in favor of the common opinion
burdened by the past that the data on the remuneration are secret and that even shareholders themselves must not know them, which is a significant
obstacle to transparency.
5. Conclusion
On the basis of the research it follows that in
the boards of directors there are 6 members on the
average, and 20% are women. All surveyed companies have the boards of directors, and only 45%
have the committees for special areas. The board
of directors with the owner dominates the decision
making in one half of the business companies,
which is a very good result from the point of the
corporate governance theory. In the business companies that do not have the majority owner, the directors dominate, whereas the board of directors
has a secondary role and is usually under the influence of the directors. The influence of the politics
on the privatized business companies is significantly reduced in recent years and their director is
elected on the proposal of the board of directors,
and is accepted by shareholders’ assembly.
Analysis of the results among the members of
the board of directors has shown that most business companies apply the legislation in the work
of the board of directors, like the existence of the
rules and limitation in making of certain strategic
decisions, whereas the situations are insufficiently
regulated in which there is or may exist the conVolume 7 / Number 1 / 2012

flict of interests of the members of management
in relation to the company or the shareholders, as
well as the transactions with connected persons.
It may be concluded that there is space for the introduction of the variable part of the remuneration
in the business companies where the payment is
only in the form of fixed earnings, and/or that the
variable part of the remuneration can be increased
with the aim of better motivation of the members
of the board of directors in achieving business results. The remunerations for the members of the
board of directors are not transparent.
The application of good practice of corporate
governance, the completion of the privatization,
creating of code of corporate governance on the
basis of own experience and strengthening the
rule of law will undoubtedly increase the success
of the business companies. The standards of governance include the expansion of the issue about
complex relations with interested parties through
everyday application and monitoring of these relations and the introduction of so-called the system
for governance that would enable the corporation
an everyday clear insight into the governance and
mutual influence of the corporation and the society from the economic, social point and in terms
of the environment.
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Abstract
Nowdays, R&D function is being treated as
strategic one, in any given system. This fact determines method for its introduction into the system, through “top-down” principle. Since knowledge is not a category reserved for any particular
strategic level, linkage of R&D with other system
functions is of necessity, production and maintenance functions being of increased interest. This,
R&D function, structuring has to be conducted in
the manner enabling its maximum efficiency. Part
of that, structuring, process are introductory steps,
followed with proper documentation and information-communication and documentation flow.
The function, itself, has been divided onto specific constitutive parts-modules, depending of the
specific tasks addressed by a group of activities,
which, grouped in that fashion, constitute particular module, as shown within this paper. Devised
and presented model is suitable for medium and
large companies. Connection to decision-making
process and risk management should also be taken
into consideration upon reflection on the R&D
functionality.
Key words: R&D, function model, documentation flow
1. Introduction
Different researches [1, 2] have established that
R&D function represents strategic function of any
given system. By that, methodology of its introduction and functioning is being determined: introduction must be executed on the strategic level,
but, since knowledge is not a category reserved for
any particular strategic level, linkage of R&D with
other system functions is of necessity. In particular, production and maintenance functions are of
increased interest. While that, R&D function, itself,
Volume 7 / Number 1 / 2012

has to have defined vertical structure with the access up to highest strategic, decision-making levels.
This approach, with “descend” onto lower hierarchy levels, is known as “top-down” principle, [2].
2. Introduction steps [2-4]
Methodology and steps of R&D function introduction into medium (150-250 employees) and
large enterprises is depicted in Fig. 1.
Potential analysis - Aim is to determine availability of human and technical resources, and definition of future development of the function. Main
elements of the analysis are: multi-parameter
structure of human resources, existence and way
of long- and short-term goals definition, existence
of written procedures in connection to engagements on the activities that, by definition, can be
construed as R&D, functionality of communication and decision making chains in the presence of
the activities that, by definition, can be construed
as R&D, ways and methodologies of documentation keeping and access to that documentation, existence of the laboratories and accreditation level,
level of hardware and licensed software (and its
inter-compatibility) availability.
R&D functional model analysis – Organization, as well as the operating model, depends upon
function position and its primary role, and its interaction with other parts of the system in which
it operates and external surrounding. Main parameters for analysis are: market orientation; possibility of participation when calls for proposals
are being issued; reaction rate; quality of project
teams. Basic models organization-wise are:
1. Formal – Organizations which represent
system, by itself, regardless of the fact
weather they are part of the larger system,
are characterized by this structure type.
Organizational model is oriented towards
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Figure 1. Block-diagram of methodology and steps of R&D function introduction
the market and profit with equal treatment
of the rest of the system (if existent) and
external clients. In that scenario, division
is strict, according to field of expertise, and
inter-department cooperation is established
when multidisciplinary approach is required.
Certain elements, in terms of logistics,
are common (ICT, legal and economic
department, bookkeeping, and similar).
2. Functional – Within this model division
onto departments still exists, but it is not so
formal in nature, in the sense that elements
of project teams exists, but engagement of
the recourses from other parts of the system
(implying matrix structure) and outsourcing
is being facilitated with more ease
3. Mixed – part of the structure, above all, of the
management personal, with extensive and
proven experience, exists and is of formal
nature, while other part of the structure,
formed by particular project requirements is
being formed through functional association
and recourses engagement
138

3. R&D function modules [2-4]
In order to fulfill its goals, R&D function
must incorporate certain elements, which, when
grouped in connection to specific part of the function, define segments/modules of the function, determined by proper documents (Figure 2).
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–– defines categories of projects, way of
participation and financing models
–– defines methods for function’s work quality
assurance, through definition of the necessary
structures, personal and their duties and
responsibilities, engagement period, etc.
–– defines decision-making procedure
–– defines transparency of work
–– defines way of evidence keeping
b) Work program – essentially important in the
process of registration, and comprises of:
–– Goals: main and particular ones
–– Main directions for engagement, by the
engagement areas
–– Methodology

Figure 2. Presentation of R&D function`s constitutive elements-modules
Legal frame module – In order to facilitate
easier relationship with external surrounding, especially having in mind possibility of participation when EU/international calls for proposals
are being issued, it is of advantage to have a legal
“bearer” of the function within the system - implies to the systems which are not by definition/
legal status Scientific-Research (SR) or Research
(R) Organizations. Usual name for that kind of
entity is “Center”, while more accurate determination depends upon the provisions of state’s law,
regulating the matter. It is necessary to define legal
foundation of such Centre, and those documents,
by their essence, represent legal acts. Typically,
those documents are:
a) Regulations on the Centre work – basic
document, formed in accordance with
appropriate law, hence generic name, and it:
–– determines goals and organization
–– defines terms and area of work and
engagement
–– defines function “bearer” (Centre), its
organization and goals
–– defines, in general terms, work program
Volume 7 / Number 1 / 2012

c) Recommendation on project cost realization
– of economic nature, and defines:
–– existence and position of separate Centre
account
–– existence of separate sub-account for every
particular project and possibility of means
inter-transfer
–– method of supervision over direct and
indirect project related costs
–– method of work compensation for engaged
internal and outsourced personal
–– relationship with other legal entities,
engaged in the project realization
d) Recommendation on project cost realization
– of economic nature, and defines:
–– existence and position of separate Centre
account
–– existence of separate sub-account for every
particular project and possibility of means
inter-transfer
–– method of supervision over direct and
indirect project related costs
–– method of work compensation for engaged
internal and outsourced personal
–– relationship with other legal entities,
engaged in the project realization
Selection and appointment of evaluators
module – Standard practice connected to R&D
function implies existence of persons capable of
competent evaluation of project proposals.
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Complete procedure of evaluators selection
and appointing must defined by documents, such
are:
–– Guideline for selection and appointment of
evaluators – defines way of call publication,
appearance of the form for application,
criteria for received forms evaluation,
method for data bases (of interested experts)
formation, method of communication on
relation Centre-interested experts
–– Form for application – by its essence CV of
an interested person. Remark: one person
can be expert in more than one field – thus
more than one entry in data base may be
applied/required.
–– Form of evaluation of application – by
its essence it is the application form with
evaluation in accordance to prescribed
criteria (scale).
Project application module – Methodology
for knowledge and ideas practical implementation
is different, but the most common one is through
project realization. It is to be expected that the largest number of project proposals will come out the
ranks of employees, due to their daily connection
with working environment, but will not be limited
to it. In order to rationalize time and resources
utilization, standard practice, with accompanying
documents should be introduced:
–– Guideline for project application, defining,
in general terms, the following basic
elements:
○○ project application (engaged persons,
method, documentation level)
○○ project proposal evaluation (time-table,
number of stages, criteria under which
project proposal is being considered to
be positive or negative one, interview
possibility)
○○ monitoring and reporting
○○ IPR
–– Project proposal form - descriptive, which
contains information on:
○○ Name of the proposed project
○○ Data on submitter of the project proposal
○○ Abstract of the proposal
○○ Description of the proposal
○○ Data on proposed partners
140

○○ Data on natural persons involver in
project realization
○○ Additional information (drawings,
Figures and similar)
Evaluation and proposals ranking module –
Following the reception of project proposals, their
evaluation and strategic orientation of the system
compatibility must be conducted. Positive ones,
must be ranked in accordance with appropriate
parameters (technical, technological, economic,
time frame, impact, etc.).
Evaluation – conducted by evaluators, which is
being done and recorded following the next documents:
–– Guideline for evaluation, defining the
procedure, time frame and phases (for
complete and partial project proposals),
number of steps/stages, number of evaluators,
possible interviews, terms upon which
evaluation is being considered as positive
or negative one, as well as communication
channels on relation Center-evaluator and
evaluator- submitter
–– Evaluation form 1, representing quantified
evaluation, constituting of two segments: first
one represents the evaluation on technical
aspect(s) of the proposal, and the second one
of the budgeting aspect
–– Evaluation form 2, representing evaluator’s
explanation on the given number of points,
and suggestions for proposal improvement,
which,
functionality-wise,
represents
evaluators remarks, along with the estimation
on interview usefulness. This form is
presented to the “Experts Council” in signet,
and to the submitter in anonymous form
Project ranking is being done by “Experts
Council” based on the number of points given
by the evaluators, and, in need, on the conducted
multi-parameter analysis, constituting of additional criterions for proposal evaluation: qualitativeproposal must meet them, and, quantitative-with
ponder value, and can be done for:
–– Group of the same proposals
–– Group of similar proposals
–– Different proposals
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Monitoring and reporting module – In order
for Center and Experts Council to be informed on
the progress of the project, and to retain control
over expenditure and engagement of the resources, certain reports must be submitted to afore mentioned parties, by head of the project:
–– Budget report form
–– Kick-off meeting report, identifying, at the
beginning, immediate actions and goals
–– Status report form, depicting rate of activities
realization and goal reaching, in comparison
to the projected one, with conclusions and
course for further, short term, work
–– Periodic report form, depicting rate of
activities realization and goal reaching, in
comparison to the projected, in defined time
period. Comprehending, as well, overview
of the main project activities and priorities,
for the following period
–– Finishing report form, comprised of the
recapitulation of conducted activities, main
obstacles, along with the resume of the budget
Document R&D function procedure – binds
all of the modules in one entirety and defines all of
the function chain elements. Besides afore mentioned modules, which are, in general terms, regulated by this document, while, in more detail regulated by appropriate Guidelines, in it other aspects
are being regulated, as well:
–– types and categorization of project proposals,
and, thus, method for their approval
–– formation of the project teams (including
the engagement of natural persons within or
outside the system, cooperation with other
legal persons, definition of obligations, liabilities, etc.)
–– changes during the realization of project
activities
–– IPR
–– documentation storage
Everything, afore presented, when modules are
properly combined, constitutes functional model
of R&D function, out of which proper documentation channels, and flow, can be derived, as presented in Figures 3-6, [2].
Due to its complexity, in order to present it, that
information-documentation flow is being divided
onto characteristic phases:
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1. Project proposal submission and evaluation
○○ full project proposal
○○ partial project proposal
2. Ranking and project proposals approval
3. Monitoring and reporting
Based on the all of the above said, one can only
deduct that proper decision making process [5-7],
along with good risk management capability is of
outmost importance [8, 9].
4. Conclusion
Based on the above stated, certain conclusions,
in connection with the devised model itself, can be
derived [2]:
–– Methodologically precise and clear formation path, facilitating strict documentation
and information flow in any aspect and
segment, and in any given time, of R&D
function formatting and operating.
–– Clear definition of function basic elements
(modules, segments), along with way of
their connection via appropriate documents,
including hierarchy of those documents.
–– Flexibility is incorporated, thus enabling the
model to be adjusted to any particularity of
the system.
–– Model is widely usable, regardless of the
system’s primary field of engagement.
–– Facilitates controlled development and
utilization of new materials and/or technologies.
–– Enables optimal knowledge and IP management.
–– Enables connection to decision-making process [5-7] and risk management [7-9]
Devised and presented model [2] is suitable
for medium and large companies, which has been
demonstrated by constitution of R&D function in
two enterprises [3-4], first being constituted of just
over 250 employees [3], and the other having, at
the time of model introduction, more than 10,000
employees [4]. Linkage of R&D with other system functions have been taken into account, since
knowledge is not a category exclusively reserved
for any particular strategic level, or function.
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Figure 3. Phase - Project proposal submission and evaluation, subcase partial proposal submission
and evaluation, block-diagram of information-communication and documentation flow
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Figure 4. Phase - Project proposal submission and evaluation, subcase full proposal submission and
evaluation, block-diagram of information-communication and documentation flow
Volume 7 / Number 1 / 2012
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Figure 5. Phase - Ranking and project proposals approval, block-diagram of information-communication and documentation flow
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Figure 6. Phase – Monitoring and reporting, block-diagram of information-communication and documentation flow
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Abstract
Between the tax policies of Southeast Europe
and the European Union there is considerable diversity just in terms of economic development.
This situation is actually a consequence of economic competitiveness production levels, employment rate, exports and imports, investments,
savings, etc. Predictions provided by economic
theory in terms of tax policy in this field differ on
the examples of the work presented directions of
tax policy not only in EU countries but also major countries of Southeastern Europe. As a general
assessment that would perform a characteristic
of tax policy in Serbia in relation to the Member
States of the Organization for Economic Cooperation and Development (OECD) is that the lowest
taxes on capital and profit, and most of the work
and consumption. Serbian State announces change
of legislation in late year of 2010 will be in accordance with European regulations.
Key words: tax, policy, economic development, consumption.
Introduction
Tax policy of Southeast Europe and the European Union and Serbia in particular has gone and
it is going through the many challenges as a result
of various economic policies and the role of public sector inside of them. Relevant indicators that
we obtained through the work clearly shows that
the most challenging, but also the most successful ventures in the field of tax reform the previous
transition process of countries of Southeast Europe and Serbia have been made on the model of
European Union countries with the aim of stimulating exports, employment and production which
should lead to a economical stability.
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After all, the work that lies before us is divided
into four areas of research through: firstly, tax reform
in Serbia and the EU countries, secondly, issues of
tax policy and operations of offshore companies in
Serbia and a third over the practical aspects of the
administration of current tax policy in Serbia against
the same in the European Union. And of course, the
conclusion is given a comprehensive overview of
the steps made so far in the area of tax policy with
concrete proposals how to proceed.
1. Tax reforms in Serbia and the European
Union countries
Fast implementation of tax reform in Serbia
will be an incentive for increased production, job
creation, increased competitiveness of the domestic economy and reduce of the black economy, and
also to protect the most vulnerable population. To
implement such a reform is entering text understanding and support of citizens, and good laws
and their effective implementation.1 Tax reform
should be comprehensive, which means that simultaneously with changes in tax rates, which will
be taxed consumption rather than production, will
reduce public expenditure. If we compare the basic tax rate in Serbia, they are relatively small: the
income tax, profit tax, property tax, VAT. When
the global recession is behind us, it will be necessary to implement tax reform that will have a
positive effect on exports, savings, investments
and employment, reducing the relative burden of
exports, employment and investment.
On the other hand, it is necessary to discourage
consumption and imports by increasing their rela1 Djurovic-Todorovic, Jadranka, Djordjevic, Marina: Tax
Reforms in South Eastern Europe, Business Policy, vol.
34, iss. 6, Belgrade, 2005., pages 25-27.
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tive prices. One of the solutions offered by experts
of the Fund for Development Economics by increasing the VAT from 18% to 22%, which would
bring Serbia in to “golden middle” comparing with
the countries in the region, with a rate lower than in
Hungary (25 %) and Croatia (23%) but higher than
in Bulgaria (20%) and Romania (19%). In this way
we can bring additional revenue of GDP from 2.5%
to be used for other conditions stimulating economic growth - job creation and reduce unemployment.2
Table 1. VAT rate in Croatia and some countries
of European union in 2010
Country
Hungary
Croatia
Greece
Lithuania
Latvia
Estonia
Bulgaria
Romania
Germany

VAT (rate)
25%
23%
21%
21%
21%
20%
20%
19%
19%

Source: Arsic, Milojko., Altiparmakov, Nikola., Randjelovic,
Sasa., Bucic, Aleksandar., Vasiljevic, Dusan., Levitas, Tony.:
"Tax policy in Serbia – a view forward", FREN i USAID, Belgrade, March, 2010.

The recent economic crisis has resulted in the
unenviable situation of the budgets of many states
of the European Union, which had been forced to
increase taxes in order to avoid a crisis of public
finances.3 However, most countries have decided
not to raise taxes on profits or income, but the primary measure was an increase in VAT rates: Latvia
2 Tax policy in Serbia – a view forward on the usefulness
of introducing a flat tax system in salaries, increase the
VAT rate (more from 18% to 22% and lower from 8%
to 12%) and the tax system as an essential element of
competitiveness. Discuss possible directions of tax reform
is an essential and primary to the whole debate on the
effectiveness of public sector and fiscal consolidation as a
necessary conditions for long-term sustainable economic
and social development of Serbia. Raicevic, Bozidar.:
Tax reform in Serbia - what to do and when, Accounting,
vol.54, number 5-6, Belgrade, 2010., pages 152-158.
3 Controlling of growth money rate supply provides
the expansive economic development, employment
growth, keeping inflation under control and protects the
currency in the interbank market. Sabovic, Serif.: Bank
Management, Higher Economical School of Professional
studies Pec in Leposavic, Leposavic, 2007., page 10.
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and Lithuania from 18 to 21 percent, Estonia from
18 to 20 percent, Greece with 19 to 21 percent.
Also, economic theory suggests that taxation of
consumption or less slows down economic development by taxing capital and labor. Hence, recent
studies suggest that the OECD is able to consider
a revenue-neutral tax reform that would reduce the
taxation of labor and capital, and increased taxation of consumption. Thus, Germany 2007th The
increased tax rate from 16 to 19 percent, while reducing levies on corporate performance. Hungary
increased tax rate in 2009 from 20 to 25 percent in
order to enable the tax burden of employees salaries. Similar draft tax reform were discussed in Belgium, France, Holland, Croatia and others. It seems
certain that we will in the coming period see the tax
race to 25 - because EU rules allow a maximum
tax rate of 25 percent. By increasing the tax rate the
state will try to create conditions for the significant
tax relief to stimulate earnings regional competitiveness, employment and economic development.
Scandinavian countries in early nineties, have adopted economic realities of globalization and left
their synthetic systems of income tax – moving to
so-called dual income tax system.
The essence of the dual system is that capital
income taxation low tax rates, while income from
work (primarily wages) tax the progressive rates.
Many European countries have also introduced
a de facto dual income tax system - Greece, Italy,
Austria, Hungary, Slovenia, Germany and others.
Some other European countries have gone a step
further and introduced a low tax rate on capital income and on income from labor - the so-called flat
tax systems. In this group of countries are Slovakia,
Romania, Czech Republic, Bulgaria and Macedonia. Clearly, then, that Europe is turning its back on
the synthetic system of income tax, and that Serbia
the optimum solution for its income tax should seek
between the flat tax and a dual income citizens tax
system. From European practice we can see another
upcoming trend - increased taxation of consumption (higher tax rates, primarily) and the reduction
of income tax and corporate citizens.
This tax trend as well is caused by economic globalization, but also with a high degree of regional
and international competition. Specifically, income
tax (earnings before all) significantly reduces the
competitiveness of countries and hinders economVolume 7 / Number 1 / 2012
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ic growth than is the case for taxing consumption
(VAT). Hence, many European countries are considering draft reforms to the tax relief fund earning
higher rates of VAT. Germany and Hungary have
already implemented such a tax reform. A similar
tax reform would be a very tempting option for Serbia, which years saw high rates of unemployment,
inflation and high foreign trade deficit.4
Serbia has a nominal rate of corporate income
tax which is uniform and proportional, and is 10%.
Tax relief for tax exist in other states, but not broad
as in Serbia. Thus, in the Czech Republic, for certain categories of companies, there are tax exemption on profits for a period of 10 years. In Croatia,
there is reduced income tax rate for companies in
certain industries. Croatia and Estonia have the
highest rates of income tax, (Croatia 20%, Estonia 24%) and Bulgaria 15%. In addition, Serbia
4 EU member states can not disclaim sovereignty in the
tax area. Or, while the Serbian government under the
influence of the IMF and make Brussels a tax law that
would limit the fiscal sovereignty of countries in Western
Europe and the United States for centuries because of
the tax led wars (or the fall of the government). For
example, the Dutch provinces and the taxes have started
a war with Spain; the famous law of tea has led to the
American Revolution ("Boston Tea Party"). Also, the
Swiss took the lead their war for independence because
of government taxes and Margaret Thatcher was dropped
when the 15 million Britons refused to pay taxes. Also, the
main sources of Aki komuniter, such as the EC Treaty of
Rome, have only a few members of the taxes. Also, even
after almost 60 years since the establishment of the EU
has no uniform rate on income from corporate tax (only
EU agreement on arbitration, which should eliminate the
double taxation). The fact is that after almost 60 years
since the establishment of the EC there is no single tax at
EU level in relation to personal income. Finally, there is
neither a uniform rate of VAT at the EU level. Therefore,
the EU, as it writes the famous expert for Aki komuniter
prof. Miroslav N. Jovanovic: "Very little has been done
in the field of taxation approach" because of political
reasons, EU member states can agree on in this area.
Specifically, EU countries jealously guard their taxes,
and no European integration is not essentially failed in
this area for 60 years. This fact shows that the myth about
a free European market and European supranational state
largely false. If not, then the prices of the same types and
makes of cars should be the same in all EU countries.
Mirovic, Dejan.: European law on tax procedure and
administration, data and information downloaded
from website http://www.nspm.rs/ekonomska-politika/
evropski-zakon-o-poresko..., Belgrade, available on
17.12.2010.
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has a very extensive set of tax relief system, which
means low effective tax rate, considerably lower
than the nominal tax rate, which only implies the
conclusion that the tax system is very competitive compared to other countries. Although no exact data, partial empirical analysis show that the
branched set of tax benefits resulting in effective
tax rates in Serbia than 5% - 6%.5

Picture 1. Inflation in Serbia and Balkan region
in 2010
Source: SIEPA, Beograd, 2010.

Picture 2. Tax rates in 2010 in Serbia

Source: Serbia investment and export Promotion agency (SIEPA), Beograd, 2010.

2. Problems of tax policy and operations
of-shore companies in Serbia
What characterizes the tax policy in Serbia in
relation to the Member States of the Organization for Economic Cooperation and Development
(OECD) is the lowest taxes on capital and profit,
and most of the work and consumption. In Serbia,
operates between 13 and 15 percent of companies
whose headquarters are on "offshore" destinations
and it is a significant amount of profit is taken out
of the country and it’s not subject to tax.
5 Momirovic, M. Dragan., Zdravkovic, Dragan.: Impact
of tax incentives to build competitiveness with special
emphasis on Serbia, Transion, Magazine, Zagreb, Vol.
11, No. 23-24, December 2009., pages 42-57.
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According to some estimates each year budgets
of countries in the world remain deprived of the
255 billion dollars because of tax havens. Russian
wealthy during the nineties of the twentieth century, estimated to be transferred to tax havens in the
equity value of at least $ 500 billion. According to
some information, almost two-thirds of all transactions in New York’s financial market is done
with money from the offshore zone. It is clear that
as long as there are taxes, will be attempting to
avoid their payment. Previously, tax havens were
a black hole since it was known where the money
included, but not where it ends. Now these black
holes a little illuminated, thanks to the activities of
the OECD, especially in the last three-four years.

Picture 3. Structure of tax revenues in the European Union and Serbia
Source: SIEPA, Beograd, 2009.

In all countries and in particular in Serbia, it
has a very extensive underground economy, and
to 40 percent of GDP. The goal is that so called
"Gray" or "black" economy zone translates into
"white", but it will not go quick or easy. In this
respect, Germany, with all the fences in a comprehensive assessment, a percentage of the gray
economy is between 10 and 15 percent of GDP.
And that’s a lot of money - between 230 and 260
billion Euros. Affect only about ten percent of that
amount, would be a great success for each head
of tax administration and especially in Germany.6

It is interesting that if you look at the history of
tax havens, their existence dating back to imperial
times in Europe. Today there are many tax havens
in Europe. The British Empire has established a
lot of tax havens in the islands such as the Caribbean, Virgin, Cayman, Bermuda, Bahamas and so
on. These areas were closely associated with London. The very British capital is categorized as a tax
haven. Another important lever are United States.
Many people do not realize that there are many of
the states in the USA that operate as tax havens:
Florida, Wyoming, Nevada, Delaware. Then there
are the US Virgin Islands and Marshall Islands.
So, a very powerful states benefit from the existence of tax havens, which is at the expense of the
rest of the world. Now of particular concern to the
East, African countries, then the Middle East, Singapore and of course, Hong Kong, are developing
activities of tax havens. Therefore, it is a global
phenomenon that requires a global solution.
Tax havens, we call them mysterious powers
(secrecy jurisdictions), are one of the main features of the global economy, especially with the
liberalization of financial markets and the globalization process in the last 30 years. This, in our
opinion, have devastating consequences for developing countries, and developed, because it allows
the rich around the world to move their personal
wealth to exotic islands or large financial centers
such as London, to avoid paying taxes. Meanwhile, tax havens have become a key business for
multinational companies shift profits from countries in which it achieved at the places where they
do not have to pay tax on the income. If it deals
with the changes of corporate income tax, we
stress that the tax evasion worldwide problem and
that it did not solve the country with far greater capacity of Serbia, such as Canada and many other
developed countries. The problem of poor charging tax in Serbia cannot be solved by changing tax
regulations, but only a more efficient application
of existing ones.

6 In all modern economies in terms of market economy,
whether developed or developing countries, there is a
phenomenon that we call the underground economy. It
is actually illegal economy, which according to some
research project 30% of the total economy. Simovic,
Milos.: Monetary and public finance, Economical
faculty, Pristina - Blace, 2000., page 331.
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Table 2. Overturn of companies in Serbia toward
of-shore zones of the individual countries in 20107
Country
Switzerland
Cyprus
Nederland
British Virgin islands
Panama
Luxemburg
Lichtenstein

In milions of euros
134,9
30,0
20,0
5,8
5,7
2,5
2,1

Source: Mihajlovic, Zoran.: Cyprus and Virgin Islands
shaking the Serbian economy, data and information downloaded from the website http://www.pravda.rs/2010/10/20/
kipar-i-devicanska-ostrva-drmaju.., Belgrade, available on
21.12.2010.

3. Practical aspects of the current implementation of tax policy in Serbia against
the same in the European Union
In all developed countries, revenue from property taxes are more significant than in Serbia. We
should change the law in order to double or triple
the revenue on that basis within a few years. Even
if we managed to increase by three times the funds
that we receive from property taxes, still does not
get out of the average realized by European countries. In Anglo-Saxon countries the property tax is
more common than in continental Europe, but its
share in total tax revenue is higher than anywhere
in this country. EU directives,8 which Serbia, if it
7 In late 2010 there were 1779 companies in Serbia
owned and registered worldwide in the off-shore
areas or countries with favourable tax environment
in relation to Serbia. Mihajlovic, Zoran.: Cyprus and
the Virgin Islands shaking the Serbian economy, data
and information downloaded from the website http://
www.pravda.rs/2010/10/20/kipar-i-devicanska-ostrvadrmaju.., Belgrade, available on 21.12.2010.
8 The majority of "the old" EU member states are
characterized by relatively complex global system with
a pronounced and progressive tax rates and "tax social
programs". Unlike the US and Canada, the old EU
member states have introduced more medullar elements
and non-taxable threshold to their PDG systems in order
to reduce the costs of administration and taxpayers. In
the most of these countries, taxpayers who receive only
income from regular employment (or minimal income
from other sources), are not obliged to submit annual tax
returns. This is the case in countries like Britain, Germany,
Hungary, etc. In addition to the collection of withholding
tax when paying wages, European practice is that the
Volume 7 / Number 1 / 2012

is to one day become part of the European family, need to respect, among other matters, and that
local authorities allow entry into the VAT system
for every company that has an annual turnover of
more than 5,000 euros. Under current law, in Serbia are obliged to enter the VAT system, all those
who have an annual turnover of four million dinars (40,000 euros), while those with between two
and four million dinars may, but need not, be liable to this type taxes.
Table 3. The share of corporate income tax and
property tax revenue in the budget of the Republic
of Serbia in 2010
Type of the tax
Corporate
income tax
Property tax

Contribution to the budget of
the Republic of Serbia in total
revenues (in %)
3,6%
1,4%

Source: Stipilja, Todorovic., Nemanja.: Tax on extra profiteer,
data and information available on the website http://www.
veeral.rs/vesti/ko-je-rekao-porez-na-ektraprofitere/..,Beograd,
available on 18.12.2010.

Recently conducted analysis of the technical
mission of the International Monetary Fund shows
that Serbia will suffer some damage if apply some
of a directives of the European Union. The mission recommends retention of cut-off levels of
four million dinars, as the harmonization with the
EU directive led to the inclusion of too many small
taxpayers in the VAT system and thus significantly increase the burden on tax administration, and
problems with false applications for tax refunds,
bringing the other hand, a little extra income. Otherwise, the current half of year of 2010 in the system of value added tax payers only 109,200, or
about 30,000 fewer than in 2003, when this tax
form was introduced.
withholding tax withheld and the payment of dividends
and interest. In spite of all deployed, "optimization"
- over 10% of taxpayers in all these countries are filled
and submitted a tax return. Canada, USA and Australia
are virtually the only countries that require all PIT payers
to submit year-end tax return. Thus, for example, in 2001
30 million people in Canada, as many as 21 million tax
returns filed. Altiparmatov, Nikola., Vesnic, Bojana.:
Reform of Personal Income Tax: think globally, act locally,
Quarterly Monitor, Magazine number 10, Belgrade, July September 2007., page 87.
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One of the directives of the European Union
refers to the type of goods to which they can pay a
lower rate of value added tax. Under this rule, the
EU, and to be respected by the states that have the
ambition to join the European Union, the Food and
strategically important products can be predicted a
lower rate of value added tax. Personal computers and components, the firewood, water, and the
first transfer of ownership of real estate should
be taxed at the standard VAT rate of 18 percent,
rather than at a lower than eight percent, which is
currently the case. However, from January 1st of
2011 the computers will be taxed at a rate of 18
percent. Recommendations of the Fund’s mission
is to, in this case, to comply with the EU directive.
In comparison with other highly industrialized
countries, for example in Switzerland, are quite
low tax levies. Swiss tax system strongly reflects
its federal structure, with emphasis on direct taxes.
Taxpayers are required to submit a statement of
annual income and working capital to the competent cantonal authorities. According to European
standards, the tax burden in Switzerland is considered moderate. This is helped by the Swiss federal regulation that allows healthy competition between the cantons, which are competing through
tax incentives to attract investors. Numerous bilateral agreements to prevent double taxation. Total
tax liability including the amount of social security does not exceed 30% of GDP which is significantly lower than at the EU level.
The unique European Union market is characterized by high competition within the free flow
of capital, people, goods and services. Member
States shall strive to create a more competitive
economic environment and tax policy is a legitimate and important tool for achieving this goal.
Using tax policy to achieve competitive advantage
is especially obvious at the beginning of the millennium when the new EU members from Eastern
European countries vied to attract foreign investment from Western Europe. This would appear so
called flat tax systems, which are characterized by
a unique (low) rate of corporate tax and income
tax.9 Tax race in Eastern Europe began Slovakia
9 A large part of public spending in Serbia goes to
mandatory social security and without having their
incomes are not sufficient for their daily operation of
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in 2004 with the introduction of tax and income
tax of 19 percent, followed by Romania in 2005
of 16 percent, to Bulgaria, Macedonia and Albania in recent years introduced a flat tax systems of
10 percent. Montenegro has introduced a tax rate
of nine percent. Western media called the trend of
reduction of corporate income tax and individual
income tax in Eastern Europe - race to zero.10
Conclusion
On the way to the European Union thing that
Serbia as a state has to do is tax reform along with
fiscal responsibility. Specifically, Serbia according
to the German best practice, and then the whole
EU, as it is, and this great country had its own national tax and other regulations to adapt the EU
pre-accession years to do anything that would facilitate the collection of state revenues and reduce
evasion of the tax, or black working.
From experience so far it really was not easy
and it is not only aimed at regulatory reform and
the introduction of these legal provisions of the EU
for us, the goal is the practical - work directly with
our tax experts. Educate them on the best way to
collect, for example, VAT, excise duties or taxes on
income or profits of companies. All countries of the
world, including Serbia, living on tax and are required to the revenue collection. Serbia for decades
has had a highly developed informal economy in
almost all the pores of economic life, which went
on one way or another, and to 40 percent of GDP.
With these practical steps in the area of tax policy
that we mentioned above affect only about ten percent would be a great success, especially in Serbia.
It is true though that in Serbia in late 2010 there
are legitimate needs of the country and will be part
those record high deficit (on average 5.5% of GDP). The
only way to solve the problem of long-term operation
of these funds is to implement a set of reforms in the
pension and health insurance that have already been made
in almost all countries of the region. Sestovic, Lazar.:
Fiscal policy in Serbia in the first years of transition
and upcoming challenges, Belgrade, Scientific and
Economic Association with the Academy of Economic
Sciences and Economics, Belgrade, 2008., page 108.
10 Altiparmakov, Nikola.: The tax system within the scope
of employment and economic growth: a blueprint for
Serbia, Fund for the Advancement of Economics and
USAID, Belgrade, March 2010., page 34.
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of the budget to compensate the additional or increased taxation of certain products and services
should be very careful because the fact is that the
maximum taxable personal consumption, which,
along with social contributions, means that all pay.
If we compare Serbia with OECD countries they
have (at least) three times smaller proportion of
the gray economy. In terms of the gray economy,
increase tax on us is still the most appropriate and
most just solution. Because even people evading
taxes and contributions (and there are many in
Serbia) have to pay VAT when purchasing goods
or services. Whether we are right is not it?
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Abstract
In the world of banking, in which each client is
the largest value of the bank, it is important to develop mechanisms for identifying needs of each client,
make clients satisfied by anticipating their needs and
customize a set of banking products and services,
putting the client clearly understands that his satisfaction with the bank on first place. Achieving these
goals should be one of the biggest challenges of the
application of the concept Customer Relationship
Management and Business Intelligence in banking
which is covered in detail in this paper.
Key Words: Customer Relationship Management, Business Intelligence, Market Segmentation,
Data Mining, Management of Personal Finances
1. Introduction
Banks around the world and many of their most
serious competitors in recent years been faced with
increasing costs anda high degree of confidence of
existing and potential customers, so for this reason, increasingly turning to automation and installation of modern electronic systems. Efficiency in
the use of automation and other technological innovations involves a large volume of business and
increase customer base through geographic and
product diversification.
The main characteristics of banking is that it
mostly depends on the confidence of clients who
have business relationships with the bank. Securing the trust and nurturing relationships with clients, except that the task of operating the bank,
should be a priority task in the application of business intelligence systems. Business intelligence
systems should be viewed primarily as a tool for
identifying the needs and wishes of clients, and as
a tool that allows you to customize products and
services with respect to the beneficiary population of the bank. In the world of banking, in which
each client is the largest value of the bank, it is
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important to develop mechanisms for identifying
needs of each client, going out to meet him anticipate their needs and customize a set of banking
products and services, putting the client clearly
understands that his satisfaction with the bank on
first place. Achieving these goals should be one of
the biggest challenges the application of business
intelligence in banking.
Business intelligence and its methods do not have
to focus exclusively and only on relations with customers, but in any case it is one of the most important
issues that this area must be addressed. Other areas
where business intelligence can be of significant benefit is the prediction of cost, as well as finding ways
of reducing them [4]. Other areas of the forecasting
methods that can anticipate movements in exchange
rates, rest/reduce interest rates by competitors,
WHAT IF analysis in the field of business planning
etc. The basic infrastructure that is necessary to solve
these types of tasks is connected with application of
data warehouse, OLAP methods, methods of data
mining, GIS and systems based on rules.
The strategic direction that creates a strategic
(top) management of the bank depends the design
of system of business intelligence, which must be
flexible enough to adapt to changing market conditions, which is especially important when a bank
operates in an unstable market environment. It is
important to note that the success of projects, the
introduction of business intelligence in the bank
does not depend on the amount of money invested
in technology. Experience shows that it was the
banking fertile ground for innovative solutions in
business intelligence, where large investments are
not necessary, but problems can be very effectively dealt with nonstandard approaches and procedures. This is especially true for problems that are
solved using the method of data mining. For such
an approach is necessary to be familiar with data
mining methods and their characteristics, methods
of data preprocessing, and certainly, the nature of
banking business.
Volume 7 / Number 1 / 2012
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2. Application areas of business intelligence
in banking
2.1 Analysis of customer profile
The main characteristics that distinguish services from which the services are different from tangible products are their intangibility, inseparability
of production and consumption process, instability, lack of storage, heterogeneity, ie the possibility
of providing a service in different ways and lack
of ownership. These characteristics of the services
the bank can turn to their advantage because it leaves plenty of space and opportunities to offer the
same or similar services, the bank differentiates
from competition.
One of the major types of analysis that is used
for better understanding and meeting clients, customers and the search for characteristic with respect to the the product/service include analysis of
customer profile. That way you can get information which is the basic profile of clients, the typical
customer who uses a package of banking products.
These types of analysis are containing elements of
market segmentation. The implementation of these basic forms of analysis is reduced to the application of statistical methods of description. More
sophisticated approach to this issue may in itself
involve the application of methods such as collaborative filtering, clustering, decision trees etc. It
is difficult to draw a clear line where stop analyzing the profile of clients, because in them we can
include more complex models such as Bayesian
networks, for example, estimate the probability
response market segment for offer condition for
the particular product/service.
Analyses customer profile helps bank in the initial informing its customers, and should give basic
answers to questions like:What is the population
characteristics of satisfied customers, and why are
they satisfied? What is the population characteristics of dissatisfied customers and why they are
unhappy? What are the basic characteristics of the
population of bank customers? Is there a certain
degree of diversification and which, among the
population of clients with respect to type variables
age class, region, used products and the like? What
is the population of loyal customers, and why are
they loyal? Whether certain activities of the bank
Volume 7 / Number 1 / 2012

aimed at specific client groups, are increasing the
degree of their loyalty? Do you set aside a certain
population of users of products/services compared
to other populations with respect to some feature?
There are a whole range of issues on which
the analysis of customer profile might provide answers. The art is not only to find the answers to
these questions, but also to ask the right questions
that affect the core of the problem. The analysis of
profile clients in the banking industry often serves
as a prelude to more complex analysis which prepares the ground and look for interesting patterns
that will later be analyzed in detail. This type of
analysis often serves as a test of the success of the
implementation procedures of data preprocessing,
where is estimated a suitability of classification
variables, the need for the extraction of new variables, the need to redesign data warehouse, if you
are talking about an automated ETL processes.
One of possible solutions of standardization of
this kind of analysis is that data warehouses provide complete logistical support for standardized
data for analysis and reporting, in which complex
solutions can be derived in the form of ready made
software solutions. Analysis of customer profile is
not specific only to banking, but can be applied
in areas such as trade, insurance, pharmaceutical,
hospitality etc.
2.2 Market segmentation
When it comes to segmentation of banking
markets in the literature that comes from the West,
commercial banking are classified in Wholesale
Banking and Retail Banking. In our banking practice retained the traditional segmentation of retail
and corporate affairs.
Activities in the "Retail Banking" includes offer different types of services, such as holding deposits and granting loans to nonbanking sector,
providing financing of small importers and exporters and lending to individuals, households, corporations and small companies, as well as providing
other services for this market segment . The term
"retail banking" is not identified only with the retail sector.
Unlike the "retail banking", which operates
mainly with individuals and companies small and
medium-sized, "Wholesale Banking" mainly inc155
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ludes transactions with large corporations, banks
and other financial institutions and governments.
Thus, " Wholesale Banking " is not only identified
with a sector of the economy, which is given its
own segment included in the above segmentation.
However, market segmentation in banking
practice can be made to other, less important but
equally important criteria, such as the age of customer, financial status (increasingly used), the
loyalty of bank customers, the number and volume of transactions with the bank and the like.
Unlike traditional segmentation, which mainly relied on the expert knowledge and a free assessment of experts, using the method of data mining
can be formed very precise market segments. In
the banking business, as in every other area, segmentation allows addressing specific target groups
and focusing attention on a particular market segment that meets certain characteristics. The usual
method of segmentation is based on expert knowledge, which is reflected in a series of SQL queries with the aim of extracting all those clients
who meet set criteria. Data mining allows extraction rules for segmentation independently with respect to the target variable, which is a much more
accurate than intuitive estimates [5].
2.3 Cross-selling
General economic instability and the deterioration of economic performance in economies around the world significantly change the characteristics of financial markets. Financial markets are
increasingly characterized by slow dynamics, poverty and the continued fight of financial institutions to maintain the loyalty of existing structure of customers and the new structure of activities, often outside the traditional activities. Financial institutions which differed by type of activity
they perform, realized that the area of their business is no longer a barrier to new competitors. Under these, a much stronger competitive pressures
can lead to deterioration of the weaker companies
to merge to larger companies that offer a wide range of different services.
A direct consequence of the efforts of financial
institutions to strengthen their competitive position
in the "scorching and choosy" financial markets is
a phenomenon of convergence and cross-selling,
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which represents the overlap of parent banks with
operations compatible affairs of other financial intermediaries. For example, the switching characteristic of the traditional activities of banks and insurance, where banks have a location advantage
and a database of clients and insurance company
personnel expertise and developed market.
Cross-selling can be defined as an increase in
sales activity in the population of existing clients
and by selling those products and services that customers do not use, and provider of them in certain
processes judged to be potentially feasible. There
are lots of ways to achieve this goal within the system of business intelligence in banking, and can
be implemented using methods such as collaborative filtering, decision trees and clustering.
2.4 Analysis of customer departures
Significant threat to the banking business, particularly in terms of saturation of the market, is a
departure of clients, or move clients into competitive bank. One of the main tasks of business intelligence and early prediction of these trends, as
well as early diagnosis of their occurrence, and search for their causes [12]. The causes of attrition of
clients may follow from dissatisfaction with local
banks; better conditions offered by the competition, go to another bank is conditioned by the employer; negative trends in the market (unemployment, crisis, social and political uncertainty ...).
For example, during the Great Depression
1929-1933. leads to the phenomenon of financial
disintermediation, which is a direct consequence
of deregulation of modern financial markets. Financial disintermediation represents a withdrawal
of funds, or funds from financial intermediaries intermediates, ie by the end-lenders (savings units)
and direct lending of its free cash to the final borrowers (investment units). Depositors are withdrawing their funds from savings accounts with local banks or savings - credit associations and buying bank certificates of deposit, commercial paper, treasury bills government (Treasury Bills) and
banker's acceptances from brokers who are money
market instruments. This behavior of depositors of
banks was the direct result of the adoption of Regulations Q in the United States, which stipulates
limiting interest rates on deposits of commercial
Volume 7 / Number 1 / 2012
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banks, which in terms of growth rates in the market once conditioned enormous outflow of clients
from commercial banks [6, pp. 177].
Given that the bank each client valuable, it is
necessary as soon as possible to discover the causes of attrition of customers, and to predict possible trends in dispersal order to prevent them. These trends can be observed by classical methods and
data mining, and traditional market research that is
reduced as the telephone survey using pre-prepared questionnaires on a representative sample.
The methodological procedures when conducting the analysis departures (Churn) reduces to
the detection of the common characteristics of the
samples outgoing population. Based on these characteristics to look for potential causes and thereby not well restricted solely to the internal, but
also to external data sources in order to obtain the
clear picture. In this way it can detect whether the
reason for attrition of their own failure or impulse
from the market, for offering such favorable conditions for purchase / use of a product / service.
Further action after spotting the causes must focus
on retaining existing clients at high risk of leaving,
and which are identified on the basis of analysis of
samples the exiting customers.
2.5 Disclosure of potential fraud
One of the areas where business intelligence
can be extremely effective is detection of potential fraud (Fraud Detection). Although the banking
pay particular attention to the accuracy, reliability,
accuracy and a high degree of operational security, there are cases of fraud, such as situations where a bank customer credit card stolen, and trying to
make a transaction or series of transactions before
the customer notices, and report the theft.
Systems to detect fraud should be based on the
behavior of a person who has misappropriated credit card to assess whether it is the alienated card.
These are the situations with regard to frequency
of incidence is relatively rare, and it should take
care about this during traditional data analysis methods, data mining. One possible solution model
to detect potential fraud could be implemented
using the Bayesian networks. Network for example would have the task to assess whether the current activity of buying a particular client in accorVolume 7 / Number 1 / 2012

dance with his usual activities of this kind, and if
not, should be alert to potential danger to.
Rules that indicate potential fraud can extract
and using decision trees, and incorporate them into
systems of control transactions. A hypothetical system based on rules that are extracted using the method of data mining can be presented as follows:
If a client made a transaction of more than 50%
of the total available limit of the estimated risk of
potential fraud is 0.2. If a client made a series of
transactions in one day in a variety of retail outlets
at intervals of less than 1 hour in an amount greater than 80% of the total available limit estimated potential risk of fraud is 0.7. If a client made
a bank transaction to the total amount of 100% of
the total available credit card limit on the estimated risk of potential fraud is 0.9.
Presentation of the rules may be the result of
applying data mining methods of sample data showing diagnosed scams. Based on this sample of
data mining methods, such as Bayseovih network
can find the rules and assess the likelihood with
respect to patterns of behavior. Such systems can
be of great benefit not only in banking but in insurance, where the quick and efficient way can segment potentially suspicious claims for compensation which meet certain criteria.
Detection of fraud should not be viewed solely
through the prism of one method, as is illustrated
in the example above. Systematically addressing
these issues involves chaining a series of methods,
taking into account a number of factors, and system upgrading in accordance with the spiral approach of system development.
2.6 Managing personal finances
Managing personal finance in the banking industry include the creation of financial products and
services tailored to individual clients and in accordance with their individual abilities, potential financial risks and impulses from the environment and it
represents the backbone of the overall development
of the financial industry by 2010. year.
In its original form, the management of personal finance in the banking industry is concerned
mainly private individuals as clients of the bank,
and population and housing, as well as small and
medium enterprises (taking into account - trans157
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action and nontransaction, payment services, protection against risks, including insurance policies and activities with financial and credit derivatives, access to liquidity, and enabling the conversion of assets in immediately available liquid assets, credit, depending on the specific needs
of clients, managing financial affairs and property of clients, selling insurance and savings plan related pension). Personal finance department's activities are generally aimed at establishing trust relationship with the client, protecting client assets,
making decisions about managing and marketing
its capital, maintaining the client's estate planning
and providing that the ownership of the property is
transferred to those entitled by law belongs to the
deadlines and regulations and to provide adequate
commercial assistance in locating and management of funds and legal assistance in creating the
most favorable conditions for pension insurance.
In recent times, by increasing competition in
the banking and non-banking sector has expanded
domain of personal finance management in banking and some banking transactions with major
customers (corporations) and institutions (financial and nonfinancial, private and public), such as
a larger volume and value in the area of accepting deposits, payments (both domestic and international), management of business accounts, cash
management corporation in respect of the investment enterprise, the various forms of asset management, custody operations (Castody - custody,
care, supervision), agency services and collateral
services in record keeping, and property insurance, planning employee pension, social security benefits and the insurance policy, then various other
advisory and financial services (provision of consultancy services to its business clients in terms of
market opportunities at home and abroad), an integrated, structured and specifically tailored to the
specific needs of a particular client or transaction.
Thus, a key component of personal finance in
banking services are adapting to clients' needs,
anticipating customer needs, orientation towards
long-term relationships with customers and customer loyalty in the long run, fostering personal contact and discretion. In contrast to the philosophy of traditional banks focus on expansion
and growth through increasing the number of new
customers of banks, access to personal financial
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commitment to the long-term basis focus on linking existing customers to the bank over the opening of the possibility of using a variety of services from a range of banks according to their requirements and current and future financial status.
At the beginning of this century, due to the increase of competition in the banking sector, banks
have begun to turn to customers in terms of financing of their large enterprise and financial management of their finances in order to ensure their
portfolio "residue" of potentially loyal customers.
On the other hand, personal finance departments
at banks often succeed to attract large sums of deposit funds managing assets of its clients' most different companies, government institutions, funds,
charities and endowments, as well as individual
persons and families. From the standpoint of the
bank, the management of personal finances is attractive in the world of banking because of conviction to make a stable income that can eliminate the volatility of revenues from other segments
of the banking business, the efficiency of transactions and significant reduction in costs so the bank
can invest in sophisticated information systems to
support the portfolio management clients' assets
or securities. Some analysts even go further and
argue that the management of personal finances
provides high and stable income with low risk and
modest capital expenditure [2].
Managing personal finances in banks is almost impossible without a highly sophisticated information systems and business intelligence as a
computer decision support in a particular organization because there are a lot of data and information, a variety of clients, diversity of services on
the one hand, and the requirement of comprehensiveness of the survey, timeliness in decision making and the reliability and accuracy, on the other
side. Developed techniques of business intelligence such as Data Warehousing, Reporting, OLAP
technology, data mining, dashboards and other
data based on existing information systems of
banks can well manage personal finances of each
client of the bank regardless of the size and diversity of his portfolio in a very short time, responsibly and with extreme precision and effect [9]. However, the application of business intelligence to
manage personal finances in banks requires teamwork, loyalty to the bank and clients by staff in
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the team, thoroughness, gradual and confidentiality, and that employees are not allowed in the team
share information about clients who provide services to manage personal finances between themselves, with staff from other organizational units of
the bank and the staff of other competing banks or
financial institutions.
Application of techniques of business intelligence in Banks in the management of personal finances of clients will give the expected results only if
it complys with certain conditions such as high level of expertise of employees and developed a modern electronic distribution networks, timely updates and a high degree of standardization of the database client, and a high diversity of financial products and services at any time adaptive customer
requirements and market conditions. Business intelligence in managing personal finances in banks
should significantly shorten the time in the process
of deciding on the portfolio of clients available with
which to manage, improve the quality of the database of clients, ensuring optimization of costs and
financial and operational risks and facilitate the provision of large scale financial, advisory and other
services to customers with the same resources.
3. Customer Relationship Management in
the banking industry in the context of
Business Intelligence
The above-mentioned areas of application are
not only the scope of business intelligence in banking. Generally speaking, all activities related to the
development of relationships with clients that refer to elements of business intelligence can be put
into context Customer Realtionship Management,
CRM. For example, the market segmentation and
analysis of customer departures, and cross-selling,
and analysis of potential fraud and managing personal finances can be brought together into a paradigm of CRM.
In banking practice, the role of the bank's client
has changed significantly since he is no longer a
mere user of banking services that he went in and
went out to the bank. Now it is necessary that the
bank with some certain access makes clients interested in banks activities, invite him to visit the bank
and to offer him a service or package of services that
are required and even he was not aware he needed
Volume 7 / Number 1 / 2012

them. Such activities are only possible if the bank
has arranged an information system that is timely
and meaningful information about their current and
potential clients so that at any moment may notice
that some of the services could be interesting to the
clients [10, pp. 244]. There is no need to wait for bank
customer to recognize that he needs some services,
he knows less banking services and opportunities
which banks in their production program provide.
The bank and its staff based on their experience and
expertise can easily and quickly identify what the
customer really needs, now and in the future. Such
a comprehensive approach in creating, maintaining
and deepening represents a so-called philosophy of
Customer Relationship Management, CRM. [8, pp.
125]. In banking practice is more commonly used
term management of public relations.
The term PR (Public Relations, PR) to require coordinated efforts to create a positive and
attractive image of the product in public awareness through the support of certain activities or
programs, posting news of significant commercial and/or news media widely or achieve positive
publicity for radio, television or elsewhere that is
not paid, which helps the company's sales of products [1, pp. 12]. Public relations is not only the relationship with external public relations, but also
with internal and are skilled and unobtrusive way
to promote the bank and its services, without authoritative hide of their weaknesses.
According to the British Institute of Public Relations (The Institute of Relations, IPR), "public
announcement is planned and sustained effort to
establish and maintain goodwill and mutual understanding between an organization and its target
public [11, pp.. 22].
"Public relations are a function of management, whose task is to establish and foster mutually beneficial relationships between organizations
and various institutions that surround it, both of
which depend on the success or failure of the said
organization." [7]
In these different approaches to the concept of
public relations and expressed their different management practices in banking practice, the ultimate
reactive readiness to respond to emerging problems
and find solutions of crises, to the utmost readiness
to be proactive PR activities are planned in advance
and take measures to the crisis, it never comes.
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Public relations come out of the elements of
marketing communication mix and set aside as a
special category of communication. Differentiate
three important differences between public relations and marketing [3, pp. 236]:
a. Public Relations are the primary communication tool, and marketing is including needs
assessment, service development, pricing
and distribution;
b. Public Relations is trying to influence on
behavior, and marketing efforts to detect
specific behaviors;
c. Public Relations does not define the organization's goals, while marketing is fully
involved in defining the mission, target
markets and services.
Key factors which influence the effectiveness
and efficiency of promotional instruments of
banks and the selection of the optimal promotional
mix are commonly available resources, product/
service characteristics of the target market, the
phases in the life cycle of products/services that
promote or offer, the business policy of banking
institutions. The key point of public relations as
a communication category is complete openness
and truthfulness in communication, consistency of
message that sends to the public.
Managing public relations, as well as communication functions whose basic philosophy is that
the targets easier to achieve success with the support and understanding of the public than when the
public is opposed or indifferent, has the task of establishing and maintaining good relations between
the bank and its environment. These are numerous
activities that are aimed at achieving the desired
impact on public opinion and attitudes, and current and potential clients of the bank, management
bodies, regulatory and supervisory institutions.
Accordingly, public relations, the banks must be
marked with reputation, perception, credibility,
mutual trust and mutual understanding based on a
true and comprehensive notification.
The most common steps in the process of managing public relations, according to some authors,
are following [7, pp. 313]:
Defining problems or opportunities. Testing
and monitoring knowledge, opinions, attitudes
and behaviors in the organization and the environ160

ment. This step in the management needs to answer the question "What is happening?"
Planning and programming. Information collected during the first step, now are used for making the right decisions regarding the target public,
communication strategies, tactics and goals. This
step answers the question: "Based on information we received about the situation, what should
change, do or say?".
Taking action and communication. The third
step involves the application of the plan of action and communication in order to achieve specific goals for each segment of the public, during
achieving program objective. The question that
arises at this stage of the process as "Who should
do so and says, when, where and in what way?".
Assessment (Evaluation) program. The last
step in this process includes an assessment of the
preparation, implementation and results of the
program. While the program is implemented, it is
possible to make changes and adjustments based
on feedback if everything works and how it works.
Programs continue or drop out after receiving a
response to the following question: "How are we
doing or what we were?"
Phase studies and measurements of the effects
of the program. In the research phase and measuring the effects of public relations attention must
be focused on measuring the actual exposure of
members of the audience, the measurement of perception, audience, understanding, remembering
the content of published material by those whose
opinion we were interested in, the measurement of
real and financial effects of the program.
Each step is equally important as the others,
but the whole process begins by gathering information for problem diagnosis. Information and
understanding of information obtained in the first
step, motivate and lead the next steps in the process. For monitoring and tracking the success of
the program and assess its effects is essential information system development and application of
the concept of managing relationships with clients, or the concept of business intelligence.
Customer Relationship Management is basically a broader concept and it includes elements
such as Call Centers (Call Center). It is important to note that there is still no clear definition of
CRM, but this system in the context of business
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intelligence and banking, can be regarded as a specialized subsystem of business intelligence.
System of business intelligence in banking
needs systematical approach in order to eventually
achieve the goals. Such systems are built based on
a spiral approach, which makes four basic steps:
1. Identification of problems;
2. Preprocessing of data, use data mining methods
to uncover principles and development of a
model;
3. The application of discovered principles and
models of the test sample and
4. The measurement results.
Only the core of a business intelligence can
make the data warehouse, data mining, GIS systems, and the extracted rules arose as a result of
the synergy of these elements. Rules are generated
by the elements that make up the core of external
and internal sources of the data bank. They are derived from data based on the application of specialized subsystems, such as for example a system
with customer relationship management, or specialized subsystems/applications intended to support strategic and tactical management.
It is important to note that this designed business
intelligence system is one of the possible conceptual solutions. In practice, it may appear that cases
such as data mining is the backbone or holder of
the business intelligence systems, because the existence of a data warehouse is not an essential prerequisite for data mining. Also, these elements either
alone or in combination with other elements, can do
the core business intelligence systems. Confidently
we can say that data mining contributes greatly
to the transparency of this type of system. Essentially speaking, the rules obtained by applying any
of these elements, form the foundation of business
intelligence systems. Extracted rules with regard
to the character can go into different sub-types of
business intelligence, such as eg CRM or specialized subsystems/applications that are intended to
support strategic and tactical management.
Systems for segmentation, analysis of customer departures, or cross-selling analysis of the profile can be integral elements of the CRM or standalone systems, which depends on the importance
of each of these systems for the bank. Specialized
subsystems may relate to issues such as logistics
Volume 7 / Number 1 / 2012

and procurement planning supplies and advertising materials; evaluate how well commercial activities, human resource management, controlling,
macroeconomic research and analysis.
4. Conclusion
In terms of current developments in the banking market tickets have already been largely divided, and there is a strong competition among
banks. The strategy of banks is mainly built on attracting customers from other banks or retaining
existing customers. Listening for signals from the
market and those who send existing customers can
be crucial to business success. Business intelligence helps to just listening to such signals.
In future times, the success of banks will largely depend upon the quality of a developed system
of business intelligence, which is primarily focused on the client. Such systems must be able to learn from the experiences from the past and promptly respond to specific market situations.
Contrary to popular belief that the purchase of
ready-made software solutions solve all the problems in the field of business intelligence, especially in the banking industry comes to the fore
the creativity in the development of business intelligence, which relies on the skill of analysts who
finds a solution model for non-standard problems
in this area.
Of course, there are problems that can be solved by using a commercially available product,
but given the complexity of the market as a result of the balance of power in the banking scene, everything is going more and more to the fore
come to creative solutions to certain types of problems. The advantage of this approach is the possibility of rapid diagnosis of certain trends that
may carry some potential business opportunities
and potential dangers. The efficiency and speed of
recognition of these trends will depend on the efficiency of banks. Business intelligence systems
and their quality is one of the main foundations on
which banks need to build their business strategy.
Such systems are of particular importance to those
banks that have a national network of offices and
who are planning a significant expansion of business in the future.
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Abstract
The paper objective is contribution to information system development which is able to automatically recognize, encode and implement
business rules into the core of the existing business application. The observed system is built as
an intelligent hybrid system and as such includes
different classes of intelligent subsystems.
The first part of this paper deals with recognition of knowledge in the relevant sample, introduces neural network, as a means to search, and it
also introduces methods and algorithms on which
the search is based. Further on the paper, a new
software component, a genetic algorithm, is presented as an optimizer of search results.
The follow-up shows the remaining components of the system: BRL and JAsCo Generators,
as well as the component of the core application.
A separate part of the paper shows experiments
the task of which is to justify the choice of these
software components and then appropriate conclusions are drawn.
Key words: information system, aspect orientation, neural network, genetic algorithm, business
rules.
1. Introduction
One of the goals of the artificial intelligence
as a scientific discipline, is the development of
intelligent systems which are, after their installation, capable of learning, updating and evolving
on their own. Practice shows that it is not possible
to obtain a functional system of this kind by using only one technology but it is an absolute necessity to combine several different information
technologies into a unique approach to system
development, which will fully meet the given requirements.
Volume 7 / Number 1 / 2012

In economic science context, it is possible to
put paper’s goal into business intelligence frame.
The market of businesss intelligence products and
tools has been on the rise in the last few years and
shows a strong tendency for futher expansion in
the future [1].
The ultimate goal, set for the authors of this paper, is the description of a system capable of recognizing knowledge in a sample (domain), forming appropriate business rules and automatically
implementing them into the existing application.
The stated objective is realized by building a prototype of the Chibby expert system which functions as follows:
–– the neural network searches the relevant
sample in order to find knowledge;
–– the neural network creates an output which
contains an appropriate busines rule;
–– the genetic algorithm – optimizer accepts the
neural network output, processes it, and if
all the conditions of eligibility are fulfilled,
forwards it to the software component, BRL
Generator, to encode it.
–– BRL Generator encodes the accepted business rule in a domain language (of high level);
–– Translator/JAsCo Generator component,
built on the basis of the known mappings
[2], translates the high-level rules into rule
objects, declared by the JAVA program code,
and creates appropriate connections to the
core application, declared by the JAsCo JAVA
programming language extension code;
–– For a certain event the execution of the core
application is interrupted, the current business
rule is automatically implemented, and the
application is continued to be executed for
another event.
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Chibby prototype is fully developed according
to business rules aproach techniques described in
paper [3].
2. Using neural network for disclosure of
rules
Neural networks are tools that can be well used
for searching, identification and prediction [4].
The only serious shortcoming of these systems is
the inability to give clear explanations and it is,
therefore, necessary to apply a different class of
systems that will show the search results in a clear
and understandable form.
Table 1. displays classes of systems that are the
subject of artificial intelligence study. As an extension to this division, aspect-oriented (JAsCo)
expert systems are built which offer a significant
improvement to previous generation of expert systems and the key step in realizing the desired information system for automatic rule-based knowledge management. Model of this kind will be used
for giving explanation, i.e. for displaying results
of the neural network search.
Neural network built in the Chibby system is
capable of recognizing all categories of business
rules:
–– limitations;
–– drivers of actions;
–– derivations and calculations.
For the above given reasons, the network is
able to recognize patterns of consumer behaviour
and give corresponding predictions.
The following figures represent the architecture of the neural network of the Chibby system.
Context diagram (Figure 1.) presents a view of
the neural network corresponding to its black box
nature. Input and output can be clearly seen while
the inside of the network itself is hidden. Decomposition and hierarchical presentation of the neural network shows processes and the structure of
this component. (Figures 2 and 3 respectively).

Figure 1. NN context diagram

Figure 2. NN - decomposition
The aim of intergrating a neural network into
such a system is movement of expertise from man
to machine. Author Armstrong pointed out that
Neural network allows data to speak for themselves. [6]

Figure 3. NN - hierarchical presentation

Table 1. Classes of inteligent systems [5]
Technology
Neural network
Genetic algoritm
Expert Systems
164

Learning
5
5
1

Flexibility
5
4
1

Adaptability
5
5
1

Clearness
1
3
5

Detecting
4
4
1
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2.1. Automatic language identification
One of the techniques the Chibby system neural network is based on is the identification of
language from electronic text files. The following
methods are incorporated in the technique:
–– Method of reserved words;
–– the Ziph’s Law.
The method of reserved words uses whole
words to recognize the language in which the text
is written. It is possible to create a corresponding
vocabulary for each language (manual or automatic). Counting words in the sample that are present
in the vocabulary, determines if there is a match
between the sample and the corresponding vocabulary. The language from which words are identified represents te domain language. Each identified word has its own level of difficulty. Identifying words and determining the factors of the
difficulty level is the very task of neural network .
When building a system for automatic text recognition an appropriate structure of neural network
and a set of reserved words of the corresponding
language are chosen. Words that don’t belong to
the set of reserved words are called stop words and
their controlled elimination leads to purification of
the sample. [7]
For text classification, it is very important to
reduce the dimensionality of the sample, and this
is achieved by ejecting the stop words, i.e. words
that are present in the sample but do not carry any
meaning. The neural network, when processes the
sample, relies on the Ziph’s Law which states: The
frequency of a word in a language is inversley proportional to rank (difficulty) of the word.
Table 2. provides an overview of a set of reserved words of a language of high-level rules and
their connections.
Neural network of the Chibby system is built of
an input, hidden and output layer of neurons and is
capable of solving complex, nonlinear problems.
The known sigmoid function is used as the activation function for this purpose:

ϕ (x ) =

1
.
1 + e−x

The above neural network is well known as a
multilayer preceptron and a Backpropagation AlgoVolume 7 / Number 1 / 2012

rithm is used for its training. The aforementioned
algorithm achieves the minimum error search.
Table 2. Reserved words of domain language
Reserved Words Set
BR
IF
THEN
AND
OR
NOT
PROPS
AS
USING
WHERE
CONNECT
BEFORE
AFTER
INSTEAD
OF

2.2. Backpropagation Algorithm usage
The search begins from a set of assumptions
and a set of IF-THEN rules and iteratively checks
if there are rules in the sample which support these
assumptions. In each step the search finds a rule
that in its THEN part contains an assumption from
the reasoning set. If it turns out that the IF part of
the rule is correct then the assumption (THEN) is
correct as well. If it isn’t possible to determine the
accuracy of the IF part then it is forwarded to the
assumption set. The same is applied recursively
until it finds the rule that in its THEN part contains
the required statements, which is initially defined
as a goal. If not confirmed that the IF part of this
rule is true it is necessary to determine the accuracy of the given statement-it is added to the assumption list and the chaining continues.
The search through the given sample is based
on the following definition, and the processing is
shown in Figure 5:
sentence ::= <noun phrase> <verb
phrase>
noun phrase ::= <article> <noun>
verb phrase :: = <verb> < noun phrase >
article ::= the | a | an
// if the
domain represents the extended subset
of the English language
noun ::= user, basket, order, cash,
card, …
165
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adjective ::= bronze, silver, gold,
regular...
verb ::= logIn, logOut, buy, cancel,
confirm …

It should be noted that the network is capable
of evolving from learning with the teacher (domain expert), through learning with support and
several trainings to the stage in which it is able to
learn and draw conclusions on its own.

// selection
NewGeneration = Reproduction (Population0);
//overloads or parental copies
NewGeneration =
OverLoad(NewGeneration);
//parental characterictics mutation
NewGeneration = Mutation (NewGeneration);
Accepting (NewGeneration);
PopulationValuation (NewGeneration);
}
}

Code 1. Genetic algorithm pseudo code

4. The Chibby System Architecture
Prototype of the Chibby system contains the
following components: neural network, Optimizer, BRL Generator, Translator/JAsCo Generator
and core application, and Figure 6 shows its hierarchy.
Figure 4. Neuron

Figure 6. Chibby system hierarchy
Figure 5. Search and sample processing
3. Genetic algorithm - OPTIMIZER
The output from the neural network is poorly
understood and potentially already exists in the
knowledge base. To optimize the output and to
eliminate repetition of data (rules) the Optimizer
(originally called Optimizator) software component is used. This genetic algorithm, as well as the
other components of the Chibby system, is realized with the JAVA language program code, and
its simplified pseudo code can be shown in the following manner:
{ //Chromosome population generation
Population0;
// Chromosome valuation
Valuate(Population0);
While (InteruptCondition) {//Parental
chromosome
166

The core application is a software component
that includes the control component, database and
the knowledge base. The knowledge base stores the
expertise in the form of business rules encapsulated
in rule objects that have a high degree of independence from the rest of the core application. Their
automatic integration into the application is enabled
by faceted connections built using JAsCo aspectoriented extension of the JAVA language program.
Figures 7 and 8 display a context diagram and
the first stage of the Chibby system decomposition
in which the above subsystems and their mutual
communication is clearly visible.

Figure 7. Chibby system context diagram
Volume 7 / Number 1 / 2012
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5. Experimets on Chibby System
The following two experiments were performed in order to justify the choice of software
components for automatic recognition, encoding
and implementation of business rules. Similar experiments can be found in the work by Skocec [6].

Figure 9. Experiment 1.

Figure 8. Decomposition of Chibby system
For testing purposes we use the following input
data:
–– 20 electronic documents - questionnaires filled
out with desired system requirements based
on the conversation with the management;
–– 35 electronic documents – project
documentation based on experience of the
development team and the earlier work on
similar projects.

2. Training network with genetic algorithm instead
of Backpropagation algorithm (Figure 10)
Parameters are population size 50, mutation
probability of 7% and 50 most common stop
words in the analyzed sample. Number of hidden
layer neurons is 10, accordind to previous experiment. A large number of iterations are required
so that this way of training the network could be
compared to the training conducted by using Backpropagation algorithm. This is the reason why the
Backpropagation algorithm is used for training the
Chibby system neural network.

The sample search by neural network is initiated in the following two experiments:
1. Impact of the number of neurons in the hidden layer on the quality of results (showed
in Figure 9)
The parameters of the experiment were: 50
common stop words of the domain language, in
each epoch the training set was shown to the network 250 times. Testing was conducted for 3, 5, 6,
7, 9, 10 and 15 neurons in the hidden layer. It is noticeable that increasing the number of neurons in
the hidden layer to some extent reduces the mean
square error over a training set. Further increase in
the number of neurons in the hidden layer does not
give better solution, but even worse, as seen in the
case of neural network with 15 neurons in the hidden layer. According to experiment, optimal neural network contains 10 neurons in hidden layer.
Volume 7 / Number 1 / 2012

Figure 10. Experiment 2.
It should be noticed that this kind of neural network is integrated in fully operational information
system. Actual system is developed as support to
Chibby Markt e-market and represents original
software solution.
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6. Test Sample
Chibby prototype system is running and its neural network performs the search. It finds knowledge in the relevant sample and passes it on to the
Optimizer. This genetic algorithm processes the
accepted data and forwards it to the BRL Generator component to be encoded by language of highlevel rules. The above steps are shown in figure
11 report.

Algorithm is used. Optimized search results are
sent to the BRL Generator component which creates business rules and connections in the context
of the domain language (high-level). Translator/
JAsCo Generator component translates high-level
rules into rule objects, and connections into appropriate JAsCo connection aspects. Automated
translation rules into rule objects means that, after
set up of the application, there is no need for additional development team intervention.
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Abstract
Level crossings (railway level crossings - RLC)
are the intersection places of the crossing railway
lines and roads. As a place of crossing the two forms
of transport (road and rail), are the places where
collision occurs a large number of traffic accidents,
often with great damage and casualties. One of the
factors of safety on the RLC is a road construction
which is mounted in the RLC. European orientation of the RLC pavement is- “rubber panels” (rubber panels-RP) that have an impact on traffic safety
and to show many times better performance than
wooden sleepers and concrete slabs from the aspect
of durability as well as in terms of simple assembly
and disassembly in the event needs.
This paper defines criteria for the optimization (selection order of priority) that describe each
RLC as well as the results of research the relative
weight of the defined criteria. This paper will also
be shown to optimize the investment process related to the installation RP of the RLC. The paper
will be explored in addition to the research criteria
and relative weight of criteria, is shown and multicriteria analysis that provides an opportunity for
optimization investment process.
Key words: railway crossing, multicriteria
analysis, relative weight criteria, optimization,
rubber panels, investment process, case study
1. Introduction
Level crossings (railway level crossings - RLC)
are the intersection places of the crossing railway
lines and roads. As a place of crossing the two
forms of transport (road and rail), are the places
where collision occurs a large number of traffic
Volume 7 / Number 1 / 2012

accidents, often with great damage and casualties.
RLC may be provided various types of mechanical and electrical security, as well as the supporting road signs. The higher the security system installed in the RLC, the traffic safety on RLC is
raised to a higher level [1] [2] [3].
One of the criteria related to safety and the RLC
is a type of pavement (road construction-RC) which
is mounted in the RLC. In today’s conditions most
of the level crossings in the pavement (RC) has a
built-in wooden sleepers (wood panles - WP) and
the concrete slab (concrete panels-CP). European
commitment to the pavement of choice is the installation of RLC “rubber panels” (rubber panels - RP).
RP as a type of pavement have an impact on traffic
safety and show many times better technical characteristics of wooden sleepers and concrete slabs from
the aspect of durability as well as in terms of simple
assembly and disassembly in case of need.
Number of RLC on one railway line is usually
large (or on the railway network), and direct the operational regulations of each country. This work will
be carried out research that specifically relate to:
a. defining criteria that describe the RLC that
affect investment in order to replace existing
pavement with a WP or CP, RP,
b. defining the relative weight of selected
criteria (RWC),
c. application of multicriteria analysis (MC)
in determining the order of priority in the
process of replacing the WP or CP with RP.
2. RP advantages over other types of pavement with investment in installation
RP advantages compared to traditional pavement construction on RLC are the following:
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1. possible application of RP in all categories
of road and traffic load of all levels
2. RP assembly and disassembly is easy and
fast
3. shape and size of rubber panels are adapted
to the type and threshold type of slippers
and the type of rail equipment
4. tire tracks to absolute isolation, and thus
good electrical resistance
5. road vehicles crossing over without shock
RP
6. way of making RP increased the slip
resistance of road vehicles
7. RP quality control (quality control
materials, checking dimensions, visual
inspection and control functionalities),
the correct method of installation and
maintenance for long life
8. RP reduces noise and vibration from the
vehicle.

The following table shows the approximate investment costs of equip a RLC with RP (1m access ramp + 1.44 m + 1 m pavement width access
ramp):
Table 1

Disadvantages of conventional pavement made
of WP and CP on the RLC are the following:
1. Dismantling, erection and maintenance of
these types of structures is a long, expensive
and complicated
2. it is difficult to perform leveling WP and CP
from the top edge of the rails
3. It is difficult to perform integration with
tarmac or other road surface roads
4. Slip road vehicles in conditions of rain
and snow on the road
5. The emergence of damage to vehicles due
to the many crossings over the RLC due to
poor leveling
6. The noise of vehicles when crossing over
RLC
7. The reduced speed of vehicles crossing
over the RLC - causes queues on the
frequency of road vehicles crossing

The following photo shows one reconstructed
RLC with RP

The investment value of RP equipment for
installation by the manufacturer, is available in
the function of different kinds of built-in panels.
Some approximate prices (prices are for panel/m2
without installation costs):
1. Heavy traffic load - 1200 EUR / m
2. Medium heavy traffic load - 1000 EUR / m
3. Easy load - 900 EUR / m
170

Number of rails on
RLC
1
2

The investment value in EUR
(heavy traffic load)
width
width
width
crossing 5 crossing 6 crossing 8
m
m
m
6000
7200
9600
8000
9500
12500

The following figure shows the technical solution of a level crossing with the RP.

The above investment value can see clearly that
the necessary investments for the regulation of a
large RLC rubber panels, and that no state could
at the same time to invest in the reconstruction of
all level crossings. This work will be shown how
to determine the order of the methodology and priorities of investment activity related to the installation of rubber panels on the RLC (methodology
can be applied to all railway network of a country,
the selected railway line, or on a defined number
of RLC).
Volume 7 / Number 1 / 2012
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3. Optimization methodology for investment
The methodology to be used in this work (priority of investment activity) is done in four steps
as follows:
1. The first step - it is necessary to create
a single larger database for all RLC that
potentially there is a need for installation
of RP in the road. Namely, each crossing
must be described with the same criteria and
indicators, in order to implement and execute
the optimization of ranking priorities
2. The second step - a choice and definition of
criteria and indicators which will apply to
optimize all of the observed RLC. Selection
criteria and indicators is the requirement that
multicriteria analysis can be use to optimize
the process. Selection criteria has a key role
in optimizing the investment process.
3. The third step - defining the relative weight
of criteria and indicators using some of the
recognized scientific methods. The relative
weights of criteria and indicators, are the
input value in the optimization process. To
explore the value of relative weight of criteria
and indicators applied in this paper we used
research (expert opinion) and Delphy method.
4. The fourth step - application of multicriteria
analysis to optimize the process, and getting
the ranking of priorities in the investment.
4. Criteria and indicators for optimization
of investment
There are a number of criteria and sub-criteria
that can be considered to optimize the investment
activity in this scientific field.
For this research, the selection criteria and their
indicators (sub-criteria) is based on previous experiences related to traffic safety in road and railway
traffic in RLC. Selection criteria is also based on
data that can realistically be collected, in order to
create a unique database of RLC who are subject
to investment activity.
For the purposes of this paper the following criteria is select:
–– K1 frequency of rail traffic on the RLC
–– K2 frequency of road traffic on the RLC
–– K3 number of tracks observed on the RLC
Volume 7 / Number 1 / 2012

–– K4 max speed on the railway traffic on the
section where the RLC is installed
–– K5 number of accidents at the selected RLC
in define period
–– K6 tiangle visibility selected RLC in terms
of road drivers
–– K7 investment activities
K1 frequency of rail traffic on the RLC. This
criterion shows how many trains a day pass
through the level crossing (volume of traffic). The
number of trains is in direct correlation with the
category of railway tracks. Frequency of rail traffic
on a road crossing shall consist of all categories of
trains: passenger trains (Np) + freight trains (Nf).
in
Calculated by the formula: Nt =
period of 24 hours. Indicators for this criterion are
p11, p12 and p13. Weighted indicator values are
shown in the table (2).
K2 frequency of road traffic on the RLC. This
criterion shows how many vehicles of all categories pass through the level crossing per day (volume of traffic) Frequency of vehicles shall consist of all categories of vehicles: passenger cars
(Npc) + freight cars (Nfc) + bikes (Nb) + urban
public transport vehicles (Nuv) + bus (Nbus) +
other vehicles (Nrest). Calculated by the formula:
=

+

+

+

+

+
in a period of 24 hours. Indicators for
this criteria are: p21, p22, p23 and p24. Weighted
indicator values are shown in the table (2).
K3 number of tracks observed on the RLC.
Number of tracks is a criterion that shows how
over time the track crosses the road crossing.
When the number of tracks is greater the aspect
of traffic safety, road crossing is more exposed to
risks of accident events. Indicators for this criteria
are: p31, p32 and p33. Weighted indicator values
are shown in the table (2).
K4 max speed on the railway traffic on the
section where the RLC is installed. Number of
tracks is a criterion that shows how many tracks
across the road traffic exceeds the RLC. What is
the number of tracks is larger in terms of traffic
safety crossing more exposed to risks of accidents
events. Indicators for this criteria are: p41, p42
and p 43. Weighted indicator values are shown in
the table (2).
171

technics technologies education management

K5 number of accidents at the selected RLC in
define period. This criterion shows how many accidents happened on a given RLC in the observed
period. The greater the number of accidents on a
given RLC, the impact of this criterion is higher.
This criterion is a description of the indicators:
P51, P52 and p53. Weighted indicator values are
shown in the table(2).
K6 visibility selected RLC in terms of road drivers. Visibility refers to the driver's visual capabilities to detect motion of the train on the right and left
- the so-called triangle of visibility. Visibility can
be prevented by buildings along the tracks, terrain
configuration, geometry of road infrastructure and
geometry of track infrastructure ... This criterion is a
description of the indicators: P61 and p62. Weighted
indicator values are shown in the table (2).
K7 investment activities. This criterion shows
the necessary investments in equipment RLC, with
the solutions related to RP. Investment activities are
in function of: the number of tracks, road width of
road, traffic types, ... This criterion is a description
Table 2

of the indicators: P71, P72 and P73. Weighted indicator values are shown in the table (2).
Each individual criterion consists of a series of
sub-criteria that describe the criteria. In the process
of ranking the RLC, in order to obtain the list of priorities, values of indicatros must have be displayed.
The following table (Table 2) shows the selected
criteria (K1-K7) and their indicators with values:
Where the calculate is:
Table 3
Criteria
K1

K2
Kn

Indicators
P11
P12
P1n
P21
P22
P2n
P31
P32
Pnn

Value C

C1=K1xp11(p12,...p1n)

C2=K2xp21(p22,...p2n)

C2=K2xp31(p32,...p3n)

CRITERIA
K1 frequency of rail traffic on the RLC.

K2 frequency of road traffic on the RLC.

K3 number of tracks observed on the RLC

K4 max speed on the railway on the section where is the RLC.

K5 number of accidents at the selected RLC in define period

K6 visibility selected RLC in terms of road drivers

K7 investment activities
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INDICATORS
p11

> 100 trains/day

p12

50-100 trains/day

p13

0-49 trains/day

p21

> 200 cars/hour

p22

150-200 cars/hour

p23

50-149 cars/hour

p24

1-49 cars/hour

p31
p32

1
2

p33

>2

p41

>100 km/h

p42

60-100 km/h

p43

20 -59 km/h

p51
p52

0
1

p53

>1

p61

yes

p62

no

p71

>8m

p72

6-8m

p73

4-5m
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5. Determination of relative weight defined
criteria and indicators
To determine the relative weight of criteria and
indicators was used as DELPHY METHOD recognized scientific methods in the field of operational and statistical research. DELPHY METHOD was developed 50 years of the 19th century,
and was based on the need to evaluate a group of
military analysts, some activities related to technology defense systems. DELPHY METHOD
recognized methods in the field of technical sciences, based on research opinions of competent
experts in a given area and using the statistical
analysis of data and selecting the corresponding
statistical distribution.
The main advantages using DELPHY METHOD are [1,2]:
1. Interdisciplinary approach
2. Anonymity of responses of experts
3. Ability to adapt the questionnaire or survey
with lots of iterations
4. Elimination of the influence of authority
5. Elimination of group suggestions
The person who conducts the process from
application Delphy method referred to as the
moderator, and it is responsible for the selection
of experts who are elected to make the process
of assessment criteria and indicators. Moderator
Survey compiles with the requirement that criteria and indicators, experts join the numeric value.
The importance of the condition that the sum total
of all values is 100. Number of participants in the
survey (N experts) as a rule must be greater than
N> = 20 in order to meet satisfactory reliability.
Table 4
N/K
1
2
19
20

K1
11
21
O191
O201

K2
12
O22
O192
O202

-

K7
O17
O27
O197
O207

TOTAL
100
100
100
100

Based on statistical analysis we calculate:
a. the standard error of the TSR,
b. the arithmetic mean (Ksr) for normal
distribution,
c. standard deviation (Sdev) and
d. coefficient of variation (Kνi).
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In this paper, made Survey (anketa- questionnaire) and detailed instructions on the method
and accuracy of filling, with the aim of evaluation experts offered weight criteria and indicators.
Number of experts: 20 experts (construction and
transportation professionals). The survey results
are shown in the following table (table 5)
i=1, 20
j=1, 7
where is:
=1
Mean: 					
Ksr =
Max: Ki value: 			
Ki = max
Min: Ki value 				
Ki = min
Standard deviation Si:
Sdev=

; i=1,20

Coefficient of variation (Kνi): 		
Kνi =

i=1,20

Relativ weight of criteria (ωi): 		
wi =
The table above shows that the criterion K2 the frequency of road traffic RLC has the highest relative weight (wi=0.30), and the investment
value criterion K7 activity has the lowest relative
weight (wi=0,06).
In the same way and using the same methodology (application Delphy method) we have to
determine the relative weight of indicators. Determining the relative weight of indicators is needed
in this process multicriteria analysis.
The following table shows the relative weights
of criteria and indicators as the relative weight of
the final value according to the survey, with whose
values can be accessed multicriteria analysis and
optimization (table 6).
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Table 5
Ni/Kj
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Kisr
Kimax
Kimin
Sdev
K
ωi

K1
5
5
25
15
20
30
5
5
4
5
10
5
25
5
20
15
10
10
10
20
12,45
30
4
8,2428597
67,944737
0,12

K2
30
40
25
15
20
30
60
45
15
40
30
40
25
30
20
25
20
40
20
20
29,5
60
15
11,5736
133,947
0,30

K3
25
10
15
5
10
10
5
5
15
10
10
10
15
20
5
5
10
25
10
5
11,25
25
5
6,25658
39,1447
0,11

K4
5
10
0
10
15
10
5
5
15
5
10
10
0
15
10
10
10
5
10
10
8,5
15
0
4,32252
18,6894
0,09

K5
20
20
15
25
10
20
5
25
20
25
30
20
15
15
20
20
20
5
10
20
18
30
5
6,56947
43,1579
0,18

K6
10
10
10
25
10
0
15
10
30
15
5
10
15
10
20
20
15
5
30
20
14,25
30
0
7,9926
63,8816
0,14

K7
5
5
10
5
15
0
5
5
1
0
5
5
5
5
5
5
15
10
10
5
6,08
15
0
4,09717
16,7868
0,06

Total
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

1

Table 6
CRITERIA
CRITERIA
K1 frequency of rail traffic on the RLC.

K2 frequency of road traffic on the RLC.

Ki (ωij)

0,12

0,3

K3 number of tracks observed on the RLC

0,11

K4 max speed on the railway on the section where is the RLC.

0,09

K5 number of accidents at the selected RLC in define period

0,18

K6 visibility selected RLC in terms of road drivers

0,14

K7 investment activities

0,06

174

INDICATORS
pij (ωij)
Pij
p11
0,5
p12
0,3
p13
0,2
p21
0,5
p22
0,25
p23
0,15
p24
0,1
p31
0,1
p32
0,4
p33
0,5
p41
0,5
p42
0,3
p43
0,2
p51
0,1
p52
0,3
p53
0,6
p61
1
p62
0
p71
0,7
p72
0,2
p73
0,1
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6. Multi-criteria analysis
In order to facilitate selection of the optimal asset, one of the methods is the multi-criteria analysis, as presented in this section. The research used
the multi-criteria method „VIKOR“ developed at
the Faculty of Civil Engineering of the University
in Belgrade [4].
The “VIKOR” method has been developed
based on elements from compromise ranking.
The model in this paper is further realized
through the following activities:
1. Alternatives are evaluated documented
in accordance with the adopted goals and
derived a list of criteria, ie. Each alternative
Vj (j = 1, 2, ..., j) is assigned the value criteria
Ki, (i = 1,2,..., n) over criterion functions fij
(the value of the i-th criterion function for
the j-th alternative). This value is in the form
of the sum of numerical values of parameters
that define each criterion. This form initial
matrix (Fij) model for the evaluation and
decision making.
2. Normalization of various criterion functions
fij, since all criteria are expressed in the same
units measures. The method introduces a
transformation VIKOR sharing with a range
of criterion functions Di.
3. After the initial transformation matrix given
value (Nij) (i = 1,2,..., n), (j = 1,2,..., j).
4. Defining the relative weight ωi (i = 1, 2,..., n),
as a measure of importance of each criterion
in a hierarchical sequence, are entered in the
valuation model.
5. The final activity of this model is a synthesis
of all the values of criterion function for each
alternative, and then compare them with each
other based on pre-established relationship.
After comparison, the alternatives are ranked
in order to obtain the order - rankings. In
this activity values obtained matrix (Ni), (i
= 1, 2, ... n). Received the order, ranking
alternatives, the final decision - the optimal
(best) alternative.
Starting from the constraint forms of the Lp
metrics, used in compromise programming, the
following is obtained for the alternative aj:
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n

f i * − f ij

i =1

fi * − f j

S j = ∑wi

R j = max wi
i

−

f i * − f ij
fi * − fi

−

(for p=1)
(for p= ∞ )

where:
n – criterion number
wi – weight of the i-th criterion
f i * = max f ij ; f i − = min f ij ; i=1, n
j

j

Sj – distance measure of R(F,1) from the ideal
point for alternative j,
Rj - distance measure of R(F,¥) from the ideal
point for alternative j.
Ranking according to measures Sj and Rj provides two ranking lists of alternatives that significantly different one from another. Measure S gives
a ranking list where the best alternative is the one
obtaining minimal Sj, or the biggest group benefit
(advantage is given to satisfying majority of the
criteria). Measure R gives the ranking list where
the best one is the one where there is a minimal
deviation from the ideal solution (so-called minimax decision making strategy), which implies that
the better variant solution is must not be very bad
according to some of the criteria fj.
Alternative aj is better than ak if according
to measure S the relation Sj<Sk is valid, or according to measure R the relation Rj<Rk is valid.
Based on measures Sj and Rj ranking of alternatives is performed and the position of alternative aj
is determined in ranking lists s(aj) and r(aj).
Compromise programming where Sj and Rj are
criteria functions now is applied in order to obtain
a grouped ranking list. In this double-criteria problem the ideal alternative has the following values
of criteria benefit:

S * = min S j
j

R* = min R j
j

The new ranking measure can be:
Q j = v Q S j + (1 − v ) Q R j

where:
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QS j =
QRj =

S j −S*

where DQ is the “advantage threshold” that is
determined based on theoretical values of Q and
the number of variant solutions j as:

−

S −S*
R j − R*
−

R − R*

1 

D Q = m i n  0 , 2 5;

j −1 


S − = max S j
j

R − = max R j
j

v – difficulty of the decision making strategy
by majority of criteria.
Alternative aj is better than ak, according to
multi-criteria, when ranked by Q, if Qj<Qk and it
has a higher position in the rank list.
Then, VIKOR introduces a modified measure
Rj so that the value
R j = max w
i

f i * − f ij
fi * − f j

−

Is increased for the value of rj that is determined
on the basis of the following relation:

If all values of Rj, j=1,j, are mutually different,
the mentioned modification is not applied.
This has been introduced in order to enable the
ranking according to Rj for cases when Rj=1 for
every j (this can happen when criteria weights wi
are equal and when n< J).
The VIKOR method proposes as the best alternative according to multi-criteria the one that
ranks first in the compromise ranking list for
v=0.5 only if it has
–– sufficient advantage” over alternative for
the following positions (condition U1) and
–– “sufficient stability” of the first position
with the change of weight v (condition U2).
For evaluation of the “advantage” the difference between measures Qj for v=0.5 is applied.
Alternative a¢ has sufficient advantage over the
following from the ranking list a” if:
Q(a”)-Q(a¢)³DQ
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The value 0.25 limits the threshold for cases
with a small number of alternatives.
The first alternative in the compromise ranking
list has “sufficiently” stabile position if it fulfils at
least one of the following conditions:
a. It has the first position in the ranking list
according to QS,
b. It has the first position in the ranking list
according to QR,
c. It has the first position in the ranking list
according to Q for v=0.25 and v=0.75.
In case the first alternative from the compromise ranking list fulfils both conditions- U1 and
U2, it is considered that it is not ”sufficiently”
better than the alternative on the second position.
In such cases the VIKOR method forms a collection of compromise solutions where the first alternative, followed by the second one come in. If
the first alternative does not fulfil only condition
U2 then the collection of compromise solution is
formed only by the second alternative from the
compromise ranking list..
Results of the VIKOR are:
–– Ranking lists according to measures QR, Q
(for v=0.5) and QS and
–– Compromise alternative or collection of
compromise solutions.
These results represent the foundation for decision making and selection of the final (optimal,
according to multi-criteria) solution. Valuation of
the alternatives represents a process of documented valuation and comparison of possible alternatives in accordance with their characteristics, with
the aim to define the optimum. In order for this
process to be adequately realized, it is necessary
to have a reliable documentation base and that the
ranking criteria and indicators are clearly defined
and socially verified.
Volume 7 / Number 1 / 2012
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7. Investment case - example
The provisional list of requirements for the installation of the RP investors take into consideration 10 level crossings. The investor in this case
is certainly state-owned enterprises (Railways,
Ministry of infrastructure, the Ministry of Transport, ...). Provisional list of demands made on the
basis of a number of operational requirements
need to raise traffic safety on the RLC. Investor
in this example, has a budget for investment in
only 5 positions. Applying research in this paper,
will be shown the possibility that the investor have
possibility to makes the order of priority attached
to this investment activity and thus invest in the
LC with the highest priorities. In other words, it
will be shown that the level crossings are investigated criteria values of K1-K7 and indicator values for the given criteria are more important in
relation to a provisional list of requests. Output is
a sequence of crossings that will be invested and a
list of crossings that will be set up funds for RP in
a given iteration.
The following table (Table 7) shows the numerous size of the input criteria of defined-K1-K7
for each crossing:
Where are the K1-K7 criteria with certain values such as:
–– K1 frequency of rail traffic on the RLC
–– K2 frequency of road traffic on the RLC
–– K3 number of tracks observed on the RLC
–– K4 max speed on the railway traffic on the
section where the RLC is installed

–– K5 number of accidents at the selected RLC
in define period
–– K6 tiangle visibility selected RLC in terms
of road drivers
–– K7 investment activities
On the basis of selected criteria and their weight
relationship (calculated relative weight wi) made
the ranking level of level crossings (optimization
of investment activity) in order of priority for the
installation of RP with using method VIKOR.
The results of examples using multicriteria
analysis for this case
Multicriteria ranking of 10 alternatives (an alternative - a preliminary list of requirements) using the 7 criteria (criteria observed K1-K7).
List of 10 alternatives
A 1.
LC 1
A 2.
LC 2
A 3.
LC 3
A 4.
LC 4
A 5.
LC 5
A 6.
LC 6
A 7.
LC 7
A 8.
LC 8
A 9.
LC 9
A10.
LC 10
List of 7 Criteria
f 1. K1
f 2. K2

Table 7

RLC
1
2
3
4
5
6
7
8
9
10

K1
60
60
60
45
45
45
48
62
62
80
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K2
180
175
185
120
100
120
210
220
185
220

VALUE CRITERIA
K3
K4
K5
2
120
1
2
120
1
2
120
0
2
80
0
2
80
0
2
80
1
2
80
2
2
80
2
2
80
0
1
80
0

K6
YES
YES
YES
YES
NO
NO
NO
YES
NO
YES

K7
9
9
9
8
8
8
8
8
8
6
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f 3. K3
f 4. K4
f 5. K5
f 6. K6
f 7. K7

Rankings by (R.L.): QR (Minmax strategy) , Q
(Compromise strategy) and QS (Benefit strategy)
R.L.QR
A 7 0.118
A 8 0.140
A10 0.180
A 3 0.201
A 9 0.201
A 1 0.205
A 2 0.209
A 4 0.291
A 5 0.300
A 6 0.300

Index of extremization for each Ki
1. 1. 1. 1. 1. 0. 1.
The values of the relative weight w (i) for each
K(i)
K1=0.12;
K2=0.30;
K3=0.11;
K4=0.09;
K5=0.18;
K6=0.14;
K7=0.06

R.L.Q i Q(J)
A 7 0.000
A 8 0.092
A10 0.435
A 9 0.467
A 1 0.492
A 2 0.505
A 3 0.510
A 6 0.844
A 5 0.875
A 4 0.978

R.L.QS
A 7 0.279
A 8 0.320
A 9 0.561
A 1 0.578
A10 0.580
A 2 0.582
A 3 0.606
A 6 0.713
A 5 0.745
A 4 0.876

Final ranking list according to priorities
1. Level crossing 7
2. Level crossing 8
3. Level crossing 10
4. Level crossing 9
5. Level crossing 1

Relativ weight ωi = 0.571
The values of criterion function:
K1
A 1 18.000
A 2 18.000
A 3 18.000
A 4 9.000
A 5 9.000
A 6 9.000
A 7 9.600
A 8 31.000
A 9 31.000
A10 40.000
F* 40.000
F- 9.000

K2
45.000
43.750
46.250
18.000
15.000
15.000
105.000
110.000
46.250
110.000
110.000
15.000

K3
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.800
0.100
0.800
0.100

K4
60.000
60.000
60.000
24.000
24.000
24.000
24.000
24.000
24.000
24.000
60.000
24.000

K5
0.300
0.300
0.100
0.100
0.100
0.300
1.200
1.200
0.100
0.100
1.200
0.100

K6
1.000
1.000
1.000
1.000
0.000
0.000
0.000
1.000
0.000
1.000
0.000
1.000

K7
6.300
6.300
6.300
1.600
1.600
1.600
1.600
1.600
1.600
1.200
6.300
1.200

K4
1
2
3
4
5
6
7
8
9
10

K5
3
4
6
7
8
5
1
2
9
10

K6
5
6
7
8
1
2
3
9
4
10

K7
1
2
3
4
5
6
7
8
9
10

Rankings based on individual criteria:
K1
A14
A25
A36
A48
A59
A 6 10
A77
A82
A93
A10 1
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K2
6
7
4
8
9
10
3
1
5
2

K3
1
2
3
4
5
6
7
8
9
10
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6. Level crossing 2
7. Level crossing 3
8. Level crossing 6
9. Level crossing 5
10. Level crossing 4
According to the final ranking list, can be seen
that the crossing number 7 need the highest priority for intervention with RP, and follow him:
crossings numbered 8, 10.9 and 1 (the order of investment priorities). Showing ranked list (ref no
1-5) are in the group for which the investor has
the money funds in this case. Crossings numbered
2,3,6,5, and 4 were also ranked according to the
priorities of investment, but the investor does
not have money funds at a present time. This has
achieved the objective application of multicriteria
analysis that helped the investor to use scientific
methods in a process of investment decision.
8. Conclusion
Optimization of complex systems is the process by which combine theoretical and experiential
knowledge of experts. It is essential to consider the
objectives, determine the limits, make the whole division and the establishment of mutual interaction,
determine resource requirements and ensure optimum performance and system usage. This makes
it necessary to perform the optimization criteria,
which include all major components. Each alternative must be tested to determine whether it is admissible, or whether the corresponding parameter
values satisfy the given constraints.
The paper was presented arranged list of criteria and indicators used for the optimization of
investment activity, or priority of investment in
equipment rubber panel on RLC. In the example
shown that in cases where there are limited investment funds, investment optimization can be
achieved by priority.
List of criteria and indicators in this paper, is
formulated on the basis of past experience in the
field of investment [ 5 ] and traffic safety on the
RLC and should not be understood as a permanent
and fixed. There may be implementation and additional research in this area.
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Abstract
Purpose of this article is to determine role of
Economic Value Added - EVA, as most recognized and applied modern performance financial
measurement, in Shareholder Value Creation.
Shareholder value is created when the net return
on assets held by the business exceeds the return
required by those who have contributed capital
to the business. In other words, value is created
only when companies invest capital at returns that
exceed the cost of that capital. Accepting value
creation as the paramount corporate goal is only
a beginning. Managers and shareholders must determine a way to reliably measure their progress
in achieving it. While corporate managers are under constantly increasing pressure to achieve success in creating value worldwide, they often lack
the necessary measurement tools. Moreover, they
lack deep understanding of value creation process
and they lack means to communicate and to persuade investors that their money will be profitably
employed. Traditional financial accounting and
reporting has shown significant flows in terms of
value creation measurement. Management incentive system, largely based on periodic accounting
results, has often led to many problems, such as
underinvestment or, in some extreme cases, even
accounting frauds. To overcome this problem, in
last two decades, financial theory and practice
has put a lot of effort to create multiple models of
financial measurement that could reliable reflect
processes of value creation. Among them, one of
the most popular and widely accepted is Economic Value Added. Determining the measurement
criteria and establishing guidelines for interpreting
the results is important in early stages of designing and implementing Economic Value Added. In
the interest of aligning the goals of managers and
shareholders, applied shareholder value measures
180

should be tied to management compensations. Although EVA is now primarily used in developed
countries, it is expected that in near future EVA
will be widely used in medium and large corporations in Balkan region.
Key words: Shareholder Value, Economic Value Added, Performance measurement
1. The Shareholder Value Revolution
Shareholders have always been interested
in stock returns, but significant changes have
emerged in global markets in the last two decades. They started in United States, and more
lately spread to Europe, Asia and Latin America.
A confluence of factors and circumstances has led
managers to rethink their roles and those of their
companies, especially as regards value creation.
The growing predominance of shareholder
wealth culture is largely a consequence of several
major developments:1
–– The globalization and deregulation of
capital markets
–– The end of capital and exchange controls
–– Advances in information technology
–– More liquid securities markets
–– Improvements in capital market regulations
–– Generational changes in attitudes toward
savings and investment
–– The expansion of institutional investment
Decades ago, capital markets were highly segmented and highly regulated. It resulted in limited
movement of capital resources and absence of
strong pressure on corporate managers to achieve
high performance. Even when companies under1 EVA and Value-Based Management: A Practical Guide to
Implementation, Young David; O'Byrne Stephen, (2001):
McGraw-Hill., p.7
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performed, senior managers were rarely fired. In
decades after the World War II, growth rates of 5
percent or higher were common in western countries economy.
Significant changes began at the and of 1970s
and early 1980s: free-floating exchange rate in
currency markets, OPEC oil crises, the end of
fixed brokerage commissions in United States, a
growing climate of deregulation, start of a massive worldwide wave of privatization and, finally,
strong development of high-tech technology.
As result of these changes, new wave of thinking began to emerge. Traditionally, in post-war
decades people kept money in “their pockets”
or saved in banks. Investment in stocks were for
rich people of gamblers. Their children, however,
think differently. Aided by a seemingly endless
bull market and high return on stocks, millions of
common people become shareholders. This trend
was accelerated by privatization campaigns in
Great Britain and France.
As a significant factor in shareholder value revolution, it is important to highlight the worldwide
explosion in mutual funds, unit trust and other
forms of institutional investment. These funds are
run by professional managers who care only about
performance and delivering the highest returns
possible to the people who hired them. The ascendancy of shareholders in most developed countries
has led more and more managers to focus on value
creation as the most important metric of corporate
performance.
The shareholder value revolution in Europe has
now been going on for more than ten years. Shareholders around the world have finally united. Both
institutional and individual investors have stood
up, pushing harder for European companies to deliver the superior returns. Many European companies started talking about shareholder value years
ago, but only a few were keen to truly change. But
most of them have been forced to focus on their
business position and on the returns they have
been producing.
It was not always a luxury but more a question of survival within a more competitive environment. It has been a very interesting period to
be invested in European equities, and is still very
much the case. The focus on shareholder value has
helped some companies and exposed others.
Volume 7 / Number 1 / 2012

The ability to short stocks is important in an environment where the landscape and competitive positions are changing so fast. The rationale is clear:2
–– first, demand for European equities is likely
to continue to grow as the liquidity outlook
remains rather favorable, but the equity culture
is young and fragile, accentuating volatility;
–– second, the structural changes that are
currently taking place in Europe are so critical
that they fundamentally modify the industrial
picture: in a nutshell, there are as many losers
as there are fresh opportunities for business;
–– third, research is key to spread those
businesses which are strengthening their
edge and those which are losing it. Shorting/
selling has become as important as finding
good companies to buy.
Demand for European equities is expected to
outstrip supply in the next few years. This would
provide a powerful backdrop for European stocks.
Total demand, by some estimates, in the decade to
come could amount to $10 trillion versus only $5
trillion total supply. There are three main drivers:
ageing populations, low interest rates and legislative changes including pension reform. The drivers should all lead to an increase in savings and,
therefore, make equities an attractive investment
vehicle. Most importantly, the largest contributor
to equity demand is mutual fund flows, followed
by pension funds and M&A (merger and acquisitions) transactions paid in cash. The mutual fund
flow boom started In 1997, and accelerated in
1999 as investors started to sell from their bond
holdings. There is room for that to continue since
equities still account for only 50% of mutual fund
assets in Europe (less than 40% in EMU), while
they represent 80% in the UK and 60% in the US.
The example of Germany is particularly illustrative. Since 1997 when the privatisation of
Deutsche Telekom sparked the country’s first
wave of enthusiasm for stocks, traditionally riskaverse Germans have been turning away from
fixed income investment and real estate. number
2 Shareholder value at risk in Europe? Time to double
efforts for companies and investors, François LangladeDemoyen, Buttonwood Capital Partners http://www.aima.
org/uploads/2001%5CJun%5C Buttonwood.pdf, p. 1-2.
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of shareholders in the country has almost doubled
since 1996, now amounting to 22% of the population. There are now three times as many Germans
holding mutual funds as there were four years ago.
2. Shareholder Value and EVA
The new competitive pressures on the European industry suggest that shareholder value is
the best objective to keep companies growing in a
profitable way. An increasing proportion of companies are fully aware that the process of value
destruction accelerates, if drastic decisions are not
taken and implemented rapidly.
Table 1. United Kingdom1

In response, some traditionally “value-destroying” companies have signalled to the market that
corporate culture has been changing. More precisely, they have increasingly indicated that they
have set up performance benchmarks based on
Return On Invested Capital (ROIC) or Economic
Value Added (EVA) that represents the profit generated once the cost of capital has been deducted.
However, the implementation of compensation
schemes related to shareholder value is still in its
infancy, but it is slowly gaining ground: incentive
plans are critical. Moreover, it is also clear that the
stock market is very much driven by EVA as well
as by free cash flow generation (Table 1, 2 and 3).

Table 2. Germany

1

Source – Table 1,2 and 3: Op. cit., p. 4-5
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Table 3. France

2.1. Basis of EVA concept
EVA is considered to be a remarkably simple,
but powerful measure of performance. A corporation employs capital in order to generate revenues
and profits. Investors who provide that capital,
both creditors and shareholders, expect a fair return on their investments. EVA goal is to measure
the firm’s ability to generate profits in excess of
the cost of the capital employed. EVA is calculated
as the difference between after-tax operating profits and the cost of capital invested by both debtholders and equity-holders:
EVA = NOPAT – (Cost of Capital x Capital)
NOPAT – Net Operating Profit After Taxation
Capital – Investments by shareholders and
debtholders
Cost of Capital – Weighted average of the aftertax cost of debt and cost of equity
EVA concept is basically identical to the residual income theory (net income minus a charge
for the cost of equity capital) developed by economists Alfred Marshall in the 1890’s. General Motors implemented a residual income measure for
performance evaluation and compensation in the
1920’s. It was already said that over the last two
Volume 7 / Number 1 / 2012

decades, a number of factors (deregulation and integration of capital markets, more liquid securities
markets, expansion of institutional investment,
advances in information technology) have significantly increased the mobility of capital. It forced
corporations to compete not only in product markets but also in capital markets.
Returning the cost of capital, or the return expected by investors, became a key success factor. At
the same time, finance theory has evolved making
the estimation of a cost of equity a more accessible
task. Taking advantage of these developments and
the growing demand for new ‘value-based’ management practices that could better align the interests of
managers with those of shareholders, the consulting
firm Stern Stewart & Company, in the 1980’s and
1990’s, revived the notion of residual income. Stern
Stewart developed this notion into a broader, EVAbased management control system, implemented at
dozens of large, publicly-traded companies including AT&T, Coca-Cola, and Quaker Oats. 3
The appeal of EVA lies in its intuitive interpretation. A positive EVA suggests that the firm has
generated profits in excess of the amount required
to remunerate investors (at market rates) for the
3 Understanding Economic Value Added, Desai Mihir;
Fabrizio Ferri, (2006):, Harvard Business School, No
9-206-016.
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capital they have provided. In short, the firm has
paid its operating and capital costs, and created
additional wealth. Negative EVA, instead, suggests that the firm “devours resources” without
providing a commensurate return for their use.
Net Present Value (NPV) rule in capital budgeting is similar with idea that value is created only
when the return on capital is greater than the cost of
capital: accept any project with a positive NPV. In
other words, investment should be made if the present value of expected future cash inflows is greater
than the present value of future cash outflows computed by discounting cash flows at the cost of capital.
However, present value (PV) of EVAs from a
given project is mathematically equivalent to the
NPV of the project. It implies that maximization
of shareholder wealth is only guaranteed if the
firm maximizes the present value of future EVA.
Neither positive EVA nor an increase in EVA guarantees value creation as they can be achieved at
the expense of future EVAs.
2.2. Measurement Challenges in Implementing
EVA
There are two primary measurement issues for
corporations in implementing EVA concept. First,
a firm’s accounting profits may have to be adjusted to provide the economic measure of profit that
EVA purports to capture. Second, EVA should be
based, at some extent, on the market value of assets in place which may also require adjustments
to a firm’s financial statements.
To correct some inadequacies of standard financial reporting, providing reliable EVA figures
requires certain accounting adjustments. The general aim is to correct perceived biases or distortion
that arises because: (1) deficiencies in International Accounting Standards or Generally Accepted
Accounting Principles (USA) or (2) managers
tend to “fix accounting numbers”
Accounting rules are often a compromise between potentially conflicting objectives, such as
providing economically relevant and timely information while maintaining certain standards in
terms of reliability and verifiability. As a result,
the numbers reported in the financial statements
may not be consistent with the EVA objective to
measure economic performance.
184

There are several major accounting adjustments
in EVA concept. For purpose of this paper, only
most significant will be mentioned.4 Under the existing accounting rules, not all economic assets and
liabilities are recognized on the balance sheet. Certain long-term investments do not fit the accounting
definition of assets and are therefore reported as expenses. For example, accounting standards generally
requires research and development (R&D) expenditures to be expensed in the year incurred, rather than
being capitalized and amortized over the expected
useful life. While standard setters recognize the potential long-term benefits of investments in R&D,
concerns regarding the reliability of such benefits
have prevailed. From a performance evaluation and
incentive perspective, however, such accounting
treatment may lead to significant underinvestment
in R&D as the cost of the investment is fully recognized in the current period while the benefits will
show up only in later years. EVA proponents recommend the capitalization of R&D expenditures and
all other expenditures with long-term benefits, with
subsequent amortization over their expected useful
life. It results in a more accurate matching between
costs and benefits. Limiting management’s ability to
‘’fix numbers‘’ could be accomplished by eliminating accruals for bad debts and warranties. The manipulations of such provisions, along with revenue
recognitions, are considered to be most common
ways that managers manipulate profits.
Over 150 potential adjustments has been identified and used in practice. The complexity of the
required adjustments is sometimes viewed as a
weakness of EVA. EVA proponents recommend
using a maximum of 5 to 15 key adjustments, chosen based on their materiality, incentive effects
and ease of communication.
For EVA to successfully align the interests of
managers and owners, it is essential to tie a manager’s compensation directly to EVA. The EVA bonus
plan tries to balance four objectives of management
compensation: to align the interests of managers
and owners; to provide managers with enough incentives (leverage); to limit retention risk; and to
4 For a more extentive explanation of accounting
adjustments see: EVA and Value-Based Management:
A Practical Guide to Implementation, Young David;
O'Byrne Stephen, (2001): McGraw-Hill., p.205-263
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limit shareholder costs associated with the compensation plan. EVA implementation is largely pointless exercise unless the company intends to tie EVA
to management compensations plans.
3. Conclusion – Development of Shareholder Value and EVA concept in Serbia and
other countries in transition
Shareholder value concept is relatively new term
in Serbian practice, and there are limited and scarce
data on this topic. However, based on developed
countries’ experience and analysis of unique risk
factors that exist in countries in transition, such as
Serbia, conclusion is that the implying shareholder
value concept could have great impact on Serbian
corporations. Serbia and other countries in transition need to efficiently regulate legal protection of
minority shareholders and stock market. After that,
corporations should consider possibility of initiating
regular cash dividends, which will result in increasing corporation’s business reputation. By doing so,
successful corporations could easily raise additional
funds by attracting minority shareholders, for the
purpose of further growth and development. In that
way, corporations could attract potentially unlimited
number of owners-shareholders, opposite to sole
proprietorships and partnerships, and they have the
unique ability to raise large amount of cash.
However, there are some concerns that must be
expressed about EVA topic and its significance in
value creation process. First, EVA is primarily oriented toward shareholder value creation. That means
that interest of other significant stakeholders, such
as customers and employees, could be neglected.
However, long term success in EVA measure could
not be achieved if shareholders or top managers are
abusing other stakeholders. Accounting adjustments
of EVA have important role in motivating manager
to make long-term decisions that are expected to
positively affect all stakeholders.
Second, all financial indicators, traditional or
modern, are historical in nature. We can assume
that value of firm can be divided into two components. (1) the current operations value; (2) the
future growth value. The greater the proportion
of total value that the future growth represents,
the greater the need for management to seek out
non-financial measurements that are related to key
Volume 7 / Number 1 / 2012

value drivers. Non-financial or qualitative measurements can not be used solely, and must be
integrated in complex model along with financial
measurements. The most famous complex measurement model is Balanced Scorecard – key performance measurements are identified from four
distinct perspectives: financial, customer, internal
business process and learning and growth.
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Abstract
Conceptually, the objective of a wider analyses
in this paper are the key strategic objectives of a
company and achieving and understanding the optimum level of customer satisfaction. Theoreticallybased model for providing customers’ satisfaction
in the form of business strategy is harmonized with
the following important concepts: quality management, business excellence and relationship marketing. The research (survey) which was carried out in
companies and among the experts, on the territory
of the Republic of Serbia, indicated justifiability of
this model and its structure. Totally 600 organizations (all sizes; all ISO 9001 standard certified) and
about 100 experts (from the field of interest) were
included in the research – the call for participation
accepted 84 companies and 37 experts.
Key words: customer satisfaction, business
strategy, quality management, business excellence,
relationship marketing
1. Introduction
The objective of an organisation should be
achieving and understanding the optimum level
of customers' satisfaction. This field represents
a base of, at least, three strategic concepts: quality management (QM), total quality management
(TQM) and business excellence (BE), as well as
relationship marketing (RM), which is conceptually, the subject of a wider analyses of this paper.
1.1. Customer satisfaction as a strategic objective
Customer satisfaction (CS) can be defined in
different ways. According to Kotler [19, p.40],
satisfaction is “the level of a person’s felt state resulting from comparing a product’s perceived per186

formance (or outcome) in relation to the person’s
expectations.”; satisfaction level is a function of
the difference between perceived performance
and expectation.
In the contemporary global economy and highly competitive business environment, it might be
fatal for a business organization to be non-customer oriented. In fact, only those customer-centered
organizations that can deliver value to their customers will survive in the modern business arena.
To “make” highly satisfied and loyal customers,
organizations throughout the world are striving to
produce world class products and services of high
quality. For a long time, CS is considered to be the
key success factor for every profit-oriented organization as it affects companies’ market share and
customer retention. In addition, satisfied customers tend to be less influenced by competitors, less
price sensitive, and stay loyal longer [8].
Many executives seem to trust their intuitive
sense that high CS will eventually translate into
higher loyalty and with it ultimately into improved
company performance [26]. Thus achieving high
CS has become a central focus of corporate strategy for most firms [16]. However, “despite the
claim that satisfaction ratings are linked to repurchase behavior, few attempts can be found that
relate satisfaction ratings to actual repurchase behavior” [21, p. 131]. That the validity of this assumption is all but given is nicely illustrated by
Reichheld [29], who reports that while around 90%
of industry customers report to be satisfied or even
very satisfied, only between 30% and 40% actually do repurchase. Apparently, current knowledge
doesn’t fully explain the prevalence of satisfied
customers who defect and dissatisfied customers
who do not [2, 12]. One of the reasons is that the
relationship between satisfaction and retention is
not a linear one, but moderated by several differVolume 7 / Number 1 / 2012
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ent variables. Oliva, Oliver, and MacMillan [25, p.
84] stated that “the response function linking (…)
satisfaction to customer response may not operate
as is frequently assumed because the complexity
of the relationship may be underestimated”.
Leading companies make customer focus a key
element of the company’s overall strategy to differentiate themselves from competitors. Satisfaction
becomes a primary theme for top management in
communications with a broad range of stakeholders. Focusing on satisfying high-value customers
can be powerful part of the company fabric because
it is meaningful to a broad set of stakeholders including employees, financial analysts, suppliers,
and other allies. Putting the customer first becomes
part of the corporate positioning and differentiation
in the market. The lack of management in CS strategies could be one of the many factors leading to an
enterprise’s downfall. To effectively draft CS strategies, one must respect customer value and collect
customer demands and then compare the importance and performance (satisfaction) between the
collected customers demands [24]. Concurrently,
customer demands are not stagnant and cannot be
manipulated by enterprises. Therefore enterprises
must periodically diagnose and filter these demands
to set reasonable strategies to insure the survival of
CS activities [32].
For example Knox [18] used product/service
content and the ability to satisfy customer demands
as the basis for CS strategies analysis. Barsky and
Labagh [1] believed in analyzing CS strategies and
that one must consider three factors: expectation
and past experiences, product and service performance and the factors affecting actual perception.
1.2. Concepts related to CS
Quality components, such as solving complains,
cooperation of company’s representatives with customers, availability of products and services, cost
and price policy and activities related to making
contracts, have a great influence on customers’ satisfaction [6, 31]. On the other hand, customers’ satisfaction influences the company’s characteristics,
such as spreading positive information about the
company and its services and products [10].
The term "relationship marketing" (RM) was
first introduced by Berry [3] in a services marketing
Volume 7 / Number 1 / 2012

context. Many entrepreneurs do business by building and managing relationships without using the
term RM. RM, defined as marketing activities that
attract, develop, maintain, and enhance customer
relationships [3, 14], has changed the focus of a
marketing orientation from attracting short-term,
discrete transactional customers to retaining longlasting, intimate customer relationships. As existing literature suggests business can build customer
relationships by initiating one or several types of
“bonds”, including financial, social, and structural
[20, 27]. However, much should be learned about
the relationship between “bonds” initiated by a
company and customer perceptions and behavior.
Evans, J. and Laskin, R. [10] present a model
of effective marketing process which, in some
way, shape everything said before in a coherent
whole. The model is in a cyclic form with three
sub-processes: (1) inputs (understanding customer expectations, building service partnerships,
empowering employees and TQM); (2) positive
outputs (CS, customer loyalty, quality of products/services and increased profitability); (3) checking phase (customer feedback and integration).
The authors define RM as a “process by which a
company builds a long-lasting relationship with
possible and the existing customers in such a way
that both sides (sellers and buyers) are focused
on commonly defined objectives, which is in harmony with previously mentioned definitions”.
Efficiently positioned RM will lead towards the
following positive outputs: (1) high percentage
of satisfied customers, (2) higher loyalty of customers, (3) customers' perception on products/services higher quality and (4) increasing profit of a
seller company. RM is a continual process which
demands the following from companies: (1) continual communication with customers (provides
correct definition of requirements) and (2) to integrate RM process into strategic planning (enables
better resource management and anticipation of
future customers' needs). Brookes and Little [5]
enhance the explanation of the effective marketing process by saying that this concept is based on
data base management, interactive market communication and web marketing.
The concept of “total quality” extends well beyond the marketing customer-perceived view of
quality [13] to include all key requirements that con187
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tribute to customer-perceived quality and CS. Total
quality broadens prior notions of quality in that it includes consideration of business processes for providing complete CS on the full range of product and
service needs. Essentially, the total quality concept
is a general philosophy of management [22].
BE presents a business strategy which demands
from management complete commitment and acceptance of concept [17, 34]. The EFQM model
of BE is based on eight principles. The belonging
criteria are: leadership, policy and strategy, people
– management of employees, partnership and resources, processes, customer results – CS, people
results – employees’ satisfaction, society results –
the influence on society and key performance results [9]. All of them are the basis for self-evaluation
whose purpose is to evaluate the “maturity phase”
of the organization and to focus on the problems of
further business improvement [7, 23, 30, 33].
2. Methodology
The companies coming from transitional countries, like those from the West Balkans (Serbia is
among them), have problems with quality of their
business and production productivity. Inherited inefficient production system, as well as transitional
recession common for all countries in transition,
influence these companies and may be blamed for
their insufficient competitive capacity. The problem is especially obvious in the companies dominated by autochthonous private capital. The reason
for relatively small number of Serbian companies
that implemented quality system can be found in
difficult financial situation of domestic economy
and the implementation of QMS asks for considerable business efforts on the side of companies.
What concerns most is the fact that almost all
big companies have already implemented QMS.
On the other hand, the majority of all companies
in Serbia are made from small and medium size
companies (SMEs). Taking into account all the
mentioned facts it is not surprising that the concept of integrated management systems is mostly
applied on Serbian market while the elements of
BE serve more as theoretic-methodological base.
The concept of RM exists but only on the basic
level and in small number of companies (those in
foregn ownership). There are, however, no clear
188

indicators concerning this. In accordance with
the above, an acceptable concept or a model that
would satisfy customer requirements by integrating QM, BE and RM seems the possible solution
in a transitional, Serbian context [4].
The presented model starts from, at least, two
key pre-conditions:
1. In the given conditions the very incorporating
of principles and criteria of BE, in other
words – input and output elements of RM in
defining policy, objectives and tasks in the
organization (the sphere of planning quality
in the future) shows strategic determination
of certified Serbian companies to satisfy
the requirements of customers and other
stakeholders.
2. Wide involvement of organizational and
management structure in the processes of
expectations identification and monitoring,
measuring and analyses would mean making
stronger bonds between current activities
and strategic dicisions, where a satisfied
customer is in focus.
Argumentation, even an indirect one, of these
pre-conditions would be enough to show justifiability and acceptance of the model which, in
the centre of the presented form (including subprocesses defined by the standard and supported
–cyclic expanded- in the sphere of planning and
reconsidering quality in the future, exclusively
by strategically oriented concepts of BE and RM)
puts satisfaction of customers and other stakeholders. In order to provide stable bonds between the
rings it is necessary to incorporate wider organizational and management structures especially in the
processes directly oriented towards the customers.
Target groups in the research are:
–– companies (production and/or services)
which are certified according to the standards
of QM (ISO 9000 series) and which work and
have residence in Republic of Serbia; quality
managers and/or marketing managers from
these companies, as a primary group,
–– experts, in the sphere of quality and/or
marketing (with reference to the subject
sphere, published works and/or cited), as
a control group. They were to confirm the
companies' attitudes; it was interesting to
Volume 7 / Number 1 / 2012
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see whether considerable differences would
appear in the companies' answers and the
answers of those who were dealing with this
matter from academic (university professors)
or some other standpoint (ex. consultants).
It was not important whether they belonged
to primary research group, it was essential
that they considered the problem from their
individual, expert standpoint.
Surveying available companies and experts was
primarily realized by e-mail survey. The reasons
for choosing this kind of survey are fast responding and costs, which are lower than postal survey
or some other kind of interview; considering the
main characteristics and problems (the greatest
respond, which goes from 20 to 30%, and sometimes does not go over 5%, so the sample is not
representative) [15, p. 57]. Data base of Serbian
Chamber of Commerce (http://www.pks.rs) was
used during the selection of companies, so the survey included about 600 companies; at the moment
of creating the list there were about 600 companies
in the base (at that point, more than half of QM
certified organizations in the Republic of Serbia).
At selecting the sample of experts it was used data
base and conatcts in UASQ – United Association
of Serbia for Quality (http://www.jusk.org), as independent and sufficiently representative body for
Serbia. The survey included 100 experts.
For the sake of the survey it was created a special questionnaire (taking care of methodology of
the research); communication principle was: one
questionnaire – one company/expert.
Totally 84 companies accepted the call to participate in the research (between 4.5 and 5.5% out of
all certified companies in Serbia according to ISO)
and 37 experts from the subject sphere. It means
that the response for companies was about 14% and
for experts 37%. It seems that a part of the problem
which influenced such a small response, especially
in companies, was caused by inertness and the lack
of interest while another reason has to be attributed to “technological factors”, taking care of IT (il)
literacy of the employees [28], as well as about the
application of “antispam” programs on the servers
in companies. However, these are only allegations.
During checking phase of statistically relevant
differences in the answers of different- size- comVolume 7 / Number 1 / 2012

panies (types of companies: 1 – micro and small,
2 – medium and 3 – big, in the following tables, as
well), the data types which appeared in the survey
caused the application of two different methods
of statistic analyses: Kruskal Wallis and One way
ANOVA. ANOVA was also used in comparison of
companies (total) and experts’ data. It was taken
that evaluation limit of reliability results, t.i, probability which enabled claiming that the data were
error consequences or random variations was p =
0,05. This means that for p £ 0,05 exists statistically significant difference in results. It was determined that significant statistic exception in the
answers of companies and experts (in generally)
didn't exist, therefore, there is no discussion on
this matter.
3. CS focused business strategy
In accordance to the previously said, modeling
of the acceptable concept that would satisfy customers' requirements, integrate QM, BE and RM
seems possible and transitional solution. Therefore, the objective of the research was to create and
present a qualitative theoretic model of a system
for providing satisfaction of a company's (firm’s)
customers needs. This model assumes a process
approach, appropriate marketing research in the
beginning and corresponding evaluation in the end.
The model is created to enable easier managing of
these processes with the aim to achieve BE. Acceptance and justifiability of this mixture of concepts
and the model should be proved in the future.
3.1. The model
Figure 1 presents a model in a form of cycle,
in order to describe the model as business strategy
which puts the focused modules (sub-processes)
in the environment of customers and other stakeholders, whose objective is progress of the whole
organization. Such a business strategy is supported by BE and relationship. It can be the matter of
dispute which “ring” of support is “older” and/or
more important. The author of this paper thinks
that it is the matter of attitude, but their existence
or the need for it has been shown in this research.
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Figure 1. The model for providing satisfaction of
customer’s requirements as a business strategy
3.2. Analyses of research results concerning
strategic components of the model
Asked to evaluate the importance (in the research (survey) was used the Likert 5-point scale)
that should be paid to the principles of BE while defining policy, objectives and tasks in the or-

ganization, 66 (85,7%) (out of 77 (91,7%) of the
interviewed in companies, or 33 (91,7%) (out of
36 (97,3%)) experts gave the answers which are
showed, comparably, in the Table 1. All the principles were evaluated as significant or particularly
significant (the lowest grade was given to corporative social responsibility by the experts 3,39).
Having been asked to evaluate significance
paid, or the one which should be paid, to criteria of BE at defining policy, objectives and tasks
in the organization, the interviewed (63 (85,1%)
out of 74 (88,1%)) in companies, and experts (33
(91,7%) out of 36 (97,3%)) evaluated the criteria
and their application as significant (table 2).
Table 3, included the companies and experts'
grades, shows how important it is to take care
about the criteria of BE by the leading management in management review. Affirmative answer
was given by 65 (83.3%) out of 78 (92.9%) companies and 33 (91.7%) out of 36 (97.3%) experts.
Here, statistically significant difference was noticed in the answers of the different-type companies (p=0,043<0.05) and the grades are showed

Table 1. Comparative survey of average significance grade that should be paid to the principles of BE
at defining policy, objectives and tasks in the organization
PRINCIPLES
of BE
Results Orientation
Customer Focus
Leadership
Management by Processes and Facts
People Development and Involvement
Continuous Learning, Innovation and Improvement
Partnership Development
Corporate Social Responsibility

Average grade of the
interviewed in companies
4,17
4,42
3,82
3,80
3,76
3,68
3,94
3,58

Average grade of
the experts
4,39
4,61
4,18
4,06
3,88
3,79
3,94
3,39

Таble 2. Comparative survey of average significance grade which should be paid to the criteria of BE
at defining policy, objectives and tasks in the organization
CRITERIA
of BE
Leadership
Policy and Strategy
People
Partnership and Resources
Processes
Customer Results
People Results
Society Results
Key Performance Results
190

Average grade of the interviewed in
companies
3,73
3,87
3,68
3,65
3,90
4,47
3,58
3,52
4,23

Average grade of the
experts
4,00
4,24
4,21
3,97
4,15
4,48
4,15
3,70
4,27
Volume 7 / Number 1 / 2012
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Considering the question which demands defiseparately. High average grade of significance,
paid to the criteria of BE, was noticed. In other nition of management and responsibility over prowords, they were evaluated as significant and par- cesses, identification of expectations, monitoring,
measuring and analyses, a certain generalization
ticularly significant – the lowest grade was 3.50.
It is interesting that a particular significance is paid can be noticed in the answers, given by experts,
to the principles and criteria which are directly ori- when they are compared to those obtained in comented towards customers (the lowest average grade panies. No matter, we can find some similarities
is 4.23); that shows readiness of the organizations to which are presented in the Table 6a for process
devote themselves to their customers, as well as im- identification of expectations and Table 6b for
proces monitoring, measuring and analyses. Staportance which the experts give to this question.
Both companies and experts consider signifi- tistically significant difference in the answers of
cant or satisfying input elements of RM concept, different types of companies is noticed considering the question about management/responsibility
especially in the sphere of planning (table 4).
Comparative survey of the average grades over processes – identification of expectations (p
which the interviewed used to evaluate the signi- = 0,005) and the answers are given separately. Toficance of output elements of RM, especially in tally, 68 (80.9%) companies and 35 (94.6%) exthe sphere of planning, is given in the table 5. It perts answered the question about the process of
should be emphasized that all the elements were identification of expectations and the question reevaluated as significant, both by companies (81 lated to the process of monitoring, measuring and
(96,4%) answered the question) and by experts analyses 71 (84.5%) companies gave the answer.
(35 (94,6%) of the interviewed).
Таble 3. Comparative survey of the average significance grade paid, and which should be paid to the
criteria of BE at management review
CRITERIA
of BE
Leadership
Policy and Strategy
People
Partnership and Resources
Processes
Customer Results
People Results
Society Results
Key Performance Results

Average grade of the interviewed in companies
1
3,67
4,08
4,33
4,17
4,17
4,67
3,92
3,92
4,67

ANOVA significance test
Group: companies
Sum of Squares
Between Groups
0,727
Within Groups
2,434
Total
3,161

2
3,54
4,04
3,69
3,69
3,73
4,42
3,81
3,46
4,35

df
2
24
26

3
3,73
3,88
3,50
3,62
4,04
4,23
3,50
3,62
4,12

Mean Square
0,363
0,101

Average grade of
the experts
4,00
4,24
4,21
3,97
4,15
4,48
4,15
3,70
4,27

F
3,584

Sig.
0,043

Тable 4. Comparative survey of the average significance grade of input elements in RM concept
Input Elements of RM Concept
Understanding Customers Expectations
Building Service Partnerships
Empowering Employees
TQM
Volume 7 / Number 1 / 2012

Average grade of the
interviewed in companies
4,31
3,92
3,66
3,76

Average grade of the
experts
3,88
3,42
3,71
3,26
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Тable 5. Comparative survey of average significance grade of output elements in RM concept
Average grades of the interviewed
in companies
4,64
4,44
4,04
4,19

Output Elements in RM Concept
Quality Product
CS
Customer Loyalty
Increased Profitability

Average grades of
experts
4,06
4,26
4,09
3,91

Table 6a. Comparative review of management and responsibility over processes identification of
expectations
Given answers - companies
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Top manager and/or owner
Executive management
Developement unit manager
Marketing unit manager
Trade/sale unit manager
Quality unit manager (or QMS manager)
Unit managers (generally)
Staff in direct contact with services
customers or those directly involved in
services realization.

Kruskal Wallis Test
Grouping Variable: companies
Ranks
companies
1
2
frequency
3
Total

N
15
15
15
45

Process identification of expectations
Companies
Experts
1
2
3
1 (5,6%)
15 (14%)
6 (9,2%)
13 (17,6%)
10 (9,3%)
3 (4,6%)
1 (5,6%)
12 (11,2%)
4 (6,2%)
7 (9,5%)
3 (16,7%)
4 (3,7%)
15 (23,2%) 25 (33,8%)
5 (27,8%)
18 (16,8%) 14 (21,5%) 13 (17,6%)
3 (16,7%)
9 (8,4%)
9 (13,8%)
10 (13,5%)
3 (16,7%)
9 (8,4%)
6 (9,2%)
-

10 (9,3%)

6 (9,2%)

4 (5,4%)

Mean Rank
15,33
30,77
22,90

Test Statistics
Chi-Square
df
Asymp. Sig.

frequency
10,740
2
0,005

Table 6b. Comparative review of management and responsibility over processes monitoring, measuring
and analyses
Process monitoring, measuring and analyses
Companies
12 (6,9%)
10 (5,7%)
4 (2,3%)
25 (14,3%)
41 (23,5%)
36 (20,6%)
14 (8%)
17 (9,7%)
192

Experts

Given answers - experts

10 (12,7%)

Top management and/or executive management

(a)

7 (8,9%)
24 (30,4%)
13 (16,5%)
21 (26,6%)
2 (2,4%)

Developement unit manager
Marketing unit manager
Trade/sale unit manager
Quality unit manager (or QMS manager)
Employees in sale network

(b)
(c)
(d)
(e)
(f)
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It is interesting to notice the moving of responsibility (both companies and experts agree in this)
from marketing top manager, for the process identification of expectations, towards sale top manager,
for the process of monitoring, measuring and analyses. Especially expressed significance of organizational units (sectors) can be noticed: trade/sale,
marketing, development sector and quality sector.
4. Discussion
There are certain problems concerning the acceptance of BE and RM in Serbian economy and
they have been briefly explained in the text. The
consequences of these problems are the following:
the concept of integrated management systems is
mainly applied on Serbian market which base is
ISO 9000 series of standards while the elements of
BE concept are mostly used as its theoretic- methodological base. However, it is obvious that strategic orientation towards satisfaction of customers
and other stakeholders’ requirements is present
in certified domestic companies. Confirmation is
directly got by accepting the incorporation of the
principles and criteria of BE (input and output elements of RM) concerning defining policy, objectives and tasks in the organization, in other words,
in the sphere of planning quality in the future. According to the research results, the criteria of BE
should also be incorporated in the reconsidering
phase at the side of management (management review). Taking all into account, it is not surprising
that considerable significance is paid to customers’ satisfaction. Namely, a particular significance
is paid to the principles and criteria which are directly oriented towards customers (the lowest average grade is 4.23); that shows readiness of the
organizations to devote themselves to their customers, as well as importance which the experts
give to this question.
Wide incorporation of organizational and management structure, from top to executive management, in other words, employees in direct contact
with customers, in processes of identification
of expectations and monitoring, measuring and
analyses, according to the model, means making stronger bonds between current activities and
strategic decisions where a satisfied customer is in
the focus. The analyzed results indirectly confirm
Volume 7 / Number 1 / 2012

this aspect of the model, emphasizing the functions of top manager and/or owner, marketing unit
manager, quality unit manager and trade/sale unit
manager which are especially incorporated in the
mentioned processes, while moving management
and responsibility over processes respectively can
be noticed, going from marketing and top management towards sale top manager. As expected,
special attention is paid to organizational units
(sectors) like trade/sale, marketing, development
sector and quality sector and their management.
Finally, it can be noticed from the results'
analyses and discussion that theoretic, strategic
business model for providing satisfaction of customers' requirements proved to be acceptable and
justifiable for Serbian companies in relation to the
context presented here.
5. Conclusions
The company’s objective should be achieving
and understanding the optimum level of CS. The
important step in achieving CS is to make research
of customers’ requirements in order to make good
business decisions. The model of business strategy for providing CS, presented in this work, is harmonized with the requirements of ISO 9001:2000
series of standards, as well as with relevant proposals and criteria of BE, marketing requirements
and specific characteristics and requirements of
Republic of Serbia’s economy. The presented quality model can be considered acceptable and justifiable which has been supported indirectly by
statistic indicators concerning planning and management, in other words, by incorporating the principles and criteria of BE and RM defined by the
standard (ISO 9000).
The model itself has not been applied in practice or tested but, in our opinion, its usage would
contribute to more complete and wider acceptance
of the concept of BE and/or RM in the part of certified companies (standards ISO 9000 series) on
the territory of the Republic of Serbia. In relation
to some limits, we think that the model's validity would be more complete if the research included a greater number of domestic companies, as
a sample, even better if this research could cross
the borders of Serbian territory and transfer to the
countries of the West Balkans.
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Finally, the research presented here, bearing in
mind the limitations mentioned has at least three
implications:
1. The strategic orientation of companies
towards CS means that, in addition to
the concept of QMS in organisation and
management processes, the concepts of
marketing relations and BE should also be
included. This above all in the planning and
verification phases, i.e. the management of
key processes.
2. Companies which are ISO 9000 certified
generally accept the strategic model of
providing CS;
3. There are differences in the level of
acceptance of the strategic model depending
on size and organisational structure which
are a direct consequence of these factors
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Abstract
Strategic planning is a systematic way of making key business decisions, determining the tactics and the implementation of actions that shape
and direct the bank towards the future, following
its vision by defining the objectives and modalities of action. Strategic planning is a basic premise of survival of companies in the global market.
It includes guidance and redirection of existing
business in the context of achieving a satisfactory profit and growth. In fact, planning itself does
not produce the results: it is a means, not the final
goal. Objective of this study is to highlight the important issues in the banking industry (Where are
we now? Where we want to go? How to do it?) in
which strategic planning should give an answer.
The purpose of this paper is to define a successful and applicable model of strategic planning,
that banks, regardless of the modalities of implementation provides a competitive advantage in the
market, which is manifested by increasing profits
and customer satisfaction. Using the methods of
content analysis, we analyzed the successfully
method of German retail banking, who gave us
the result of one of the possible models of strategic planning applications in banking. The importance of the German model is its efficiency in the
market, as well as the possibilities of application
by other banking systems, which work to improve
their performance and quality of operations.
Key words: strategic planning, strategic management, banking
1. Introduction
Strategic planning involves a specific form of
planning, which for the companies in the market
usually refers to the competitive activities. The key
premise of survival in the market and customers satisfaction is a strategic planning in banks. Traditional
way of planning could not ensure banks the survival
and growth on the market, so it was necessary to re196

sort to new ways of planning - strategic planning.
Strategic planning is a management process development and maintenance of viability goals and
means of organizing and its changing market opportunities (Kotler, 1999). The objective of strategic
planning is the routing and forwarding operations
and products of a certain company, so that they simultaneously create satisfactory profits and growth.
The main problem that must address strategic planning is to enable companies to survive in the market,
regardless of the disorder in any of their jobs or line
of products. Strategic planning process refers to the
three key assumptions (Kotler, 1999):
1. the affairs of the company are due to be
managed as a portfolio investment. It is
necessary to provide answers to key questions
about the further development of the company:
–– Which of the existing businesses retain and
continue to build?
–– What jobs has firm gradually abandoned?
–– What jobs is firm definitely leaving?
2. To make an accurate assessment of future profit
potential of each job. Future performance is
impossible to predict just based on extrapolation
of past trends in business. It is necessary to
take into account the turbulent motion in a
globalized world market, and consider various
scenarios of potential conditions in each of
the markets represented. Various, seemingly
unimportant factors can have an important role
in the future development of the company.
3. Strategy - the third key assumption underlying
the strategic planning. There is not one and
the ideal strategy. Depending on resources,
goals, capabilities, position in the industry
and markets, each company chooses its own
strategy, according to the given circumstances.
Companies all within the same sector, and with
the same kind of work / production, will have
the same strategy for the markets. That is what
distinguishes successful from unsuccessful,
profitable from unprofitable.
Volume 7 / Number 1 / 2012
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Strategic planning is periodically resetting
from mid-term to long-term strategic directions
and priorities. Process focuses on key issues and
specific initiatives needed to achieve long-term
strategic goals.
2. Aim of the paper
The aim of this paper is to emphasize the fact
that without the plans and planning in banking is
not possible to organize any personnel or other resources in the bank, which is primarily related to
strategic planning. The plans allow manager’s followers, attaining goals, allowing them to observe
where and when something is wrong. Inadequate
plans can affect on the whole future of the company. A good manager knows that to achieve the
goals, we need to respect the hierarchy that exists
between the plans:

The founder, board of directors or general manager
The main and middle managers
Middle managers and first line managers
Figure 1. Display of the hierarchy of plans in the
organization
Source: Stoner, J., Management, Želnid, Belgrade, 1997,
pp. 242

Strategic and operational plans are different in
three important elements. These are: time limits,
the size and detail coverage. Strategic plans, as opVolume 7 / Number 1 / 2012

posed to operational, are always facing the future,
implementation includes a longer period, a wide
range of activities of the company are included
and they are usually shown in the general and extremely simple terms. To think strategic means to
look long term, always have before us the big picture, including the company and the competitive
environment, and reflect on how they fit together.
Answers to these questions will be asked to provide strategic management, which is a set of decisions and actions that are used to formulate and
implement strategies that would enable the company a competitive advantage in the environment,
for the sake of achieving company goals (Daft,
2006). Company goals are realized through the
quality of strategic planning, obtaining answers to
the following questions: (Daft, 2006)
–– What changes and trends are occurring in
the competitive environment?
–– Who are our customers?
–– What products and services need to be
offered?
–– How to offer these products and services in
the most efficient way?
The answers to these questions help managers find the best choice for positioning their company in the region, taking into account competing
companies. Superior performance of the company
are not a matter of luck, they are consequences
of choices made by managers of companies! Top
management uses strategic management to define
the overall direction of development for company,
called the grand strategy (grand strategy). According to Daft, grand strategy is the general plan
of the most important actions through which the
company intends to achieve its long-term goals.
Grand strategies include three general categories,
as follows: (Daft, 2006)
–– The growth-which can be viewed as an
internal aspect, when it involves developing
new or improving existing products and
services or to external aspect, which involves
diversification, related to the development
and enlargement of existing businesses or
to entrance of companies into new business
areas.
–– Stability - sometimes is called break
strategy, which means that a company wants
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to maintain the existing achieved level or to
slow its growth in a controlled manner. This
strategy is usually applied after a period of
turbulent growth in the market, when the
management company wants to stabilize the
work efficiency.
–– Reduce - strategy is applied when a company
is undergoing a serious drop in business,
when you move or even liquidate the entire
business. Companies are then faced with the
rapid decline in demand for their products or
services, which forces managers to rapidly
reduce costs, and therefore employees in the
company.
3. The Purpose of Research
The purpose of this research is to point out what
is the importance of strategic planning, through
which management of the bank direct its operations towards achieving previously set goals. In
addition to defining the strategic planning phases,
the purpose of this research is to set an acceptable
model of strategic planning in banks. If deregulation is more pronounced, and with it the competitive battle in the banking market, there is the
greater importance of planning. Process of planning should give us the answers to the following
questions:
1. Where is the bank now?
2. Where do we want it to be?
3. How do I get there?
The answers to these questions gives us strategic planning, whose role is not just basic survival
in a highly competitive banking markets, but also
to maximize its profits through the satisfaction of
clients. The formal way of planning, which is connected to a stable environment in which managers take a couple of trends in recent years and by
extrapolation of the trend, they plan size for the
next period, it is not possible. Dynamic and turbulent environments introduced on stage strategic
way of planning. Deregulation of financial system
creates a greater choice of strategic options of
individual banks in a competitive market. Therefore, each bank, based on its comparative benefits,
projects its development strategy in order to accurately comprehend the optimal direction of its
198

future development. In the fierce competition between financial institutions, those who choose the
optimal strategies and action programs will win.
Using strategic planning to market-oriented banks
is particularly important in the context of constant
transformation processes, both in the field of technology, and in the domain of finances. The thing
with each bank faces in the process of strategic
planning is strategic risk - possible wrong estimate of strategic development of bank.
The purpose of strategic planning in banks is to
show the main directions of restructuring of balance sheet and off-bank in order to increase profitability and reduce risk exposure of banks. Appropriate balance changes are very closely associated
with changes in marketing in banking, management, human resources management, promotion
of IT and Fig. Strategic planning in banks has the
following stages:
1. Creating a vision
2. Choice of strategy
3. Elaboration of action programs
The assessment of the bank's vision starts from
the current position of banks in financial market
analysis and positive and negative factors of the
bank in relation to the competition. The next important moment in the strategic planning is the
current size of the bank, measured the height of
balance sheet assets and liabilities and capital of
bank. Therefore, we can say that the strategic plan
of the bank is development and realization of the
development vision of a bank, which involves the
selection of specific methods by which the vision
will be realized.

Figure 2. Bank Development Strategy

Source: www.ekonomija.ac.me/files/1271746477.pdf
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Realization of bank development strategy is
being implemented through action programs, as
shown in the figure below:

Figure 3. Realization of Bank development strategy
Source: www.ekonomija.ac.me/files/1271746477.pdf

Strategic management in the bank is defined as
the process by which managers define the bank's
mission, the fundamental long-term goals and develop a strategy to achieve these goals, and take all
necessary actions to implement plans, which will
help the realization of strategic goals. The main
activities in strategic management are directed to:
–– Setting the strategy (defining the mission,
goals, strategies and policies)
–– Control and Development Strategy (comparison of planned and actual size, for data
exchange and application of corrections)
–– Implementation Strategy
Strategic management in the bank can be
viewed from several different aspects:
–– Bank Capital Management
–– Liquidity management of banks (the hardest
part of management)
–– Branch Management
The main task of management in banks, in conjunction with strategic planning, is to find a strategy
that achieves the basic objectives: (Zelenović, 2008)
–– Profit maximization increase value of the
role of shareholders
–– Increasing market share

In order to achieve predefined objectives, it is
necessary to start from the basic assumptions of
successful planning in banking, when it comes to
products and services that the bank sells on the financial market:
–– Portfolio investment: which of the existing
jobs deserve to be built, maintained, gradually
or definitely left.
–– Accurate estimates of future profit potential
of each individual work.
Regardless of that strategic planning assumes
individually customized solution for each company-bank, a successful model of strategic planning involves the following steps (See Figure 4):
1. Establishing guidelines and strategic direction,
it is necessary to obtain answers to key
questions:
a. Who should be involved in the process?
b. What are our strategic objectives?
2. Make external and internal analysis, which
would give us the answers to the following
questions:
a. Who are our competitors?
b. How to do business in the market?
c. Which current market trends have significant
impact on (our) business?
d. What do our customers need?
e. How does the existing portfolio of products
and services of banks looks like?
3. Formulating corporate strategy, needed to
achieve goals:
a. What are the goals and how do we intend to
achieve them
b. Create strategies
4. Creation and coordination of business strategies:
a. What strategies need to be fulfilled in order
to achieve corporate objectives?
5. Budget:
a. How to balance the budget and operational
plans with corporate strategy?
6. How to communicate with the strategic plan?

Figure 4. Strategic Planning Model

Source:www.des.calstate.edu/procesmodel.html
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Figure 5. Key steps in Strategic Planning

Source: www.executiveboard.com-Owerview of the Planning process

a. How to make internal (within the bank)
clarity planned, in order to get support and
impetus to carry out planned?
Figure 5 shows a detailed presentation of these
key steps in strategic planning, with additional explanation what each step means.
4. Research Methods
The biggest challenge for strategic planning in
banking is how to most effectively apply in practice the model defined by strategic planning. This is
even more so without good strategic planning is no
effective banking business, nor satisfied customers.
The aim of research is to show all modalities in strategic planning practice, and how much importance
and attention is committed to it by successful banking institutions (example of German banking). It
also can be a model for other banking institutions to
apply similar solutions in their business. The object
of research is the German retail banking, as well
as current models of strategic planning, that imple200

menting successful banks in their operations. The
methodology applied in this study is content analysis method of working and professional materials of
successful German banks.
5. Research Results
Strategic planning process is presented for the
two major representatives in the retail banking in
Germany, a network-Sparkassen savings banks and
credit unions network Volks-und Raiffeisenbanken.
In both of the financial networks, specially the Federal Association (SRL and DSGV) develops and coordinates a common strategy for all loan associations
and savings banks in all Germany. Strategies created
in the center replace a series of planning activities
within the bank. For that reason, bank management
has two main objectives to the strategic planning:
–– Adapting a common strategy on its
organization-bank;
–– Further development of strategic measures
that would enable the bank to implement
key financial indicators.
Volume 7 / Number 1 / 2012
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Both of these networks have a large market
share in German retail banking operations (1290
credit cooperatives and 463 savings banks), so we
can conclude that an understanding of their strategic planning helps to understand the problems and
challenges of the concept of strategic planning in
the retail banking business in total. For description
and analysis of the strategic planning process in
the banks, it is important to understand all common activities:
1. Strategic analysis-analysis of an external
environment and assessment of bank's
capabilities;
2. The strategy of finding-seeking strategic
alternatives;
3. Strategy assessment-evaluation of strategic
options;
Strategic planning should be taken into account
in each bank as a separate organizational structure
factor, banks and other financial resources, which
are very heterogeneous, from bank to bank. Since,
the organizational basis for strategic planning is
very heterogeneous; human resources are the ones
who largely determine the process of planning.
Some banks are very small and can be compared
with other small and medium companies. For that
reason, when it comes to strategic planning, there
is not any professional expert in strategic planning
of any specialized classroom for any type of activity. That is why strategic planning is done by one
or more persons, who do strategic planning once a
year with their current job. When it comes to professional profiles in terms of university education,
with credit unions and savings banks, it is lower
than other retail banks in Germany. That results in
lack of methodical knowledge of strategy, as well
as models of strategic planning.
In some cases, strategic planning directors conduct themselves as they gain relevant professional
qualifications, while in other similar cases, strategic planning is being purchased from external
consultants.
5.1 Strategic analysis
Bank, in principle, takes two separate activities in order to analyze the external environment
and assess organizational abilities. Regular benchVolume 7 / Number 1 / 2012

marking activities during the financial year represent a relevant factor in planning. Benchmarking
also serves as a tool for assessment for the strategy
bank. Bigger banks have their regular consultants
who actively participate in all aspects of strategic
planning, with the main task to analyze the existing
strategic direction, to recognize existing gaps and
to develop ideas for future development of a bank.
In this paper they are commonly used as strategic
tools, SWOT analysis and Porter five elements, to
analyze the situation and to identify blanks. For
the internal analysis there are used all available
information and experiences of long time managers. It is very important for analyze to determine
the most important information and data, and to
avoid dealing with unimportant details-selection
information. All this provides a solid basis for the
internal analysis of strengths and weaknesses of
banks to do it very successfully. As for the external
analysis, it can fall into a crisis, primarily due to
lack of human capacity resources. While, everything about the traditional way of doing business
in the region is successfully identified, the general
impact of environmental changes often remains
undetected. In order to overcome this problem,
the board of directors defines the formal process:
To assign a task analysis of external consultants, this solution is often found in smaller banks;
Or the external analysis is assigned to marketing department, this solution is frequently found
in larger banks;
5.2 Strategy of finding
Due the fact that the Federal Association is developing a common strategy, the bank is looking
for strategic alternatives, focusing on their financial
aspects. Prognosis of financial results as a whole,
and especially profits, and scenario planning techniques is the main instrument for strategic planning
scenarios options. In the center of the planning scenario, there could be found two different aspects:
A. Modeling business activities: like other
companies and banks, which are dealing with
forecasts of products and services sales. Banks estimate the extent and amount of capital-oriented
products (personal loans, financing household
deposits), as well as providing services (services
insurance, credit cards).
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B. Modeling money, capital and market interest
rates: interest rates for customers of products, maturities of loans and deposits, and the relationship
between fixed and variable interest rates, all directly
affect the net income from bank rates. That is why
banks make very precise analysis of changes in interest rates, simulating possible scenarios, which predict the changes of interest rates, and all the others.
Definition of scenarios of different business activities and scenarios of interest rates, are closely
attached. Management team will only play those
scenarios, which are appropriate and possible.
Connecting scenarios is important for the realization of the policy objectives, which can be monitored through the following activities:
–– Analyzing if the strategic goal can be
realized with the planned business activities,
and under certain interest rate scenarios;
–– Forecast and analyze the effects of external
factors (changes in interest rates, changes
in customer's requirements) for business
planning, and how to reverberate in the profits;
–– Testing the ability of banks to generate a
profit even in the case of the worst scenarios;
–– Search for the best strategic alternatives
(development of new products and services);
In order to provide financial stability of a bank,
as well as to verify what strategy brings what the
amount of profit, as long as they comply with legal requirements in terms of risk management,
scenario planning is a key tool for successful business in banks.
5.3 Strategy assessment
Benchmarking is a key instrument for the assessment of strategies in banks. Internal and external benchmarking is used in strategic planning
in banks. For a comparison we use information,
organized by segments, which are determined by
the size of the balance active. Every bank uses the
information that fits it the best. There are three different approaches:
a. The first approach informs the management
of banks, such as the financial management,
about results of other banks of similar size.
b. Another approach analyzes the best
performing banks, where in the focus of
202

analysis are put the same marketing strategy,
product line, and the segments of business. In
this way are discussed possible reasons for the
successful financial business. In short, we can
say that the second approach focuses on the
concept of banks as result of financial results.
c. The third benchmarking approach can
be described as a progressive adaptation
of the second approach. The first step in
this approach is to identify existing gaps
between their corporate strategy and
corporate strategy of the best bank. The
second step requires comparing the different
employment strategies. The third step is
a version of a sensitivity analysis. Any
differences in the different strategies will
be analyzed and compared in terms of their
financial impact, as well as the effort it takes
to make those changes. It can be said that
the third approach to management provides
accurate information about changes, which
in the corporative strategy result in growth
of profits. The advantage is, of course, in
discovering the interdependence of the
changes and their financial impact.
6. Discussion
Theoretical considerations for the model of
strategic planning in banks, coupled with practical solutions that exist in the developed German
banking market, talk about the close connection
between strategic planning and performance in
banking. This correlation indicates the great importance of strategic planning to market competitiveness of banks. The findings obtained in
this paper (relating to strategic planning model
and method of implementation in the German retail banking) may be applicable and usable in all
banking systems, and only the definition of these
processes greatly facilitates their practical application in banks.
7. Conclusion
Strategic planning involves a specific form
of planning which for the company-bank market
usually refers to the competitive activities. The
key premise of survival in the market and customVolume 7 / Number 1 / 2012
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er satisfaction is a strategic planning in banks. The
objective of strategic planning is to guide and redirect activities and products of certain companies,
so that they simultaneously create satisfactory
profits and growth. The formal way of planning,
which is connected to a stable environment in
which managers take a couple of trends in recent
years, and by extrapolation of the trend, they plan
size for the next period, it is not possible anymore.
The significance of strategic planning of the bank
is to review the main directions of restructuring of
balance and off-balance sheet positions of bank in
order to increase profitability and reduce risk exposure of the bank. Appropriate balance changes
are very closely associated with changes in marketing in banking, management, human resources
management, improving IT and so on.
Strategic management of the bank can be
viewed from several different aspects: bank capital
management, liquidity management of bank (the
hardest part of management) and Branch Management of bank. The main task of management in
banks, in conjunction with strategic planning, is
to find a strategy that achieves the basic goals: to
maximize profits, increase the value of the role of
shareholders and to increase market share.
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teacher’s record, and students’ knowledge in
the evaluation of mathematics
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Abstract
It is believed that the rate of achievement and
learning of university students is dependent on
environment, social and domestic factors. Their
marital status and jobs, etc. are also factors to be
considered. In this essay, there has been greater
focus on other factors such as students' attempts,
endeavors and knowledge, professors' knowledge
and degrees, and how significantly these factors
can affect student achievement. The question has
been raised as to which of the mentioned items
have had a greater effect on students' achievements. For this evaluation, the DEA method has
been used.
Key words: professors 'knowledge, professors'
records, students 'knowledge, evaluation.
1. Introduction
In recent years, some researchers have focused
on the application of the fuzzy set theory to educational grading systems. As regards the evaluation of students' performance, various studies have
been carried out by scholars, among which one can
mention, Chang and Sun (1993), Biswas (1995),
Chen and Yang (1998), Chen and Lee (1999), Wu
(2003), and Bai and Chen (2006a, 2007b).
Bai and Chen (2006a) presented a method for
automatically constructing grade membership
functions for student evaluation in fuzzy grading
systems. Biswas (1995) developed an approach
that uses fuzzy sets for student evaluation. Chang
and Sun (1993) proposed a method for fuzzy assessment of the learning performance of junior
high school students. Cheng and Yang (1998)
presented a method for using fuzzy sets in educational grading systems. Chen and Lee (1999)
presented two methods for student evaluation using fuzzy sets. And, finally, Wu (2003) presented
204

a method in which the fuzzy set theory and the
item response theory are employed to evaluate the
learning performance of students.
In this essay, the DEA method is used to evaluate the university students' learning and achievement.
The evaluation will be shown based on students' learning and achievement. In other words,
different effective factors on students' learning
and achievement are evaluated.
2. Primary definition
Since 1996, numerous studies have been done
concerning the DEA. One of the main objectives
is to measure the efficiency of a Decision Making Unit (DMU) by a scalar measure ranging between zeros (the worst) and one (the best). This
scalar value is a measured linear programming
model. Specifically, the Charnels-Cooper-Rhodes
(CCR) model deals with the ratio of multiple inputs and outputs in an attempt to gauge the relative
efficiency of the DMU concerned among all the
DMUs. This fractional program is solved by transforming it into an equivalent linear program using
the Cooper-Rhodes transformation. We will deal
with n DMUs with the input and output matrices
and Y= ( ϵ
respectively. We assume that the data set is positive, i.e. X>0
and Y>0The production possibility set P is defined
as P=
Where is a non negative vector in

(we can

impose some constraints on , such as
(the BCC model),
y
the production possibility set.)
We consider an expression for describing a certain DMU (
) as
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+ ;

The problem given above is a nonlinear programming.
Then,
becomes the following linear program in t,
,
and .

This operation is called the SBM –projection.
Based on , we define the reference-set to (x0,
y0) as follows:
Definition 2: (Reference-set). The set of indices corresponding to positive s is called the
reference-set to (x0, y0).
In the occurrence of multiple optimal solutions,
the reference-set is not unique. We can choose any
one of them for our purpose.
Considering an optimal solution the corresponding reference-set is as follows

Using

we can express (

[LP]
Minimize τ= t

) by
,
.

Subject to

Since

t

Definition 1: (SBM-efficient): A DMU (x0, y0)
is SBM – efficiency if
This condition is equivalent to
=0 and
=0, i.e., no input excesses and no output shortfalls
in any optimal solution.
For an SBM inefficient DMU (x0, y0), we have
the expression:

the

SBM

depends

only

on

The reference-set dependent values,
is not
affected by values attributed to other DMUs not in
the reference-set. In this sense, proposed in this
paper is different from other efficiency measures
which incorporate statistic over the whole data set.
In this part hypotheses are explained:
1. Scores of mathematics 1 have a direct
relation with students' operation.
2. Professors' knowledge has a direct relation
with students operation.
3. The record of professors' has a direct relation
with students 'operation.
4. The scores of mathematics 2 have a direct
relation with students' operation.
3. Data

The DMU (
) can be improved and become efficient by deleting the input excess and
augmenting the output shortfall as follows:
⃪

⃪
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At first, three mathematics classes in any arbitrary university are chosen. These three mathematics classes are completely different from
each other. The professors of these classes have,
respectively, a seven–year teaching record with
an MS Degree, an eight-year teaching record with
a Ph. D degree and the last one, a thirteen-year
teaching record with an MS Degree. The scores of
205
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these students in two semesters (math 1, math 2)
are considered. In the first semester in 2006 -2007,
they passed their classes with the above-mentioned professors and the other term was passed
with other professors. Their second semester was
also in 2006-2007. In this essay the first course,
along with the scores is important and is called input; in the second part; scores of these classes are
important as output.
By using the DEA, method and SBM model
the rate of students' attempts and endeavors are
evaluated. Therefore, the inputs of mentioned
model are the scores of mathematics 1, and the
record of their related professors along with their
degrees and output in this model is the scores of
mathematics 2. With regard to input and output, it
can be estimated on each student's efficiency.
Input 1= scores of mathematics 1.
Input 2= degrees of professors or professors'
knowledge
Input 3= records of professors or professor
'situation
Output= scores of mathematics 2.
Professors, whose certificates are MS and
PH.D and also their positions are assistant professors and
Lecturers. Community is shahre rey, Islamic
Azad University. Sample is 3 classes. Data table
is written below. In the first column on the left,
there is the number of 81 students. In the second
column on the left (input1), the scores of mathematic 1 is from 0 to 20. In the third column on the
left (input 2), the professors' knowledge who have
gotten MA certificate, their scores are 18 and some
of them who have gotten PH.D certificate, receive
scores of 22. In the fourth column on the left (input 3), domain of professors' situation is from zero
to 30. In the fifth column on the left is (output), the
scores of mathematic2 for students whose score
domain is from zero to 20.
4. Analysis
In the first table, the scores of three classes in
mathematics 1 from one university with the related professors on the basis of their records and
degrees are shown. In this table, there are 13 columns so that in the first column they are DMUs
(the same students), the second column contains
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input 1, the third contains input 2, the fourth one
input 3, the fifth output, and the sixth one the efficiency of students, and the seventh one, the students’ ranking, called R. In the 6th column of the
table (E), efficiency of students has been indicated
0≤E≤ 1 .which is near to number 1, therefore efficiency of students is better or which is near to
number 0 , so it is lees. In seventh column of the
table (R) students has been ranked. In the 8th column, (E1), efficiency of students' is considered by
the latest inputs such as professors' knowledge and
professors' situation, 0≤E1 ≤ 1 , If E1 is near to 1,
efficiency of students will be better and if E1 is
near to 0 , efficiency of students will be less.
In 9th column (E2), efficiency of students is
considered by the latest inputs such as professors' situation and students' knowledge such that
0 ≤E2≤ 1, If E2 is near to 1, efficiency of students
will be better and if E2 is near to 0 , efficiency
of students will be less. In 10th column (E3), efficiency of students is considered by the latest inputs such as professors' knowledge and students'
knowledge such that 0 ≤ E3≤ 1, If E3 is near to
1, efficiency of students will be better and if E3 is
near to 0, efficiency of students will be less. In the
next process, first, input 1 is eliminated, and then
SBM is used to calculate the related efficiency,
which is shown in the eighth column called E1.
Input 2 is then eliminated to calculate the efficiency called E2. This is shown in the ninth column
of Table. Finally, E3 is eliminated and is shown
in the tenth column. Should be searched between
6th efficiency column to each of 8th, 9th and 10th
efficiency columns. There are various methods to
assign distances between two vectors.
⃦ E-Ei = Zi i=1,2,3
The difference between Ei and E can be calculated, and then regarding the amount of Zi, the
effectiveness of each input can be evaluated. On
the other hand, if one of the Zi having the most
amounts is shown that the related input has the
most effective the efficiency. The less Zi shows
the less effects in the related input.
E-E1 = 3.201608
⃦ E-E2 =4.300128
⃦E-E3 =11.1316
According to the formulas, it is seen that among
the three values Z1, Z2, Z3; Z3=11.1316 is the highVolume 7 / Number 1 / 2012
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est among these and Z1=3.201608 the least. It can be
said that the effective factors on students’ achievement and learning can be ranking, so that a professors' situation is placed first and professors' knowledge is the second rank. In the third level, the students' knowledge is effective in the second rankness;
in the third level, students' knowledge is effective.

Figure 1.

On the other hands, Students with efficiency
between 0.8 to 1 are those ones with high efficiency. Showing with F5. Students with efficiency
between 0.6 to 0.8 are those ones with good efficiency. Showing with F4. Students with efficiency
between 0.4 to 0.6 are those ones with average efficiency. Showing with F3. Students with efficiency between 0.2 to 0.4 are those ones with weak
efficiency. Showing with F2 and finally Students
with efficiency between 0 to 0.2 are those ones
with bad efficiency showing with F1.

Table 1. Input, output, DMUs and E efficiency difference with each of E1, E2, AND E3 efficiency
DMU Input1S Input2
1
19.50
18.00
2
10.00
18.00
3
15.75
18.00
4
10.00
22.00
5
13.00
22.00
6
17.00
18.00
7
10.00
18.00
8
15.00
18.00
9
10.00
22.00
10
12.00
18.00
11
10.00
18.00
12
13.00
22.00
13
12.50
18.00
14
10.00
18.00
15
14.00
18.00
16
12.50
18.00
17
12.00
18.00
18
10.50
18.00
19
17.00
18.00
20
10.00
22.00
21
11.50
18.00
22
10.00
18.00
23
10.00
18.00
24
12.50
18.00
25
10.00
18.00
26
10.00
22.00
27
14.00
18.00
28
12.00
18.00
29
12
18.00
30
7.50
18.00
31
10.00
22.00
32
14.00
18.00
33
16.50
18.00
34
12.00
18.00
35
10.00
18.00
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Input3 Output
E
7.00
14.50 0.71
7.00
10.25 0.61
13.00
11.50 0.49
8.00
8.00
0.42
8.00
19.50 0.94
13.00
15.25 0.63
13.00
16.00 0.80
13.00
17.75 0.77
8.00
5.50
0.29
7.00
9.00
0.50
13.00
8.50
0.42
8.00
12.00 0.58
13.00
13.00 0.60
7.00
14.00 0.83
13.00
16.50 0.73
7.00
9.00
0.49
7.00
9.00
0.50
7.00
11.00 0.64
13.00
18.00 0.82
8.00
19.00 1.00
7.00
10.00 0.56
7.00
10.50 0.62
7.00
10.50 0.62
7.00
13.00 0.71
7.00
12.00 0.71
8.00
7.00
0.37
7.00
16.50 0.87
13.00
15.25 0.71
7.00
12.00 0.67
7.00
12.00 0.78
8.00
7.00
0.37
7.00
15.00 0.79
7.00
10.50 0.53
7.00
8.50
0.53
7.00
13.25 0.78

R
F4
F4
F3
F3
F5
F4
F4
F4
F2
F3
F3
F3
F4
F5
F4
F3
F3
F4
F5
F5
F3
F4
F4
F4
F4
F2
F5
F4
F4
F4
F2
F4
F3
F3
F4

E1
0.81
0.57
0.49
0.38
0.92
0.65
0.68
0.76
0.26
0.50
0.36
0.56
0.56
0.78
0.71
0.50
0.50
0.61
0.77
0.89
0.56
0.58
0.58
0.72
0.67
0.33
0.92
0.65
0.67
0.67
0.33
0.83
0.58
0.47
0.74

E2
0.63
0.58
0.38
0.42
0.93
0.48
0.68
0.60
0.29
0.47
0.36
0.56
0.48
0.79
0.58
0.46
0.47
0.61
0.57
1.00
0.53
0.59
0.59
0.66
0.68
0.37
0.81
0.58
0.62
0.78
0.37
0.73
0.48
0.44
0.75

E3 abs(e-e1) abs(e-e2) abs(e-e3)
0.65
0.10
0.07
0.06
0.60
0.04
0.03
0.01
0.56
0.00
0.11
0.07
0.42
0.04
0.00
0.00
0.91
0.03
0.01
0.03
0.72
0.02
0.15
0.09
0.94
0.12
0.12
0.14
0.88
0.01
0.17
0.11
0.29
0.03
0.00
0.00
0.49
0.00
0.03
0.01
0.50
0.06
0.06
0.07
0.56
0.02
0.02
0.02
0.69
0.04
0.12
0.09
0.82
0.05
0.04
0.01
0.84
0.03
0.15
0.11
0.48
0.01
0.03
0.01
0.49
0.00
0.03
0.01
0.63
0.03
0.03
0.01
0.96
0.05
0.25
0.14
1.00
0.11
0.00
0.00
0.55
0.01
0.03
0.01
0.61
0.04
0.03
0.01
0.61
0.04
0.03
0.01
0.70
0.01
0.05
0.01
0.37
0.04
0.03
0.34
0.84
0.04
0.00
0.48
0.82
0.04
0.07
0.05
0.65
0.06
0.13
0.07
0.81
0.00
0.04
0.14
0.37
0.11
0.00
0.41
0.76
0.04
0.00
0.40
0.50
0.04
0.06
0.29
0.46
0.05
0.05
0.07
0.77
0.06
0.09
0.24
0.53
0.05
0.04
0.26
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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
68
69
70
71
72
73
74
75
76
77
78
79
80
81
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10.00
13.25
7.00
10.50
10.00
12.00
11.50
10.00
12.50
16.50
7.00
10.00
10.00
10.00
16.50
11.50
11.50
11.00
11.50
14.50
6.25
15.50
18.00
6.50
10.50
14.50
11.50
10.50
14.00
10.00
16.50
7.00
10.00
16.00
18.00
17.50
12.50
11.00
12.50
12.50
17.00
18.00
13.00
10.00
16.50
12.00

18.00
22.00
22.00
18.00
18.00
22.00
18.00
18.00
22.00
18.00
18.00
18.00
18.00
22.00
18.00
18.00
18.00
22.00
18.00
22.00
22.00
18.00
18.00
18.00
18.00
18.00
18.00
22.00
18.00
18.00
18.00
18.00
18.00
22.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00
18.00

7.00
8.00
8.00
7.00
7.00
8.00
7.00
7.00
8.00
13.00
7.00
7.00
7.00
8.00
7.00
7.00
7.00
8.00
7.00
8.00
8.00
7.00
13.00
7.00
7.00
7.00
13.00
8.00
7.00
7.00
13.00
7.00
7.00
8.00
13.00
7.00
7.00
7.00
7.00
7.00
7.00
13.00
7.00
7.00
7.00
7.00

9.00
11.50
8.00
10.00
10.00
8.75
10.00
13.00
9.00
17.00
7.50
9.00
11.75
10.00
15.00
17.75
11.75
8.00
13.00
13.50
9.00
18.00
16.00
10.00
10.00
13.00
11.00
10.00
14.00
12.00
18.00
8.00
12.00
13.00
10.00
14.00
8.00
11.00
13.00
15.00
13.00
15.00
14.00
15.00
15.00
10.00

0.53
0.55
0.48
0.58
0.59
0.43
0.56
0.77
0.44
0.71
0.50
0.53
0.69
0.53
0.76
1.00
0.66
0.41
0.73
0.63
0.57
1.00
0.65
0.68
0.58
0.68
0.52
0.52
0.74
0.71
0.83
0.53
0.71
0.59
0.41
0.70
0.44
0.63
0.71
0.82
0.65
0.61
0.76
0.89
0.76
0.56

F3
F3
F3
F3
F3
F3
F3
F4
F3
F4
F3
F3
F4
F3
F4
F5
F4
F3
F4
F4
F3
F5
F4
F4
F3
F4
F3
F3
F4
F4
F5
F3
F4
F3
F3
F4
F3
F4
F4
F5
F4
F4
F4
F5
F4
F3

0.50 0.51 0.53
0.54 0.53 0.51
0.38 0.51 0.57
0.56 0.55 0.58
0.56 0.56 0.42
0.41 0.42 0.55
0.56 0.53 0.76
0.72 0.73 0.43
0.42 0.43 0.81
0.73 0.55 0.52
0.42 0.51 0.53
0.50 0.51 0.69
0.65 0.66 0.53
0.47 0.53 0.72
0.83 0.69 1.00
0.99 1.00 0.65
0.65 0.62 0.40
0.38 0.40 0.72
0.72 0.69 0.60
0.63 0.60 0.62
0.42 0.62 1.00
1.00 1.00 0.74
0.68 0.49 0.73
0.56 0.71 0.57
0.56 0.55 0.65
0.72 0.63 0.61
0.47 0.43 0.51
0.47 0.51 0.71
0.78 0.68 0.70
0.67 0.68 0.97
0.77 0.58 0.56
0.44 0.54 0.70
0.67 0.68 0.56
0.61 0.56 0.46
0.43 0.31 0.65
0.78 0.63 0.43
0.44 0.41 0.62
0.61 0.59 0.69
0.72 0.66 0.80
0.83 0.77 0.61
0.72 0.59 0.69
0.64 0.46 0.73
0.78 0.70 0.88
0.83 0.85 0.72
0.83 0.69 0.54
0.56 0.52 0.54

0.03
0.01
0.10
0.03
0.03
0.02
0.01
0.05
0.02
0.01
0.08
0.03
0.04
0.06
0.07
0.01
0.01
0.03
0.01
0.00
0.15
0.00
0.03
0.13
0.03
0.04
0.05
0.05
0.04
0.04
0.06
0.09
0.04
0.02
0.02
0.08
0.01
0.02
0.01
0.01
0.07
0.03
0.02
0.05
0.07
0.00

0.02
0.02
0.03
0.03
0.03
0.01
0.03
0.03
0.02
0.17
0.01
0.02
0.03
0.00
0.07
0.00
0.04
0.01
0.04
0.03
0.05
0.00
0.16
0.02
0.03
0.05
0.09
0.00
0.06
0.03
0.25
0.01
0.03
0.03
0.10
0.07
0.03
0.04
0.05
0.06
0.06
0.15
0.05
0.04
0.07
0.04

0.00
0.04
0.09
0.00
0.17
0.12
0.20
0.34
0.37
0.19
0.03
0.16
0.17
0.19
0.24
0.35
0.26
0.31
0.13
0.01
0.43
0.26
0.07
0.11
0.07
0.08
0.01
0.20
0.04
0.26
0.27
0.17
0.15
0.13
0.24
0.27
0.18
0.06
0.09
0.21
0.04
0.12
0.12
0.17
0.22
0.01
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Table 2. Correlation between Variable 1 & 5.

Table 3. Correlation between Variable 5 & 2.

Table 4. Correlation between Variable 5 & 3.

dents' operation. According to coefficient of correlation Pearson and Spierman. The hypothesis
will be rejected due to sig.=0.01 and 0.01<0.05. It
has been shown in table 3. In the third position, it
is assumed that professors' situation or the record
of professors' have a direct relation with students
'operation. According to coefficient of correlation Pearson and Spierman, due to sig.=0.749 and
0.749>0.05, therefore, it will be accepted. It has
been shown in table 4. In the forth position, it is
assumed that the scores of mathematics 2 have
a direct relation with students' operation. Due to
sig.=0.0001 and .0001<0.05, the hypothesis will
be rejected. It has been shown in table 5. According to the results of the achievement up, we are
going to correct the outcomes in DEA. Firstly, the
students' knowledge can be impressive on students' operation; secondly, professors' situation
and thirdly professor's knowledge are effective on
students' operation.
5. Conclusion

Table 5. Correlation between Variable 5 & 4.

Now, all of the mentioned hypotheses in the
Primary definition will be examined by coefficient
of correlation Pearson and Spierman. in the first
position: it is assumed that scores of mathematic
1 have a direct relation with students` operation,
regarding Pierson and Spierman test. This hypothesis is acceptable, it is sig. =0.87 and 0.87>0.005.
it has been shown in table 2. Therefore, it has not
refused yet and acceptable.
In the second position: it is assumed that professor's knowledge have a direct relation with stuVolume 7 / Number 1 / 2012

In previous essays the students' learning and
position were evaluated by Fuzzy method, while
in this essay the students' achievements are evaluated by DEA method .The greatest effect on a student's efficiency and achievement from three important items such as the record of professors, professors knowledge, and the student’s knowledge is
shown. Regarding to the above-mentioned items,
the most effective factors on a student`s efficiency
and achievement can be Identified.
Then, It can be said that the effective factors
on students' achievement and learning can be
ranking, so that students' knowledge is placed
first and professors' situation is in the second
rank. In the third level, the professor's records are
effective in the second rank; in the third level,
professors' knowledge or record is effective. it is
suggested that effective factors on students' efficiency should be considered, and inefficiency,
should be remove their weaknesses until learning
can be promoted.
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Globalization of economic and financial flows
in national economies
Alen Cengic
Sarajevo, Bosnia and Herzegovina

Abstract
Subject of the paper is discovering the possibilities and mechanisms of action of economic and
financial developments globalization in national
economies. Focus of the attention is on measures
and instruments stimulating the economic growth,
investments and savings within the national economies. Special consideration is given to the functional relations, globalization development aspects, economic and financial developments. Analyzed in the
paper are the developmental aspects of globalization, i.e. globalization contribution to the economic
and overall development of national economies.
Analyzed are the views of globalization advocates
and opponents, as well as their recommendations
for generating and dynamic power giving to the economic development at national (state) levels. The
main result of the research is referred to defining the
position and possibilities of national governments in
creation of market, politics, local economy protection, strengthening of its competitive position with
regard to correlation of forces at global market and
standpoints of dominant theoretic schools.
Key words: Globalization, communication,
information technology
1. Introduction
As a consequence of major economic crisis preceding the Second World War, of the great technological progress particularly in IT, the modern
economy faces an already known but not manifested to such extent, phenomenon called globalization.
Its final intense break to the surface occurs in the
eighties. It was preceded by neoliberalization, the
economic development commencing to emerge in
late sixties and early seventies. Contrary to Keynesianism and state intervention, its proponents argue
in favor of economic and political supervision in
which the rights of individuals represent the highest
value, liberalism and free-thinking. Consequently,
212

their strategy was to make the market liberal, allowing for greater freedom of economic thinking
and initiatives and to abolish the strict rules and
stipulations on market control. This abolishing was
primarily targeted to the customs declarations of individual countries and their national protectionism.
After seventies, the world economic market ground
was ready for “ball game scores”.
However, this ball game could only be played
by experts. For those who were unable of doing it,
this historical moment in their meager economic
past and presence as well, was the „final whistle”
for even greater decline. Namely, the globalization
rules are by appearance the same for everyone, but
those who are not willing to cope with this challenge are inevitably sliding toward the bigger gap
than the one in which they currently are.
The point is that transnational institutions and
governments of developed countries have made the
globalization “meaningfull” in the way that they
themselves can benefit from it at the expense of
small ones, under the slogan of equality for all. In
this way, it is not only that nothing is done to help
the undeveloped countries, but they are deliberately
pushed into even greater economic abyss. They are
given the only comfort in the possibility of lowwages work for the world globalists. Their labor is so
cheap that the western power-wielders find it profitable to „move“ the whole production, to pay complete distribution costs, customs costs (if any) and
maximize their profit accordingly. Few rare individual experts from these undeveloped countries are, as
a rule, almost always positioned to vacancies on the
West thus taking away the last hope for the development of their own national economy. Meetings and
conferences on the topic of gap reduction and wealth
reallocation are frequently held. They are organized
by various nongovernmental organizations pledging,
among other things, for equality in the world. Such
meetings, conferences and gatherings usually have
no intrinsic effect except to be media accompanied
and supported by similar institutions.
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Above all, economic globalization indicates setting up and defining the rules of unique world market with freedom to encourage communication and
development. On the other hand, there is a standpoint that large multinational companies make use
of already acquired equity to hinder generating the
competitors with whom they should have to share
the market. Economic globalization is closely connected with political globalization. Given that there
is a world economic market, national governments
face difficulties in establishing some economic
market terms intended for protection of proprietary
domestic product and accordingly they can not
stimulate directly the domestic economy growth.
Another factor hindering the domestic economy
stimulation is the presence of international monetary institutions backed up by the fact that the decision-making center gets transferred from national
governments to the international institutions.
Added to the above, mentioned in the Introduction should also be the cultural globalization as the
web of different world cultures and customs. Flow
of goods, capital and people across national borders
is also carrying along the flow of habits, customs
and cultures. This process causes different reactions
in different people. On the one hand, such transfer
of culture might be considered positive because it
enriches and upgrades the existing one. On the other hand, it might be considered negative one as it is
representing the threat to existing rules and values.
Finally, it should be emphasized that globalization is deeply incorporated in the everyday life
on the world stage, economic as well as sociological and cultural. Only those accepting it and letting things slide along its stream can prosper from
it, while those having misfortune to be born in
“wrong” part of planet must suffer the unsparing
scourge of neoliberalism, deregularism and finally
of the economic phenomenon called globalization.
2. Neoliberalism and protectionism
In general economic situation after the Second
World War the world economy, in attempts to return to the principles of classical liberalism, got
stuck in yet unknown economic framework called
neoliberalism. As known, neoliberalism is opposed to the state interference in the economy, is
opposed to protectionism, social rights of workers,
Volume 7 / Number 1 / 2012

high tax rates. Although neoliberalism has a political background, its ultimate manifestation is of
economic nature. There are exceptions such as the
State of Chile, headed by the authoritarian regime
during the military dictatorship, and having the
neoliberal economy. Generally, the states founded
on neoliberal economic principle are the most progressive states and they provide the highest profits
and highest living standard for its population.
Its general boom has been experienced upon
the decline of Eastern Bloc and ending of the Cold
War. Reason for that is the possibility opened in
this period for an undisturbed flow of capital,
goods and services between East and West. Neoliberalism and its victory over traditional economy
involving a big share of state made decisions, have
opened the door widely to globalism. It is to be
understood as an absolute freedom of economic
decisions and moves taking and adjusting of economic entities to the world market demands.
There are three basic concepts advocated by neoliberalism’ followers, namely: peace as a prerequisite for relationship between the states, democracy
as the best way of political life organizing and the
free market as essential tool for wealth generating1.
Neoliberalism highlights the economic policy
in which the economic entities are actively and
comparably involved in the economic flows bearing the individual responsibility for their progress
or economic slump respectively. The rules are not
set up by anyone else than just the market itself
with its basic supply and demand economic laws.
This is why the neoliberals are calling for the state
“elimination” from economic flows and surrender
of market to itself and to its own mechanisms of
rejection and acceptance of economic business existence. In that way the business competence gets
awarded, failure gets punished, and the free market independently “tailors” its rules of the game.
As the transnational institutions and transnational
companies are currently strong to the extent of being able to construct independently the major economic issues, it could be well claimed that in back
of the most political issues lies just economy. This
1 Mencinger Jože, „Socijalno tržišna ili „čista“ tržišna
privreda, u: Stiglić E. Džozef, Protivrečnosti globalizacije,
SMB-x, Beograd, 2004, str. 291; Preuzeto iz knjige
„Globalizacija makroekonomske politike, dr Žarko Ristić,
dr.Dobrosav Radovanović, Beograd 2008 g.
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entitles the neoliberalism’ followers to influence
the politics, to get incorporated in their rows and,
while doing that, not to render the accounts either
to citizens or to party options and to workers.
„Individual freedom is necessary and it is the ultimate social ideal. The state government is also necessary, but it must be limited and decentralized. Interventionism is dangerous and it must be avoided“2.
Neoliberalism consequently insists upon control
reduction in economic area aiming at as higher as
possible devaluation of the state authority and state
control and to withdraw the boundaries protecting
the domestic products. They are not willing to recognize the state sovereignty or integrity, nor the national interest, but they modify and rearrange it into the
market interest which is given the imperative of their
expansion and capital reproduction. In addition, the
proponents of neoliberalism are struggling for taking
over the state authorities and their restructuring on
the international, global level. National governments
constantly loose their authority at the national and
even at state level. They loose ther economic power
every day. Their impact is inversely proportional to
the strengthening of neo-liberal power.
But the world’s leading national governments
directly influence the neo-liberalism. Some of
them have practically created it. The role of the
state is still strong, it has a very powerfull instruments of coercion and collection of taxes and duties, but still the multinational companies are crucial economic factors in today’s business settings.
However, neoliberalism is inevitable and currently it represents the basic principles of economy. As such, it is imposed to every pore of not only
economic but also social and cultural lifestyle.
Neoliberalism is the main driving force and the
basic foundation of globalization, simultaneously
ensuring the success of the exponential growth of
transnational corporations and supranational institutions. They ultimately affect the relationship
between national economies.
Today, the economy of almost all countries in
the world contains the basic neo-liberal concept.
2 Grubačić Andrej, „Neoliberalizam, korporatna globalizacija
i pedagogija“,u Zbornik: Knežević Miloš, Vreme
globalizacije, 2003, Dom kulture Studentski grad, Beograd,
str 147; Preuzeto iz knjige „Globalizacija makroekonomske
politike“,dr.Žarko Ristić, dr. Dobrosav Radovanović,
Beograd, 2008 g.
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Some states have accepted it because they felt it
was useful for the development of their economy,
while some of them have set the concept of neoliberalism on its feet. Regretfully, most of them
accepted it because they had to. Globalization is
inevitable. Anti-globalists and the countries that
still rely on the socialistic order are aware that the
wheels of globalization will sooner or later run
them over. It is impossible to resist, one can only
join it with the least damage to the own economy.
Such growth of neoliberalism is based on its real,
true and deadly good quality approach, which is
the natural selection between the strong and weak
ones. But even if it is not so, what options would
have its opponents. What in the current world
economic order may be offered as an alternative.
According to current market offers and according
to estimates for the future, the only alternative to
globalization is turbo-globalization! Globalization
is superior to all previous economic models and
is based on the great dominance of the neoliberal
model of economic and political life organizing.
„International order of 21st century opted for
loyalty to liberalism, not only because every state
in the market has seen a potential benefit, but because there was no meaningful alternative“.3
Besides deregulation, neoliberalism involves
the reduction of any collective authorization to the
capital movement, not only to deregulation. Thus,
only the single movement through global capital
flows constitutes an acceptable model. The essential model would actually not be to have neoliberalism imposed, but to have it, through its operative
economic instruments, “poured” into society. That
means that the market mechanisms and changes
are shaping the society and that the economy itself
defines the method of social development. One
of the advantages of neoliberalism also lies in the
fact that all flows and tradings are carried out voluntarily, without governmental or protectionistic
compulsion, where the market itself either puts
out of competition those that are economically
unsuitable or gets them rewarded by market expansion and profit increase. Such neoliberalism is
not located in any country and no national government has control over it. Because the essence of
3 Mandelbaum Majkl, Ideje koje su osvojile svet, Filip
Fišnjić, Beograd,2004.
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globalization is located in the heart of international economy and international economic trends.
Like a good football player who plays with a
newcomer, neoliberalism similarly comes into the
market that is already prepared through the processes of privatization, deregulation and dislocation of capital from the state treasury into the hands
of private business. As the competition makes also
in this principle the basis for the world economy,
this entails the abolition of national borders and
faster and easier fluctuation of capital and goods
thus enabling the survival in the market.
The economic dominant of neoliberalism is
also represented by unimpeded flow of capital to
all parts of the world. It is not only free of national
barriers, but is also largely free of national controls.
For how and in which way to control the global
capital and in the end, who would be the arbitrator. In this way, the capital circulates according to
the classical form until it finds the best location for
its fertilization. In other words, searching for the
cheapest labor and services, the cheapest raw materials, reproducing materials as well as the lowest
social expenses and taxes. In finding resources of
this kind the transnational corporations are greatly
supported by their flexibility and mobility, because
it is necessary to react quickly and to take the advantages offered by the particular market at given
time period. Such steps are also carrying out the
high risks, but the more decentralized corporation
is, the risk of investing in volatile markets is lower
and profit is higher. As an argument to it „Mandelbaum noted that from 1950 to 1996 the volume of
the world export increased by more than 16 times
and that in the same period the total economic production increased by 6 times. In many countries,
export of goods expressed as percentage of gross
domestic product was much higher after the Cold
War than shortly before the First World War. Thus,
for example, the percentage in 1913 for US was 3.7
and in 1992 it reached 8.2; for France it was 8.2 and
22.9 resp.; for Germany it was 15.6 and 32.6 resp.;
for Japan it was 2.4 and 12.4 resp. and for the world
it was 8.7 and 13.5 respectively“4.
Another reason for persistence and efficacy
of neoliberalism is its permanent commitment to

social expenditures reduction and to their redistribution on behalf of corporations’ profit. Neoliberalism seeks to make full restriction of such
expenditures, and not only them but the restriction
includes the expenditures for protection of environmental resources, not to mention aid to undeveloped countries because they would thus have
a double loss. The first loss would be the capital
itself which should be allocated for help to the
undeveloped, and the other, more important one,
would be the risk of development of undeveloped
countries. This would raise the standard of these
countries, wages, social status. In this way, after
certain time, globalization would disappear.
Well-known globalist Friedman says “Lower
your expectations, because the increase of wages,
protection of nature and health insurance are increasing the production cost and making the corporation less competitive, and that is a threat to the
economy. A state which in the name of superiority
and equality takes from ones in order to give to
the others can not lead to progress. Sooner or later,
and probably before anyone would have expected,
the inceasing oversized state would even destroy
the prosperity that we owe to the free market, as
well as human freedom, so eloquently expressed
in Declaration on Independence“5.
Theorists of neoliberalism advocate the view
that, among other things, Europe must consolidate
its position globally. This is feasible in a way that
it comes to dissolution of today’s so called welfare states along with their achievements in social
policy and economics. They further argue that the
continued growth of unemployment can not be
solved by the state expansion and by its strengthening, but by a simple cut down of its powers.
That would contribute to further strengthening of
transnational companies and to their better competitivess on the global world market.
Social neoliberalism position is based on claiming that in the future it can not come to the war and
racial intolerance because the economy with its
strong chains based on the interest, shall overcome
the political rivalries as well as the class and historical, international and intersocial barriers. On the
contrary, the societies will become increasingly in-

4 Globalizacija makroekonomske politike; dr Žarko Ristić,
dr. Dobrosav Radovanović; Studio MS, Beograd 2008 g.

5 Friedman Milton and Rose, Sloboda izbora,lični stav,
Global Book, Novi sad, 1996, str 24-25
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terconnected and dependent on each other. All this
shall lead to prosperity, annul the boundaries thus
removing the potential sources of conflict. „World
peace through world trade“, a slogan that best expresses the attempts of neoliberalism supporters for
world peace and democracy. Furthermore, in such a
peaceful system the democracy is inevitable. A free
market in its form must ultimately lead society into
a democratic state. This link and interdependence
of democracy, peace and free market are the basic
concept of the social organization of neoliberalism.
Accordingly, the advantage of neoliberal concept is not only in freeing the market from national
constrains, but also assurance of a more democratic
and more peaceful society. The fact is, at least for
now, that the increase of world trade and upward
trend of the market, are declining the option of the
war outcome. This, however, did not reduce the
amount and growth of military industry in the most
globalized country in the world, the United States.
Anti-globalists and opponents of neoliberalism,
increasing in number but consulted increasingly
less, argue that it is incorrect to place economic
standards in front of the social ones. Furthermore,
availability of only one factor that would regulate
economic and social rules of society would represent too much power in the hands of an option. Excesive power without any control of the society or
some other institution could lead to the end of society and to its self-destruction. Setting up the economic aspect as dominant in relation to social one
which is established in the neoliberalism, represents
a kind of conservative attitude or, viewed through
the prism of politics, an extreme right-wing nationalist fraction. In case of neoliberalism that would
not be right-wing nationalist fraction, but right-wing
globalist fraction that would equally or perhaps even
more remorselessly threaten the freedom and lifes of
all their opponents. Criticism to neoliberalism represents the argument that the free market and competition are not that quite free. Placed on the foundations that suit those who are ready for the race,
and for those unprepared it represents an economic
scourging in which they loose both the economic
dignity and social status. It is getting reduced to the
forcible imposing of hierarchical relations between
larger and smaller states and regions.
However, dispite the fact that we can well say
that neoliberalism creates retail consumers instead
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of citizens and shopping centres instead of community, despite the fact that the seemingly perfect
working principle of market generates the enormous social and economic inequalities, increased
poverty of the poorest ones and the enormous enrichment of rich ones, neoliberalism is inevitable.
It represents the rough reality that will for now
and probably for the next few decades remain unchanged and dominant. It is so well incorporated
into the society starting from the top of political
powers, through IMF and the World Bank, up to
deregulation, globalism and economic hegemons
resembling giants, who like black holes swallow
everything they find on their road. Perhaps there
is an additional reason due to which no urgent
change of the neoliberal regime can be expected,
and it is not because it is not really perfect but because it has no adequate economic alternative.
3. Impact of economic regions on national
economies
In today’s globalized world, in addition to division on developed and developing countries and
geographic regions, there is a regional or planetary
division. Their actions affect the movement of total world national flows as well as the economic
strategies of individual countries. These regional
giants are the three economic zones. It is North
America with Canada and Latin America, European Union and Pacific zone headed by Japan. Their
actions and moves influence the whole world, the
financial flows, devaluation of certain currencies,
exchange rates, stock market and financial speculations. In addition, they integrate societies and
economies of other countries that were separate
previously, simultaneously dividing some economic regions in the world. The creation of powerful regional economies creates a quite new image of the world economic scene and influences
the redistribution of the world economic power.
Lately there has been a shift in the constellation of
powers of these economic regions. Relative decline
of America and its economic share and impact to the
world market has contributed to a slight strengthening of the European bloc and the Pacific where Japan
stands out in particular. Japan’s financial and technological strength, their steady progress, together
with the rise of China give promise of their rapid and
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safe future prosperity, and therefore a big change in
global economic market. China has recently become
the largest exporter in the world. Does it mean that its
economy is stronger? Or does it only mean that the
Western globalists exploit China’s cheap labor force?
The Chinese produce mainly cheap textile goods that
are not much sophisaticated. This means that they
need huge amounts of produced goods in order to
reach the title of largest exporter in the world. This
indirectly means that all textile and related industries have no place for their production in Europe.
So European globalists shift the production to China,
make it the largest exporting power in the world and
they influence the production trends in their national
economies. A major change in the Far East conditioned both economic and civilization change, the
success of Chinese and Japanese civilization. A major change in the ratio and volume of trade began to
occur mid-80’s when Pacific zone including Japan
gained a slight advantage over the Atlantic zone and
America. For only thirty years Asia Pacific has become the major center of the world capital accumulation, one of the largest and most competitive shopping regions, one of the two leading centers of information revolution and technological innovations,
the most attractive destination for global investments
estimated at over 420 billion dollars6.
Financial crises are frequent features of these
three regions and they often occur unpredictably.
The danger for the world and its national economies lies in the possibility of dividing the three
blocks. However, it is frail with respect to certain
structuralism and financial interconnection of these
regions. In any case, the inclusion of South-East
Asia, China, India and certainly Japan into the
global network of economic interdependence has
changed the course of history and the dominance of
the West, particularly the United States. Their mutual economies are constantly struggling. They introduce protectionistic policies to protect domestic
products as Japan, for example, produces cars that,
though including production, distribution and paid
customs costs, are cheaper in America than the U.S.
domestically manufactured vehicles. On the other
hand, the unimpeded flow of capital is streaming
in multiple greater extent than the respective trade.
6 „Globalizacija, dva lica sveta“, dr. Miroslav Pečujlić,
Beograd 2002 g, str. 72
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4. Technological progress and information
technology boom
In addition to the Great Depression, ending the
Cold War, breaking the Eastern Bloc and linking
western and eastern markets, an important affirmation of globalization has contributed to technological progress in which the most prominent is IT
factor. Complete system of action, ranging from
electronic banking, capital flows, financial speculations, information services and numerous actions
related to economy would not be as feasible as it
works today, without computer logistics available.
In addition to these types of information progress, there is a visible shift forward in modernization of equipment, machinery, tools. Everything that
reduces the demand for fresh manpower. Less than
a century ago, hardly anyone could imagine that the
masses of peasants in the fields round the world will
be crammed into factories and that work of hundreds
of them will be controlled by one person with help
of sophisticated machine. Equally strange it would
be today to imagine that these workers from the factories will disappear and that their workplaces shall
be replaced by computer offices.
With postindustrialism, particularly the IT revolution, the central driving force of development
is also changing. Computer-information is in the
center of the new technological civilization. What
is done, manufactured, created, arranged by classical machine is created, investigated, analized as
information by the computer machine and such
obtained data are presented as a final product in
which the new values are not generated mainly
by heavy physical work, but by new knowledge and innovation. This type of production is
called„software economy“and it covers some
economic sectors that have the fast growth, such
as microelectronics, biotechnology, telecommunications. These branches are not only the fastiest
growing ones, but are significantly more profitable
than other industries, and for their implementation
the resource knowledge is mostly used.
Thanks to information technology the developing countries may also reduce the time of their
technological progress and industrial development.
Invisible but powerful driving force of globalization is represented by a new class of “producers
of IT era”. By its nature it is cosmopolitan, the field
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of its professional carrier expands endlessly, it becomes cosmopolitan. Biotechnology engineers,
computer managers, economic analysts, software
professionals are becoming demanded throughout
the West. In contrast to the unqualified workforce,
they are becoming the prosperous part of the new
world without borders, and will remain so all until their education and invention are looked for by
consumers of global supermarket7.
5. Conclusion
If the modern electronic communication constitute the nervous system, then the globalizing economy is the bloodstream of the world, its arteries and
capillaries leading to all the denser network of economic linkage, interdependence of all societies. At
the same time, it is more increasingly marked the
superiority of transnational and supranational economic organizations over the national economies
and states. Technology and economics are making
globalization the unstoppable stream, gaining the
form or the appearance of iron historical necessity8.
In addition to constant criticism of globalization, one can mention its positive side. Namely,
neoliberalism as the precursor of globalization
influences not only economic but also other conditions of global order. Peace for example in 21st
century, according to the opinion of globalists, is
secured. And not only peace but also democracy
and prosperity based on free market. Supporters of
neoliberalism claim that the economic prosperity
does not give motive or need for the war. There is
only the need for market expansion and achieving
the greatest possible profit. Those who would possibly have provoked it, are weak and undeveloped
coutries. On the other hand, developed countries
have the interest to preserve their wealth.
Looking from social aspect, it is important to
point out that as disadvantage of globalization it
appears to be the lack of ethics and moral values
which are required by every society.The fulfillment of such justice which neoliberal system is
lacking. The economic superiority, which is the
basis of globalization, entails the social inferior7 P. Kenedy,1993 g.
8 “Globalizacija, dva lika sveta“, dr. Miroslav Pečujlić,
Beograd 2002 g, str 61
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ity. Instead of the society of justice and ethics, the
world is transformed into one of chronic disbalances within just a few decades from creation of
neoliberal concept of economics. Neoliberalism is
the winning formula of economy. But in order to
be morally justified, it must be accepted by all. If
judged by ethics, it is certainly bad. However, if
the ethic value is disregarded, the concept of neoliberalism has its complete justification. Finally,
why so many social expenditures should be accumulated on someone who is not making business, not creating, not acting on the market. These
benefits which it enjoys in the market have to be
paid by someone. It is only seemingly that they are
paid by the state. The state is only an instrument of
payment, but the real payers are the taxpayers who
face troubles working with their transnational corporations and fight for their retaining in the market. Because if they fail, no one could guarantee
to them, neither the trade union nor the state, that
they will not close down and fall prey to another
economic giant or maybe even to the state itself.
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Abstract
This work presents one approach to guide organization systems towards a continuous meeting
its stakeholders’ needs. The approach starts from
the stakeholders’ needs and ends with the evaluation of the extent to which these needs are met
through a cycle of continuous organization system
improvement, based on the implementation of a
general-type model for defining organization systems quality.
Key words: organization system quality, stakeholder approach
Introduction
Contrary to products and services, as most widely present entities in the literature on quality, the organization system is not adequately dealt with as observed from the quality aspect. One possible reason
is that the organization system is one of most complex entities whose quality can be discussed. As a
complex and open system, the organization system
is composed of a certain number of structural parts,
where each such part produces certain products or
services towards achieving mutual goals. This fact
alone explains the complexity of the interaction between various outputs of individual processes of the
organization system as well as their quality in the
overall functioning of the organization system. The
quality of the organization system and its processes,
in the form of this or a similar concept, are analysed in (Rodrigues, 2007; Milojevic, 1979; Mitrovic, 1996; Radovic, 2004; Zivkovic, 2001, 2008),
where the issues were the quality organization, the
quality level of organization process, the organization system quality, etc.
Starting from the definition of quality provided
in the ISO 9000:2005 standard, and in order to
define and then identify the organization system
Volume 7 / Number 1 / 2012

quality, it is necessary to identify and define two
groups of characteristics:
–– The set of organization system characteristics;
–– The needs (requirements and expectations)
related to the organization system characteristics.
Each quality characteristic meets one or a number of needs of a user of the entity the quality of
which is discussed. The characteristic of the quality is a value that can be determined and monitored in time and it belongs to the organization
system itself. Thus, in order to define the organization system quality it is necessary that a set of
characteristics, i.e., the values by which the organization system affects its stakeholders, should be
determined. The other characteristic essentially
shows the needs that can be stated as requests or
can remain unstated, however, this does not imply
that the stakeholder does not anticipate them, so
these needs can be defined as expected. The needs,
therefore, cover the form of requirements and expectations a stakeholder has as regards the entity
and its quality characteristics, in this case, the organization system. Pursuing the above presented
explanation, the organization systems quality can
be defined as: “The level to which the organization system quality characteristics meet the needs
of its stakeholders as regards these characteristics.” (Zivkovic, 2001, 2008)
Defining the organization system quality
should provide an overall insight into the extent
to which the needs of all stakeholders important
for the organization system are met, through the
characteristics of the organization system quality.
The approach to the organization system quality
definition and the results of its implementation
should be useful to the management in diagnosing the state of the organization system and in
further decision making towards organization sys219
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tem quality improvement, i.e., increasing the satisfaction of all the important organization system
stakeholders.
General organization system quality defining model
It is assumed that a unique model that would
be applicable to all the cases and manifest forms
of organization systems without prior preparation
and adaptation is impossible to define. What is
possible to define is a general model to determine
the organization system quality that would serve
as a starting point in defining a concrete model to
determine the organization system quality, not in
order to determine the overall value of the quality level and its presentation on the quality scale,
but in order that the basis be created for the improvement of the level of all organization system
stakeholders’ needs satisfaction and a possible
comparison of these values with other representative systems. This could allow for a continual definition and monitoring of the organization system
quality as regards the organization system stakeholders’ needs, and it could also be compared to
other organization systems. Therefore a general
model should be defined, one that should allow
for the organization system to adapt its specific
features and then to define its stakeholders’ satisfaction and bring the results into correlation with
the operational results the system can affect. The
aim of such an application of the model is to introduce the management to the field of possible activities and the possible directions of activities for
the purpose of improving the organization system
stakeholders’ satisfaction.
The general and the concrete models of defining the organization system quality level will be in
correlation:
–– The general model is the starting point in
defining the concrete model for defining the
quality of various real organization systems;
–– Through the concrete model of defining its
quality, the real organization system may in
turn affect the improvement and supplement
the general model for defining the
organization system quality, that is, for the
organization system quality improvement.
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The general model for defining the organization system quality level should include: the expected, the designed, the achieved and the organization system quality in use.
The expected organization system quality consists of the elements of the expected and required
quality it defines starting from the organization
system stakeholders’ needs. If there are a theoretically larger number of the organization system
stakeholders, it is possible to group the needs related to the organization system under consideration according to the basic organization system
stakeholders. One manifest form of organization
system stakeholders may have one or more needs
as regards the organization system; namely, one or
more elements of expected quality can be identified for this form of organization system. Each of
these elements of the expected quality within the
same stakeholder group has its planned value, but
a different importance, or weight as compared to
the other elements. Each element of the expected
quality is defined by:
–– A defined and clearly stated need of a
stakeholder;
–– The value to be achieved;
–– The importance as compared to the other
elements of the same stakeholder group.
In order that the elements of the expected quality be defined within a general model for defining
organization system quality it is necessary to:
–– Identify a theoretical set of possible
organization system stakeholders;
–– Determine a theoretical set of organization
system stakeholders’ needs.
A proposition of a possible number of stakeholders is analysed in the works of (Freeman ,
1984, Burton & Dunn, 1996; IIED, 2001; Brenner
& Cochran, 1991; Donaldson & Preston, 1995; Hill
& Jones, 1992; Clarkson, 1995; Buchholz, 1993).
One categorization of stakeholders into different
significance groups of the organization system is
presented in (Brnjas, 2000; Burton & Dunn, 1996;
Ramírez, 2007; IIED, 2001). Analyzing the existing stakeholder groups presented in previous works
it is possible to identify the following stakeholder
groups as part of a general model for defining the
organization system quality level as well as the baVolume 7 / Number 1 / 2012
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sis for the stakeholder identification for a concrete
organization system: Owners (shareholders, groups
and individuals), Management, Executives, Suppliers, Customers (buyers, users and/or consumers),
Banks, Sponsors, State institutions at various levels
(ministries, agencies, administrations, etc), Competition, Various activist groups, associations, parties
(customer protection, organizationmen associations, unions, etc.), Scientific and research institutions, Social community.
The above quoted organization system stakeholder groups are part of the general model for defining the organization system quality in the section
of the expected quality elements. Upon the identification of the stakeholders and the needs within
each of these groups the initial general model for
the organization system quality definition would
consist of 12 stakeholder groups. In order that it be,
e.g., made concrete for the case of a real organization system, it will be necessary that out of all the
stakeholder groups quoted above those stakeholder
groups should be selected into a concrete model
that are realistic for the observed organization system whose quality level is to be defined.
After the initial stakeholder group identification, and in order to determine the expected organization system quality, it is necessary that their
needs be identified too. Different stakeholder
groups have different needs as regards the organization system operations. On the basis of the
varied needs quoted in different sources (Andersen & Fagerhaug, 2007; Djordjevic, 1982; EU
Publications Office, 2001; AXON, 2006; Leap &
Loughry, 2004; Maslow, 1954; Nikolic, 1996; Kukoleca, 1971; Pickle & Abrahamson, 1990; ILO,
1998; GSK, 2003; OECD, 2004) it is possible to
define a theoretical initial set of needs for different
organization system stakeholders.
Upon the identification of the needs within each
of the groups, the initial general model in the organization system quality defining would be made up
from 62 elements of expected quality with defined
needs. The general model, as it was already said,
would serve as a starting point in defining a concrete
model whose number of elements of the expected
quality may differ from that of the general model.
Implementing the general model on a real organization system makes it possible to even increase the
number of needs identified in the general model.
Volume 7 / Number 1 / 2012

The organization system quality in use is defined for the defined elements of the expected
quality, in that their real values are ascertained.
The model provides that the level of needs satisfaction may be evaluated on a 1 to 5 scale for each
of the elements of expected quality. The evaluation mark is obtained through a questionnaire to
collect data from the selected representative sample of each user group of the organization system
where: mark 1 means an absolute dissatisfaction
with the extent to which the respective stakeholder
need is met, while mark 5 means an absolute satisfaction with the extent to which the respective
stakeholder needs are met.
The same needs, but with different meaning,
are possible to identify for different organization
system stakeholder groups. The needs of, for example, the state, the social community and nongovernmental organizations may coincide in some
aspects, but they may differ in importance. It is for
this reason that no inventory of possible needs will
be made within the model, since the same need
may emerge in different stakeholder groups, however, with a different level of significance. In case
of the real organization system the needs identified in the general model would be selected into
a concrete model by way of defining their significance, that is, by way of their categorization by
a selected representative sample from each of the
stakeholder groups identified for a real organization system. Only those stakeholder groups identified in the previous step of the concrete model
development with their respective needs can be
taken into account in the further implementation
and development of the model. In addition to the
needs listed in the general model, for each identified stakeholder group it is necessary that space
be left for improvement and extension of the
model with the needs identified by the stakeholder
group’s representatives, on the example of the real
organization system. Each of the defined needs has
not an equal importance within the same category
of stakeholders. Some needs are of higher priority
for a stakeholder than the others. It is important
to categorize the needs for the purpose of further
allocation of activities within the organization system and the priorities for their execution. The more
important the need is, the higher priority it has to
be satisfied. This is not always the rule, however;
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to get a real insight into priorities it is necessary to
assess the extent to which certain needs are met,
besides assessing their significance. Because, if a
lower priority need is on a much lower satisfaction level compared to a more significant one, it is
possible to direct the activities in the stakeholder
satisfaction improvement by this very need, since
the possibility of an overall improvement is comparatively bigger. One method in the stakeholder
needs categorization is presented in the research
conducted by Siemens (Zhao, 2004). A similar
method in the case of defining the significance of
user needs is implemented within the QFD method
(Mazur, 1992). This analysis supports the need to
set the weights for a certain need by the organization system stakeholders. It is proposed that after
the general model is adapted on the real organization system, the significance of each of the needs
is valued by the stakeholder group representatives
on a 1 to 5 scale. Each value represents: 1 – a minimal significance of the need defined by the general
model that is appointed to a stakeholder group in a
real organization system, and 5 – a maximum significance of the need defined by the general model
that is appointed to the stakeholder group in the
real organization system. Some needs of different
stakeholder groups are often opposed to one another. It is due to this fact that the problem of priority appointment to certain needs of different stakeholder groups is made complex from the aspect of
the organization system. The organization system
is supposed to establish a balance among certain
priorities of needs and achieve a sustainable satisfaction of all the stakeholder groups’ needs. To
satisfy the needs of only one stakeholder group
may inspire dissatisfaction among the others etc.
For example, if the profits are to be maximized
for the purpose of paying larger dividends to the
organization system owners, it may have a negative impact upon the extent to which the needs of
the employees, such as the work conditions, the
wages, are satisfied. The stakeholder group representatives are given the questionnaires designed
on the basis of the general model and the needs
it defines. Each representative of the selected
sample of stakeholder group values and compares
each of the needs within the group of needs and
assigns it a value according to the above explained
scale. On the basis of the results of the research on
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each stakeholder group, the analysis of collected
responses is conducted, as well as a calculation of
the mean values for each of the needs within the
same stakeholder group and its respective needs.
The designed organization system quality consists of the designed quality elements that are defined in terms of the defined elements of expected
quality. One element of the expected quality may
be affected by the organization system’s one or
more elements of designed quality. The organization system affects each element of the expected
quality with at least one element of the designed
quality. Each element of the designed quality is
determined by:
–– The name of the quality characteristic;
–– The unit of measure that expresses its value;
–– The planned value of the quality characteristics.
In order to define the elements of designed
quality within the general model for defining the
organization system quality it is necessary that a
theoretical set of possible characteristics of the organization system quality be identified.
If the organization system affects its stakeholders’ needs by its performance, these performances
can be identified with the organization system quality characteristics. The organization system performances meet the criteria that should be part of one
characteristic of quality, and they are as follows:
–– That it is a value on an entity, i.e., that it can
be measured, assessed, compared, etc.
–– That it directly or indirectly affects the needs
of an entity user.
This problem matter will be explained on an
example of the need for safe work environment.
The possible solutions will be proposed, and their
validity will be shown on other examples of the
elements of required quality of the general model
for the organization system quality definition. The
first step in ensuring a safe work environment is
defining the possible impacts upon the safety of
the employees. Then follows the identification of
the risk and the strength of each of the possible
impacts upon the employee safety, and finally
the measures to prevent or reduce the risk are designed. If the characteristics of the quality of each
individual impact were analysed, and on condition
Volume 7 / Number 1 / 2012

technics technologies education management

that even a simple organization system has a number of them (only the number of resources, processes and outcomes where the impact upon the
employee safety is possible are taken into consideration), these would not prove to be adequate values to monitor, because they are too many and in
case of some other needs, their number would rise
to too many characteristics that would be difficult
to observe in time. What is needed are one or a
few synthesized values that comprise all the previously mentioned values and through which these
impacts can be monitored indirectly. These values,
as it was mentioned above, are the organization
system performances, and in case of the need for
a safe work environment they can be absolute values: the number of deaths as consequences of injuries at work; the number of injuries at work; the
number of days of absence due to sick leave; etc.
Or the case of more complex relative values,
such as: the number of deaths as consequences
of injuries at work / the total number of impacts;
the number of injuries at work / the total number
of impacts; the number of days of absence due to
sick leave / the total number of sick leave days;
The relative values quoted provide a more
complete and valid information compared to the
absolute ones, since, for example, the number of
injuries at work and their values depend on the total number of possible impacts where certain types
of injuries may occur. All these performances
should be expressed in terms of quality, cost and
time determinants. The performances given are
adequate values to monitor the satisfaction of one
need of a stakeholder group. Their values can be
planned and monitored in time. They can further
be decomposed into individual impacts, for example, into injuries in certain processes, organization
units, injuries by certain work instruments, etc. On
the basis of the given example of the needs for a
safe work environment we can conclude that these
needs are satisfied through the characteristics of
quality at certain points of impacts, values built
into the resources, processes or their outputs; however, their accomplishment is verified and monitored via more complex values, the organization
system performances. As shown in the example, a
number of different quality characteristics can be
defined for one need as element of the expected
quality. Similarly, it is evident that those certain
Volume 7 / Number 1 / 2012

quality characteristics may relate to a number of
organization system stakeholders, a consequence
of overlapping of some needs of different organization system stakeholders, but also of mutual
indirect preconditions of meeting the needs by the
value of certain elements of the designed quality.
On the basis of the research findings, the general model for defining the organization system
quality for other organization system stakeholder
groups and the identified elements of the expected quality will consist of 429 starting elements
of the designed quality with defined names of
the quality characteristics. The general model,
as stated above, can serve as a starting point in
defining a concrete model that may have, as expected, a smaller number of designed quality
characteristics compared to the general model.
The initial number of identified elements of the
designed quality is expected to increase in the
implementation of the general model upon the
real organization system.
The achieved organization system quality is
determined upon the defined elements of the designed quality, by verifying their real values.
If the above explained characteristics of each of
the manifest quality elements of the organization
system should be brought together into a unique
graphic form that would allow for their relationship to be observed, but within which the values
obtained in the course of defining certain organization system quality elements can be entered,
using the type of presentation similar to the QFD
matrix, it can be presented as in Figure 1. Figure 1
presents a graphic chart of the model for defining
the organization system quality level with all the
necessary elements that define it.
In the graphic presentation in Figure 1 certain
elements are defined in the following way:
–– Stakeholder 1 … t – The organization
system stakeholders
–– PoQ11, PoQ12 ... PoQtp – Needs (elements
of the expected quality)
–– A11, A12, ..., Atp – Significance of needs
–– PoQij – The planned value of ij-elements
of the expected quality (elements of the
expected quality)
–– UQij – The realized value of fulfillment of
ij-elements of the expected quality (elements
of the quality in use)
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–– UQij Benchmark – The realized value of
fulfillment of ij-elements of the expected
quality for the case of a representative
organization system (elements of the quality
in use)
–– PrQ1, PrQ2, ..., PrQk, ... PrQr – The names
of the quality characteristics (elements of
the designed quality)
–– PrQ – The planned value of the k-th quality
characteristics (elements of the designed
quality)
–– OQ Benchmark – The realized value of
the k-th quality characteristic for the case
of a representative organization system
(elements of achieved quality)
–– OQ – The realized value of the k-th quality
characteristic (elements of achieved quality)
–– A – The absolute error between the
anticipated and realized value of the k-th
quality characteristic
–– R – The relative error between the
anticipated and the realized value of the k-th
quality characteristic
–– D (Direction) – The values of -1 or +1,
depending on whether the lower or the
upper limits of the anticipated values of the
realized quality are defined by the planned
quality of the k-th quality characteristic.
If, for example, the anticipated number of
injuries equals 8, it is to be expected that the
realized values gravitate towards 0, where
in this case the D will be determined as

-1. On the other hand, in case the profit is,
for example, planned to reach the values
of $160 million, it is to be expected that
these values will be increased, therefore the
direction will be designated as +1
–– ABSij – Means the absolute significance of
ij-th element of the expected quality
–– INDEXij – The calculated value of the
significance and the possibilities for the
improvement of the respective ij-th element
of the expected quality.
Some formerly presented parameters are calculated using the following equations:
Ak=(PrQk-OQk) × Dk .................... (1)
Rk=Ak ×100% / PrQk . ................... (2)
ABSij= (PoQij-UQij) Aij .................. (3)
INDEXij =

( PoQij − UQij ) ⋅ Aij
p

t

j =1

i =1

∑ ∑ ( PoQij − UQij ) ⋅ Aij

...... (4)

The previous equations are part of formal,
mathematics component of the model for defining
the organization system quality.

Figure 1. The graphic presentation of the model for defining the organization system quality
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Conclusion
Defining and improvement of the organization
system quality is still an insufficiently explored
and defined concept. This paper presents one approach to the organization system quality defining
and improvement which is in accord with the most
recent experiences in exploring considerably better known concepts of product and service quality, in that it starts and ends up on the standpoint
of the user of the entity observed. The advantage
of this approach is that it respects the needs of all
the organization system stakeholders and uses the
general model for quality defining to build the
basis for a systemic direction of the management
decisions towards a more effective organization
system management and meeting its stakeholders’ needs. In the implementation of the described
approach for the organization system quality improvement and organization system quality monitoring a good basis was formed to manage it,
which will allow for the organization system to be
proactively guided towards meeting the ever increasing needs of its stakeholders.
By the implementation of such an approach in
the organization system quality improvement a
reliable basis is created for achieving a manyfold
advantage of organization systems:
–– It will be possible to diagnose the
organization system quality as related to the
organization system stakeholders’ needs;
–– It will create the basis for the organization
system to be identified and prioritized, for
the purpose of its quality improvement;
–– It will open a possibility that the objectives
of the organization system development
be defined in relation to the historic or the
competition indicators of its quality;
–– It will create a basis for a more effective
work of organization systems in the sense
of meeting the needs of their stakeholders.
It is true that the procedure described here has
certain weaknesses and limitations, which the authors themselves were well aware of during its
implementation in the real organization systems.
The authors’ main idea in this work was to submit
this procedure to a critical review of the scientific
and expert public, thus earning new contents and
Volume 7 / Number 1 / 2012

improvement of the procedure itself in the subsequent iterations of its implementation.
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Abstract
The interest of the architectural profession for
the cost analysis and the ties between design decisions and cost occurrence is above all focused
on the initial costs. Life cycle costs, or the in-use
costs, are insufficiently analysed in theory and
their practical managing in real projects is made
difficult by the vagueness and inconsistencies of
the regulation. These are the reasons to propose a
classification and systematisation of the life cycle
costs, as to the frequency, mode of occurrence,
and distribution. The aim is to identify and distinct
costs and the pattern of their breakdown and appearance, in order to create bedrock to solve the
problems derived from the lack of relevant data
and information, and the impediments in the process of analysis and forecasting. This would set
path to establish a link between architectural design decisions and life cycle costs.
Key words: life cycle, costs, buildings, architecture
Introduction
Undoubtedly, projects in architecture are of investing type and hence interlinked to the array of
economic decisions made foremost by the client,
but immensely influences by the acts of designer.
Still, there is a problem in architectural practice
that this reality is not adequately recognised. Cost
and benefit analyses on projects are implicitly and
willfully passed over to the realm of construction
phase, thereby giving up the opportunity to be dealt
with in the phases of programming and designing,
when the improvement potentials are the greatest.
Traditionally, designers are primarily interested in accurate estimate and control of the initial
costs of the buildings. This estimate is made difficult by the deficiencies in previous cost data and
their low applicability, as well as the numerous
Volume 7 / Number 1 / 2012

methodological issues. Even with these problems
solved those costs are, however, only a portion of
the long-term costs associated with the ownership
and operation of the facility during its life cycle.
In international theory more attention has lately
been drawn to the life cycle analysis, especially in
the aftermath of the energy crises. Energy costs
play an important role in long-term exploitation
costs, but they are only one of many factors to be
considered and understood if clever design decisions are to be made. In Serbian national practice
life cycle costs analysis is facing vague regulations, notably in terms of ownership on the public
and joint parts of the building, as well as the distinction among the so called regular and investing maintenance. There is also a problem of the
cost distribution, that is, the way costs fall to the
stakeholders. The purpose of the following text is
to propose a universal classification and systematisation of the lifecycle cost elements that could
work under various presupposed regulation conditions. The ultimate goal would be to include
value studies in architectural practice, for it is well
known that the cost of changes rises dramatically
as project phases advance. Knowing what needs
to be analysed is the first step in reaching this end.
Future costs elements: an overview
The basic life cycle costs classification is to [6]:
–– ownership costs, and
–– the operation costs.
Similarly to the classification of the initial costs
on the direct and indirect costs, the basic life cycle
cost groups are differentiated by the feature of
generating costs from the specific activities, or regardless of the level or mode of facility use. The
operation costs derive from activities, and this is
a parallel to the direct costs. On the other hand,
ownership costs are not associated with any par227
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ticular activities and they occur no matter how a
building is used or operated.
Another classification can be made by the
way costs occur, in which case three types can be
recognised [4]:
–– regular costs, that are evenly distributed in
time;
–– cyclical costs, or periodic costs, that repeat
in regular time spans, and;
–– extraordinary costs, which can but don’t
need to occur, depending on the need.
The final classification of the costs could be made
by their distribution, that is, on which stakeholder
they fall. In this respect, costs are allocated on the
owner of the building, or the user-tenant. This distribution depends on the investment goal, the owneruser agreement, and the contractual relations.
Some of the key cost elements that proceed
from the ownership and/or operation of the facility over years are as follows [1]:
–– utility costs,
–– maintenance costs,
–– administration costs,
–– dept service,
–– taxation costs,
–– repair and replacement costs,
–– renovation, alteration, and addition costs,
–– miscellaneous costs and expenses.
Operation costs contain everything that is necessary for proper functioning of the facility: maintenance, heating, cooling, service repairs, etc, all
put together as the in-use expenses. The way these
costs are named and classified often depends on
the type of the building or the type of the renting
contract. Operation costs in life cycle analysis are
usually shown as the amount per square metre of
floor area in a year period. It is however possible
to express these costs by functional unit (work
station, hospital bed, etc), by gross floor area or
building envelope area, in a similar way to the initial costs estimates based on different cost units.
Figure 1 depicts in a simplified way the life
cycle costs, with an emphasis on the breakdown to
the regular costs evenly distributed in time, cyclical
costs occurring in certain foreseeable time spans,
and extraordinary costs which may but don’t have
to occur during the life cycle of a facility.
228

Utility costs
This cost category includes services of the utility
companies which supply facility with water, electricity, heating, telecommunications, gas, etc, and
dispose of solid and liquid waste. Utility costs for
the general function at the apartment building for
rent (i.e. exterior and entrance hall lighting, elevators, etc) should be distinguished from the utility
costs that are assignable to the rented space (flat)
and hence charged directly from the end user. Utility costs vary depending on location and time. A
difference is also made if the costs are charged from
a private or a corporate user. Utility usage is measured depending on elements – kWh of electricity,
cubic metres of water, gas, and the like. Some cost
elements, like the waste disposal, are not measured,
but assigned a single fee. In order to make a meaningful estimation of the utility consumption, and
hence costs on the project at hand, some assumptions must be adopted in regard of the average use,
either per capita, or per time unit, number of users,
or floor area in time interval.
Estimates based on the floor area or number of
tenants for certain type of building may prove useful in creation of the expected costs framework, for
programming purposes, or for feasibility analyses.
Yet, if design provisions deviate from the standard
practice, or in example better energy efficiency in
designing is priority, it may be needed to develop
a fuel or electricity consumption analysis.
In analogy to the quantity based initial costs estimation techniques, there are methods with more
elaborate level of detail, notably in cases of energy saving requirements regarding lighting, local
hot water supply, heating, cooling and ventilation,
etc. The application of these methods rely on the
information on the architectural function, methods
of construction and detailing, level of insulation,
available equipment and it’s efficiency, etc. The
true dilemma for designer, however, lies in making
important decisions in the schematic phase that carry massive implications on the energy efficiency.
Designer should be well acquainted to the energy impacts from climate, construction methods,
building orientation, and mechanical equipment
in the facility, in order to avoid obviously bad decisions, using general knowledge in the intuitive
way. Furthermore, if the initial cost estimation
should be based on the systems method, a possible
Volume 7 / Number 1 / 2012
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Figure 1. Life cycle cost elements, simplified depiction
element breakdown as to respective thermal conductibility would result, and various implications
of the schematic design provisions could be compared by the approximation models.
The main problem is the same as in initial costs
estimations, and it is related to the reliability of
data, and the form of data which is never ready for
use. All the data has to be recovered from much
more detailed elements and systems calculations,
followed by evaluating their approximate average.
This also must be done in the schematic phase of
project, when most of final decisions on the materials had not yet been made. However, even a
vague approximation reveals a good picture of
the relative cost effects of some design decisions
in the schematic phase. Some indicators, like the
perimetre-area ratio, or the area-volume ratio, can
be used as guidelines in the design process.
Maintenance costs
This cost category consists of janitor services, facility cleaning, windows cleaning, painting
walls and ceilings, maintaining walls and floors
covers, cleaning fixed equipment, changing bulbs,
monitoring and repairing mechanical services, etc.
Maintenance cost data are available in various
formats and from different sources. One option is
Volume 7 / Number 1 / 2012

to use the client’s archives, if it is a company or
institution that already owns and runs facilities.
Associations and government agencies that are
appointed for some types of buildings could also
keep records. The reliability of these data would
be under some suspicion, since they are subject
to client’s intervention. Furthermore, the ways of
keeping record differ to the point that a question
arises as to the adequate and appropriate level of
maintenance.
There are several options in regard to the level
of maintenance: [7]
–– maintenance on the level of starting value
and usability (in terms of generating income)
during a theoretically unlimited period of
time;
–– raising the standard, adapting to the new
technologies and anticipated quality
requirements during time; and
–– maintaining the facility in acceptable
working condition until the end of the
expected life cycle, allowing the quality
standard to decline over time.
The array of dilemmas related to the maintenance considerations is well known. To start with,
there is a question whether to use more expensive
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materials in expectation that their maintenance
would be cheaper. Further crossroad is at the expected replacement periods and the associated
cost. For instance, there is a problem if more insulation on the façade should be allowed to decrease fuel consumption for heating, or would it
have negative effects on the cooling costs that are
supposed to grow in future.
It should be noted that location maintenance
also falls into this category. That refers to the costs
of outdoor cleaning, keeping lawns, gardening, litter disposal, growing plants, etc.
Administration costs
The management costs for a building can vary
a lot, depending on the function, users flow and
frequency, type of lease, need for advertising, the
difference if the owner operates the building individually or engages the third party, etc. These costs
can be represented by the floor area unit per year,
or by the functional unit (flat, hotel room, and the
like) per year. There isn’t much evidence as to the
direct link between design issues and the administration costs, except for the overall functionality
of the design solution. Legal and accounting costs
could be stated within this category, or separately.
The second subcategory includes the security
cost that could for instance include operating and
maintaining an electronic security system and/or
employing a guard or a security firm. Those costs
can also be stated as the amount per floor area unit
per year. Even though some examples support the
existence of relationship between the design provisions and the likelihood of the criminal activities
in and around the facility, there is no clear tie between the architectural design and the level of security expenditures in future. Much of these considerations depend on the location of the building.
The insurance cost for a project depends on the
nature and the function of the building, types of
hazards that are covered, likelihood of the hazardous event, and the level of competition among the
insurance companies offering particular kind of
coverage. The hazard itself and the likelihood of
occurrence, on the other hand, depend on the quality of structure and materials employed, as well as
the building location (i.e. distance from fire stations and fire hydrants. There are also maps showing the expected frequency and level of floods, and
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insurance companies keep records of the number
of burglaries or fires in different neighbourhoods
to help them determine risks and premiums. Finally, to determine the level of insurance is foremost
the matter of the owner’s policy.
At the end, there may be costs associated with
the telecommunication systems in public spaces
of the facility, as well as the management offices,
that should be distinguished from the utility costs
that fall on the building users.
Debt service
The term “debt service” refers to the periodic
payments required to pay back the mortgage loan
for the construction or acquisition of a building.
These payments are usually arranged to be constant (the same amount each month), or could be
subject to change, depending on the type of loan,
and by a set of rules. Debt service payments most
likely constitute a major part of the costs to be paid
in connection with the use of a building. The owner is well advised to devote all possible effort to
obtaining favourable financing terms for a building project. However, there is very little that the
architect can do specifically, beyond making sure
that the design is generally sound, attractive, and
cost-effective, to help this effort.
Taxation costs
Several kinds of taxes must be considered as
part of the cost of owning a building project. The
main types discussed here are real estate taxes
(property taxes), taxes on services and rentals, income taxes on the income produced by the project
and capital gains taxes due on sale of the property.
Given the changeable nature of the taxation laws
under economic and political influence, a special
care and caution regarding the factuality of assumptions is needed when taxation costs are considered. The generic tax types that we quote, however, could be considered stabile and universal.
Real estate taxes are local taxes based on the assessed value of the property – location and buildings. The tax is calculated by multiplying the tax
rate by the assessed value. The tax rate is set by the
government, local or central. There are periodical
anomalies when assessed values or the tax rates
differ from real market conditions, so that the real
Volume 7 / Number 1 / 2012
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estate is systematically undervalued, or vice versa,
which makes the reliability of the tax assumptions
difficult. Real estate taxes and insurance often are
grouped together as fixed expenses because they
do not vary with occupancy and use.
Depending on the location of a property, there is
a local or state tax on rental or lease payments. If the
rentals are calculated on a cost basis (rent required
to cover debt service, operation costs, developer
profit, etc) these taxes must be considered as part
of client’s costs and added to the rental payments.
The rate at which income tax is calculated
does not depend directly on the profit generated
through the use of a specific project, but on the
total income of the owner as individual taxpayer.
Also, tax rate can vary from year to year. Therefore, it is advisable to apply a comparative assessment of the economic viability of building projects based on “before tax” performance, as it is
influenced by design decisions, even though the
owner obviously is concerned with the final “after
tax” outcome [6].
The capital gains tax is paid only at the time
of sale of the property, on the capital gain (that
is the difference between the acquisition cost of a
building and the sale price). The tax laws usually
distinguish between short-term (for a facility built
for sale) and long-term capital gains. Old building
can be excluded from the capital gains tax after
a specified period of time, if it would be the first
capital gain obtained. The capital gains tax rate
also can depend on the taxpayer’s category, as determined by the law.
Repair and replacement costs
Experience allows us to estimate the average
time between repairs for different types of components, and the average cost of the repair. The
necessary repair funds usually are estimated as
average annual costs that must be set aside in order to enable payment for the needed repairs when
they occur.
If a building component cannot be repaired,
it will have to be replaced. It may be difficult to
draw a clear line between items often covered
under maintenance, such as the continuous replacement of light bulbs, and the more infrequent
replacement of items such are broken windows,
worn-out carpets, HVAC systems, or whole buildVolume 7 / Number 1 / 2012

ing parts. Repair costs are always associated with
at least some replacement, and so are often listed
with replacement costs.
If a building must be replaced with a new facility at the end of its useful life, and the costs for the
new building must be generated with the income
from the old one, an annual replacement reserve
must be provided for, to be paid into a fund set
aside for this purpose. The amount to be set aside
is a matter of policy. At least, the amount for an
equity contribution for a new building of the same
size should be considered. The tax laws may provide rules for the annual depreciation allowance
that can be deducted from the taxable income, but
it must be distinguished conceptually from what
an owner may wish to allocate to replacement reserves. The same principle can be applied to the
replacement of major building components. Both
types of replacement are estimated as equal annual
amounts, paid into an account that is expected to
accumulate to the required amount for replacement when needed.
Renovation, alteration and addition costs
To maintain a building’s ability to serve its purpose over time, it is necessary to do more than just
maintenance, repair and replacement of unserviceable components. As needs and purposes change,
the building must be adapted to these changes.
Renovations and alterations, redecoration, addition and expansion are all different forms of adaptation and reconstruction, and the cost of these
measures must be included as regular elements of
the cost of ownership.
Some of these costs should be anticipated to
occur on a regular schedule, such as redecorating,
painting, and the like, and could be included under
the category of regular maintenance costs. More
far reaching alterations and remodeling will be
less predictable, occurring in connection with major tenant changes or adjustments to shifts in market conditions. If a regular fond for such expenses
is included, they can be paid for as they occur
without causing serious disruptions of cash flow.
Typically, the consideration of how such changes
can be accommodated involves not only anticipating possible patterns of required changes, but
trade-off decisions between building features that
cost less but are less conforming to changes, and
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provisions that facilitate change but also tend to
cost more. The choice between fixed and movable
partition is the most common example to this. In
an office building, for example, flexible and more
easily disassembling and reusable partition elements initially cost more, but if they are expected
to be repositioned relatively frequently, the higher
cost may pay for itself in a short time. Other examples of similar problems include the choice between different flooring materials (where both replacement and maintenance costs play important
role), or the issue of designing a building and its
structural as well as other service systems to facilitate future expansion that may or may not happen.
Providing for expansion at first construction may
add cost to the initial project that would be wasted if no such need ever occurs. Conversely, if the
building is designed with no regard for possible
growth, later addition could be considerably more
expensive than providing for expansion initially.
Data for estimating cost of remodeling, alterations, and additions are available from the same
sources as for the initial building costs. The missing component for this task is forecasting the
probabilities of whether the anticipated changes
will be needed.
Miscellaneous costs and expenses
Vacancy losses. Vacancy refers to the amount
of rental space that is not occupied and rented at
a given time, and which therefore does not produce rental income. Any change of tenant will
cause a vacancy for some time, as the space must
be cleaned, painted, refurbished, and so on. Expressed as the average percentage rate, it will reflect the overall attractiveness and competitiveness
of the rental facility in the marketplace. Overall
market conditions must be considered in estimating vacancy losses. For example, in times of economic growth there is a problem of overbuilding
in overly optimistic anticipation of increased demand in some areas, which results in exceeding
office or housing space. If the expected growth
does not materialize, the temporary high vacancy
rate (which is expected and normal in any large
project during the startup phase) will last longer
and can contribute to the economic failure of an
otherwise well planned and sound project. To become more competitive in a tight market with the
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excess of relatively cheap buildings, the owner
may ask the designer to shift the project toward a
high quality market, or vice versa. There lies the
design solutions influence on this cost category.
Bad debt losses are referred to rents not paid,
or paid late, for premises that actually are occupied, or those owed by tenants who have moved
out without paying the last few months’ rent.
Contingency allowances. The reserve for unforeseen expenses, damages, legal bills, and the
like, should be included either as a figure per floor
area unit, or as a percentage of rental income.
Sale costs are the costs involved in selling
property at the end of the project cycle, which
consist either of the realtor fees, or the costs of the
owner’s own efforts to sell the property (advertising costs, time spent in showing the building to
prospective buyers, negotiations, and so on). Sales
tax may be included here, or under general taxation costs category.
Demolition costs involve the cost of tearing
down the building if it must be removed, and of
hauling away the debris.
Nonmonetary life cycle costs
Even if the economic impact of nonmonetary
costs is not directly visible, it is still justifiable to
incur monetary costs in order to avoid or reduce
such intangible costs, just as it is reasonable to pay
for nonmonetary benefits. Indirect economic consequences may become visible later, so the matter
of common sense is at least to identify these costs,
perhaps making explicit what monetary cost differences would be involved in their avoidance or
reduction.
Of course, raising this question opens up a wide
field of concerns, ranging from architectural qualities and their relationship to user needs, to questions of the wider environmental impact of a project. Increase in traffic, loss of trees and vegetation,
loss of views or sun incidence at certain times of
day for neighbouring properties, pollution, storm
water flooding areas downstream, and changes in
neighbourhood scale, character, and use patterns
or property values, are only some of the possible
effects of this kind.
From the brief list of examples of the intangible
costs of building projects, it also becomes clear
Volume 7 / Number 1 / 2012
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that one of the problems is with the distribution
of such costs over the set of parties involved in
a project or affected by it in some way. Although
the monetary costs discussed above are all borne
by the owner or tenant of the project (as well as
the benefits are assumed to accrue to the owner),
many of the intangible costs are imposed upon
neighbours or other members of society.
Benefit-cost analysis is one of the methods used
to translate noneconomic concerns into the common framework of monetary measure. In some
instances there are local fees on impact of the new
development, which are meant to redirect the economic consequences of social impacts back to the
developer or owner.
Estimating life cycle costs as an integral
part of the design process
As Figure 2 depicts, costs and benefits are
spread over time and they occur in all the phases
of an architectural project. Cash flow diagram is
of course not very meaningful unless presented
in present worth terms [2]. This schematic depiction may however be helpful in summarising all

the major groups of cost elements on the architectural project. For instance, the exact pattern of
so called extraordinary costs cannot be known in
advance, but it is sound to expect them to increase
in frequency and magnitude over time, as building
systems and elements wear out.
The task of estimating future cost of operating
buildings, or the combined initial and life cycle
costs will be called for at several points in the delivery process. In doing this, some recurring questions must be addressed.
The first problem will be to find out what cost
amounts occur at what points of time. This is in
part a problem of prediction as such, given the
ways in which costs (as we know them from today’s data) vary over time – in example as a result
of inflation, or of other conditions in the market, or
in the nature of the cost to be predicted.
Another part of the problem is that of choosing
a meaningful basis of comparing costs that occur
at different points in time, and of finding a single
common measure for all these costs which can be
used to compare several solutions that will have
different patterns of cost distribution over time.
At the end, we should be able to identify the least

Figure 2. Costs and benefits on a project – simplified cash flow diagram
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costly and thus the preferred solution. There are
several conventions to conduct this process, with
so called present worth method being the most
common approach. All initial and future costs
over the life cycle of the building are individually converted into their present value equivalents
and then added up. The resulting measure is the
present worth life cycle cost for a project. Another
approach would be the equivalent uniform annual
cost, by which all costs are individually converted
into their equivalent uniform annual cost, and then
added up to a total uniform annual cost.
The main issue for the owner, however, is usually in making decision whether to invest more
in a more expensive system, instead of the conventional one, that is – whether an extra investment is justifiable. The value of an investment is
measured by the savings in long term costs. Those
savings are expressed by the saving-investment
ratio, which can be defined as difference between
life cycle costs of the systems A and B, divided
by the difference between their respective initial
costs. Life cycle cost should be expressed in present worth terms.
Estimating methods and data for cost in use
As with initial costs, the methods for establishing estimates of future costs differ essentially according to the types of units to which projected unit
prices are applied. The results are estimates that
differ in their degree of specificity or detail. The
standard assumptions are that the greater the detail
is, the smaller is the range of possible error. For an
estimate of long term costs that is based on the floor
area method, using the prices expressed as amount
per square metre of total floor area, it would be reasonable to expect an estimate within around a 15%
error margin [9]. A systems method estimate, broken down by the building’s subsystems (but each of
these expressed in terms of floor area, to describe
their relative magnitude) should be somewhat more
precise. Finally, a very detailed item-by-item estimate should reduce the error margin even more, all
to the extent that the data used are reliable.
Data for cost in use estimates are not nearly as
readily available and reliable as those for new construction, especially not in form that would allow
the architect easily to make meaningful design
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and trade-off decisions at the early design stages
where the impact would be the most significant.
The level of maintenance often is not determined so much on what should be done to keep
the property in top condition, but on what is budgeted. Further, the maintenance budget could be
the result of flawed estimates as well as deliberate
policy decisions to keep maintenance cost down
and profits up. This leads to a vicious cycle because the underestimated accounts end up as data
that will be used for future estimates, and so on.
In some countries property taxes are assessed by
the outside looks of the building. This gives property owners a powerful motivation to defer external upkeep. The costs for such upkeep then do not
need to be charged to tenants, and the resulting
low maintenance amounts become data basis for
future feasibility estimates.
Considering the means which would be available to the architect to influence life cycle costs,
we can conclude that the first vital step is simply
that of becoming more aware of these costs and
their relationships to design decisions. The second step, not less important, is actually to perform
repeated estimates and analyses of such costs for
competing design solution alternatives throughout the planning process. This actually means that
life cycle cost analysis, or examination of annual
expenses, should be introduced as an integral part
of the programming and design process. For this,
it is necessary that the analysis be adapted to the
various stages of the project and to the level of
detail and reliability of data available at each stage
– much like the estimating methods for initial cost.
Open issues in life cycle costs analysis
It is difficult to recognise and distinct various
cost elements in a life cycle, in clear, unambiguous, and consistent manner. There are several areas of uncertainty as to how cost positions should
be classified and grouped together. For example,
utility bills contain several items that have to do
with energy use. Furthermore, there are conceptual overlaps between maintenance and repair costs,
especially if some of the work involved is done by
personnel combining managerial and maintenance
responsibilities. This uncertainty makes it difficult
to interpret historical data adequately.
Volume 7 / Number 1 / 2012
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Another main concern is that of data availability. Useful data often are not available at all, or at
least not in the readily employable format. Even if
available, it is often not at all clear what the data
figures mean. They must be seen in the context of
inflation and cost of living trends, and interpreted
with regard to changing standards of quality of
materials and finishes, appliances, level and quality of service, and pattern of use. Other problems
include price escalation, seasonal fluctuations, as
well as compilation, scrutiny, analysis, and interpretation of statistical material of any kind.
All the problems mentioned above make it not
easy to develop clear-cut reliable and consistent
measures of building performance with respect to
costs-in-use.
Forecasting life cycle costs
Because costs-in-use considerations for building plans are concerned with the future, all the difficulties regarding the interpretation of past data
are mirrored in the task of forecasting or predicting
what the corresponding trends will be in the future.
It is hard enough to forecast the phenomena based
solely on the natural laws. In contrast, almost all
variables under scrutiny for future costs are less influenced by the immutable and consistent natural
laws, and much more by the human intentions.
The influence of policy on future outcomes is
shown clearly, for example, in decisions relating to
trade-offs between initial and long-term costs, or
in the problem of allocating funds to maintenance,
upkeep, and repair programs. These decisions are
not only a response to inevitable deterioration processes, but invariably are already expressions of
attitudes about a building and its life, about mutual adaptation of the building to its users and vice
versa, and about time, preferences, and priorities.
Yet another difficulty lies in the lack of straightforward, well defined, and usable knowledge about
the relationships between life cycle costs and architectural design decisions. This is not to say that
such connections do not exist, but that their effect
is difficult to pinpoint with the desired accuracy,
both qualitatively and quantitatively [3]. This
problem is in part due to the multitude of variables
that interact in many ways, so that changes in outcomes always can be explained by several factors.
Volume 7 / Number 1 / 2012

The previously stated reasons also come in play,
and finally there is again the cost data issue, that
are often not clear enough to be used in making
design decisions.
Conclusion
There are two major issues that we would at the
end especially like to draw attention to. First, the
role of architects in relation to the economics of
building is neglected and underestimated, both by
other participants in project and the architects themselves. Buildings are expensive, and usually involve the largest expenditures most people have to
deal with during their lifetime. The initial cost of a
building, however, appears quite insignificant when
compared with the costs incurred to operate and
maintain a building over its lifetime, which leads us
to the second major issue. Architects not only need
to regain their role in managing projects in design
phase, but to fully understand the far reaching consequences of design decisions over time.
The fact remains that architectural design decisions have a significant impact on long-term
economic costs of building, and that the architect
therefore must bear some responsibility to the client for those consequences. But the way in which
this responsibility is dealt with is quite different
from, for example, an engineer’s forecast regarding the structural stability of the building, which
is determined almost exclusively by objectively
determinable natural phenomena, predicted and
modeled by the expert who then can assume responsibility for the decisions made. The client’s
opinion does not enter into the engineer’s calculation. The case is different with the decisions concerning life cycle costs. Here, the architect must
engage in a discourse with the client and users, in
which both the potential impact of the design decisions and role of the client’s own assumptions,
attitudes, policies and expectations are dealt with,
within the spectrum of possible changes in context, which neither of them would be able to alter.
Finally, the first constructive steps in domestic
practice, regarding the process of embracing the
life cycle costing as one of design issues, would
consist of establishing a systematic and standardised procedure of collecting and using data
from the existing buildings. Bearing all the sus235
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picions in mind when using data from the other
buildings, given the unique nature of all the architectural projects and the complexities of each
context, analytical approach must be based on the
real information. It should, however, be added that
most of the truly economic value decisions are included in good architectural design, with all of its
traditional methods. Rightly understood, architectural value is the same as the economic value, but
it is difficult to find modalities for the objective,
mathematical and tabular expression of this idea.
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Abstract
Since the twenties of the last century, when
Kondratieff explained the idea of the existence
of long cycles, the interest in this phenomenon is
more and more widespread in the economic science. Although the interest of macroeconomists
for their explanation has been very different in
specific periods, it seems that the theoretical elaboration of long cycles always gained in topicality
at the times of economic crisis manifestation.
The topic of long cycles represents one of the
most controversial macroeconomic problems.
Common feature of most theoretical approaches
is an attempt to provide an acceptable answer to
the question related to the existence of alternating
periods of relatively slow and accelerated growth,
each lasting for two to three decades.
The key feature of a whole-century lasting genesis of the theory of long cycles is the standpoint
according to which technological innovations represent the most important cause of their manifestation.
Recognizing this fact and taking into account the fact
that, according to many authors, world economy today is at the end of the fifth and in the run-up to the
sixth long-wave cycle, the paper describes the long
cycles caused by technological innovations. It also
analyzes a normal cyclic course that the economy is
following while increasing due to the positive technological momentum, as well as a developmental
trajectory starting from the moment when the same
innovations begin to lose their impetus.
Key words: technological innovations, longwave cycles, technological paradigms, technology
platforms, nanotechnology
Instead of Introduction
The statement that the dynamics of economic
life in a capitalist economy is not of a linear but of
Volume 7 / Number 1 / 2012

a cyclic nature is now widely accepted. The economic science, however, is still far from clarifying the nature of the key causes and types of these
wavy movements. When discussing cycles in the
economic theory, the notion generally refers to
medium-term business cycles, lasting for seven
to ten years. However, the economic dynamism
is much more complicated in reality. In addition
to these cycles, there are even shorter waves of
about three and a half years of duration. Nevertheless, there is more to it. The available data impose
the conclusion confirming the existence of long
waves lasting for about 50 years in the capitalist
economy trends. This fact further complicates the
problem of a theoretical explanation of the economic dynamics of market economies.
It should be emphasized that the phenomenon
of long waves need not be exclusively linked to the
complex of technological innovations. A group of
authors explains the long waves by placing the emphasis on major structural changes in the economy,
while another number of economic theorists explicitly reject the concept of their existence. (see [1, pp.
177-178]) This can be illustrated by mentioning
Samuelson who referred to the long cycles as "statistical absurdity", Kindleberger for whom the longcycle phenomenon is "astrology", and Kuznets and
Leontief who expressed doubts about it. (see [2, p.
256]) It therefore seems entirely correct to support
the thesis of Radmila Stojanović that long cycles
are "undoubtedly the most disputed, rejected and
again accepted economic category", so that the
long-cycle theory itself "goes through cycles in its
own development". (see [3, p. 140])
1. Kondratieff and Schumpeter about long
cycles and causes of their manifestation
In science, the first attempts of theoretical explanation of the long waves are registered in the
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research of "the Russian Marxist Parvus in the late
19th century, and then in 1913, in the work of the
Dutch Marxist Van Gelderen. The concept of long
cycles is also present in Aftalion, Kassel and several other economists who preceded Kondratieff.
"(see [2, p. 252])
The notion of long cycles is usually attributed
specifically to the Russian economist Kondratieff,
who published in a series of his works printed during the twenties of the twentieth century a systematic review of economic trends in the economically
most developed countries of that time. The presented data clearly showed that the long cycles represent an undeniable economic phenomenon and irrefutable reality of a long-term economic growth.
Alternating periods of slow and fast growth, each
lasting for more than three decades, characterized
the economic dynamics of developed capitalist
economies. The main factors generating long cycles in the economy are the accumulation of free
cash equity and the technological development.
Kondratieff was the first in the economic literature
to recognize in technological innovations the central cause of the occurrence of long waves. Having processed the statistical data on movements in
prices, interest rates, wages, foreign trade and employment, the author singled out three major long
cycles: the first lasting from 1780 to 1850; the second from 1851 to 1890; and the third from 1891,
which turned to a declining phase in 1920.
Joseph Schumpeter, who had been acquainted
with the work of Kondratieff in Germany before he
moved to Harvard University in the United States,
accepted the idea of long cycles. Schumpeter used
this idea as the main theme of his work on business cycles. (see [4]) His standpoint was that every new wave actually represented the application
of a new group of technologies, with great impact
on the economy. In Schumpeter's analysis, every
revolution was grounded in revolutionary technological innovations that, just as was the case with
the first industrial revolution, led to large gains
in productivity, consumption and organization of
production activities.
According to Schumpeter, an entrepreneur
who provides profitable business with his innovative ability, but whose activities also provoke the
expression of major or minor imbalances at the
level of national economy, causes the state of im238

balance. In order to achieve profit, entrepreneurs
opt for the implementation of new combinations.
New combinations, however, do not always include new employment and greater engagement of
capital, but imply only different ways of their use.
Innovations are, in Schumpeter's view, the most
significant cause of long cycles. They lead to new
profits, new investment and economic prosperity.
With the technological maturity of products, innovation profits decrease, that is, the technological
annuity, as a basic form of profit in economic conditions specific to periods of intense technological
advancement, is reduced. Therefore, new inventions or new products and new manufacturing processes are necessary. Key role in these processes
belongs to the entrepreneur. The entrepreneur's
activities are reflected primarily in the process of
introducing innovations, i.e., in the commercial
valuation of new means of production, new materials, production methods and forms of production
and business management organization. The fulcrum of this model is the attitude by which the innovation induction takes place most intensively in
the phase of depression, leading to the emergence
of new production areas, whose impact on the
change in economic structure is most pronounced.
This leads to the conclusion that Schumpeter, in
explaining cyclical movements, lays emphasis on
the emergence of economy from the imbalanced
situation. If this emergence does not happen, the
economy goes into a deepening depression.
Schumpeter's work appeared in the period of expressed changes in the character of market economies' functioning. By the emergence of economy
from a state of depression, the interest of economic
theory in the problems of long-term economic
growth largely decreases. However, during the
seventies of the 20th century and the manifestation
of crisis-driven disorders in leading market economies, the interest for the problems of long waves
began to grow rapidly again. Namely, finding the
ways to increase economic efficiency, which is
associated with the exhaustion of possibilities of
capital enlargement based on the known means and
methods, induced by the crisis of Keynesian models of economic life regulation, forced many economists to start wondering whether it were long-term
fluctuations that caused the derangement of world
economy in that period. A very important role in this
Volume 7 / Number 1 / 2012
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process belongs to the book "Stalemate in Technology: Innovations Overcome the Depression" written by the German author Gerhard Mensch. In it, in
the spirit of orthodox neo-Schumpeterian tradition,
the author associated cyclical movements with the
creation of swarms (clusters) of innovations. According to Mensch, swarming of innovations is the
result of market mechanism imperfections. Basic
innovations that enable the creation of new manufacturing processes, development of new products
and markets and increasing competition are, by
far, the most important. Economy overcomes the
downward flow of the economic cycle that begins
with a crisis and lasts until the end of the depression
by creating basic innovations and developing many
new production activities.
2. One of the recent views of long-wave
cycles
In the recent literature, a very interesting study
of the importance of technological innovations
for the cyclical movement of the world economy
is found in the work of the Russian economist
Glazyev. Using the expression "technology platform" to explain the technologies that dominate
the economy in a certain period, Academician
Glazyev states that its key feature is the inherent
potential to transform each individual sector and
the economy as a whole (see [5]). This leads to
the conclusion that the category of a technological
paradigm can serve to identify the term "technology platform" for the most part.
The life cycle of technology platform, according
to this author, takes about a hundred years. In this
connection, the period of its dominance in the economic development runs between 40 and 60 years.
On the surface of economic events, this period is
manifested in the form of long business cycles, the
periodicity of which was first described in detail by
Kondratieff, according to Academician Glazyev.
Glazyev believes that, since the industrial revolution in England to this day, there have been manifestations of five technology platforms, having
replaced one another, including the dominant one
in today's economic conditions - the information
technology platform. Since the effects of the fifth
technology platform have largely been exhausted
and that the decline in prices of energy sources and
Volume 7 / Number 1 / 2012

the formation and collapse of financial markets can
signal the final phase of the dominant technological platform life cycle and the start of restructuring
the world economy on the basis of the succeeding
sixth technological platform. Its creation and affirmation will, according to Glazyev, design global
development over the next twenty or thirty years.
Formation of the structure of a new technology
platform reproduction is a long process and it consists of two qualitatively different stages. In the
first stage, its key factor appears in the conditions
of the previous technology platform domination
and, objectively, it limits the development of production based on the new technological platform.
After the manufacturing capabilities of the outgoing technology platform have been exhausted, the
second stage begins by more and more evidently
replacing the old with the new technology platform, whose manifestation represents the beginning of a new long economic wave.
The process, which means a technology platform replacement, gives a certain advantage to
underdeveloped economies. The simple reason
for this is that these social environments, due to
many structural problems, have not been able to
organize production grounded in the previous
technology platform, but they can rely on already
accumulated investment and technological experience of developed countries in shaping the reproductive contours of a new technology platform.
A shift of technology platforms includes certain
changes in the social and institutional infrastructure
of the society. These changes facilitate large-scale
introduction of new platform technologies and their
widest diffusion. Then, the stage of rapid new technology platform expansion begins. Accomplishments representing the new technology platform
become the main factor of economic growth. At the
same time, the embryo appears of the subsequent,
next technology platform that develops from the
embryonic stage to its dominant phase of growth,
after which a technological revolution occurs. The
process of technology platform changing begins
parallel with the tendency of large falls in the prices
of energy sources and raw material, caused by reduced needs of the "overripe" technology platform.
Depending on the phase of the dominating technology platform life cycle, the driving forces of economic growth are changing. In the period of the new
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technology platform appearance, the leading role
belongs to innovators, the subjects who captured
her first basic innovations. Owing to their activities,
preconditions are created for the replacement of the
previous with the new platform. This happens after a rise in energy prices, as well as an increase in
the profitability of economic agents, which begin to
benefit rapidly from the new technology platform
achievements. In the upward stage of the technology platform, production and employment also take
an upturn. The descending phase characterizes by
a reduced role of innovators, prevailing of routine
activities of entrepreneurs in the production, that is,
by expressed efforts to reach the goal by all possible
imitations. This phase is characterized by different
mutual roles of financial and industrial capital, or
more precisely, by the dominance of financial over
industrial capital.
In the phase of structural crisis, caused by the
exhaustion of technology platforms, it is of primary importance to capture the production of the
new manufacturing technology core, which provides technological annuities in global relations.
In such conditions, especially for countries in the
rise, the possibility of rapid development opens in
the frame of new long-cycle potentials, owing to
the modernization of the new technology platform
supporting branches. In this connection, there are
huge investment risks and difficulties of forecasting rapidly evolving technological areas, due to
its uncompleted contours and high uncertainty of
future technological trajectories. In order to overcome them, it is important to define priority directions of the new technology platform.
3. Key technological innovations of six long
cycles
Technological innovations in the first long
cycle (1780-1840) were aimed at improving techniques of steel tempering by coal, which was pioneered by Abraham Darby, then at the application
of steam, and above all, at the mechanization of
textile industry, especially related to the mechanical processing of cotton in Lancashire.
The second long cycle took place from 1840's
to 1890's. The coal-operated steam turbine enabled a strong development of machine building,
ferrous metallurgy and coal industry in the leading
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West European countries and the United States.
Rail transport started developing more and more
emphatically. However, the introduction of steam
engines bypassed the area of agriculture, which
is considered one of the main causes of relative
lagging in this industry development. Large-scale
factory production became the standard, while
massive migration of agricultural population to
urban areas conditioned the process of urbanization with all its social consequences.
The third long cycle, based on the technological innovations associated with the production
of electricity, chemical products and steel, lasted
from 1890-1940. In material terms, the affirmation of the third cycle is inextricably linked with
the electric motor, which was invented back in
1820, the internal combustion engine, made in
1885, and the diesel engine, constructed in 1892.
These technological innovations enabled electrification of production and households, development
of road transportation and aviation and qualitative
changes in rail and sea transport. Power engineering and electrical engineering, as well as various
fields of inorganic chemistry, developed actively.
On the market of energy sources, coal gave way
to crude oil and petroleum products. Steel became
the leading construction material. Electrification
of production enabled the implementation of scientific achievements. This accelerated the technological development. General and specialized
education assumed massive proportions.
The fourth long cycle, which lasted from 19401990, brought about new technologies associated
with electronics, automobiles, oil and air space.
Car industry not only developed with lightning
speed but also exerted far-reaching impacts on the
economy. The mass use of cars induced large investments in infrastructure, while the introduction
of Ford's mass production caused dramatic changes in working practices. Changes in electronics led
to the production of electrical products for consumers, such as TV set and radio. The fourth long
cycle was indeed a period of mass market.
The fifth long cycle has been dominating over
the period starting from the nineties of the last
century. Areas that constitute its core are computer science, telecommunications, laser equipment,
IT services. The key feature of technologies that
symbolize the fifth long cycle is their intertwinVolume 7 / Number 1 / 2012
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ing character. Markets for these technologies are
characterized by the effects of positive feedback
mechanisms and increasing returns as logical consequences of the manifestation of these effects.
Sources of increasing returns related to the use of
these technologies are the effect of learning and
the effect of networking (see [5]).
Freeman and Louca described in detail the fifth
long cycle in their work (see [7]). They associated the fifth wave, initiated in 1990, with the new
transforming technologies, including computers,
telecommunications and the Internet, as well as
the development of biotechnology. These technologies have begun the transformation of various
aspects of our everyday lives. According to Freeman and Louca, the "Dot.com bubble" that was
created in the late nineties of the previous century,
has many features of previous similar "bubbles"
seen in other spheres, such as the railway mania of
1840 and the collapse of Wall Street in 1929.
Like in the cases of previous long cycles, the
origin of many transforming technologies of the
fifth cycle should be sought in the discoveries and
inventions that have occurred in the downward
path of the preceding, fourth long cycle. The next
technological revolution always appears within
the previous revolution, and depends mainly on
the application of scientific research, regardless of
whether it is the result of laboratory research and
development or the user-based innovation. Accordingly, each technology is changing due to recent discoveries that receive "an additional boost"
by the convergence of technologies. Advances in

electronics have been supporting all three transforming technologies of the fifth cycle. The idea of 
Jack Kilby, according to which transistors, instead
of being interconnected and placed on a circuit
board, can easily be produced from a single silicon
part, led to the production of the first integrated
circuit back in 1958. Integrated circuits were initially extremely expensive and were used only for
special defense applications (as in the case of Minuteman Missile Guidance System). The development of the first microprocessor by Intel in 1971
was another decisive event (Figure 1).

Figure 1. Moore's Law – graphic
Source: Wikipedia, Moore's law (see [8])

Moore's law describes the long-term trend in
the history of the development of computer hardware. Under this law, which was first described by
the Intel co-founder Gordon Moore in his work
back in 1965, the number of transistors that can be
effectively placed on an integrated circuit doubles

Table 1
Period
First Kondratieff
(1780-1840)
Second Kondratieff
(1840-1890)
Third Kondratieff
(1890-1940)
Fourth Kondratieff
(1940-1990)
Fifth Kondratieff
(1990-????)
Sixth Kondratieff
(20??-????)

Description
Industrial Revolution: Factory production
of textiles

Key factor of economic development

The age of steam engines and railways

Coal

The age of electrification and steel

Steel

The age of mass production of automobiles
and synthetic materials
The age of information, communications
and computer networks
The age of nano-engineering and
manufacturing

Cotton, iron, steam

Energy (especially oil)
Chips (micro-electronics)
Nanotechnology

Source: Modified - Jarunee W. (see [6, pp. 1349-1354])
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approximately every two years. This law proved
to be accurate during a period of almost 50 years.
One of the key technologies of the fifth longwave cycle was definitely the computer technology, in which the development of integrated circuits enabled the creation and production of the
first personal computers. Although they initially
lacked power and flexibility, within the period of
ten years, PC started to challenge the concept of
the hitherto dominant strategy in the production
of computers. Parallel with improving the performances of PCs by technology advances in the field
of electronics, their number increased as well. The
development of electronic engineering has also
led to the development of telecommunications.
The introduction of digital technology in the form
of pulse code modulation, so-called PCM, has
broadened the area of electronic applications. The
development of optical fibers and the possibility
of replacing software packages have transformed
the capacity and versatility of computer systems.
The sixth long cycle has been initiated by nanotechnology. Nanotechnology is claimed to represent
a revolutionary approach in fundamental research
- a shift of the scientific approach from a macrocentric to a nanocentric system. Nanoscale science
and engineering deal with atoms and molecules and
therefore require multidisciplinary knowledge.
The US National Science Foundation's 2001 prediction of nanotechnology market assessed an increase to about US$ 1 trillion by 2015. Depending
on the definition of nanotechnology and its contribution both to value added finished product and to the
level of optimism, many authors have predicted the
increase of this market in the range from US$ 150
billion in 2010 to 2.6 billion dollars in 2014. (see [9])
Figure 2 shows some of the predictions by different authors, which significantly differ from each
other, but share a common prediction of a significant increase in the market of nanotechnology
products that will experience its real rise in 2010.
Nanotechnology (Figure 3) is still in early stages
of invention and innovation, but its aim is to set a
new technological paradigm: software in → Hardware → software out, supported by the IT paradigm. This is a case of the paradigm in which material goods are only manifestations of the software.
Material goods are produced by replicating a detailed software model of the desired hardware into
242

the real hardware with nanotechnology, but also by
equally important returning of the hardware into its
initial zero state after the cessation of use.

Figure 2. Nanotechnology development scenarios
Source: Angela H. (see [9, pp. 9/34])

Figure 3. Long-wave economic cycles
The revolutionary aspect of this platform is that
the concept of destruction as an act of obtaining
material goods is replaced by the concepts of construction, reconstruction and deconstruction at the
nano-level, which enables long-term sustainable
balance of technology and the natural environment.
4. Institutional changes in the light of long
cycle manifestation
A long cycle proves that technologies often go
side by side with industrial changes. These institutional changes include:
Volume 7 / Number 1 / 2012
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––
––
––
––
––
––

Education and training
Industrial relations
Corporative structures
Management system
Capital markets
Legislative framework.

Each of the six cycles shown in Table 1 has been
related to significant institutional changes. In the first
cycle, it was the introduction of factory production.
This not only contributed to the implementation of
major technological innovations in textile production, but also resulted in high productivity growth.
The outcome was a reduction in prices, stimulation of demand and a big change in the structure of
consumption. In the second cycle, the institutional
change reflected in the promotion of shareholding
companies that allowed much larger capital stocks
and demonstration of the initiatives of entrepreneurs. In the third cycle, it was the scientific management and the rise or foundation of large corporations, while in the fourth it was a mass production
and large, vertically integrated corporations. The
fifth cycle characterizes by numerous institutional
transformations, the most marked of which being
network structures aimed for organizations, alliances and joint ventures. Currently, within the sixth
long cycle, research in the field of nanotechnology is
of high priority in a number of countries.
The importance of before mentioned institutional changes not only lies in their impact on the
economy and social life of the nation, but it also
reflects in the way of their connection with technological innovations. This shows that technological innovations are not only self-sufficient, but
that economic and social effects that they bring
along are significant as well. The power of long
cycles actually lies in this fact, that is, in the ability
to link technological innovations to economic and
social aspects of life. Technological innovations in
the field of internal combustion engines in combination with the principles of mass production not
only created a new class of products in the form
of cars, but also caused changing of the nature of
work for millions of industrial workers. Freeman
and Louca note that they allowed incomparably
greater personal mobility, which in turn caused
great development of infrastructure. However
dramatic these changes might be, the long cycle
Volume 7 / Number 1 / 2012

is there to show and emphasize the fact that they
are not the last technological changes, but only in
a part of the series of many innovations.
Finally, the long cycle points out the influence
of transforming technologies on the economy and,
more broadly, on society. For example, railroads
were not only a leading industrial sector when it
came to investment and employment rates in the
Victorian booming of the 1850's and 1860's. They
also left a large impact on the costs of many industrial sectors. The possibility of cheap transportation of coal drastically reduced the cost of
energy for the whole economy. Similarly, in the
Internet age, developments in information technology have dramatically lowered the price of information storing, processing and transferring. On
the other hand, this led to an easy access to new
knowledge and knowledge transfer.
5. Spatial coordinates of the technological
innovations that generate long cycles
When investigating the genesis of market economy, specific pattern of its functioning can be observed. The works of Kondratieff and Schumpeter
have helped in identifying the main stages of economic development. They have shown that technological and innovative development has a very wide
dimension; in fact, the advantage that individual
country achieves in one cycle is not obligatory in the
next one. The period of each cycle can be studied
with respect to the geographical origin of innovation.
The leaders of the first wave were the United Kingdom, France and Belgium. The second wave brought
new participants, the United States and Germany.
The third wave showed strengthening of the positions of the United States and Germany. In the fourth
wave, Japan and Sweden joined the race of innovation and technology. In the fifth wave, Taiwan and
South Korea have become important participants in
the global economy (see [10]). By adopting the attitude that there are indications of the sixth long wave,
for the launching of which nanotechnology was of
decisive influence in the material respect, a great rivalry may be observed between the United States, on
one side, and South Korea and Taiwan, on the other.
The geographical distribution of innovations
expresses regional, national and local variations
in different periods. The proof of this assertion
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is the case of Northeast Asia. Although developing countries follow more or less similar path of
industrialization, some have achieved significant
results especially with regard to the attitude of the
private sector toward innovations and technological development (such as Malaysia, Taiwan and
Korea). Almost all developing countries start with
the export of primary products and continue in the
direction of industrialization through the application of different economic policies in specific periods. Taking technological changes into account,
attention of entrepreneurs is primarily focused on
the imitation of products in relatively unsophisticated industries. When a business environment
starts to improve business activities after the initial accumulation of capital in key branches of industry, it is regarded as a move upward along the
scale of industrialization. Such a change of trends
in many countries requires certain activities of the
governments, which is at first glance contrary to
the principles of private sector functioning.
Although there are significant differences between South American countries and the countries
of North Asia, the path of industrialization shows
certain similarities. In the realization of economic
transformation, shifting from simple technology
sectors to processing sectors and heavy industries
is crucial for the success. This was achieved with
the additional development of industries that substitute imports and by the implementation of economic policies that are export-oriented. The basic
advantage of North Asian economies is that, after
the initial phase of import substitution, they opened
to international competition by concentrating on
exports, as opposed to South American countries.
Conclusion
Although costs associated with winning and
using the latest technologies are growing exponentially, the participation of the sixth technology
platform in the structure of modern economy is
insignificant. A quantum jump is expected after
the end of structural changes in the world leading
economies and their transition into the phase of
growth, which is anticipated for mid-next decade.
It should be kept in mind that a unique technology platform has never existed in all parts of
the world, and that it has never come to any syn244

chronized shift of such technological platform. It
is evident that a number of countries in the world
have made a stride deeply into the fifth technology
platform, while a few countries are just about to
enter the sixth technology platform. Huge number
of economies in the world functions at the level of
the third technological platform.
Finally, it has to be pointed out that the phenomenon of long waves should not be exclusively
linked to the complex of technological changes. A
group of authors explains the long waves by emphasizing major structural changes in the economy, while a number of economic theorists explicitly reject the idea of their existence.
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Abstract
Our era is captive of technology that symbolizes velocity and advancement. This incredible advancement of technology affects our life standard
positively. Views of candidates for being Electrical
Teacher who has an important part transferring of
this advancement to humans are explored in this
study. Sample of this research consist of 99 students
of Electrical Education Department, Technical Education Faculty of three different universities at different semesters, in other words 99 candidates for
being Electrical Teacher. Frequency, percentage, ttest and Anova statistical methods are used for data
analyze. Differences are seen about technological
tools usage according to working desire on own
education areas in future, age, their universities, semester and mother education status variables.
Key words: Technological tools, education, Anova statistical method, Electric Education Teachers.
Introduction
Technology in education encloses all tools, from
blackboard to computer. However new technologies
must be added in education environment to make attractive these technologies and keep up with speedy
variation in technology. For thirty years, one of the
most striking developments is speedy development
of information technology (Rita O.O., 2010). So
training students is planned as have modern idea
structure, active and participated, have high selfconfidence by implicating students to education duration (Uğurlu N.B., 2008). Also technological newness in education reduces cost in spite of increment
in student number (Campbell J.A., 2000).
Country can be raised to level that can follow
technological advancement and can contribute to
this developments by bringing generation as having these features. With adding technology to eduVolume 7 / Number 1 / 2012

cation, ne teachers will use technology for teaching science, like in “We teach as we are taught.”
Sentence (Settlage J. et al., 2004).
Advanced technology brings big easiness to a
lot of areas, from military to industry, from health
to education (Kara İ.et al, 2009). In spite of advancement of technology, successful learning can
be performed without usage of technology; learning performance can be improved when technology is used (Cruz A. P., 2009). For example, despite
there is limitations at using classic techniques at
technical classrooms such as teacher spends most
of time at blackboard, teacher lacks communication with students because of teacher lefts students
behind, students spend much time for write things
at boards, these limitations can be removed by using tablet PC (Roxanne T.,2008).
At the turn of the century, technology has permeated public schools as it has the rest of society
(Slowinski, J., 2000). Teachers are the main gatekeepers in allowing educational innovations to
diffuse into the classrooms (Christanse, R.,2002).
Therefore views of candidates for being Electric
Teacher who will be teacher at technical high
school in future about usage of technological tools
at education are investigated in this study. For this
purpose, a questionnaire applied to students at
Electrical Education Department, Technical Education Faculties of three different universities. Obtained data from given answers to applied questionnaire is analyzed with SPSS statistic program.
Method
Data is collected from questionnaire applied
to willing students in this research. Questions are
asked students at Electrical Education Department, Technical Education Faculties of three different universities. 99 of obtained questionnaire
forms are approved to evaluation.
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Obtained answers are coded in Microsoft Office Excel program and then are analyzed SPSS
statistic programs data base. 90 (%90.9) of students are male, 9 (%9.1) of students are female.
%15.2 (15) of students is at 17-19 age group,
%52.5 (52) of them is at 20-22 age group, %28.3
(28) of them is at 23-25 age group, %3 (3) of
them is at 26-28 age group, %1 (1) of them is
at 29-31 age group. %19.2 (19) of students is at
I.-II. semesters, %31.3 (31) of them is at III.-IV.
semesters, %29.3 (29) of them is at V.-VI. semesters, %17.2 (17) of them is at VII.-VIII. semesters, %3 (3) of them is at IX. and older semesters.
%1 (1) of students graduated from Anatolian
High School, %1 (1) of them graduated from
Science High School, %39.4 (39) of them graduated from Industrial School, %30.3 (30) of them
graduated from Technical High School, %28.3
(28) of them Anatolian Industrial or Anatolian
Technical High School. %80.8 (80) of students’
mothers graduated from primary school, %13.1
(13) of their mothers graduated from secondary
school, %1 (1) of their mother graduated from
higher education, but %5.1 (5) of their mothers
doesn’t know reading-writing. %73.7 (73) of
students’ fathers graduated from primary school,
%18.2 (18) of their fathers graduated from secondary school, %7.1 (7) of their fathers graduated from higher education, but %1 (1) of their
fathers doesn’t know reading-writing. 91.9%
(91) of students wants to work on own education areas after graduation, but 8.1% (8) of them
doesn’t want to work on own education areas after graduation.

Analyze
T-test results
Table 1 shows T-test results according to students’ working desire on own education areas.
Students’ views about “Usage of technological
tools in teaching-learning environment reduces
duration for reaching to target and so reduce education cost without reduction of quality.” sentence shows a meaningful difference according
to students’ working desire on own education areas, t(97)=2.097, p<0.05. Views of students who
don’t work on own education areas ( =2.8750)
are more positive on this issue than students who
want to work on own education areas ( =2.0769)
ANOVA results
Knowledge about aims of students for internet
usage is obtained with “I mostly enter educational
sites at internet usage.” sentence and ANOVA results according to age groups are given at Table 2.
As shown from here, there is a meaningful difference between aim of students for internet usage
according to age groups, F(4, 94)= 2.748, p<0.05.
Table 3 shows ANOVA results according to universities of students. Firstly, aims of students for
internet usage is investigated with “I mostly enter
educational sites at internet usage.” sentence and
a meaningful difference is seen between aims of
students for internet usage and their universities
from given answers, F(2, 96)= 5.620, p<0.05. Secondly, opinion of students about adding technological tools into lesson environment is explored with
“Only with adding technological tools into lesson
environment, effective usage of all lesson duration can be provided.” sentence. A meaningful dif-

Table 1. T-test results according to working desire on own education areas in future
Working desire on own
education areas
Yes
No

N

X

S

sd

t

p

91
8

2.0769
2.875

1.04595
0.83452

97
9.053

-2.097
-2.535

0.039
0.032

Table 2. ANOVA results according to student’ age groups
Source of Variance
Between groups
Within groups
Total
246

Sum of Squares
9.85
84.231
94.081

sd
4
94
98

Mean Square
2.463
0.896

F

p

2.748

0.033
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ference is seen between students’ universities and
usage of technological tools in lesson environment
from obtained results, F(2, 96)= 3.467, p<0.05.
Views of student about “In our era, very speedy
development of information and technology cause
to reduction of their actuality duration, so candidates for being teacher must be trained as can keep
up with technological changing and can contribute
to this changing.” are asked and ANOVA results
according to students’ semesters are given in Table 4. A meaningful difference on students’ views
about this issue is seen according to their semesters from this results, F(4, 94)= 2.962, p<0.05.
ANOVA results according to mother education
status of students are shown in Table 5. Students’
views about “Real reason of decrement at usage of
technological tools in classroom environment is that
their usage can’t be made as good and effective.”
sentence is asked and there is a meaningful difference according to mother education status of students for obtained answers, F(3, 95)= 4.411, p<0.05.
Conclusions
In this study a questionnaire study is performed
to investigate views of candidates for being Electrical Teacher, in other words students at Electrical
Education Department of Technical Education Faculty, about usage of technological tools in education.

Answers obtained from questionnaire are analyzed
according to demographic features of students with
using t-test and Anova statistical methods.
Firstly, t-test is performed according to students’
working desire on own education areas and meaningful difference is found for “Usage of technological tools in teaching-learning environment reduces
duration for reaching to target and so reduce education cost without reduction of quality.” sentence.
Then ANOVA analyze is performed according to various demographic features of students.
Meaningful differences are obtained for “I mostly
enter educational sites at internet usage.” sentence
according to both students’ age groups and students’ university. Then a meaningful difference is
obtained for “In our era, very speedy development
of information and technology cause to reduction
of their actuality duration, so candidates for being teacher must be trained as can keep up with
technological changing and can contribute to this
changing.” sentence according to students’ semesters. Lastly a meaningful difference is found for
“Real reason of decrement at usage of technological tools in classroom environment is that their usage can’t be made as good and effective.” sentence
according to mother education status of students.
In addition to these results, frequency results are
obtained for given answers. The most positive answers are given for:

Table 3. ANOVA results according to students’ universities
Questions
1

2

Source of Variance
Between groups
Within groups
Total
Between groups
Within groups
Total

Sum of Squares
9.861
84.219
94.081
7.71
106.734
114.444

sd
2
96
98
2
96
98

Mean Square
4.931
0.877

F

p

5.62

0.005

3.855
1.112

3.467

0.035

F

p

2.962

0.024

F

p

4.411

0.006

Table 4. ANOVA results according to students’ semesters
Source of Variance
Between groups
Within groups
Total

Sum of Squares
7.916
62.811
70.727

sd
4
94
98

Mean Square
1.979
0.668

Table 5. ANOVA results according to mother education status of students
Source of Variance
Between groups
Within groups
Total
Volume 7 / Number 1 / 2012

Sum of Squares
13.776
98.911
112.687

sd
3
95
98

Mean Square
4.592
1.041
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“Technological tools (computer, camera, tv, etc.)
are indispensable element for information spanning.” (%59.6 “I strongly agree”, %30.3 “I agree”)
“Usage of technological tools in teaching-learning environment reduces duration for reaching to target and so reduce education cost without reduction of
quality.” (%33.3 “I strongly agree”, %32.3 “I agree”)
“Faculties must be guide by teaching reaching
method to information.” (%64.6 “I strongly agree”,
%31.3 “I agree”)
“In our era, very speedy development of information and technology cause to reduction of their
actuality duration. So candidates for being teacher
must be trained as can keep up with technological changing and can contribute to this changing.”
(%63.6 “I strongly agree”, %27.3 “I agree”)
Positive answers are given for:
“Technological tools supply interactive teaching-learning duration with its every stage.” (%48.5
“I agree”, %30.3 “I strongly agree”)
“Real reason of decrement at usage of technological tools in classroom environment is that their
usage can’t be made as good and effective.” (%36.4
“I agree”, %18.2 “I strongly agree”)
“Technological tools increase quality of learning.” (%44.4 “I agree”, %27.3 “I strongly agree”)
“Technological tools increase teacher activity at
class.” (%30.3 “I agree”, %23.2 “I strongly agree”)
“Technological tools increase student activity at
class.” (%37.4 “I agree”, %21.2 “I strongly agree”)
“Only with adding technological tools into lesson environment, effective usage of all lesson duration can be provided.” (%39.4 “I agree”, %15.2 “I
strongly agree”)
“I’m reaching to technological developments regarding at my occupation with technological tools.”
(%47.5 “I agree”, %14.1 “I strongly agree”)
Little positive answers are given for:
“Technological tools have negative effects as
much as positive effects in class environment.”
(%38.4 “I partly agree”)
“I’m aware of technological developments regarding with my occupation.” (%42.4 “I partly
agree”)
“I mostly enter educational sites at internet usage.” (%33.3 “I partly agree”)
“I spend minimum daily mean one hour to use
internet and computer with education aim.” (%34.3
“I partly agree”)
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The most negative answers are given for:
“I believe that content of Computer Aided Education lessons taken from us is sufficient level.”
(%37.4 “I disagree”)
“I prefer reading e-books to reading printed
books.” (%53.5 “I disagree”)
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Abstract
E-Filing is one of the e-government online
services introduced by Malaysian Government
in their attempt to accelerate the country’s entry
into Information Age. The number of e-filers has
increased since its introduction in 2006, and substantial amount of cost savings has been achieved
with the increasing number of tax payers adopting this system. However, an information system
implementation can be considered a great success
when the adopters moved beyond the initial adoption to a continued basis. Many existing studies on
individual adoption have focused on investigating
the intention to use, while less attention is paid to
the post adoption environment where individuals
decides whether to continue or discontinue using a
technology. Trust was proposed as one of the major
challenges towards the implementation of e-government services as a whole. Thus, this paper proposed to investigate the role of trust in encouraging
the continued use of the e-filing system in Malaysia.
Key words: E-filing, Tax, trust, perceived risk,
satisfaction, confirmation, technology acceptance
model, e-government, Malaysia

nating knowledge, strengthening social cohesion,
generating earnings and finally ensuring that organizations and public bodies remain competitive in
the global electronic market place (Hesson & AhAhmeed, 2007). The main contributing factor for
such emergence in ICT is the increasing popularity of Internet. The increasing number of Internet
users has actually led many private organizations
in utilizing Internet as a new way of conducting
business, known as “e-commerce”. The speedy
growth in the use of the Internet and the emergence of e-commerce has eventually increased the
pressure on the government to administer to citizens needs via this new medium which is known
as “e-government” (Vathanophas, Krittayaphongphun & Klomsiri, 2008).
In the last 10 years, an ICT investment particularly by governments in developing countries has
witnessed a dramatic increase. Most developing
countries are using ICT to modernize and increase
internal efficiency as well as improve service delivery. As a result, many developing countries have
embarked on e-government or are in the process of
creating strategies (Bhatnagar, 2009) (See table 1).
Table 1.

Introduction
In today’s highly competitive and global markets, businesses continue to make considerable
investments in information system (IS) and computer technologies as means to increase productivity, maintain their competitiveness and provide
their customers with better and faster service
(Hasan & Ali, 2009). The advances in information and communication technologies (ICT) have
raised new opportunities for the implementation
of novel applications and the provision of high
quality services over global networks. The aim is
to utilize this “information society area” for improving the quality of life for all citizens, dissemiVolume 7 / Number 1 / 2012

E-Government Project Investment (Bhatnagar, 2009)
According to Webopedia.com the term e-government or electronic government refers to any
government functions or processes that are carried out in digital form over the Internet. Local,
state and federal governments essentially set up
central Web sites from which the public (both private citizens and businesses) can find public information, download government forms and contact
government representatives. A useful indicator to
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determine the status of e-government in developing countries is by comparing its e-government
readiness index with the other countries (Bhatnagar, 2009). According to United Nations E- Government Readiness Survey (UNPAN) (2008),
Singapore continues to lead the Southern Eastern
Asian region with the index of 0.7009 followed
by Malaysia (0.6063) and Thailand (0.5031). Malaysia’s strategic shift into the information and
knowledge era offers the country and the world an
attractive global multimedia environment where
the unique elements and attributes of information,
ideas, people, service and technology are able to
fuse, grow and deliver a globally replicable chain
of innovative products, services and best practices
(Muhammad Rais & Nazariah, 2003).
Therefore, this study will look into one key aspect of e-government services offered by Malaysian Government in 2006 which is a system to file
income tax electronically known as e-filing. Since
its introduction, e-filing has evolved each year in
order to provide better services to the tax payers.
The number of submission via e-filing grew from
184,378 (2006) to 704,383 (2007) to 1,185,655
(2008) to 1,500,000 (2009) to 1,544,000 (up to
23rd May 2010) (Dato Dr. Mohd Sukor, 2010).
This shows that nearly 24.2% from the total registered taxpayer (6,400,000) in Malaysia have filed
their tax via e-filing up to 2010 (The STAR, 30th
April 2010). Among the factors that could have
contributed to this trend are convenience, faster
refund and cheaper cost. However, according to
Bhattacherjee (2001), while initial acceptance of
information system (IS) is very important toward
realizing IS success but its eventual success depend on its continued use rather than first-time use.
He also points out that continuance usage of an IS
at the individual level is the central to the survival
of many business to consumers electronic commerce firms. The effective subscriber base, market
share and revenues of these firms depend on both
the number of initial adopters and continued users.
Government cannot realize the potential benefits
of e-government unless people use them.
Despite the development and diffusion of a variety of government services on the Internet, little
research has been carried out focusing on factors
affecting continued use (Chai, Herath, Park &
Rao, 2008). Similarly, an IS implementation can
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be considered a great success when a significant
number of adopters moved beyond the initial
adoption to a continued basis (Limayem, Hirt &
Cheung, 2007).
One of the major challenges faced by the government in the implementation of this e-filing system,
according to its Chief Executive Officer / Director
General (Dato Hasmah binti Abdullah, 2009), is
building trust and confidence for e-filing system
among the taxpayers and the public (including tax
agents). In fact, Organization for Economic Cooperation and Development (OECD) (2008) has
also discover that one of the main challenges for
increasing user take-up in the e-government services is trust; both that citizens requirements will
be met and also protecting their personal data, privacy and security. It also highlighted that the more
an e-government service is user-centric, the higher
will be the take-up of its services. During 20062007, the European Commission has funded a research project called Egovrtd2020 to investigate
the future needs of e-government research and to
develop future research themes based on the comparison of current research and long term future
needs. Thirteen e-government research themes
were developed and experts from all around the
world were invited to assess the research themes
based on the importance for future e-government
developments. The themes assessed by the experts
as the most important is firstly data privacy and
personal identity and secondly, trust in e-government (Wimmer, 2007). In addition to it, Srur and
Muthukumarasamy (2009) has emphasized that
trust has economic value to companies and it is
used to win competitive advantage. Further, Dzazali, Sulaiman and Zolait (2009) emphasized that
since trust was found to be one of the critical success factors towards the implementation of e-commerce, thus the implementation success of e-government system and services depends on the trust
factor too. Building of trust was found to be one
of the important factors in facilitating citizen’s ereadiness, hence the more trust Internet users have
towards the government, the more active they will
use the public services (Shalini, 2009).
As such, this paper will focus on exploring the
effect of trust in the system in the context of continued usage intention of e-filing system in Malaysia.
Volume 7 / Number 1 / 2012
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Benefits of e-filing
Dato Hasmah binti Abdullah (2009), Chief Executive Officer / Director General of Inland Revenue, Inland Revenue Board Malaysia (IRBM)
has highlighted various advantages that the efiling system can provide for both the taxpayer
and also to IRBM. Among them are time saving
(reduce processing activities, available anytime,
acknowledge receipt immediately and faster refund), cost effective (paperless, accurate tax calculation, easy and available, increase productivity
(reduce paperwork, faster processing, speed up recovery) and secure (Public Key Infrastructure and
digital signature). Eventually, with the increasing
number of taxpayers adopting e-filing system,
a substantial amount of cost savings have been
achieved. According to Dato Hasmah (2009), up
to 31st May 2009, a total cost of RM9, 162,845.92
have been saved via the e-filing submission of
tax. The number has gradually increased since its
introduction in 2005 (RM 192.68), 2006 (RM1,
302,590.40), 2007 (RM4, 876,564.64) and 2008
(RM8, 187,144.96). Such trends underlines the
importance, relevance and timeliness of studying
IS continuance as a topic of government interest
(Bhattacherjee 2001).
Theoretical background
The research model is shown in Figure 1.
Description and definition of the proposed
variables in the model
Many of the existing studies on individual adoption of information technology (IT) have focused
on investigating the intention to use or to adopt an
IT, while less attention is paid to the post adoption
environment where individuals decides whether to
continue or discontinue using an IT (Thong, Hong
& Tam, 2006). Research on continuance intention
is vital in today’s environment because besides
its ability to guarantee a long term profitability of
an organization (Parthasarathy & Bhattacherjee,
1998) and reduces its operational cost by retaining
the customer (Ndubisi, 2004), it is also important
for the survival of many businesses to consumer
electronic commerce firms (Bhattacherjee, 2001).
Volume 7 / Number 1 / 2012

The next section summarizes the proposed relationships shown in Figure 1. The importance of
these variables and the interaction among them is
critical to the overall e-government continuance
usage intention model.

Figure 1. The Proposed Researched Model
Trust in the System
Past literatures have identified that a high level
of trust in the system is an important factor for the
successful adoption of the system, for example,
despite the active campaign by IRB of Malaysia to
encourage the usage of e-filing system, the overall
level of e-filing usage in the country is still low
which implies that the taxpayers have less trust in
the system (Ambali, 2009).This is supported by
the study of Bee (2008), who suggest that IRB of
Malaysia must encourage more and more taxpayers to use the e-filing system by providing incentives and emphasizing that security and privacy issues are guaranteed, so once the taxpayers uses the
system they will develop the trust in the system
and this will increase their willingness to continue
using the system.
Likewise, trust in the system was found to be
one of the main contributing factors for the success of Octopus payment system in Hong Kong
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(Chau & Poon, 2003). This is backed by Abrazhevich (2004), who found that customers will not
use a system which is found to be less trustworthy.
Further Lim, Lee and Kurnia (2007) based on their
findings suggest that without adequate security
features and a system that users trust, the adoption
of electronic payment system will not be successful. This is consistent with the findings by Kniberg
(2002), who argued that trust is more important
than security. The study also revealed that users
are willing to opt for an insecure payment system
of a trusted company compared to a secured payment system of an untrusted company. Therefore,
in line with the above findings, it is surmised that:
–– P1: There is a direct positive relationship
between trust in the system and continued
usage intention
According to Papadopoulo, Nikolaidou and
Martakos (2010), trust in the system refers to the
perception of the operation of the system which
will display availability, fault tolerance and its security and correctness is guaranteed together with
stability in system response time. Further they had
listed a few dimensions that are related to the trust
in the system such as correctness, availability, security, failure, accountability and response time.
These five dimensions are adopted in this study
as it is more relevant in the context of the e-filing
tax payment system. Correctness is defined as the
assurance that the system works properly and produces correct output. Bailey and Pearson (1983)
defined accuracy as the correctness of the output information. Availability is defined as the assurance
that the system is up and running is fully functional
whenever needed and is protected from denial of
service. On the other hand, Security is the assurance that the system is protected against intrusion
threats. Bailey and Pearson (1983) defined security
as the safeguarding of data from misappropriation
or unauthorized alteration or loss. Subsequently,
Failure is the assurance that the system is protected
against loss of user data in case of failure and Accountability is actions of an entity are traced (auditing) to allow for non-repudiation, intrusion detection and prevention and legal action.
Lastly, Response Time means the system responds to requests within a short and acceptable
time period. It is also defined as the elapsed time
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between a user-initiated request for service or action and the reply to the request (Bailey & Pearson, 1983).
Perceived Risk
The concept of perceived risk was introduced
to the marketing literature by Bauer (1960) (as
cited in Dowling & Staelin, 1994). Perceived risk
is taken into consideration when circumstances’
surrounding the potential purchase creates the
feelings of uncertainty, discomfort and anxiety
(Dowling & Staelin, 1994). Perceived risk is defined as “the expectation of losses associated with
purchase and acts as an inhibitor to purchasing behavior” (Peter & Ryan, 1976) and “the citizen’s
subjective expectation of suffering a loss in pursuit of a desired outcome (Warkentin, Gefen, Pavlou & Rose, 2002).
Seven dimensions of perceived risk has been
identified; performance, time, social, financial,
physical, security/privacy and psychological (Kaplan, Szybillo & Jacoby, 1974; Featherman & Pavlou, 2003). However, according to Featherman and
Pavlou (2003) the dimensions of perceived risk
may vary based on the product or service evaluations. As such, for the purpose of this paper, as efiling does not incur any threat to human life and
the taxpayers do not any choices of merchants or
producers to choose, thus physical risk and psychological risk are not included. Security or Privacy
risk is defined as the potential loss of control over
personal information, such as when information
about you is used without your knowledge or permission (Featherman & Pavlou, 2003). In the case
of e-filing, taxpayers are concerned whether third
parties could access their personal tax information
without their knowledge or permission (Azmi &
Bee, 2010). Performance risk refers to the possibility a system malfunctions or the system’s failure
to deliver the promised benefits. The risk factor that
taxpayers’ perceived to have towards the system,
which promise to complete their transaction securely and to maintain the privacy of their personal
information, will affect their voluntary adoption of
the e-filing system (Azmi & Bee, 2010).
Financial risk defines as the potential for
monetary loss due to transaction error (Lee,
2009). In the case of e-filing, monetary loss could
Volume 7 / Number 1 / 2012
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be due to the incorrect keying-in information in
tax returns that may lead to the wrong calculation of tax payable (Azmi & Kamarulzaman,
2010). Time risk measures the amount of time
lost in trying to learn how to use the e-filing system. Adopters of the e-filing system many lose
more time learning how to fill in return forms
online than submitting the form manually to the
tax authorities (Azmi & Kamarulzaman, 2010).
Finally, Social risk refers to the potential loss of
status in one’s social group as a result of adopting
a product or services, looking foolish or untrendy
(Featherman & Pavlou, 2003).
Palvia (2009) viewed that trust is crucial in
any long term business relationship and it is even
critical wherever risk, uncertainty and interdependence exist because it alleviates risks. In fact,
Mayer, Davis and Schoorman. (1995) noted that
the need for trust only exists when there are risky
situations. Consumer’s trust in the web vendor is
considered as an important antecedent for the continuation of exchange relationships, where such
belief depends on the perceived risk with the web
vendor by the consumers’ (Palvia, 2009). Thus
in electronic commerce, trust is important when
there is a risk of negative outcomes especially
when financial transaction or personal information
is involved (Kini & Choobineh, 1998).
Past literatures have proven significant impact
of perceived risk on online service use intention or
adoption. Lu, Cao and Yang (2010) investigated
the behavioral intention to use online services and
indicated that perceived risk significantly influence the consumers’ intention to use online banking services. Study on uptake of mobile banking
services disclosed that risk has a significant negative effect on intention to adopt (Lewis, Palmer &
Moll, 2010). Similarly, perceived risk was found
to have negative influence on behavioral intention
to accept e-filing system in Malaysia (Azmi &
Bee, 2010). Thus based on the findings above, the
following propositions are developed:
–– P2: There is a direct negative relationship
between trust in the system and perceived
risk
–– P3: There is a direct negative relationship
between perceived risk and continued usage
intention
Volume 7 / Number 1 / 2012

Technology Acceptance Model (TAM)
According to TAM, attitude and acceptance
behavior are jointly determined by perceived usefulness and perceived ease of use (Davis, Bagozzi
& Warshaw, 1989). PU is defined as “the degree
to which a person believes that using a particular system would enhance his or her job performance (Davis et al., 1989). Alternatively PEOU is
defined as “the degree to which a person believes
that using a particular system would be free of effort” (Davis et al., 1989). Attitude was defined as
“the degree of a person’s favorable or unfavorable
evaluation or appraisal of the behavior in question’’ (Ajzen, 1991). Ramayah, Rouibah, Gopi
and Rangel (2009) found that perceived usefulness and perceived ease of use are the most significant factors in determining the attitude of investors towards intention to use Internet Stock
Trading in Malaysia. Similarly, strong relationship
was found between attitude, perceived usefulness
and perceived ease of use in a study examining
taxpayers’ attitude in using e-filing system in Malaysia (Ilias, Razak & Yasao’, 2009). Equivalent
result was found by Ilias, Suki and Yasao’(2008)
that suggested that attitude towards e-filing system
can be changed based on the first time experience
in handling the system which in turn is influenced
by perceived usefulness and perceived ease of
use. Likewise, perceived usefulness and perceived
ease of use was identified as the most significantly
important determinants of attitude in user acceptance of online tax filing and payment system in
Taiwan (Hung, Chang & Yu, 2006). Further, Ling,
Obid and Meera (2005) also found that respondents have positive attitude towards using the efiling system and perceived that an e-filing system
was useful and easy to use.
Recent studies on continuance intention of a
particular technology have proved the significant
relationship between attitude and continuance intention. Lee (2010) found that attitude is significant
predictor of users’ continuance intention toward elearning. Positive attitude towards using the online
booking system was found to be the major reason
for customers to continually purchase their airline
tickets online (Koppius, Speelman, Stulp, Verhoef
& Heck, 2005). Indeed, attitude was found to be a
stronger influence on continuance intention com253
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pared to other antecedents in shaping continued
ICT usage intention (Hsieh, Rai & Keil, 2008). The
study also suggested that individuals who have usage experience, attitude will have a stronger impact
on continuance intention.
Previous researchers also have confirmed the
significant positive relationships between perceived
usefulness and continuance usage intention. Bhattacherjee (2001) found that users’ continuance intention of using a particular IS system is influenced
by perceived usefulness. Moreover, Limayem and
Cheung (2008) confirmed based on their study
that perceived usefulness is a significant antecedent of continuance intention. Further, Cho, Cheng
and Hung (2009) proposed an extended framework
to re-examine continued usage of technology and
discovers that perceived usefulness are one of the
significant factors that affect continued usage of
technology. Similarly, perceived usefulness was
also found to be positively related to continued use
of self-service technology in the case of Internet
Banking (Eriksson & Nilsson, 2007).
Eventually, the role of trust was found to be extremely important in the development of attitude
(Palvia, 2009). McCole, Ramsey and Williams
(2010) revealed that trust in a vendor, trust in the
Internet and trust in the third parties positively influence attitude towards online purchasing. This
finding is supported by Ha and Stoel (2009) who
founds that attitude towards e-shopping is significantly affected by trust based on their study on understanding consumers’ acceptance of e-shopping.
Further, trust was found to have a significant impact on attitude towards adopting online banking
(Al-Somali, Gholami & Clegg, 2009). Therefore
based on the explanation above, the below propositions are derived
–– P4: There is a direct positive relationship
between perceived usefulness and attitude
–– P5: There is a direct positive relationship
between perceived ease of use and attitude
–– P6: There is a direct positive relationship
between perceived ease of use and perceived
usefulness
–– P7: There is a direct positive relationship
between attitude and continued usage intention
–– P8: There is a direct positive relationship
between perceived usefulness and continued
usage intention
254

–– P9: There is a direct positive relationship
between trust in the system and attitude
Satisfaction
Customer satisfaction has an important impact
towards IS continuance usage intention because
user who are more satisfied with their experience
will have a higher level of continued use (Limayem & Cheung, 2008). This is consistent with the
findings by Danaher and Rust (1996) who also
reveals that when a customer is satisfied with a
service, they will have a higher consequent usage.
Lee (2010) based on the expectation-confirmation
model predicted the user’s continuance intention
towards e-learning and found that satisfaction is
the strongest predictor of users’ continuance intention. Subsequently, a study on e-learning continuance intention based on the extension of technology acceptance model (TAM) also found that users’ continuance intention is mainly determined by
satisfaction (Roca, Chiu & Martinez, 2006).
Further, Oliver (1980) viewed satisfaction as
the main influence for post purchase attitude and
repurchase intention. Hartwick and Bakri (1994),
defines that attitude is actually the feeling of the
individual towards the system, they argues further
that when an individual view the system as important and relevant automatically they will have
positive attitude towards the system which will
increase the job involvement and job satisfaction.
Alike, Shankar, Smith and Rangaswamy (2003)
studied on the customer satisfaction and loyalty
in online and offline environments and found that
satisfaction is assumed to influence the change in
attitude and customer loyalty.
Alternatively, Bhattacherjee (2001), in understanding information system continuance reveals
that users’ satisfaction is influenced by their confirmation of expectations from prior usage and perceived usefulness and perceived usefulness is influenced by users’ confirmation level. The same result
was reported by Limayem and Cheung (2008) in
a study on Internet-based learning technologies
that confirmation and perceived usefulness has
significant impact on users’ satisfaction and also
significant impact of confirmation on perceived
usefulness. Devraj, Fan and Kohli (2002) also hold
up to the relationship when they found that perVolume 7 / Number 1 / 2012
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ceived usefulness was the significant antecedents
of customer satisfaction in electronic commerce.
Atchariyachanvanich, Okada and Sonehara (2006)
studied the reasons that keeps online customers repurchasing through the Internet and finds that major
determinant of repurchase is satisfaction, however
satisfaction in turn, is predicted by confirmation.
Therefore, based on the explanation above, the below propositions are surmised
–– P10: There is a direct positive relationship
between satisfaction and continued usage
intention
–– P11: There is a direct positive relationship
between satisfaction and attitude
–– P12: There is a direct positive relationship
between perceived usefulness and satisfaction
–– P13: There is a direct positive relationship
between confirmation and satisfaction
–– P14: There is a direct positive relationship
between confirmation and perceived usefulness
Research methodology
To test these proposals, citizens will be surveyed to collect data using a set of questionnaire
which will be distributed in two ways; electronic
survey and self-administered survey. Electronic
survey questionnaires will be distributed with the
help of the Inland Revenue Board of Malaysia
who have the data of taxpayers using e-filing system. This method is chosen as it is convenient and
covers the targeted respondent more directly and
in shortest time. Self-administered questionnaires
survey will be used upon those taxpayers who are
easily reachable.
The unit of analysis of this study will be individual salaried taxpayers who have used e-filing
system to file their tax online at least once. Salaried taxpayers were chosen for this study because
this group of tax payers is the pioneering group
who had used the e-filing system since its implementation in 2006 and also due to the fact that they
are the largest group of tax payers in Malaysia.
This study will employ a sample of 1000 taxpaying citizens in 4 different main cities in Malaysia
such as Kula Lumpur, Selangor, Ipoh and Penang.
Volume 7 / Number 1 / 2012

Discussion
There has been an upward trend in the adoption
of e-filing system among taxpayers in Malaysia.
Within 4 years of implementation, approximately
1.5 million tax payers had chosen to file their tax
online. Among the factors that could have contributed to this trend are convenience, faster refund
and cheaper cost. However, according to Bhattacherjee (2001), while initial acceptance of information system (IS) is very important toward realizing IS success but its eventual success depend
on its continued use rather than first-time use. He
also points out that continuance usage of an IS at
the individual level is the central to the survival of
many business to consumers electronic commerce
firms. The effective subscriber base, market share
and revenues of these firms depend on both the
number of initial adopters and continued users.
Existing studies on individual adoption of information technology (IT) have focused on investigating the intention to use or to adopt an IT,
while less attention is paid to the post adoption environment where individuals decides whether to
continue or discontinue using an IT (Thong et al.,
2006). It is observed that in most cases after “initial usage” of e-government services many users
revert to traditional ways for acquiring information and services, therefore engaging and retaining citizens for “continued usage” are a challenge
faced by most government agencies providing
online public services (Teo, Srivastava & Jiang,
2009). Further, trust has been identified as an important enabler in e-commerce environment, however not many studies have explored the effect of
trust from e-government perspectives (Srivastava
& Teo, 2009). Eventually, trust has been posited
by various parties as one of the main challenges
faced in the implementation of the e-filing system
or any other e-government services, thus it is a
pertinent area to be researched.
Practically, this study will provide IRBM with
the niche marketing strategies on building the taxpayers trust for its e-filing system to be successful
further and to be continuously used. In the absence of adequate trust in the e-filing system, taxpayers may choose to revert to the manual way of
submitting their income tax, which will actually
lead to the failure of the system and incur heavy
255
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financial loss to the government. Thus, empirical
research is essential to understand the role of trust
and other critical factors in facilitating this continuous usage intention.
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Abstract
This paper presents the methodology of planning the Multiple Special Event (MSE) – the establishing of the precise time schedule (timetabling) of special events having same goals, content and anticipated effects but taking place at different locations. An original Goal Programming
(GP) model of the decision-making procedure
related to Multiply Special Event organizing has
been designed. Continuity and uniformity have
been taken as basic criteria. The proposed methodology has been applied to the study of a socially
responsible campaign of Dunav Insurance Company-FIREFLY. Several scenarios with different
time periods have been simulated and comparative analysis of the effects of the previous year’s
campaign and the anticipated timetabling effects
produced by optimization has been made.
Key words: Event Management, Goal Programming, Timetabling.
1. Introduction
Establishing good relations with local community is a very important element of the corporate
and PR strategy. During the previous decade in
Serbia a trend of increasing number of initiatives
of organizations in the area of social responsibility, adoption of „doing good deeds“ concept, as a
corporate social norm and the evident shifting from
giving, as an obligation, to giving as a competitive strategy was noticed. Till the 1990s in the last
decade, decision on the selection of activities that
would promote the organization and win positive
publicity, were based on the need to „do something
good in order to make a good impression“. During
the 1990s, a large number of organizations shifted
their focus to essentially differently motivated activities of development of corporate identity, image
and reputation according to the new model of corVolume 7 / Number 1 / 2012

porate behavior: „ do what is best for the well being
of society – act responsibly towards society“ [1].
Organizing of special events is a significant
and most frequently applied instrument in the
establishing relations with the community. In [2]
Event management is introduced as an interdisciplinary task field, addressed in the most diverse
fields in practice. Authors of this article made recommendations for application system and organization-design in the form of a reference process
model for event management. Special events are
short-term or long-term projects, single or in series (multiple special events), with a clearly specified purpose and defined target public and they are
organized for the main purpose of drawing the attention and win the favor of the target public for a
specific product or service. [3].
Elements of key importance for the planning of
special events are: time, location, facilities, programme, administrative duties, presentation organization and accompanying progammes for informal activities. The large number of factors which
should be taken into account when planning called
for the development and introduction of specialized methodologies for the planning and implementation of specific campaigns. The methodology developed by the authors of this paper, refers
to the planning of a specific campaign of MSE. To
a considerable extent, it is based on the fact that
the decision making process in an event management practice, in different phases, goes through
different levels of hierarchy: strategic, executive
and operational, as well as on principles of corporate social responsibility. Where the realization
of an event is associated with a time period longer
than one term (hour, day etc.), which is the case in
MSE, the timetabling problems emerges.
In order to solve the issue of timetabling for the
implementation of a MSE, an original mathematic
model of weighted goal programming (GP) [4] has
been formulated and it is presented in this paper. In
259
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the past, the timetabling problem has been already
solved through goal programming. The GP models that can be used for the timetabling of college
and university courses have been described in [5]
and [6]. The problem of timetabling and balancing sports competitions over multiple venues and
modeling by means of GP has been described in
[7]. In [8] and [9] GP models of medical personnel
distribution have been developed, whereas in [10]
the personnel-timetabling problem is addressed by
means of GP but in the field of marketing visits in a
planning period at equal intervals of time depending upon the business transaction with customers.
The authors in [11] present the goal programming
model for optimizing the timetable of production
processes where the maximum contribution and
minimal duration of the longest resource engagement is ensured. Due to the specific nature of the
problem of MSE timetabling, considered in this
paper, the timetabling issue is formulated as a system of distinct representative [12, 13 and 14].
This paper is organized as follows. Chapter
2, following the introductory chapter, describes
methodology of planning the MSE while chapter
3 deals with the formulation of goal programming
model. In chapter 4 is description of socially responsible multiple event FIREFLY. Chapter 5 contains the methodology of planning the implementation campaign FIREFLY, with defining the scope
of the campaign, plan of coordination of campaign
participants and suggestion for campaign timetable. The paper ends with final considerations and
points out avenues for future research.
2. Methodology of MSE planning
Multiple special event (MSE) is set of individual certain special events with same goals, content
and anticipated effects, but taking place at different
times and venues. The methodology of planning the
implementation of MSE consists of three phases:
1. Defining the scope of the MSE.
2. Coordination of MSE participants.
3. MSE timetable.
Each phase is distinguished by a different nature of a problem that is being solved in it, and
decision makers which are solving the problem or
have influence on its solution.
260

2.1. Defining the scope of the MSE
During the first phase a strategic decision is made
about the period and places where the MSE is to be
carried out. This decision depends on the set corporate goals that are to be achieved through this MSE
and this is why in this phase company top management has the biggest importance and influence.
When making a decision about the period in
which SME is to be imple1mented, it should be
taken into consideration that such period should
be short enough in order to encompass the whole
group at roughly the same time, but long enough
to ensure duration and right effect of the MSE. In
both cases a criterion is a communication effect of
the MSE, which is set as a request at the strategic
decision making level of the company.
Based on the established period the set D can
be defined, which is the set of terms within MSE
period, i.e. the set of terms when the MSE can be
carried out. Number of places where the MSE is
carried out depends on financial and organizational resources of the company. When that decision
is made, it is possible to create set of k places:
A={A1, A2, ..., Ak}.
2.2. Coordination of MSE participants
In the second phase it is necessary to coordinate all MSE participants in a particular place, i.e.
define terms when all of them are available. This
phase is in the sphere of operative planning, and
MSE participants in a particular place have the
biggest influence on solution.
Formally, coordination can be described in the
following way. The MSE is carried out in k places
and there are mi (i=1, ..., k) participants in each of the

places. Set Dil, Dil ⊂ D (i=1, ..., n, l=1, ..., mi) has
been assigned to each of these participants, which is
the set of terms when the participant is available. In
order to implement one MSE in i-th place, it is necessary to adjust all mi MSE participants, i.e. find set
of terms when all of them are available. Formally, it
mi

is necessary to find set Di =  Dil .
l =1

The result of the second phase is set Di, which
is a set of terms when one occurrence of the MSE
can be implemented in i-th place (i=1,...,k).
Volume 7 / Number 1 / 2012
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2.3. MSE timetable
In the third phase it is necessary to create a specific timetable. The timetable should achieve two
goals: continuity and uniformity of MSE implementation. Formal definition of the set goals will
be illustrated thereinafter.
2.3.1. MSE continuity
Continuity of MSE is reflected by the happening of individual events within the MSE in places
at approximately equal intervals in order to secure
constant media coverage, that is, continued reporting. Let n be a number of elements of set D, that
is, number of terms during which the MSE can be
implemented, and r is a parameter which stands
for a desired interval between two individual MSE
occurrences. Continuity can be formally expressed
by the request for the interval between two events
taking place to be:
 n − 1

za n > k  .................... (1)


r =  k − 1

 0
za n £ k 

On the basis of (1) it can be concluded that individual MSE will happen at intervals not lonn −1
ger than the floor functions of
, in case the
k −1
number of terms for implementation of MSE n is
bigger than the number of places k ; and each term
and on several locations at the same time when n
is less than k .
The first issue that should be resolved here is
determination of distinct term for each of k places,
that is, determination of distinct elements of sets
Di, i=1,...,k. This issue, known as systems of distinct representatives [15, 16 and 17] is defined in
various ways. In this paper, the SDR problem is
modified by the request the difference between
representatives, that is, the interval between two
individual MSE to be r , if possible. Such problem
is considered in [18].
According to introduced notation, the following variable is introduced:
yi - term on which one MSE takes place in the
place i, yi ∈ Di , i = 1,..., k .
Volume 7 / Number 1 / 2012

The continuity condition may be expressed as:
yi − y j ³ r , i, j = 1,..., k , i ≠ j .............. (2)
In order to model the continuity request as linear condition, it is necessary to introduce k (k − 1)
auxiliary binary variables δ ij , i, j = 1,..., k , i ≠ j :
1 if r £ yi − y j £ m  ,

0 if − m £ yi − y j £ −r 

δ ij = 

where m is a "big" constant, i.e. value that is
always greater than yi − y j .
Now, the condition to implement MSE in each
place on a different term and at approximately
equal intervals can be expressed by the following
equation:
r ⋅ δ ij − m ⋅ (1 − δ ij ) £ yi − y j £ m ⋅ δ ij − r ⋅ (1 − δ ij ), i, j = 1,..., k , i ≠ j

i.e. the following limitations:
yi − y j − m ⋅ δ ij + r ⋅ (1 − δ ij ) £ 0, i, j = 1,..., k , i ≠ j ,
........................................ (3)
yi − y j − r ⋅ δ ij + m ⋅ (1 − δ ij ) ³ 0, i, j = 1,..., k , i ≠ j ,.
........................................ (4)

Note 1: As the variable yi represents the term on
which one MSE will take place on the location i, it
is possible to define the sequence of individual locations. Thus, for example, the condition: y3 £ y7
means that event taking place on location 7 must
not precede the event taking place on location no.3
Note 2: In the observed problem, parameter m
has a real interpretation and represents the maximum time interval between two individual MSE.
If timetabling is done for all n terms, the value
of parameter m is n − 1 . However, this parameter allows the timetabling for shorter periods. If
m = q − 1, q < n , then in the observed period of n
terms and with corresponding values of parameters r and p (see following sub chapter) the timetabling for the period of q terms will be obtained.
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2.3.2. MSE uniformity
Uniformity is expressed by the approximately
equal number of individual MSE taking place per
term, if the initial parameters necessitate many individual MSE taking place per term. Let n be a
number of elements of set D and p is a parameter
which stands for a desired number of individual
events taking place per term. Uniformity can be
formally expressed by the request for the number
of individual events per term to be:
k 
p =   . ................................ (5)
n
On the basis of expression (5) it can be concluded that the number of individual events per term and
per place will be maximum one in case the number
of terms for MSE implementation n is bigger than
the number of places k , that is, in maximum p
places when the number of terms for MSE implementation n is less than the number of places k .
In order to model the uniformity request, it
is necessary to introduce k ⋅ n binary variables
xis , i = 1,..., k , s ∈ D [19]:
1 if the MSE is implemented in town i on term s 
xis = 

0 othervise


........................................ (6)
Uniformity condition can now be expressed in
the following way:

∑x

= 1, i = 1,..., k . ..................... (7)

is

s∈D

k

∑x
i =1

is

continuity and uniformity. Achievement of these
goals depends on the ratio between the number of
terms for implementation of MSE n and the number of places k , as well as on the available terms
in places (Di, i=1,...,k). However, the MSE will be
implemented even if it is not possible to completely
attain the goals, that is, if it is not possible to meet
conditions (3-4) and (8). Therefore, the problem of
defining timetable will be modeled by a mathematical model of weighted goal programming (WGP).
Additional parameters and relations have to be
introduced before formulating the WGP timetable.
In modeling continuity and uniformity two types
of variables have been introduced: whole numbered yi representing date on which a single MSE
will be implemented at the place i, and xis which
determines whether the event happens at the place
i at the time s or not. The relation connecting these
two variables is:
yi − ∑ s ⋅ xis = 0, i = 1,..., k . ................ (9)
s∈D

In the phase of coordination of MSE participants, the set Di is defined for each place and it
constitutes a set of terms when MSE can be implemented at i-th place (i=1,...,k). We introduce parameter ais , i = 1,..., k , s ∈ D in the following manner:
1 if the MSE can be implemented in town i on term s  .
ais = 

0 othervise


Now, the condition that an event within MSE
takes place at each place only at a certain time
when it is possible may be expressed as condition:

∑a

£ p, s ∈ D . ........................ (8)

Condition (7) provides that exactly one of the
events within the MSE takes place on each location and then, in expression (8), the total number
of places in term s is limited to p .

s∈D

According to the previously introduced notation,
defined objectives (3-4) and (8), conditions (7), (9)
and (10), and the general WGP model, the following WGP timetable model has been formulated:
k

3. Formulation of GP model
As previously described, two goals are to be
achieved by the implementation schedule of MSE:
262

x = 1, i = 1,..., k . ................. (10)

is is

min z = ∑

k

∑

i =1 j =1, j ≠ i

k

wij− dij− + ∑

k

∑

i =1 j =1, j ≠ i

wij+ dij+ + ∑ vs+ d s+
s∈D

s.t.
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yi − y j − (n − 1) ⋅ δ ij + r ⋅ (1 − δ ij ) − dij+ £ 0, i, j = 1,..., k , i ≠ j ,
yi − y j − r ⋅ δ ij + (n − 1) ⋅ (1 − δ ij ) + dij− ³ 0, i, j = 1,..., k , i ≠ j ,
k

∑x
i =1

is

− d s+ + d s− = p, s ∈ D

∑x

is

s∈D

∑a
s∈D

= 1, i = 1,..., k

x = 1, i = 1,..., k

is is

yi − ∑ s ⋅ xis = 0, i = 1,..., k
s∈D

yi ³ 0, i = 1,..., k

δ ij ∈ {0,1}, i, j = 1,..., k , i ≠ j
xis ∈ {0,1}, i = 1,..., k , s ∈ D
dij+ , dij− ³ 0, i, j = 1,..., k , i ≠ j
d s+ , d s− ³ 0, s ∈ D
In the objective, minimized is only d s+ - overachieving level of the goal (11), because it is allowed
(and desirable) the number of places where events
take place on the same term to be less than p .
4. Description of socially responsible multiple event FIREFLY
Dunav Insurance Company is a large, strong and
modern Serbian insurance company with a very
long tradition and successful business practice. As
a state owned company, this insurance company is
also an important business entity and a prominent
domestic insurance brand. As such, Dunav Insurance Company is constantly working on improvement of its environment, i.e. society, by planning
and implementing numerous special events within
the field of socially responsible business practice.
According to [20] Corporate social responsibility
is one of the management system standards which
can be integrated into a single Integrated Management System (IMS). Socially responsible business
practice in Dunav Insurance Company has been
adopted as a modern strategic business approach
and as such it significantly affects the selection of
values it stands up for, as well as the manner in
Volume 7 / Number 1 / 2012

which its special events program is determined,
implemented and assessed.
In accordance with its socially responsible business practice, Dunav Insurance Company has decided to implement campaign called „FIREFLY“,
based on MSE, intended for the first-grade pupils.
The problem of children traffic safety, especially
of the youngest pupils, has been frequently mentioned, but still has not been completely solved. In
order to promote solving of this ever burning issue
and reduce the number of accidents, Dunav Insurance Company has decided, through a large-scale
and extensive campaign FIREFLY, to distribute to
elementary schools more than 80.000 fireflies-light
devices for ensuring greater visibility on roads for
all first-grade pupils in the territory of Serbia. By
donating these fireflies, Dunav Insurance Company
has decided to contribute to the safety of the youngest and at the same time the most vulnerable traffic
participants. The first-grade pupils have turned out
to be the most critical group, as they become independent traffic participants for the first time when
starting school. In this way, the Company wants to
urge all other traffic participants to take more care
of observance of traffic regulations for their own
safety. Indirectly, the campaign is directed to all pupils in elementary schools where this event is being
organised. Conclusion can be made that the attention of this project is drawn to: elementary school
pupils, their parents and wider society.
The characteristic of this event, which is the basis of this paper, is a large number of participants in
the process that was carried out in 23 towns in Serbia. At the national level, apart from Dunav Insurance Company as an initiator and promoter of this
campaign, other participants are: representatives of
the Ministry for Education and the Ministry of the
Interior of the Republic of Serbia, the Minister for
Education, the General Manager of Dunav Insurance Company and the Chief of Traffic Police Administration. At the local level, participants were:
Headmasters of host schools, Headmasters of regional schools, representatives/chiefs of school administrations, Directors of Dunav Insurance Company branch offices, representatives of traffic police/ chiefs and first-grade pupils from host schools.
The event was also promoted through the mass
media. National and local media were constantly
covering the campaign in all towns where it was
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implemented. For the purpose of media coverage,
the following activities were carried out:
–– A special event of distribution of first batch
of fireflies was realised in Belgrade that,
apart from inviting special guests (leaders
of public opinion or well-known persons),
included an organisation of media coverage;
–– Invitation to media was made and distributed
as well as announcement to media which
was afterwards distributed together with
photographs from fireflies distribution event;
–– As regards fireflies distribution in other
towns in Serbia, coordination of all project
participants was done, invitation to media
was made and distributed, for each town.
–– A letter had been previously made, that was
sent to all school administrations, based on
which the dates for fireflies distribution in
the entire territory of Serbia were defined.
Post-execution analysis
Firstly, fireflies were distributed to first-graders
in Belgrade elementary schools, and afterwards
the campaign was continued in the entire territory
of Serbia. Chart on figure 1. shows the implementation schedule of the FIREFLY campaign carried
out in towns over the period from December 16th
2009 to March 12th 2010.

Figure 1. Schedule of special events within the
FIREFLY campaign carried out in towns
Firstly, it is noticeable that the starting of the
multiple special event SVITAC, should logically
coincide with the beginning of the school year, according to defined goals. However, the campaign
started more than three months later. Chart analysis clearly shows that the continuity condition with
respect to individual special events has not been
met due to an unsuitable approach to the campaign
organization. Such approach resulted in increased
expenses and reduced efficiency of the campaign.
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In addition, the uniformity condition has been
disregarded, as the pause between the central event
in Belgrade and events taking place in other cities
was considerably long, together with the uniform
scheduling of events in single towns. Thus, distribution and media planning have been rendered
more difficult.
Instead of a short implementation period and
concentrating of all events around a central event,
the latter took place about one month ahead of the
other events. There has been no campaign’s media
exposure from the second (mid- December) until
the tenth week (mid-February) which contributed
to the loss of continuity in terms of presence in
the media, i.e. in the promotion of the Company
itself but also of its socially responsible operations
taking into account that the campaign has been
planned independently of other PR campaigns
of the Company. Such media planning, together
with the “stretching” of the campaign itself, would
make sense only if there were a time schedule for
various PR campaigns and their media exposure.
In its first week, FIREFLY campaign gained maximum media exposure, in terms of the number of
articles and broadcasts in printed and electronic
media not only in Belgrade but also in regional
and state-owned media. Consequently, the public
was familiar with the campaign weeks before it
was carried out on actual locations. On one hand,
under such conditions the efficient media planning is rendered difficult while on the other hand
the FIREFLY campaign was announced in an effective manner in other cities. In this connection,
low media exposure is justified, in terms of cutting
down on expenses, as in the so called second part
of the campaign, accent has been given to direct
communication with the local target public.
Potential effect of the campaign was that firstgraders, for whom fireflies were intended, were
glad the most and they promised to wear them
regularly and try to observe traffic rules in order
to be safe in traffic.
5. Methodology applied in SVITAC campaign implementation
By means of analysis of the process of defining
the dates for fireflies’ distribution in the entire territory of Serbia, the authors of this paper came to
Volume 7 / Number 1 / 2012
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the conclusion that there is a need and a possibility
to improve the FIREFLY campaign by optimizing
timetable. The optimization goal was to make plans
for the FIREFLY campaign in 2010, in contrast to
the inappropriate way in which it was carried out
in the previous year. The general goal was to make
the central event coincide with the beginning of the
school year, due to the very nature of the special
event. A plan, entailing the basic continuity and
uniformity principle, needed to be drawn up for the
beginning of the school year 2010-2011.
5.1. Defining the scope of the campaign
In this phase, the number of towns in Serbia has
been identified together with the period in which
the multiple special events would take place. It was
decided, that distribution would be carried out in
23 towns in Serbia (Belgrade was excluded from
the model, as it was planned to be the venue of the
central event to be held on September 1st in several
Belgrade schools). September was chosen as the
month when event will take place, i.e. the time period of 22 working days in the month ( according to
the model, distribution will be effected within a 21
working day period, as the central event is planned
for September 1st, and the possibility of concurrent
event taking place in any other town is excluded).
Three potential scenarios have been considered:
1. Multiple event taking place in September
– on each of the 22 working days (i.e. 21
working days considered in the model),
2. Multiple event taking place in the first half
of September,
3. Multiple event taking place in the second
half of September.
Top management requested these three scenarios to be considered, in order for a decision to
be made on the strategic level, and principal criteria stated in the request were: cutting down on
expenses and harmonization with current communication activities and other special events, in the
context of media exposure.
5.2. Coordination of campaign participants
After analysis of events from the previous period which was carried out together with top manageVolume 7 / Number 1 / 2012

ment representatives of Dunav Insurance Company
it was concluded that participants of events should
not be changed. According to the plan, the participants in the forthcoming special event will be: representatives of the Ministry for Education and the
Ministry of the Interior of the Republic of Serbia,
the Minister for Education, the General Manager
of Dunav Insurance Company and the Chief of
Traffic Police Administration, Headmasters of host
schools, Headmasters of regional schools, representatives/chiefs of school administrations, Directors
of Dunav Insurance Company branch offices, representatives of traffic police/chiefs and first-grade
pupils from host schools.
As events must be accurately planned, the
availability of individual participants was taken as
an important criterion. It turned out that all participants, except for the local Chief of Traffic Police
Administration, are always available.
As the availability of Chief of Traffic Police
Administration in cities where the FIREFLY campaign will be carried out represents a limiting factor, all information in this respect has been gathered (table 1).
Table 1. Availability of Chief of Traffic Police Administration (CTPA) per cities
City
CTPA availability
Valjevo
On Fridays
Zajecar
On Tuesdays and Wednesdays
Zrenjanin
On Mondays
Jagodina
On Wednesdays and Thursdays
Zvecan
On Fridays
Kragujevac
On Wednesdays
Krusevac
On Wednesdays
Nis
On Mondays, Wednesdays and Fridays
Novi Sad
On Mondays and Tuesdays
Pozarevac
On Wednesdays and Thursdays
Leskovac On Wednesdays, Thursdays and Fridays
Kraljevo
On Tuesdays, Thursdays and Fridays
K. Mitrovica
All working days
Novi Pazar
On Mondays and Wednesdays
Kikinda
On Wednesdays
Ranilug
All working days
Pancevo
On Tuesdays and Thursdays
Sabac
On Thursdays
Loznica
All working days
Cacak
On Mondays, Wednesdays and Fridays
Sombor
On Wednesdays
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5.3. Campaign timetable
Input parameters of the presented mathematical model have been created based on information
about cities, period when campaign will be carried
out and availability of Chief of Traffic Police Administration. Optimization has been performed by
GLPK software (GNU Linear Programming Kit)
[21] which contains branch-and-cut algorithm for
mixed integer programming problems solving.
Dates on which multiple special events – distribution of fireflies in all cities- will take place have
been set based on optimal solutions for all three
scenarios. (Table 2)
Table 2. Dates on multiple special events
Scenario 1 Scenario 2 Scenario 3
Valjevo
10. 09.
10. 09.
24. 09.
Zajecar
7. 09.
7. 09.
28. 09.
Zrenjanin
6. 09.
6. 09.
27. 09.
Jagodina
9. 09.
2. 09.
30. 09.
Kragujevac
29. 09.
15. 09.
29. 09.
Krusevac
15. 09.
15. 09.
22. 09.
Vranje
21. 09.
10. 09.
21. 09.
Nis
24. 09.
6. 09.
20. 09.
Novi Sad
7. 09.
7. 09.
27. 09.
Uzice
14. 09.
7. 09.
28. 09.
Pozarevac
16. 09.
9. 09.
16. 09.
Leskovac
2. 09.
9. 09.
30. 09.
Kraljevo
17. 09.
3. 09.
17. 09.
K. Mitrovica
13. 09.
14. 09.
24. 09.
Novi Pazar
20. 09.
13. 09.
20. 09.
Kikinda
8. 09.
8. 09.
22. 09.
Ranilug
3. 09.
14. 09.
16. 09.
Pancevo
30. 09.
2. 09.
21. 09.
Šabac
23. 09.
2. 09.
23. 09.
Loznica
28. 09.
13. 09.
23. 09.
Čacak
27. 09.
3. 09.
17. 09.
Sombor
22. 09.
8. 09.
29. 09.

Figure 2 shows the time schedule of the first
scenario according to which FIREFLIES are distributed throughout September. Figure 3 shows
the time schedule for the second and third scenario i.e. timetable according to which FIREFLIES
are distributed over the first (rhombs) and second
(squares) half of September.
All three scenarios satisfy both goals: continuity
and uniformity in the campaign implementation.
The selection of the scenario to be implemented
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will depend on the communication strategy, i.e.:
the identified primary target public group, availability of media space, planned media coverage of
the actual event and of the optimization of multiply event costs.

Figure 2. Time schedule for Scenario 1

Figure 3. Time schedule for Scenario 2 and 3
As concerns the first scenario, it has been provided for one event to take place every working day per one location (except for September
7, when the event takes place during two days,
which is simply due to the fact that there are more
cities than working days for one). This schedule
of multiple special events facilitates media coverage planning and the optimization of unique and/
or authentic human and technical resources mobilized. The second and the third scenario constitute
a “compressed” version of the first scenario, which
allows for the reduction of the risk of “drawn out”
media coverage and over satiated target audience.
The first and the second scenario have an advantage over the third one, from the aspect of linking
the beginning of a multiple event with an already
existing special event, organized on the national
level and related to beginning of school year for
first graders. In such a way the cost of planning
would be minimized as media coverage would be
provided by the mere attending of the event which
is of national importance.
6. Conclusion
In this paper, a three-stage methodology of
planning a MSE is described. It is envisaged the
scope of MSE to be determined on the strategic
Volume 7 / Number 1 / 2012
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level, coordination of participants in the MSE and
the timetable for MSE implementation to be created on the executive level.
The timetable problem encountered in the planning of MSE, is modeled by a mathematical model
of targeted programming which minimizes deviation from goals: continuity and uniformity of MSE
implementation. The proposed approach has been
illustrated by the example of a socially responsible
campaign –FIREFLY 2010. On the basis of the created WGP model, various scenarios of the FIREFLY
campaign can be simulated with respect to scope of
the campaign (number of towns and time period of
the whole campaign) as well as to additional conditions associated with time frames for specific towns
or the required sequence of events taking place in
specific towns. A significant improvement with respect to the last year’s achievements consisted in
linking the start of the event with a relevant national
event as well as in the improvement of organizational and communication performance based on
continuity and uniformity criteria.
The model determines the optimum timetable
for the given input data, but the prerequisite for
successful MSE is preliminary qualitative determination of goals that cannot be possibly included
into the model itself. Thus, apart from efficiency,
effectiveness of the implemented MSE would be
achieved. Particular effects reflect in: timeliness
of MSE that is, attaching of the MSE commencement to particular social circumstances, then, the
need to have the communication goals specified
for a particular town or region and the like.
In the further research the authors will experiment with various methods and methodologies for
solving of the given model and explore possibility
of application of the model to wider areas of public relations and event management.
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Abstract
Modern companies, which operate on market principles, became aware of the fact that the
knowledge, which is necessary to create and sustain competitive advantage inevitably has to include knowledge that company has in its customers, and in the potential ones as well. Therefore,
from this comes more frequently to signify the
importance of the role of the Knowledge Management (KM) concept as the basis of the Customer Relationship Management (CRM) concept.
The economy of Western Balkan countries for the
number of years had problems with productivity.
That was the consequence of inadequate ways of
business operations, which was not established on
the market principles. The results were unrealistically high prices of certain products that could not
be successfully sold in the world market. Knowledge ability of the management becomes ever more
important in today’s digital (information, ...) economy. Creation and expansion of knowledge inside
modern company becomes decisive segment in
achieving and maintaining its competitive advantage. Successful company in the age of knowledge
is the one that learns, remembers and acts based
on the available information and knowledge, in
the best possible way. In order to make Western
Balkan countries competitive internationally, it is
necessary to change their way of thinking and, in
some time, to adopt modern world achievements
in the sphere of organizational management. One
of the ways to significantly influence on creating
competitive advantage is the development of KM
concept (Knowledge Management).
Key words: knowledge, knowledge management, customer relationship management, competitive advantage.

Volume 7 / Number 1 / 2012

1. Introduction
We exist in the age of ever faster, dramatic,
complex and unpredictable changes, which have
various names: age of information, the age of
third informatics revolution, new economy, digital
economy, digital revolution, web economy, economy of knowledge, information economy, society
of knowledge, etc.
Today, the knowledge becomes basic capital
of a company but also the main initiator of its
development. Competitiveness that was previously built on possession of specific resources,
and low expenses, gave place to the competitiveness based on possession of knowledge and on
effective management of knowledge. Therefore,
modern organisations dedicate more and more of
their resources (money, time, energy, information, etc.) to the education and constant training
of their employees.
Brutal market conditions rules the modern
economy, and the knowledge becomes decisive
factor for the survival and development of a company. It is certain that the ability of some organisation to learn and to change itself, to learn faster
than others and to convert the obtained knowledge
into action, represents the biggest advantage that it
can possess. Land, capital, equipment, don't have
decisive role in the world market any longer. Individuals, companies and even whole nations are
more and more dependant on how they develop
their abilities and apply their knowledge in order
to achieve set goals. The aim of the modern organisation is to consider all business processes as
knowledge processes. This includes creation, obtaining, preservation, distribution and application
of knowledge as the phase of the knowledge management life cycle.
In the rapidly changing and unpredictable environment in which companies seek the way to
maintain and create competitive advantage, the
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knowledge in the possession of the organisation
becomes one of decisive factors in the market
struggle for domination, at the crossing point between the industrial to knowledge society. Already
now, it is not enough to learn individually, instead
it is necessary to develop collective, organisational learning and knowledge.
The knowledge of the company determines its
economic power and allows developing of other
resources and increases efficiency of its application. Modern business operation is taking place
in the society that is based on knowledge, and is
considered the latest and highest phase in its development.
The knowledge is considered to be the strategic
resource of the company, the source of comparative advantage and business success. Therefore,
management should achieve efficient process of
knowledge management because in the 21st century economy it is considered to be the determining factor of sustainable competitiveness of business systems.
Although knowledge management is relatively
new area, practical results and increasing number
of theoretical research show and prove both theoretical and practical value.
Through the practical application of the knowledge management concept, companies try to create new knowledge in order to speed up the process of innovation and to secure competitive advantage in the market.
The knowledge management does not represent completely defined concept, therefore it is the
best to consider it in a wider context. In a nutshell,
knowledge management is the process through
which the company generates values of its intellectual property based on the knowledge [13].
The knowledge, which is neccessary to create
and sustain competitive advantage inevitably has
to include knowledge that company has in its customers, and in the potential ones as well. Therefore, from this comes more frequently to signify
the importance of the role of the KM concept as
the basis of the CRM concept.
Nowadays, dominated by uncompromising
market condition, knowledge management for the
advanced companies of the Western Balkan represent unavoidable concept in achievement of competitive advantage.
270

2. Competitiveness (in)capability of the companies from Western Balkan countries
The economy of Western Balkan countries for
the number of years had problems with productivity [16]. That was the consequence of inadequate
ways of business operations, which was not established on the market principles. The results were
unrealistically high prices of certain products that
could not be successfully sold in the world market. Therefore, in order to be able to be competitive at the world business scene, companies from
these countries had to lower the prices for export
and local consumers through high prices of the
same products compensated the difference arisen
from bad productivity. The market was protected
through unrealistically high customs fees and other import limitations.
When the transition process started, transformation happened in the business sphere as well.
Processes of privatisation, liberalisation, restructuring, institutionalisation and stabilisation have
started. The most important results of commenced
transition process in the sphere of economy are
establishing of market mechanism and change in
property relations in the economy (from mostly
state owned to mostly privately owned).
Competitive position of companies from Western Balkans, except Slovenia, based on reputation
in the world market is extremely unfavourable
because most of them did not undertake adequate
business efforts in that direction. According to the
global index of competitiveness of the World Economic Forum [based on: 14], Serbia was on 96th
place by the end of 2010. out of total 139 countries
ranked in that index. Serbia dropped 3 places in
one year. Slovenia, Montenegro, Croatia, Macedonia, Hungary, Romania and Bulgaria are ahead of
Serbia, even including countries like Panama, Kazakhstan, Rwanda, Honduras and Georgia. Only
Bosnia and Herzegovina is below Serbia, from the
regional countries, on 102nd place (Table 1).
Obsolete technology, insignificant application
of information technologies, bad quality, unattractive packaging and high prices are main reasons
why the products from mentioned countries are
not competitive. The least competitive is processing industry, metal production and electronics,
where no technological renewal occurred for
Volume 7 / Number 1 / 2012
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many years. Businessmen consider that in order
to increase competitiveness, it is necessary to introduce customs and tax subsides, decrease state
excises as well as prices of electricity, gas and
fuel. It is necessary to increase the level of technical equipment. The average age of machines in
Serbia is 30 years. Compared to the rest of the region, that is 12 years behind. The economy of Serbia is technologically behind EU for 29.5 years.
This was determined on showcase sample of 154
small, medium and big companies in 6 industrial
branches with similar production programmes [1].
Comparison was made in textile, foodstuffs, pharmaceutical, machinery and chemical industries, as
well as the industry of construction material. Austria was taken as criterion because it has similar
natural, social and population characteristics compared to Serbia. Companies from textile branch
are the most behind (35 years), then the companies
from machinery industry (34.5 years). The least
behind are pharmaceutical companies – 21 years.
Table 1. Ranking of countries of Western Balkans
according to competitiveness in 2010. [based on: 14]
Country
Slovenia
Montenegro
Croatia
Macedonia
Serbia
Bosnia and Herzegovina

Place
45
49
77
79
96
102

World Bank, 7th time in a row, published the
report titled Doing Business, whose goal is to rank
the countries based on the quality of business environment. Unlike similar reports that rank regulations, Doing Business ranks business practice [10].
According to World Bank data, market of Western
Balkans countries, except Macedonia and Slovenia,
received bad marks (according to total index Bosnia
and Herzegovina - 116th place, Croatia – 103rd place,
Serbia – 88th place, Montenegro – 71st place, Slovenia – 53rd place and Macedonia – 32nd place).
3. Knowledge – key economical resource of
21st century
In the information society the knowledge becomes main resource of business operations,
Volume 7 / Number 1 / 2012

which allows that other three resources; labour,
capital and natural resources become productive.
In the modern economy, the knowledge gets applied to the knowledge.
The knowledge becomes decisive factor of the
production. Draker express his opinion that the
traditional resources – land (natural resources),
labour and capital got secondary importance because they could be easily obtained only if one
possess knowledge [2].
The knowledge will become strategic source of
power and wealth in the new society, and the basic social group will be benefactors of knowledge,
that is the persons who are able to put the knowledge in the function of doing business. Draker
also calls them as labourers of knowledge. It is
the society where “the responsibility for humans
performance” is replaced with “the responsibility
for the application of knowledge and performance
achieved thanks to that”.
The key strategic resources of the company
are not any longer natural resources or capital, but
knowledge. The knowledge of the company determines its economical power and the ability to
develop other resources and increase efficiency of
their usage.
The term – knowledge, is wider, more complex
and deeper than the term information or data, although these three terms are often equated with
each other. The data is raw material that creates
information. Those are numbers, text, pictures or
the combinations of abovementioned, but they are
not interconnected nor they have some meaning
[18]. The information represents the data changed
in such way that it has meaning, which is relevancy for business operation of the company. The
theory of knowledge (epistemology – the science
about cognition, theory of cognition, gnoseology)
was studied through the centuries, but there was
no important move toward joint determinant. It
could be even said that the theory of knowledge,
for the use in business operation in the beginning
of 21st century is in its infancy.
Davenport and Prusak, define the knowledge in
the following way: “That is the mix of organisational experiences, worth, information and comprehension that give frame of evaluation of new
experiences and information. The knowledge is
generated and applied to the one who knows. In
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the company, the knowledge is often connected to
documents, routines, processes and ways of operation, and norms” [18].
The concept of knowledge is multidimensional. Usually the knowledge is divided to: explicit
and quiet knowledge, or tacit.
Explicit knowledge is by its nature formal and
clear. It consists of skills and facts that can be described and passed to others. That knowledge is
documented on the paper or electronically stored
in the databases.
Quiet – tacit knowledge is informal, implicit,
non-documented knowledge, which is hard to
pass to someone else. This knowledge consists of
skills, judgement and intuition that people possess, and which can’t be explained and presented
in a simple way. For example, those are skills necessary for swimming and driving. We know how
to do it, but it is hard to explain to someone else
how we are doing it.
The intellectual capital consists of all the
knowledge in possession of employees in some
organisation. Unlike real or tangible assets, consisting of land, buildings, equipment, etc. the intellectual capital is non-tangible. It consists of the
knowledge of employees, that is, human resources. Intellectual capital often reaches 80 – 90% of
the value of share, or the value of the company.
The difference between the market and accounting value from the financial statement is covered
by intellectual capital or invisible assets.

There are three recognisable types of intellectual property or capital:
–– Human capital or abilities, which includes
experience, skills and abilities of people,
–– Structural or internal capital, which includes
patents, trademarks and reserved rights,
keeping of knowledge in the databases and
customers lists, and design and abilities of
informational systems,
–– Market based or external capital, which
includes profitability and loyalty of
customers, and the power of brands, licenses
and franchises [5].
There is the tendency of increase of the intellectual property, that is, intellectual capital in the
company’s value, or share value. Overview of the
elements of the intellectual capital can be seen in
the following table.
CRM concept is directly focused towards its
goal, and that is continuous and comprehensive improvement towards the company customers. Therefore, from this comes the importance of the role of
the CRM concept for creating segment of the market based or external intellectual capital, which includes profitability and loyalty of customers.
The tendency to increase the value of the intellectual capital, that is, non-tangible assets in the
market value of well known world corporations
will continue in 21st century, with the strengthening of the organisations as the “intelligent organi-

Table 2. Some elements of intellectual property [5]
External structure

Internal structure

Abilities

Brands
- Production brands
- Service brands
- Corporative brands

Intellectual property
- Patents
- Reserved rights
- Trade marks and design rights

Peoples abilities
- Professional experience
- Levels of training and skills
- Methods of training
- Management training

Customers
- Individual customers
- Sales channels
- Distribution channels

Infrastructure
- Processes
- IT systems and databases
- Communication systems
- Models of operations
- Financial structure

Learning abilities
- Exchange of knowledge
- Training groups
- Problem resolution activities

Contracts
- Contracts on franchising
- Contracts on license
- Other contracts

Culture
- Management philosophy
- Certificates and awards
- Management structure

Management’ abilities
- Entrepreneurship
- Leadership
- Growth data
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sations”, “organisations based on knowledge”, organisations that learn, or learning organisations”,
that is, the organisations based on “knowledge
management”, where, as Draker said first, knowledge workers perform their jobs.
Nowadays, the attitude toward the product gets
changed on behalf of the demand, that is the customer. Namely, customers are the decisive factors
that dictate business operations conditions, so only
the most quality products with added value have a
chance for success at the market. Therefore, the
companies of the Western Balkan face the need of
permanent creation of the new knowledge, mostly
through investing into their employees. Creation
of the intellectual potential creates new competitive weapon of the advanced company.
Such environment, where material resource is
getting less important and “intelligence” is selling
more and more, the knowledge becomes basic life
need. So, global, world market directs itself toward
demand, creation and storage of knowledge. The
knowledge is not stored only in the documents or
knowledge bases, but it increasingly becomes the
part of organisational processes and organisational
culture. At the same time the importance of knowledge is directed toward business management, so
we can talk about knowledge management as the
one of important business functions.
In today’s modern business operations, there’s
the developed awareness that the total knowledge
in the company is much bigger than the one used
in the same company’s processes. There’s interesting and well known statement from Lew Platt,
former CEO of Hewlett Packard: If Hewlett Packard only knew what Hewlett Packard know, we
would be three times more profitable” [3].

Tiwana considers that knowledge management
is a potential tool for achieving competitive advantage, in the time of reducing value limits, shortening of the time for product development and impermanent customers, and only if a company is willing
to listen to their customer rather than to speaks. Explicitly exposed, the company must learn to change
its behavior, but only towards the direction of the
knowledge it has about its customer [20].
Efficient utilization of company knowledge,
which relate to its customers can be observed during application of CRM concept. The importance
of the KM concept as the basis for the CRM concept is recognizable in description of the CRM
concept as the cyclic process.
Customer relationship management is continuing process based on iterative, cyclic realisation
of four identical activities, where every new cycle
represents annexing of previous one (Picture 1.)
[17]. Possession of quality database about customers is in the base of the process, while information emerged from database analysis serves to the
purpose of adaptation of the ways of achieving
interaction with customers. Analysis of collected
experiences is done at the end of the cycle in order
to further adapt the activities.

4. Relationship of the KM towards CRM
concept
In recent years, companies have integrated their
customer relationship management and knowledge management efforts because they realize that
concept of the knowledge management plays a
fundamental role in success of the CRM concept.
Both concepts are directly focused on the same
goal, and that is continuous and comprehensive
improvement towards the company customers.
Volume 7 / Number 1 / 2012

Picture 1. CRM as cyclic process
CRM as cyclic process implies running of four
activities:
–– discovery of knowledge,
–– planing of market,
–– interaction with customer,
–– refinement and analysis.
273

technics technologies education management

First and at the same time starting phase of
CRM cycle represents analysis of historical information about customers, at disposal to the company. The goal is to insure exact base for decisionmaking in the parts of the cycle that would follow.
Discovery of knowledge includes three activities,
as follows: identification of customers, segmentation of customers and anticipation of customers’
behaviour.
In order to be able to extract any kind of knowledge, it is necessary to possess quality and detailed
enough information about customers. Therefore, it
is necessary for the companies to try to precisely
record details from every interaction with a customer, regardless to the fact whether the contact
was made at the classical sales place, ATM, Internet, contact centre or some other place. Especially
in the case of having intention to attract new customers, such data is possible to obtain from specialised agencies, although ethical quality of such
moves is rather questionable. Regardless to the
way of collection, the data is stored to one centralised storage database of the company.
Concrete application of gathered knowledge is
obvious in the phase of marketing activities planning. This, second phase of CRM process includes
undertaking activities related to defining, in other
words, adaptation of the offer, channels of distribution, timetable of starting other necessary activities, as well as other variables of processes of customers relationship management, in accordance
to needs, desires, preferences and habits of every
individual customer [17]. The need for adaptation
of mentioned activities will require engagement
of number of departments inside the company,
most of all of marketing and services planning
departments. Indeed, activities to adapt to a customer will have greater or smaller influence to all
other departments inside the company. The phase
of planning of marketing activities should as the
result, produce strategic programmes, communication with customers, precise definition of types
of campaigns that are intended to be started, clear
plans of usage of various channels of services
distribution, deciding about ways of treatment of
individual consumers, etc. In other words, final
result of this phase is complete plan of operations,
applicable while entering into direct contact with
the company’s customers.
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Third phase of CRM process includes engaging of the company into direct contact with (potential) customers. Results of the marketing planning
phase are the guarantee that the communication
will be established on exact and relevant information. Interaction with a customer will be achieved
through the number of various communication
channels, which includes Internet, contact centres,
communication through e-mail, offers through
classic mail, direct contacts with sales staff and
agents in or outside sales space, etc.
The most important result of this phase, which
applies to every cycle without exception, should
be additional knowledge about behaviour of customers. First of all it is about places where they get
in contact with the company, ways of realisation
of transactions and technical solutions that customers use for communication. Implementation
of suitable solutions will allow that communication channels record all of that extremely valuable
information on they own, which represents the
base for every endeavour for future adaptation toward wishes and needs of customers. Analysis and
perfecting represents final phase of the process.
Permanent learning and collection of valuable
knowledge from every contact achieved between
the company and the customer will get its true
meaning only if all such information are used for
the purpose of increasing the level of quality and
thus improvement of customers relations. That is
exactly the purpose of the analysis carried out at
the end of every CRM cycle. Analysed are exactly
all ways of interaction achieved between the company and customers and the knowledge gained are
used for the purpose of perfection of messages’
content sent toward the customers, ways of communications, timetable, place and ways of approaching, etc. The ultimate goal is very clear, and
that is to increase customers’ satisfaction in every
future contact.
Harmonized interpretation of authors who are
dealing with issues of relationships between concepts KM and CRM is that knowledge management is the foundation of successful application of
the CRM concept.
KM has significant applications to CRM in all
three of its manifestations [7]:
–– Knowledge management in customer interaction management
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The knowledge that firms require for their
CIM initiatives addresses what it will take to
make sales, marketing and customer service
more effective and efficient which are the
dominant aims of CIM. This means training
and enabling all contact persons and systems
to access and use knowledge about customers’ reasons for seeking particular goods and
services, criteria for selecting which brands
and providers to buy from, which channels to
seek or accept information from. Emphasis is
on knowledge about customers in general, and
in segments based on differential responses to
CIM appeals and interactions. How all these
affect customer awareness, interest and conversion to purchase behaviour is the chief type
of knowledge needed in knowledge management for CIM. When KM is well applied to
CIM, a firm can ensure it ‘gets the right information to the right customer at the right time
and in the right form’, hence improving both
the effectiveness and efficiency of sales, marketing and customer service functions.
–– Knowledge management in customer experience management
What is needed first for CEM is a more
complete understanding of what customer
segments and individual customers expect
and will welcome, versus what will promote
their dissatisfaction and defection when
facing transaction experiences. The second
requirement is a thorough understanding of
the relative value individuals and segments
represent to the firm both actually and potentially. This requires separating valued
customers who are profitable for the company, from marginals who are not profitable.
Such knowledge can be used for adequately
customization, increase the frequency of
customer purchase and creation value to
the company. Knowledge of their likes and
dislikes, their actual and probable interest in
other goods and services the firm offers is
essential to both applications of knowledge
management concept in CEM.
–– Knowledge management in customer success management
CSM focuses on continuing relationships
and the impacts on customers, as well as
Volume 7 / Number 1 / 2012

the firm. It considers and seeks to manage
(with the active participation of customers
themselves in most cases) how relationships and transaction experiences affect
customers, and how effects can be managed
and marketed to mutual advantage. At this
place, primarily is thinking about knowledge which utility can be directly advanced
using successful knowledge management
programme, which relates to motivations of
customers. Therefore, for company is very
important to has knowledge about: what
kinds of impacts customers would like to
enjoy from their relationships with firms;
what would cause customers to select one
firm over another for such relationships;
and what would make customers commit to
these relationships.
5. KM concept and competitive advantage
of the companies of Western Balkans
Application of KM concept in practice, generally, intends to achieve two goals: creation of new
knowledge in order to speed up innovations and
secure competitive advantage in the market and,
the division of existing knowledge in the company
in order to increase its efficiency.
The ability of the company to adopt new knowledge and to change itself, to learn faster than others
and to rapidly turn gathered knowledge into action,
represents the biggest advantage that the company
can possess. Modern companies nowadays differ
among themselves according to what they know.
The productivity represents the most important factor of competitiveness of modern business operations. The struggle for customers and
stable market share is essentially the struggle for
increase of productivity of operations. The history
of economy from the beginning of the industrial
revolution was marked with the need for improvement of labour productivity.
According to Draker, application of knowledge
on labour brought in explosive increase of productivity [2]. Hundreds of years before, there was no
increase of worker’s ability to create goods or to
move goods. Machines created higher capacity but
the workers were not significantly more productive
than they used to be in the time of ancient Greece.
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Education and knowledge are new factors in
the competitiveness. Every individual must constantly improve oneself and one’s knowledge. The
group of such individuals who constantly improve
themselves and foster productivity of their knowledge makes whole organisation more productive.
According to Riderstahl and Nordstrom, what
makes the essence and origin of the competitive advantage; the knowledge, the quality and the people,
must become everyday issue for employees [11].
The transfer from the industrial economy to
the knowledge economy marks several important
phases: information becomes important resource,
and information and communication technology
become basic infrastructure. The development of
such technologies the business operations get significantly accelerated and the production and business cycle gets shorter.
Due to exceptional importance of the knowledge, management should achieve efficient KM
process, because that process in the economy of
21st century is considered to be the determinant of
sustainable competitiveness of the companies of
Western Balkan countries.
The universal definition of KM doesn’t exist at
the moment, in the same way, as there is no agreement about what knowledge management exactly
includes. Therefore, it is the best to consider KM
in a wider context. In a nutshell, knowledge management is the process through which the company generates the value of its intellectual property,
based on the knowledge [13].
Mostly, the mentioned production of abovementioned property implicitly includes sharing of
the knowledge between employees, organisational
units and even between different companies if it is
in the best interest regarding the results and practice. It is important to notice that the definition of
KM does not tell anything about the technology.
The technology alleviates application of knowledge
management but in itself it doesn’t represent KM.
Knowledge management (KM) is new and interdisciplinary business model, which focuses on
the knowledge inside the organisation. It is well
established in many disciplines, including business, economy, psychology and management of
information systems. Multidisciplinary approach
of knowledge management is based on the following facts:
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–– Knowledge management is built on all forms
of business transformation, like Total Quality
Management (TQM) and Business Process
Reengineering (BPR);
–– The need for innovations leads to the
necessity for knowledge flow throughout the
organisation;
–– Increased need for the data flow leads to the
necessity of data flow management;
–– Systems based on knowledge, like “expert
systems”, show what an organisation can do
with the knowledge;
–– Increased importance of the intellectual
property: value of the company is not in its
physical property but in what the company
knows;
–– When it pays attention to what we call
“learning organisation”, the organisation can
constantly develop its competences [15].
The founder of Microsoft company, famous Bill
Gates, deems that KM represents: “Management of
the flow of information, obtaining of right information to those who need it in order to be able to quickly
react on it”. Then he points out that the knowledge
management in fact does not relate to technology.
Knowledge management starts with business goals
and processes, as well as with the awareness about
the need to share information. Related to that, KM
is the aim to achieve the goal, which is the increase
of the intelligence of an institution, or the intelligence quotient (IQ) of the company. Intelligence
quotient of some organisation includes sharing of
both previous and current knowledge [4].
The question arises, why does the companies
of Western Balkans need knowledge management today. It can be claimed with certainty that
the basic factors that explain the need to study and
integrate knowledge management in the modern
business are [6]:
–– Markets are evermore competitive and new
innovations show up ever faster;
–– Pressure of competition reduces the number
of employees, who preserve precious business
knowledge;
–– Value of the time dedicated to the experience
and learning new knowledge is decreasing;
–– Early retirement and increased mobility of
employees causes loss of knowledge;
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–– The most of activities is based on information;
–– Companies compete based on knowledge;
–– Products and services are increasingly
complicated, and include significant
information component;
–– The need for constant learning is reality today.
Nowadays, when the supply significantly surpasses the demand, we face cruel market game, so
competitive advantage is not in the big volume of
products but first of all in their quality. Apart from
basic raw materials, quality products have increasing level of knowledge built in. It is possible to
underline several general points in the approach to
quality management and knowledge management.
The density, or the rate between value and mass
of the most successful consumer offers is changed
as well [12]. Material costs of an average car manufactured by General Motors equals to only 16%
of total costs. The similar situation is in the other
car factories. The software equals to one third of
the total costs of the new Boeing 777.
Knowledge management, or more precisely
management of knowledge flows, can contribute
to increase of value and competitiveness, through
the improvement its efficiency, connectivity and
innovativeness [19].
Efficiency (in the usage) of knowledge shows
up in careful codification and storage of existing
knowledge in electronic databases, in order to be
reused and thus reduce costs of business operations. That implies so called “knowledge available
upon a click”.
Connection of knowledge with the best practice
and ways of operations shows up in the knowledge management that circulates, that is, should
be exchanged between business units, in order to
achieve synergy effects at the company’s level,
and also benefits for every individual unit regarding their operational performances and total business successfulness. The “knowledge through the
cooperation” would be used in the same way.
Innovation of knowledge (of an individual, team
or organisation) assume those essential competences; improvisation, experimenting and creativity for
the realisation of new and valuable ideas, solution
of problems and development of products/services.
Therefore with the new combination of already existing knowledge and/or development of the new
Volume 7 / Number 1 / 2012

knowledge,, it is possible to innovate the processes,
products and services, and influence on strengthening of competitive advantage. Therefore, third relevant type of knowledge gets pointed out here – “the
knowledge that can be combined”.
Comparative advantage can be achieved based
on what the company knows, how it can use what
it knows and how fast it can learn something new
from the environment. Therefore, nowadays it is
especially emphasised that among other things,
business performance mostly depends upon the
abilities of the company to obtain (buy), codify
and transfer the knowledge faster and more efficient than its competitors [8].
Starting from that, it is generally accepted that
the sustainable comparative advantage of the 21st
century was achieved through the knowledge
management [9]. Big, global companies become
very sensitive when it is about the importance of
knowledge for the efficiency and competitiveness. The main reason for the efficient knowledge
management is the attitude that the knowledge
and its application are the means through which
the creativity can be presented, and innovations
achieved. Innovations became the main component of organisational performances and competitiveness, regardless whether it is commercial or
non-commercial sector.
6. Conclusions
The customer in 21st century represents key
factor that dictates the conditions of business operation and asks only for the most quality products, therefore only the products with added value,
those with new knowledge built in, achieve market
success. In case they want to operate successfully,
the companies from Western Balkan countries
must accept the fact that the knowledge necessary
to create and sustain competitive advantage must
inevitably involve the knowledge that the company owns about its customers, and also involve the
potential ones. This requires that they give great
importance to the KM concept as the basis for a
quality application of the CRM concept. The companies from the Western Balkan countries must
understand that the knowledge determines their
economical power and the ability to develop other
resources and increase efficiency of their usage.
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The knowledge, which represents key economical resource in the 21st century that ensures
competitive advantage of the company, must be
managed in the adequate way.
Since the knowledge has dominant importance
for the operation of modern company, the knowledge management is unavoidable
segment of modern management. The concept
of knowledge management is getting evermore
developed in both management theory and practice. The prospects of its further development are
quite important.
21st century as the age of knowledge, imposes
unpredictable and complicated competitive environment, in which survival, development and
success of a company, depends exclusively on its
ability to adapt its operations “with the speed of
thoughts”. The companies demand quality, innovations and creativity as decisive component of
success. Modern companies of the Western Balkan countries differ among themselves by what
they know. Thus, it shows the importance of the
knowledge management as the concept of collective knowledge with the aim to efficiently apply
knowledge in order to make faster and more quality decisions.
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Abstract
Between the absorbed power and the ore fill of
the gridding aggregates there is an extremal connection. Using just some information as absorbed active
power, filling degree and recycled flow, can control
by discrete steps the feed flow rate in order to obtain maximum processing capacity. In consequence,
a sequential algorithm for processing information
was developed for gridding aggregates. That was
modeled on PC by using graphical software from
HP-VEE for simulation the optimum command of
the ore gridding aggregates. A fuzzy control was
analyzed and proposed also in the paper also.
Key words: gridding aggregates, productivity,
VEE Pro 6 software, fuzzy control.
1. Introduction
The Classical engineering approach to drive
some process is essentially a qualitative and quantitative one, based on more or less accurate mathematical modeling. In such an approach wordings
as “medium temperature”, “low pressure”, and
so, related to the characteristic variables of a controlled process (CP), are hard to interpret from a
quantitative point of view. This aspect is due to
the fact that the classical automation handles with
variables/information which is processed with
well specified values.
The process control based on fuzzy set theory,
often called only fuzzy logic, or the fuzzy logic
control is more pragmatically from this point of
view by the capability to take over and to use a
linguistic characterization of the quality of the
controlled process and to adapt this characterization as function of the concrete conditions of the
process operation [1].
The fuzzy set theory found numerous and diverse application domains, but in this presentation
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we are developing one example of how this theory
can be applied for optimum drive for copper ore
grinding and separation process, using high capacity autogenously aggregates, in primary phase and
ball mills in the second stage. The specific consumption of energy of such equipment is about
35kWh/t, but that can be decreased with 5% to
10% by introducing a control system.
It’s impossible to decrease the consumption
maintaining constant ore feed flow rate and water-ore ratio, because of the continuous variation
of the physical and mechanical properties (which
can be expressed by grinding ability). It is usual to
command the feed flow rate depending on the absorbed power together with electrical energy measured, but aggregates can be overloaded or under
loaded because of the non-linear dependences between power and filling [2].
2. Modeling the algorithm
Knowing that this dependence has an extremal
characteristic, a feed flow rate control system that
uses information concerning the electric power
absorbed by the driving motor together with information about the load (filling) with ore, obtained
from the oil pressure transducer in the bearings or
from an weight transducer [3].
This solution is based on the following considerations:
1. The grinding aggregates productivity is
mainly determined by the quantity of material in
the aggregate (by its filling degree). Between the
productivity (y) and the material reserve (filling
degree – x) there is an extremal dependence (figure 1), which is expressed by:
2.
y = y max − k(x − x*)2 ...................... (1)
where:
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ymax – maximum productivity;
x* – ore reserve for which the productivity is
maximum;
k – constant, aggregate characteristic.
- It is unanimously recognized that, between
the driving power and the productivity, there is the
following dependence: the maximum productivity
is obtained at the maximum consumed power.
- It is justified to use process control methods
based on power control as long as it is difficult to
appreciate the grinding capacity and power information is more accessible.
If y1 is the driving power and m the grinding
ability (a high m meaning easy grinding), we assume that:
3. y1 increases monotonously with y2 and m;
4. y1 decreases monotonously with the increment of the ore density r;
5. y2 (the pressure in the bearing) is linearly dependent on the reserve (x) and density (r) .
The target control system to be solved is to
maintain the aggregate load at the value x*, corresponding to the nominal power. As practically
x* is not known because of the stochastic variation
of the ore characteristics, in order to determine x*
(for which dy1/dx=0), the procedure follows gradual sequences as:
6. for a certain time moment t1, when x(t1) = x1
(immeasurable), the parameter y1(x1) is measured
and stored in a memory location, M1;
7. a positive Dx step for feed rate x is added and
commanded;
8. after a specific Dt time, at the time moment

t2, the parameter y1 (x1 + Dx ) is measured and
stored also in a memory location M2 :

lowing this in few steps the process will reach the
maximum amplitude of productivity which corresponded to x*.
11. When y1 (ti ) = y1 (ti −1 ) = y1 (ti +1 ) no corrections are necessary on the process feeding flow.
So, as long as x belongs to the domain for which
y1< y1max, must command the increment of the load
x by increasing the feed rate x with Dx step. As
the point y1max moves continuously, it is necessary
that the system follows permanently the above sequences. In order to be sure that the variation of
the power (y1) is caused by the load (x), the system
needs to use another information (y2), which is the
pressure in the bearing, depending linearly on x.

a)

9. if y1 (x1 + Dx ) > y1 (x1 ) , than x1+2Dx is commanded, because M1 and M2 are identified on
the ascendant area of productivity graphic; if
y1 (x1 + Dx ) < y1 (x1 ) ), x1-Dx is commanded because M1 and M2 are identified on the descendant

area of productivity graphic; y1 ( x1 − Dx ) is read
and memorized, and so on.
10. The command of the input feeding will continue with a positive increment step of the feeding
flow every time when y1 (ti ) > y1 (ti −1 ) and with a

negative increment step when y1 (t i ) < y1 (ti −1 ) ; fol280

b)
Figure 1. Extremal dependence between the productivity and the filling degree
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Using just some information (absorbed active
power, filling degree and re-circuited flow, (y3),
we achieved the control by discrete steps of the
feed flow rate in a view to obtain maximum processing capacity. Control and command algorithm
is detailed described in [3] and [4].
3. HP-VEE process simulation
The above algorithm was developed also using
a the graphical programming software, HP VEE
Pro6, for simulation, in the first stage, (figure 2)
and for optimum control of the ore gridding aggregates, using a PC and data acquisition interfaces,
in the second stage.
4. Fuzzy process control
4.1. Block diagram of principle of Fuzzy
Control System, FCS and the block diagram of principle of Fuzzy Controllers,
FC
Figure 3a is the block diagram of an automatic
control system based on fuzzy control system, FCS,
considered as single input with reference input (w)
and a single output with respect to assessment output (y). The essential particular feature is that of
multiple interactions from the process to the controller by auxiliary variables, gathered in the vector
'
e1 = y
a

that are direct or indirect inputs of the fuzzy

controller. No matter the number of inputs of the
FC, this one must have at least one input, denoted
by e1, corresponding to the control error e = w − y .
As a matter of principle, the operation of the
FC takes place in terms of the block diagram from
figure 3b and involves the following sequence of
operations to be proceeded:
The crisp input information (the measured
variables, the reference input, the control error)
is converted into a crisp fuzzy representation, this
operation is called the fuzzification of the crisp information;
The fuzzified information is processed on the
basis of a set of rules that have to be well stated
for controlling the process. The principles (rules)
for evaluation of this set of rules are called inference engine and result is the fuzzy form of control
Volume 7 / Number 1 / 2012

signal u (the fuzzy control signal);
The fuzzy control signal must be converted in
to a crisp wording, with well-specified physical
nature, directly usable at the actuator level; this
operation is called defuzzification [5, 6].
4.2. Treatment of fuzzy information
The terminology of linguistic variables (LVs)
and linguistic terms (LTs) corresponding to fuzzy
sets is used in the linguistic characterization of the
fuzzy sets (FSs) [7].
So, resuming our example to the gridding aggregate, the linguistic variables (LV) introduced are:
Pa-active power, Pr-bearings pressure and F- recycled flow, as physical variables. The corresponding linguistic terms (LTs) for active power are: very
low power-VLPa, low power- LPa, moderate power- MPa, high power- HPa, very high power- VHPa;
The corresponding linguistic terms (LTs) for pressure are: low pressure- LPr, moderate pressure- MPr,
high pressure- HPr; The corresponding linguistic
terms (LTs) for flow are: low flow -LF, moderate
flow -MF, high flow –HF. Definitely speaking, the
following correspondences appear in the process of
fuzzification of crisp information as part of automatic process control: linguistic variables (LV)-as physical variables and linguistic terms (LTs)-as fuzzy
descriptors corresponding to some sub-domains of
values of the physical variables [8,9].
The membership function (MF) is used for this
purpose. Different ways are used for representing
membership functions, (parametric representations under the form of analytical functions, direct
graphical representations by means of graphics,
discrete representations by singletons, in case of
fuzzy systems with finite number of discrete elements) [10,11]. For exemplifying the concept
of fuzzy set, FS, as graphics: figure 4a shoes the
membership function of gridding absorbed active
power, Pa; figure 4b shoes the membership function of the bearings pressure, Pr; figure 4c shoes
the membership function transition of the gridding
recycled flow, F [12,13]
The examples shown in figure 4 a,b,c, point
out the way of triangular shape graphical defining
membership function MF, with continuous basic
set voltages [V] obtained from active power -Pa
transducer, bearings pressure -Pr transducer and
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Figure 2. Graphical program for optimum control of the ore gridding aggregates

a)
Figure 3. Block diagram of FCS and FC
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b)
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recycled flow -F transducer, respectively [14].
As example, it has to be outlined that the voltage of 3.5V, on active power-Pa, transducer, gives
from MF of Pa, figure 4a, the following sensation
which is read from the graphics:
1. 25% -Very Low Power, VLPa;
2. 75%-Low Power, LPa;
3. 0%-Medium Power, MPa;
4. 0%-High Power, HPa;
5. 0%-Very High Power, VHPa.

variables are of singleton type and each LT has
associated an increment of the last crisp value
of the control signal, that is added or subtracted
from the previous (the last) crisp value of the
control signal.

By accepting in fuzzy description of gridding
process the following 5 linguistic terms (LTs)
for active power are: very low power-VLPa, low
power- LPa, moderate power- MPa, high powerHPa, and very high power- VHPa, defined by the
membership functions MF(S), having graphical
form depicted in figure 4a, it can be observed that
the crisp value y1=3.5V is characterized by the
5-uple: y1*={0.25, 0.75, 0, 0, 0}.
4.3. Fuzzy inferences of the gridding aggregate
The fuzzy inference is the base of fuzzy information processing. Fuzzy inference consists
in evaluation of a rule or of a rule set having the
form:
IF (antecedent), Then (consequent) where antecedent (premise) is observed feature(s) and consequent (conclusion) is the asserted feature. Both
the observed feature and the asserted one can be
expressed by descriptors concerning classical sets,
or /and fuzzy sets [15,16].
4.4. Defuzzification of Fuzzy information of
the gridding aggregate
The defuzzification is defined as an operation
for obtaining a crisp value of output decision
based on result of fuzzy inference. Many defuzzification methods are known, more frequently
used in field of automatic control are based on
maximum sample or value method, mean method, etc.
The incremental method was chosen because
always for a given crisp value (set of crisp values) of the input, one rule is fired; the linguistic terms corresponding to the output linguistic
Volume 7 / Number 1 / 2012

Figure 4 a,b,c. Fuzzification of the gridding informations as membership functions MF(S)
5. Conclusion
For huge gridding aggregates working regime
at nominal power and maximum grinding capacity means to reduce specific electric energy consumption.
Between absorbed active power and ore fill of
aggregate there is external connection; we use this
information to command input flow. For optimum
drive of ore gridding aggregates information aggregates information from bearings pressure and
recycled flow is considered.
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Abstract
Modern theoretical and methodological framework of credit rating evaluation is based on wider
economical-accounting concept of his interpretation, in order to meet new requirements and needs
of credit rating evaluation. Successful mix of quantitative and qualitative evaluation of company is solution which increases use value of evaluation and
makes it comprehensive. In this work is presented
qualitative evaluation of company, i.e. credit rating
evaluation in wider sense, in the example of construction. Evaluation is given based on available
researches and on level of known and generally accepted, scientific relevant opinions and conclusions,
without author’s ambition to enters in detailed analysis of every single parameter of evaluation.
Key words: liquidity, solvency, credit rating,
credit rating evaluation, construction industry.
Introductory remarks
Closest conceptual definition of company
credit rating includes evaluation of company’s assurance as debtor, i.e. evaluation of its solvency
or evaluation of possibility to reach insolvency.
Some authors define business failure of company
precisely as inability to pay liabilities on time [1].
Wider definition of credit rating includes evaluation of liquidity and credit rating of company,
while in the widest sense evaluation of credit rating includes comprehensive evaluation of business entity based on analysis of annual financial
statement (quantitative analysis) and complete
situation in company and its business environment
(qualitative analysis).
Identification of credit rating with creditworthiness of company occurs because of importance
Volume 7 / Number 1 / 2012

of credit rating evaluation in process of evaluation
of its creditworthiness, which represents ability of
company to repay main debt increased by appropriate amount of interest, in defined deadlines. German business practice identifies these two terms,
while Anglo-Saxon business practice approaches
to credit rating evaluation wider, evaluating in the
same time wide number of elements in aim to determine credit and material status of subject.
Analysis based on annual financial statement results with many indicators (dynamic and prognostic
nature), while qualitative analysis should evaluate
prospects of company in forthcoming period, through
forecast of qualitative performances of company in
future period, such as: future market position, level
of inventiveness and innovation, internal and external flexibility related to the changes, level of proactive behavior, attitudes related to ecological issues,
dynamic of investment plans, quality of internal and
external communication, attitude related to different types of risk, attitude related to concept of social
responsible business activities, company’s image in
the region, etc. Regarding this, we can conclude that
evaluation of credit rating have evolved, from evaluation based strictly on quantitative financial-accounting indicators, to evaluation of credit rating which,
besides quantitative indicators, includes numerous
qualitative indicators of business organization.
Since there still does not exist universal interpretation of term credit rating, his evaluation is
performed by applying different methods. However, it is notable tendency and need to harmonize
evaluation of credit rating with market conditions,
which has its real base in fact that those conditions are different from one market to another and
evaluation of credit rating should respect characteristics of actual market, which is different from
traditional market in many ways.
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Regarding previously introduced, it is completely logical that theoretical and methodological
framework of credit rating evaluation today is based
on wider economic-accounting concept of his interpretation, in order to meet new needs. Therefore,
this evaluation should perceive complete position
of company, through consideration of future business processes and anticipating future chances and
possibilities of organization, in aim to serve as efficient instrument of modern management in process
of managing and operating.
However, evaluation of credit rating in developed market economies has great use value because on the evaluation of credit rating are based
many significant activities such as processes of
ownership, organizational and financial transformation, new investment programs, securities issuance, public procurement, etc.
Credit rating evaluation in wider sense in
the example of construction industry
Credit rating evaluation in wider sense, i.e.
qualitative evaluation of company implies, besides evaluation of company itself, evaluation of
business environment, considering intensive influence of environment on activities of company.
Regarding this, credit rating evaluation in wider
sense should contain qualitative evaluation of
company and qualitative evaluation of industry to
which belongs specified company.
Qualitative evaluation is based on evaluation of
certain indicators which are not quantitative, but
descriptive nature. Regarding this, on one side it is
easier, and on the other it is more difficult process
of credit rating evaluation in wider sense.
Traditional approach to credit rating evaluation of
company in civil engeneering is focused on ability of
company to plan and implement projects [2], where
parameters of success are treated as expenses, time
and quality [3]. Modern approaches to credit rating
avaluation in construction company are much wider,
exactly in part related to qualitative indicators.
Basic goal of this research would be to review
influence of specific activities of company in construction on analyisis of their credit rating.
Hypohtesys on which the work based is:
H1: Due to specific activities of construction
companies, credit rating evaluation of company,
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besides quantitative values, requires wider framework for research, that includes combination of
social, economical and organizational managing
factors, based on which we can only get complete
information about credit rating and which may be
used in order to forecast success of construction
company in forthcoming period.
In the following text it is given review of main
indicators of qualitative company evaluation and
qualitative evaluation of industry on example construction company, i.e. construction industry.
Type of ownership of the company, as we already know, significantly determines processes
and relations in the company. Different types of
ownership in the company impact on different risk
level in business with them. Risk and all restrictions which are result of ownership over company
assets are not favorable circumstance in credit rating evaluation. Also, legal form of organization of
the company affects on performing activities, as
well as on the way of managing. To legal form of
organization which makes more space for inadequate management in the company, business partners, creditors, investors approach with caution
and increased discretion, which adversely affects
on bomitet evaluation. Some researches that have
been performed in the world on this subject show
that structure of ownership significantly affects
on corporate reputation [4]. Namely, in theory
are widely accepted opinions that highly concentrated ownership or high level of insider ownership undermine corporate reputation. Lower level
of ownership concentration, small differences in
ownership between first and second owner and
reasonable level of insider ownership are usually
signals which encourage corporative reputation.
Maturity of the company represents significant
element in credit rating evaluation of the company.
There is no rule between age of company and credit
rating of the company. Newly established company
ussualy ‘carry’’ with beginners problems, which is
unfavorable circumstance in credit rating evaluation. However, ‘’youth’’ of organization is not always limiting circumstance, as well as ‘’maturity’’
of organization is not always affirmative circumstance in credit rating evaluation. Generally, in process of credit rating evaluation it is more important
to identify phase of life cycle in which company is
situated now, than to determine its age.
Volume 7 / Number 1 / 2012
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Ordinary private construction company passes
through four phases of life cycle [5]. First phase is
phase of embrionic development which is characterized small volume of business, ownership which
is not separated from management, low level of
profitability, bad anti-risk ability, and main goal is
to survive and move from that phase. In the phase
of growth, private construction company mature
quickly, increase sale, expand their business and
develops very fast. Those construction companies
which occupy market first, expand space for its
later development. In mature phase private civil
engineering companies have significantly larger
market share than in the previous phase, as result
of achieved highly performances. Most important
characteristic of recession phase is significant decrease of profit, which leads to expressed vulnerability of company on impact of different internal
and external factors. That situation can lead construction company to bankruptcy or it can be chance
for new life through phase of innovation.
Size of organization is also important element
of credit rating evaluation. However, with introduction of modern methods of business this element
becomes relativized, in sense that it is difficult to
determine what is small and what large company
is. Namely, there are companies which have only
few employees, and achieve enormous amounts
of profit and/or possess extremely valuable assets,
and inversely. This means that in process of company credit rating evaluation are taking into consideration different criteria of company size, in aim
to give objective evaluation of company. Thereby,
it is good to know whether smaller size companies
are included in certain business integration, because
they are gaining strenght, credibility and security for
business partners, banks, investors, etc. In process of
credit rating evaluation, trend of progress (growth)
of company size is positively evaluated during time.
Unfortunately, volume of scientifically relevant
researches, regarding impact of organizational size
on organizational value in construction company, is
modest. Additional and aggravating circumstances
for determination and measurement of this influence
are very different, actually non-unique measures of
organization size in theories of organization [6, 7].
However, our oppinion is that some established basic principles regarding size of organization can be
applied on construction company also.
Volume 7 / Number 1 / 2012

Intensity, strength and reliability of business
connections are one of the important aspects in total credit rating evaluation. Theoretical approaches
which promote integration and cooperation of all
participants in industry are not new [8]. Considering
globalization of business, development of business
network in modern business becomes more important. Vertical and horizontal forms of cooperation
of organization, internet and strategic integration,
trans-national and national business integration
provide additional competitive advantage. Network
of computer-related companies in production of
one product (Value Added Community) is modern
way of thinking and business in organizations. Organization can affect on credit rating if it is included
in these kind of integration, and it can lose possible
advantages if it stays out of these processes.
Largest part of construction industry in the
world aspires to improvement exactly through access in integration processes of construction and
design, thereby responsibility for finished job is
concentrated on one organization, although theory points on other side of the same process, and
that is potential problem of repetition in production, which violets traditionally high creativity
and originality of production in construction [9].
On the other side, modern construction has led to
increased need for cooperation of experts in phases of design and construction. Growing requests
related to production in construction have resulted in need to work together. Study, done on the
standard size business building in London shows
that its construction was followed with enormous
number of drawings, over 17.000, which are product of different professions and specialties and
which are included in process of its design and
construction. However, practice shows that real
supply chain in construction industry, which includes designers, architects, contractors, equipment suppliers, clients, has not integrated enough
towards realization of common goal [10]. Basic
and constant challenge in construction industry
is management of large number of participants in
process, which are essentially linked, but included
in the whole process in different time and on different ways. Grouping of participants with cluster
technology represents modern management philosophy in construction, which appears at the end
of XX century, and it can be one of the ways for
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solving these and similar challenges by creating
‘’sub’’ organization and culture, which helps to remove barriers for efficient and quality production.
However, implementation of cluster technology in
practice is still in development phase [11].
Organization and organizational structure are
important determinants of fast and adequate adaptation to market, as one of the imperative requests
in modern business, and therefore significant parameter of qualitative evaluation of credit rating.
Rigid structures of organization are overcomed with
modern business systems and circumstances where
business takes place. Extremely flexible structures
have possibility of fast adjustment to requirements
of modern market, which is regular factor of company survival. Main characteristic of modern organizational forms are dynamic, flexibility, collaboration and reliance on information technology.
Many authors agree that organization, actually
organizational structure, cause of large number of
typical problems in private construction companies.
All scientific and professional analysis of organizational problems in constructing companies indicates exceedance of centralized and mechanical
organizational structures. With increasing volume
of activity, constructing companies are realizing
from centralized, hierarchy with high structure and
moves on structures which imply greater autonomy
and responsibility of middle level in organization,
which directly improves efficiency and effectiveness of business. Classical standard management
structures show their incompliance in terms of project-oriented construction company [5].
Main activity of organization is important element of evaluation of credit rating, which determines purpose and mission of company’s existence.
Different activities are characterized by different
levels of market propulsive feature, different level
of profitability, actualities, etc. Various production
and sales programs of companies represent chance/
challenge for company or real/potential barrier for
development. Characteristic of production, i.e. sales
programs which are taken into account in evaluation of credit rating of company are modernity, specialization, exclusivity, standardization, innovation,
quality, competitiveness, etc.
Construction activities, besides diversity and
complexity of production, is characterized by: long
period of production, large number of participants,
288

mainly unique production and purpose of product
dictates size, content, design and shape of product.
Because of the long period of production, actually
construction, it is important timely and completely
preparation of production process, comprehensive
and efficient logical support and optimal organization of construction. Additional specificity of construction sector is large number of participants in
process of construction, which have to be linked, organized and coordinate during complete process of
production. Every process in construction industry
is special quality, regardless of the wider use of typification and standardization. Product in construction
always requires continual modification, due to the
need to be always special, which is additional and
constant request in relation to construction company. By combining specificity of construction product with quality and price, it is provided, on typical
way, market share of construction company. Besides
constant insisting on the specificity of constructing
product, in sense of modification of existing products, alongside in the company is carried out very
important process for evaluation of credit rating, and
that is research-development work in order to develop new products and other innovation in construction industry, especially in aim to improve methods
and technology of construction. Reasons for elimination of product from production program in construction industry are same as for any other product: bad sale results, bad compliance with business
strategy of company, unfavorable market prospect,
decreasing of profitability, etc. [12].
Quality and efficiency of information technology support has an impact on internal and external users. Information technology have expedite
performance of every day activates in company,
affected on structure of organizations, changed
way of offers and demands of products on market, as well as way of business operating. In this
time information make vital economic resource.
Modern companies depend, beside of maintaining of competitiveness on market through offer of
different products and services and improving of
internal capacity, on quality of information systems for managing of business process. According
to certain studies companies which mostly use information technology increase up to 3,8% yearly,
and the one which do not use it only around 0,4%.
According to certain estimates total expenses for
Volume 7 / Number 1 / 2012
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information technology (hardware, software), in
developed countries, have overcome total expenses which implied on other fixed assets. With this in
mind, information technology is important factor
of qualitative evaluation of company.
Application of information technology in construction is imperative of time in order to harmonize
on time different needs of the many participants in
projecting process and construction on one side,
and users of built facilities on other side. Widely
application of information technology in projecting
process and construction of facilities has become
a condition of optimization of that process [13].
Numerous design and production process in construction are supported by information technology
(CAD-CAM), and A-E-C (architecture-engineering-construction) processes are everyday practice
in construction. It is the speed in the construction of
facilities significantly increased by robotization and
integration of CAD-CAM system.
Technology of production is very important element in evaluation of credit rating of company.
The use of modern technologies of production
affects on the level of competitive advantages of
company. Old or obsolete technologies lead to loss
of market and decrease of profits, while successful
innovation of products as a result of the new appliance of technology enables increase of profit.
Beside that, harmonization of structure of organization and technology is necessary condition of
high efficiency of use of modern technology. In
evaluation of credit rating are analyzed all aspects
of influence of technology on business operations
of company, such as: level of costs, production efficiency, ecological aspects, etc.
In construction is characteristic process of combining of old technologies with modern production
technologies [14]. The use of modern technologies
in construction should lead to improving of quality
of construction, shortening of expenses, increasing
of productivity, improving of demands of security
of products and environmental protection [15].
Investment process also presents very important
element in evaluation of credit rating of company.
This process is perceived for evaluation of credit
rating from different aspects while are very interesting information about types of investment, the level
of investment performance, economic efficiency of
investment, markets in which to invest, etc.
Volume 7 / Number 1 / 2012

The modern trend of development of construction companies involves the participation and investment on foreign markets. Strategy for involvement of construction companies on foreign markets
are different and the theory of investment of construction companies is based on the fact that the
investment strategy depends on the target market,
so they adjust on the specifics of that market. Some
studies have shown that at the beginning of the 21st
century, the most attractive markets were markets
of China, USA, Singapore, Yugoslavia, Germany,
Poland and Russia [16]. The financial crisis has
certainly slowed down significantly internationalization of construction markets and some of gigantic of construction industry lead to the collapse. An
example is the Spanish “dinosaur” Martins-Fadesa
who collapsed in 2008 with debt of 5,2 billion dollars and assets of 17,2 billion dollars and whose
collapse shook the Spanish banking system [17].
Regardless of the current crisis, it is recommended
that construction companies explore investment
opportunities in foreign markets and by application
of new approaches in marketing, human resources,
technology and development of unique projects
provide prestige in the market of construction services with traditionally strong competition. Strategic alliances joint ventures and other forms of integration are likely to be organizational models of
investment in a foreign market in the future.
The level of innovative tendencies of the company is also an actual element of evaluation of
credit rating of modern company, through assessment of innovative activity in company. This element becomes more important considering that innovation is a very important factor in the survival
of companies on modern market. The innovative
activity of companies is evaluated in the interval
from the point of an extremely high risk and uncertainty of innovative activity to the point where
the innovative activity is seen as a very important
factor of success and opportunity for organization.
Because of the specificity and uniqueness of
products in construction industry, it is to innovate
constantly to be competitive and profitable. Therefore, the product in construction is treated as the most
important element of the marketing mix. Construction is and activity that, as a rule, is activity with a
high degree of innovation. What is the kind of problem in construction is called the time lag between
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innovation and its applications (so-called time lag).
One of the ways to improve innovative activity in
construction is coordination between all participants
in construction activities and the use of so-called
knowledge-anchoring mechanisms [18]. In construction there have been significant changes and
innovations through the use of information technology, expert systems, the application of Internet, new
materials and constructions, new computerized supported process, etc. On the other hand the fact that
the production in construction is limited with many
and different regulations are often treated as a barriers to innovative activity in construction [19]. Also,
the request to react quickly to the tendering process
can also seem as barriers to innovation in the construction industry [20]. However, large corporations
and government agencies as largest investors are in
best position to lead and encourage changes in the
construction industry, focusing on innovation processes, technology and behavior, through contractual
provisions, incentives and selection of contractors. In
some variants clients require to be the only initiators
of innovation activities in project-oriented organization such as the construction company, which is another issue that does not support the innovative activities in construction [21], so there is small reason
that constructor in construction industry invest in innovation, except those which means optimization of
their process, which means that effects of economy
volume and effects of involvement of organization
largely failed on that basis [22].
In this regard, there is understanding that in the
construction industry you cannot rely on innovation to cause radical changes, but on minor or major modifications of inputs which construction use.
Related to this it is explained about a kind of addiction of construction industry on other industry
and about construction industry where dominate
providers, which indicates on relevant role of construction industry as a users and not as a producers of innovation. On the other hand, the fact that
the construction industry is services sector creates
the need to assimilate and integrate knowledge
through the specific organizational forms, increasing the possibility of its involvement in innovative
activity. The research that was done in the 2004th
in Australia on a sample of 1300 construction
industry, such as: investment in research and development, participation in partnerships and joint
290

projects, transfer of knowledge from project to
continuous business processes, monitoring if international best practices and new recruitment of
graduates from the profession [23].
Since competition is one of the most important
factors of environment in context of impact on company, the evaluation of competition is very important element of total evaluation of credit rating of
company. Research of competition can be provide
through research of demand (volume, structure,
oscillation), characteristic of given product, prices,
technology of production, global characteristic of
product/service, recognition of the trademark/company, etc. Evaluation of credit rating can request and
research of potential competition, i.e. competition
which presents organization or products/services
which are not currently available on market, but potential are interested to entered on market. This only
implies on need to undertake an evaluation of long
term sustainable credit rating of company.
As is known, 21st century is characterized by
advanced technology, liberalization of trading and
integral market, which resulted in strong competition and internationalization of business, so the
large numbers of constructors in construction industry were not exempt from this trend. On the one
hand side, many construction companies have entered into joint venture on international market of
construction services [24]. On the other hand, same
companies which joined to that strategy to provide
continuously growth and development, has to fight
with international competition on domestic market.
Thus, construction business is currently between
local and international practice of business. Also,
due to the increasing of internationalization of construction market in construction industry starts to
increase of competition which increased intensity
causes usually instability on market of construction
services. For example, actual expansion of constructors from Chine, South America, South-East
Asia and Africa in last few years causes hard turbulence and displacement of order on list of 10 in
world of strongest constructors in construction sector. Since absence or low competition can lead to
decreasing of efficiency and effectiveness of using
of resource in construction industry, on one hand,
some of authors suggest on possibility of collapse
of construction market due to excessive competition on it, on other hand [25].
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An additional element in evaluation of long
term sustainable credit rating of company is strategy of organization which presents long term planning of action of organization in order to achieve
planned goals in future period. Strategy as way of
achieving of projected goals determines business
orientation and direction of activity of organization in future period and by this way determines
level of achievement and performance of organization, which has significant influence on its credit
rating. Incomplete, unclear strategy of acting and
non realistic goals are certainly restrictive circumstances for evaluation of credit rating of organization because of higher risk from unsuccessful
business of organization in the future.
Selection of the right competitive strategy to
attract customers is the ambition of most contractors in the construction industry. The increasing demands of clients and number of criteria
for selection of contractors (especially for public
works) encourage constructors that beside low
cost strategy re-generate new competitive strategies as a way of providing additional benefits to
customers. In competitive strategy should certainly be incorporated construction company specific
resources which create a competitive advantage
so this generated strategy can give results. The
theory already offered certain models of optimal
offers which should help to constructors in defining of appropriate contractors offer strategies [26].
Previous studies offer a large variety of competitive strategies offers in the construction industry,
such as: strategy of low offer (Low bid), strategy
of high technology (High tech), strategy of managing of innovation (Management innovation),
strategy of joint venture (Joint venture), strategy
of partnership (Partnership), strategy of public relations (Public relation), a longer warranty period
strategy Long term of warranty), strategy of technology transfer (Technology transfer), strategy of
unique architectural design (Unique architectural
design), risk sharing strategy (Risk sharing), social responsibility strategy (Social responsibility),
etc. At various internal and external circumstances these strategies lead to different results. Many
studies indicate that with increasing of demand
on the quality of construction, the increasing demands on environmental and social performance
requires the strengthening of the company, the
Volume 7 / Number 1 / 2012

strategy “low bid” very likely not be able to provide the contractor a competitive advantage in the
future. The balance of the interests of contractors,
clients and society as a whole, should be the basis
for generating the optimal competitive strategy of
modern construction company [27].
Corporate identity of company is very important
element of business of modern organization. By
evaluation of credit rating of company corporate
identity is seen through analyses of large numbers
of aspects: individuality, politics of corporate identity, relations with social environment and image of
organization. Individuality of company is specific of
company in relation on other companies and competition. Politics of corporate identity is seen through
behavior of company with employees, all types of
communication of organization with environment
(public relation, advertisement, behavior with environment, creation of trade mark, etc) and visual
identity of organization (business documentation,
collateral material, etc). Social environment implies
on situation in politics, science, low, techniques and
technology, thus effects on corporate identity of
company. The image of company is committed by
fact how others (customers, suppliers, competition,
business partners) sees us, so the stability and recognition of that image affirmative factor in evaluation
of credit rating of company in a wide sense.
The understanding that reputation of company
can not be separated from ethics of business and
reliability [28] did not past even construction sector.
Research which was made with construction companies in USA shows that beside the construction
quality, quality of sub constructors, quality of employees and time of constructions, critical factors of
success of construction companies are reputation,
relation with buyers and business moral [29]. However, construction industry as a whole has bad ethical reputation and in public is opinion about construction sector as a sector of often corruptions [30].
Many studies of this topic on example of construction sector implies on examples of non ethical behavior of companies in construction industry, while
wide by media are shown incidents in this sectors
very common. Namely, it is widespread believing that construction industry “suffers” from bad
reputation by influence of unfair tender practice,
manipulation in paying of obligations, corruption,
non professional behavior, avoiding of low and
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regulations, false information, inadequate relation
to environment, inadequate application of standard
of security at work, etc. [31].
Corporate culture as a system of values, beliefs,
norms and customs that define organizational behavior permeates all aspects of business, and because
of this reason there is very interesting aspect of total evaluation of credit rating of company in a wide
sense. Temporarily organization and target connection of more organizations (participants) which are
on different level of organization and culture is very
important characteristic of activity of construction
sector. Organizational culture of temporarily organizations widely looked depend on strategy and content of temporarily organizations, characteristic of
projects, project managers and dominant of groups,
location, technology, basic activities, etc. Differences
in cultures of construction companies which participate in this temporarily organizations are evident and
they are result of activity of large number of factors
and circumstances [32]. Survival and success of organization in that case depends on their ability to impose their organizational culture to other participants,
or to adjust and change culture of other participants,
and before all to learn from such relations.
Efficiency of company, certain research implies
that low level of efficiency in construction industry,
in some countries can be in relation with corporate
culture of constructor [33], so the organizational
culture is critical component in maintains of competition of construction companies [34, 35]. We can
say that organizational culture is asset which should
be managed so it is adequate used in achieving of
organizational goals. Beside this, it has significant influence on strategy of appearance, intensity,
strength and reliability of business relations, application of information technology, as well as application and development of new technology and
methods. It is very important to emphasize that certain research also, clearly shows that there is strong
influence of differences between organizational
cultures of partners on performance of joint investment in construction industry [36].
Conclusion
Stabile and successful relation of companies
with environment, and especially business relations with creditor are based on reliable credit
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rating information. Their knowledge creates possibility for improving of communication quality in
company, as well as communication of company
with environment. Today in conceiving of theoretical and methodological basis for evaluation of
credit rating insists on acceptation of wide concept
of evaluation of credit rating.
Although construction industry is subject to the
same economic regulations as other sectors, she is
very specific by their characteristics, which should
be taken into consideration in evaluation of credit
rating. Referring to these specifics and their influence on evaluation of credit rating of construction
industry was guiding idea of this document.
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Abstract
In this paper 65 Serbian companies were tested
by use of BEX model. Decision to use this model
stems from the fact that it is about model developed
in our surroundings, and capital markets in the surroundings are much more similar to Serbian capital market than it is the case with developed capital
markets. BEX model categorises companies in six
groups. Companies classified in the first group are
considered world-class companies, while existence
of the companies classified in the sixth group is
endangered. Testing results show that neither one
listed Serbian company is considered world-class
company, while according to the results of BEX index 14 companies are considered problematic. Obtained results characterize Serbian capital market
as high risk and non-attractive. Nevertheless, BEX
model results should be taken for granted, having in
mind numerous limits of this model.
Key words: models for bankruptcy prediction,
ratio analysis, Business Excellence models, BEX
index, Belgrade Stock Exchange
Introduction
Anticipation of a potential bankruptcy, i.e. signalization of potential business and financial difficulties has always been a subject of interest not
just to the investor, creditor and management, but
also for business partners, employees, and even for
the society. Therefore it also represents one of the
basic tasks of the financial analysts. Use of ratio
analysis as analytic technique for bankruptcy prognosis originates from 1930s. Studies from that period showed that certain indicators can indicate that
these companies are in front of bankruptcy. Tama294

ri’s study is very well known (Meir Tamari, 1966),
even more famous is Beaver’s study (William H.
Beaver, 1967), and the most famous is Altman’s.
Ratio analysis, and especially prognostic models
based on it, were not seriously received by academic circles until the Altman’s study appeared. Altman
himself mentions this in his study from 1968. However, high prognostic value of Altman’s Z score
made this method extremely popular for bankruptcy prediction, and ensured Altman’s significant
position in financial theory. Altman later adjusted
and improved this method with his associates for
different needs and users. (Edward Altman, 2000).
Adjusting of Altman’s model, i.e. development of
various prognostic models for bankruptcy prediction, based on ratio indicators of financial analysis
were done by Deakin (1972), Edminster (1972)
Blum (1974), Diamond (1976), Pinches and others (1975), Taffler (1977) and Chen and Shimerda
(1981) and others. (see papers by Michael Dugan,
1988, and Emanuel Aziz et al. 1988.) After Enron
and Worldcom downfall, prediction of bankruptcy
has once again become a subject of big interest.
New adopted methodology of Basel II also testifies
about popularity of predictive methods based on financial analysis. During last years numerous more
sophisticated models of bankruptcy prediction were
developed. Part of them is based on cash flow and
fund flow concept; some others are based on technical analysis, while predictive models based on neuron networks are more and more popular during last
years in academic circles. Neural networks have
been widely used (Tam and Kiang, 1992; Wilson
and Sharda, 1994; Back et al., 1996; Zhang et al.,
1999; Tan and Poh, 2002) in the last decade. All of
them claim a certain degree of success in terms of
predictive accuracy. (Angela Yip, 2006)
Volume 7 / Number 1 / 2012

technics technologies education management

1. BEX Model
1.1. Explanation of the model
BEX model (Business Excellence Model) is a
model based on balance indicators. It enables fast
and simple assessment of companies’ business excellence. Its authors emphasize many advantages
of BEX model in comparison to other similar
models, such as:
–– BEX model and BEX index are made in
accordance with business conditions in
Croatian economy. Authors have been
studying data on companies between 2000
and 2006;
–– BEX index doesn’t consider indicators of
capital market, therefore it can be used to
assess companies recently listed on capital
market, or those who are not listed on the
stock market at all.
–– BEX model enables evaluation of the
solvency and prediction of success and
failure, that makes it much better model
in comparison to the models directed to
prediction of financial difficulties such as
Altman’s, Ohlson’s or Argent’s model;
–– BEX model contains one completely new
indicator of company’s financial power, which
has never been used before in the world.
BEX model caused much attention in Croatia. According to (Belak, Aljinović-Barać, 2008b)

BEX model “is used for distinction of good and bad
companies in numerous masters papers and PhD
dissertations as the sole valid criteria. Besides that,
at many faculties, its use within management, accounting and finance is being studied.“ BEX index
is calculated according to the following formula:
BEX = 0,388 ex1+0,579 ex2+0,153 ex3+0,316 ex4,
with:
ex1 – Earnings Before Interest and Taxes/
Total assets
ex2 – Net Operating Profit /Equity Capital x
capital price
ex3 – Net Working Capital /Total assets
ex4 – 5 (Net Profit +Depreciation +
Amortization) /Total Debt
According to the above mentioned, solvency
border measured by BEX index makes 1:
BEX = 0.388 x 17,2% + 0,579 x 1,0 + 0,153 25% +
+ 0,316 x1 = 1,0
1.2. Analysis of model parameters
1.2.1. Earnings before interest and taxes/Total
assets - ex1
Economic rentability, i.e. income rate on total
assets has been shown by EBIT and total assets ra-

Table 1. Ranging of stocks of the companies according to the values of BEX index
Business excellence Business excellence
index (bex)
rang
higher than 6,01

world class

4,01 - 6,00

excellent candidate
for world class

2,01 - 4,00

very good

1,01 - 2,00

good

0,00 - 1,00

border area

Lower than 0,00
(negative)

bad

Forecast for the future
Company has top results, and if management continues with
improvements, top results can be expected in next 4 years.
Company's business is excellent, and this can be expected for the next
3 years if management continues with improvements.
Company's business is very good, this can be expected in next 2 years
if management continues with improvements.
Company's business is good, but improvements can be expected only
if changes are undertaken.
Solvency is positive, but unsatisfying. It is necessary to start with
serious improvements.
Existence is endangered. It is necessary to urgently reconstruct and
improve business, otherwise there is danger of bankruptcy (90%
possibility).

SOURCE: Belak, V. & Aljinović-Barać, Ž. (2008),p. 34.
Volume 7 / Number 1 / 2012
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tio. According to source model (Belak, AljinovićBarać, 2007) border value ex1 makes 6,675%,
while in review model (Belak, Aljinović-Barać,
2008a) border value makes 17,20%.
Generally, ex1 presents the most significant rentability indicator, since it shows earning capability
of entity. It is about indicator which is necessarily
used in financial analysis. BEX model authors call
ex1 excellence indicator, and since model itself is
called Business Excellence Model, one can conclude that it is about the most significant indicator
in the model. Nevertheless, in BEX model, ex1 indicator doesn't have big influence on final level of
BEX index, since, according to model’s author, its
basic purpose is stabilization of BEX model. Mentioned position is surprising since this indicator
has the biggest ponder in Altmans reviewed model
from 1977 and in the model for non-production
companies’ bankruptcy prediction.
1.2.2. Net Operating Profit / Equity Capital x
capital price - ex2
According to model authors, indicators of value creation, which in numerator has Net Operating
Profit, and in denominator product Equity Capital and income on relatively non-risk investments
based on economic profit – profit which outreaches
price of Equity Capital. Indicator should be higher
than one, what implicates creation of value above
capital price, while indicator value lower than one
shows that company is losing its substance. In
source model (Belak, Aljinović-Barać, 2007) numerator was Net Profit, and later it was replaced
by Net Operating Profit as to “prevent impact of
different anomalies and extreme exceptional incomes and loss in financial reports on height of
BEX indexes“. According to authors themselves
when explaining original BEX model, it is about
absolutely new indicator never before used in the
world. Original ex2 indicator should be rejoined
that for Equity Capital price it takes non-risk income rate. Equity Capital price is always higher
than non-risk income rate. The second suggestion
should be made for the fact that same capital price
is used for assessment of the companies which
are exposed to different risks. Next suggestion
can be made for the fact that company which has
indicator ex2 value lower than one, it means that
296

company is losing its substance. Traditionally, it
is considered that company is losing its substance
if it operates with loss, but not if it doesn’t reach
requested income rate. This is extremely important at the prediction of bankruptcy, since company which regularly pays its obligations is not
threatened by bankruptcy. Of course, for long
term, company must reach adequate rentability.
However, in conditions of economic depression
or recession it cannot be concluded that company
which doesn’t make certain income rate loses its
substance. However, the model’s authors have set
the minimum rate as non-risk rate of return. But it
is questionable whether this really measures „economic profit“ since capital price is always higher
than the rate of return for non-risk investments.
Nevertheless, reactions on ex2 indicators become more serious after it was reviewed. While
original indicator represents upgraded Return on
Equity ratio, which takes income rate on non-risk
investments, reviewed ex2 indicator represents indicator which doesn’t have theoretical basis, and
is unknown in the literature and business practice.
One can measure income which dismisses Total
assets, which is EBIT or Operating Profit and income which dismisses Equity Capital, which is
Profit, where depending on analysis need one can
take profit before or after taxation. In literature,
and in economic life, indicator which shows how
much net profit has been created by total assets is
also known. However, this indicator requests further decomposition, since is determined both by
earning power of the company EBIT/Total assets,
by Equity Capital / Total Debt Ratio and average
interest rate on borrowed funds. Basis of reviewed
indicator ex2, measures amount of Net Operating
Profit and Equity Capital. Net Operating Profit
height is determined by earning capability of the
company (Total assets), and not by Equity Capital. Therefore, it is theoretically unfounded perception of height of Net Operating Profit, which
rejects the Equity Capital. Model authors mention that they reviewed indicators x2 so to exclude
non-operating costs and incomes, and it would be
acceptable. But, in comparison with the original,
reviewed ex2 indicator excludes calculated interest
on landed funds. Consequence of the mentioned is
that x2 is also being improved by fall of rentability
if leverage is been raised, where interest rates are
Volume 7 / Number 1 / 2012
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not important. Inclusion of capital price in the formula contributes to theoretical discrepancy since
Operating Profit didn’t make net assets equal to
Total assets, i.e. company. Theoretically, there is
discrepancy in calculation of income tax for Operating Profit as well, instead of taking really determined income tax. Model authors mention that
by reviewing of the model, “BEX model in its basis is not changed, but the way of calculation of
certain indicators has been changed“.We cannot
agree with the mentioned attitude having in mind
significance of changes of x2 indicator.
1.2.3. Working Capital / Total Assets - ex3
Working Capital / Total Assets - ex3 liquidity
indicator shown by Working Capital and Total
Assets ratio. It is about commonly used indicator
for company liquidity assessment. Model authors
(Belak, Aljinović-Barać, 2008a) emphasize that
this ratio should make 25% or more. “If indicator
ex3 is 25% or higher it is good, but if it is lower or
negative it is bad.“ Therefore, assessment of this
parameter is based on the premise that Working
Capital should make 25% of Total Assets value.
It is generally accepted that optimal value of Net
Working Capital is conditioned by specificities of
the company itself, and especially of its sector.
Working Capital analysis is based on the question:
what should be financed by Working Capital? and
if financing of inventory is done by long-term
loans: does cash flow cover accrued liabilities?
One also should have in mind that decrease of
Working Capital doesn’t mean deterioration of financial position, and increase of Working Capital
doesn’t only mean by improvement itself of financial position. Therefore, the view that net working
capital should be 25% of total assets is theoretically unfounded. Surprisingly also paragraph by
models that ex3 indicator, as the only indicator of
liquidity in the model should have a major impact
on the final index value of BEX; it is considered
an indicator that should stabilize the model.
1.2.4. 5 x (Profit + Amortization + Depreciation) / Total Debt - ex4
As the authors point out, ex4 indicator is an indicator of financial strength, which is "based on
Volume 7 / Number 1 / 2012

the relative theoretical free money from activities, which is the profit, increased for amortization and depreciation and cover all the obligations
that money" (Belak, Aljinović-Barac, 2007) in the
model maximum value of this indicator is limited to the 10. In Anglo- Saxon practice, a similar
indicator often used as a rapid test for assessing
solvency In fact, analysts believe the company
vulnerable if the solvency indicator of net liabilities / EBITDA is close to 4 or more. The BEX
model, however, evaluates ex4 indicators based on
the premise that liability should be covered by a
five-year free cash flow, which leads to expectations that business conditions remain unchanged
in the five-year period. So as opposed to indicators
that are frequently used in Anglo-Saxon practice,
under which a solvency is considered endangered
if the four-year EBITDA does not cover liabilities,
ex4 solvency considers solvency endangered if the
five-year income increased for amortization and
depreciation does not cover company liabilities.
However, the indicators of net liabilities / EBITDA
and ex4 have significant differences. Specifically,
ex4 takes both revenues and expenditures from
the funding and revenues and expenditures caused
by emergency situations. It does not exclude the
income and expenditure caused by extraordinary
situations in ex4, is especially unexpected since
the ex2 is revised for that specific purpose. It is unclear why the profit increased for amortization and
depreciation is not connected to the provision if
they wanted to approximate the theoretically free
cash flow from all activities.
However, the assumption that a five-year income increased for amortization and depreciation
should cover the accrued liabilities of the firm is
doubtful. This assumption is hardly viable in real
life. Another important problem iz the impact of
the crisis on financial reporting, accounting and
auditing (see Sabovic, Miletic, Sabovic 2010) and
also the problem of retail financial market (Besic,
Savic, Sajfert, Nikolic 2010). Firstly, because it
does not only predict the impact of the life cycle
and impact of business cycles on business of the
company, but also predicts the potential changes
in the environment. Those have been very intensive in recent years, particularly in transition
economies. In addition, it is not logical to expect
that a five-year free cash flow covers a total liabil297

technics technologies education management

ity of the company, without taking into account
the organic composition of assets of companies,
their profitability and liquidity, which is largely
caused by their activities. Although the Z-score
was developed exclusively for manufacturing
companies and Altman himself noted the problem that the sample is not quite homogeneous in
terms of belonging to any industry, even in terms
of companies’size. (Altman, 2000) BEX model,
however, evaluates companies from different sectors but not from nonpofit organizations sectors
(see more in Cvijanović, Besic, Sajfert, Grujcic,
Lazic 2010) which is also very important part of
national economy.
2. Values of BEX indexes for stocks which
represent Serbian capital market
BEX index calculations for stocks that represent the Serbian capital market are based on
data published in prospectuses on the website
of Belgrade Stock Exchange. All the stocks of
non-banking sector which were part of Belex15
index during September 2010 and non-banking
sector stocks that entered into the composition
of Belexline indexes, including the shares of the
Oil Industry of Serbia, have been included in the
calculation. By this way 65 stocks were chosen.
For stocks of "Srbolek ad", Belgrade, and "AGROCOOP ad" Novi Sad, which are marked with
the tag "BP" (without prospectus). BEX index due
to lack of data for 2009 was not calculated. For
stocks of "Montinvest ad" Belgrade data for 2008
and 2009 were obtained from the website of the
Serbian Business Registeres Agency.
To calculate the parameter ex2 cost of capital of
9% was used. Non-risk interest rate of 9% was calculated, based on expected annual inflation and the
credit rating of Serbia. (Vladimir Vučkovic, 2010).
The same indicator for the calculation of net operating income was applied for income tax rate of 10%,
which is currently in force in Serbia. The values of
indicators: market capitalization, EPS, P/E, P/B and
ROE have been taken from the Internet site of the
Belgrade Stock Exchange, 13.09.2010, or represent
data from the annual balance for 2009.
Among the stocks listed in Table 2, Galenika
Fitofarmacija ad Zemun stock has the highest BEX
index - 4.798. This means, that according to BEX
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model, this company is ranked as world class candidate, who can expect similar results in the next
three years. There is no stock on Belgrade Stock
exchange which could be classified as world-class.
Very good range of business excellence includes
12 companies: Goša montaža ad, Velika Plana
(3.740), Planinka ad, Kuršumlija (3.340), Messer
Tehnogas ad Belgrade (3.218), Coca-Cola HBC
Serbia ad (3.208), Vino župa ad, Aleksandrovac
(2.966), Napred GP ad Beograd (2.955), Lasta ad
Beograd (2.763), Jedinstvo Sevojno ad Sevojno
(2.448), Centroproizvod ad, Beograd (2.430), Bambi Banat ad , Beograd (2,150), Alfa plam ad Vranje
(2.148) and TE - TO ad Senta (2.135). BEX index
value for those stocks means that one can expect
similar results in the next two years (2010 and 2011).
Observed by sectors (sectoral classification
of BSE) top 13 companies are from the sector
of drinks manufacturing (3), food manufacturing
(3), construction (2), production of chemicals and
chemical products (1), road transport and pipeline
transport (1) and specialized construction (1), production of electrical equipment (1), and manufacture of non-metallic minerals (1).
Stocks of 13 companies have BEX value index
1.01 to 2.00. This value assumes that companies
do business well, but the improvement can be expected only if action is undertaken.
The next 22 stocks of the companies listed in
Table 2 are in the border area between good and
poor performance (BEX index value between 0
and 1.00). The remaining 14 shares of listed companies have a vulnerable existence according to
results of BEX index, which was negative. According to the makers of BEX model, restructuring and improvements are urgently needed, Otherwise, bad business will continue, and according
to definition of the model, there is risk of failure
(probability is over 90%).
Only 9 of 63 companies (14.28%) have indicator of profitability ex1 higher than desirable
17.2%, which, according to the authors of the
model, shows very low profitability of companies
entering the index. This is partly a consequence of
the current crisis. Value of the ex2 – creation of the
value higher than one has 25 companies (39.68%).
In 38 companies there is problem that companies,
according to the authors of the model, lose their
substance. The liquidity calculated by indicator
Volume 7 / Number 1 / 2012
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Table 2. Rang according to assessment of business excellence 2009
Rb.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

Company
Galenika Fitofarmacija a.d.
Goša montaža a.d., Velika Plana
Planinka a.d., Kuršumlija
Messer Tehnogas a.d., Beograd
Coca Cola HBC-Srbija a.d.
Vino župa a.d., Aleksandrovac
Napred GP a.d., Beograd
Lasta a.d., Beograd
Jedinstvo Sevojno a.d., Sevojno
Centroproizvod a.d., Beograd
Bambi Banat a.d., Beograd
Alfa plam a.d., Vranje
TE - TO a.d., Senta
Toza Marković a.d., Kikinda
Dimničar a.d., Beograd
Crvenka fabrika šećera a.d.
Mlekara a.d., Subotica
Imlek a.d., Beograd
Banini a.d., Kikinda
Putevi a.d., Užice
Jaffa fabrika biskvita a.d.
Voda Vrnjci a.d., Vrnjačka Banja
Soja protein a.d., Bečej
Vital a.d., Vrbas
Iritel a.d., Beograd
Veterinarski zavod Subotica a.d.
Albus a.d., Novi Sad
Metalac a.d., Gornji Milanovac
Dijamant a.d., Zrenjanin
Montinvest a.d., Beograd
Avala Ada a.d., Beograd
Carnex a.d., Vrbas
Telefonija a.d., Beograd
Energoprojekt holding a.d.
Čoka duvanska industrija a.d.
BAS a.d., Beograd
Impol Seval a.d., Sevojno
Tipoplastika a.d., Gornji M.
Telefonkabl a.d., Beograd
Ruma fabrika kože a.d., Ruma
Pinki a.d., Zemun
Sunce a.d., Sombor
Institut za ispitivanje mat. Bg.
Kopaonik a.d., Beograd
Sloga a.d., Novi Pazar
Ratko Mitrović a.d., Beograd
Neoplanta a.d., Novi Sad
Velefarm a.d., Beograd
Pupin Telecom a.d., Beograd
Simpo a.d., Vranje
Pobeda holding a.d., Petrovaradin
Progres a.d., Beograd
Informatika a.d., Beograd
Tigar a.d., Pirot
Politika a.d., Beograd
Utva silosi a.d., Kovin
NIIS - NIS a.d., Novi Sad
Sinter a.d., Užice
Energomontaža a.d., Beograd
Bačka a.d., Sivac
BIP u restrukturiranju a.d.
Heba a.d., Bujanovac
Ikarbus a.d., Beograd
Agrocoop a.d., Novi Sad
Srbolek a.d., Beograd
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Mark

ex1

ex2

ex3

ex4

BEX

FITO
GMON
PLNN
TGAS
CCHS
VINZ
NPRD
LSTA
JESV
CNTPB
BMBI
ALFA
TETO
TMKI
DMNR
CRFS
MLSU
IMLK
BNNI
PUUE
JAFA
VDAV
SJPT
VITL
IRTL
VZAS
ALBS
MTLC
DJMN
MOIN
AADA
CRNX
TLFN
ENHL
COKA
BASB
IMPL
TIPO
TLKB
RUMA
PNKZ
SNCE
INMT
KOPB
SLNP
RMBG
NEOP
VLFR
PTLK
SMPO
POBH
PRGS
INFM
TIGR
PLTK
UTSI
NIIS
SINT
EGMN
BCKA
BIPB
HEBA
IKRB
AGRC
SRBL

0,250
0,299
0,223
0,090
0,201
0,178
0,195
0,156
0,200
0,219
0,095
0,100
0,217
0,097
0,124
0,120
0,100
0,104
0,035
0,139
0,097
0,076
0,102
0,037
0,108
0,076
0,053
0,104
0,092
0,078
0,074
0,044
0,064
0,079
0,075
0,007
0,084
0,023
0,048
0,047
0,019
0,046
0,006
0,028
0,037
0,071
0,012
0,015
0,007
0,032
0,048
0,025
0,051
0,071
0,006
-0,005
-0,164
-0,065
-0,066
-0,146
-0,331
0,013
-0,319
n.p.
n.p.

2,481
3,959
4,017
0,960
3,092
4,651
4,175
4,387
2,623
2,422
3,190
0,830
3,434
3,094
1,710
1,690
1,819
1,956
2,469
1,365
1,472
1,504
1,623
1,641
1,138
1,041
1,222
0,297
1,084
0,601
0,770
0,437
0,992
0,607
0,367
0,532
0,602
0,325
0,162
0,232
0,232
0,242
0,060
0,138
0,123
0,051
-0,127
0,710
-0,308
-0,266
-0,455
-0,494
-0,538
-1,037
-1,106
-1,185
-0,723
-1,363
-2,674
-4,128
-5,072
-11,477
-59,165
n.p.
n.p.

0,683
0,547
0,079
0,168
0,091
0,240
0,014
-0,269
0,291
0,424
0,190
0,595
-0,057
0,031
0,251
0,523
0,084
0,080
0,034
0,088
0,139
0,076
0,445
0,346
0,309
0,283
-0,026
0,122
0,048
0,257
0,057
0,268
0,012
0,154
0,261
-0,194
-0,081
0,260
0,451
0,550
0,013
0,348
0,086
0,188
0,153
0,111
0,146
-0,597
0,053
0,180
-0,076
0,083
0,263
0,053
-0,170
-0,014
-0,033
0,198
0,128
-0,254
-0,413
-0,243
-0,623
n.p.
n.p.

10,000
3,950
2,896
8,233
4,196
0,529
1,456
0,645
2,554
2,778
0,750
4,866
0,226
0,174
2,132
1,981
1,865
1,147
0,219
1,194
0,939
0,903
0,289
0,273
0,936
1,152
0,636
1,886
0,396
1,049
0,755
1,207
0,169
0,419
0,740
0,627
0,287
0,667
0,794
0,547
0,828
0,541
0,976
0,522
0,538
0,607
0,768
-0,568
0,360
0,089
0,527
0,366
0,248
0,573
0,062
-0,302
-1,116
-0,878
-0,838
-1,933
-2,203
0,295
-2,038
n.p.
n.p.

4,798
3,740
3,340
3,218
3,208
2,966
2,955
2,763
2,448
2,430
2,150
2,148
2,135
1,889
1,751
1,731
1,694
1,548
1,517
1,235
1,208
1,197
1,139
1,104
1,044
1,040
0,925
0,827
0,796
0,749
0,722
0,692
0,654
0,538
0,515
0,479
0,459
0,448
0,432
0,410
0,406
0,382
0,359
0,284
0,279
0,266
0,196
0,146
-0,054
-0,086
-0,090
-0,148
-0,173
-0,383
-0,645
-0,786
-0,840
-1,061
-1,819
-3,096
-3,824
-6,585
-35,119
n.p.
n.p.
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Table 3. Value of BEX indexes for all stocks 2006-2009
Rb.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

300

Company

Galenika Fitofarmacija a.d.
Goša montaža a.d., Velika Plana
Planinka a.d., Kuršumlija
Messer Tehnogas a.d., Beograd
Coca Cola HBC-Srbija a.d.
Vino župa a.d., Aleksandrovac
Napred GP a.d., Beograd
Lasta a.d., Beograd
Jedinstvo Sevojno a.d., Sevojno
Centroproizvod a.d., Beograd
Bambi Banat a.d., Beograd
Alfa plam a.d., Vranje
TE - TO a.d., Senta
Toza Marković a.d., Kikinda
Dimničar a.d., Beograd
Crvenka fabrika šećera a.d.
Mlekara a.d., Subotica
Imlek a.d., Beograd
Banini a.d., Kikinda
Putevi a.d., Užice
Jaffa fabrika biskvita a.d.
Voda Vrnjci a.d., Vrnjačka Banja
Soja protein a.d., Bečej
Vital a.d., Vrbas
Iritel a.d., Beograd
Veterinarski zavod Subotica a.d.
Albus a.d., Novi Sad
Sve akcije bez NIS-a
Metalac a.d., Gornji Milanovac
Dijamant a.d., Zrenjanin
Montinvest a.d., Beograd
Avala Ada a.d., Beograd
Carnex a.d., Vrbas
Telefonija a.d., Beograd
Energoprojekt holding a.d.
Čoka duvanska industrija a.d.
BAS a.d., Beograd
Impol Seval a.d., Sevojno
Tipoplastika a.d.,
Telefonkabl a.d., Beograd
Sve akcije
Ruma fabrika kože a.d., Ruma
Pinki a.d., Zemun
Sunce a.d., Sombor
Institut za ispitivanje mat. Bg
Kopaonik a.d., Beograd
Sloga a.d., Novi Pazar
Ratko Mitrović a.d., Beograd
Neoplanta a.d., Novi Sad
Velefarm a.d., Beograd
Pupin Telecom a.d., Beograd
Simpo a.d., Vranje
Pobeda holding a.d., Petrovaradin
Progres a.d., Beograd
Informatika a.d., Beograd
Tigar a.d., Pirot
Politika a.d., Beograd
Utva silosi a.d., Kovin
NIIS - NIS a.d., Novi Sad
Sinter a.d., Užice
Energomontaža a.d., Beograd
Bačka a.d., Sivac
BIP u restrukturiranju a.d
Heba a.d., Bujanovac
Ikarbus a.d., Beograd
Srbolek a.d., Beograd
Agrocoop a.d., Novi Sad

Mark

FITO
GMON
PLNN
TGAS
CCHS
VINZ
NPRD
LSTA
JESV
CNTPB
BMBI
ALFA
TETO
TMKI
DMNR
CRFS
MLSU
IMLK
BNNI
PUUE
JAFA
VDAV
SJPT
VITL
IRTL
VZAS
ALBS
BELEX
MTLC
DJMN
MOIN
AADA
CRNX
TLFN
ENHL
COKA
BASB
IMPL
TIPO
TLKB
BELEX
RUMA
PNKZ
SNCE
INMT
KOPB
SLNP
RMBG
NEOP
VLFR
PTLK
SMPO
POBH
PRGS
INFM
TIGR
PLTK
UTSI
NIIS
SINT
EGMN
BCKA
BIPB
HEBA
IKRB
SRBL
AGRC

2006

4,264
0,829
n.p.
3,571
2,637
2,958
0,667
1,307
1,885
0,981
1,174
n.p.
2,373
0,675
n.p.
2,658
1,411
0,317
2,461
1,059
1,399
n.p.
n.p.
2,811
2,266
0,725
0,471
0,576
0,335
1,050
1,600
1,252
0,866
0,784
1,479
0,173
0,130
n.p.
-0,083
0,857
0,576
0,787
0,341
0,694
0,234
0,425
0,145
-1,251
1,161
0,429
n.p.
-0,346
-1,092
-0,170
-0,570
0,030
-0,021
1,682
n.p.
0,133
2,338
0,787
-4,062
-0,776
-1,849
0,791
-1,127

2007

4,192
1,810
2,331
3,845
2,974
4,152
0,234
2,399
4,044
1,332
0,904
2,086
1,338
0,782
1,743
2,691
1,989
0,647
1,092
0,838
0,680
1,000
1,461
0,304
0,987
1,098
0,253
0,680
0,571
0,666
3,117
0,293
1,779
0,647
0,483
0,409
0,209
2,558
-0,134
0,698
0,608
0,535
0,283
0,269
0,250
0,342
1,532
0,405
0,353
0,542
2,897
-0,574
-0,731
-0,126
-0,206
-0,247
-0,277
0,710
0,493
0,325
1,143
-0,078
-2,317
-0,011
-4,766
1,403
-0,962

2008

4,474
1,472
2,273
3,744
2,569
4,264
1,555
2,312
3,365
1,794
1,085
2,240
1,357
1,097
1,768
2,363
2,017
1,332
0,778
1,314
0,678
0,454
1,822
1,848
0,309
0,726
-0,338
0,910
0,591
1,563
5,084
0,533
1,581
1,182
0,507
0,680
0,719
1,344
0,387
-0,108
0,728
0,561
0,311
0,469
0,431
0,896
1,275
0,845
0,133
1,152
2,024
-0,393
-0,115
-0,191
0,746
-0,352
-1,008
0,725
0,401
0,418
0,230
-0,289
-1,349
-4,506
1,624
n.p.
-0,793

2009

4,798
3,740
3,340
3,218
3,208
2,966
2,955
2,763
2,448
2,430
2,150
2,148
2,135
1,889
1,751
1,731
1,694
1,548
1,517
1,235
1,208
1,197
1,139
1,104
1,044
1,040
0,925
0,879
0,827
0,796
0,749
0,722
0,692
0,654
0,538
0,515
0,479
0,459
0,448
0,432
0,411
0,410
0,406
0,382
0,359
0,284
0,279
0,266
0,196
0,146
-0,054
-0,086
-0,090
-0,148
-0,173
-0,383
-0,645
-0,786
-0,840
-1,061
-1,819
-3,096
-3,824
-6,585
-35,119
n.p.
n.p.
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ex3 higher than the required 25% have 19 of 63
(30.15%). Only one stock has maximum power of
finance 10, measured as ex4 indicator.
Serbian most liquid shares that are part of
BELEX15 index are ranked at 4, 12, 18, 23, 26, 28
and 34 place in Table 2, which indicates that there
is no correlation between the liquidity of shares
BEX index.
Observing the values of BEX index for all nonbanking sector stocks that are part of the Belex
index (except for a couple of stocks without a
prospectus and NIS), positive trend can be seen
- Table 6. It is interesting data on constant and
significant growth of aggregate business profit in
000 RSD in that period and the movement of the
aggregate gross income, which suggests a huge
problem of depreciation of domestic currency and
high interest rates, and increasing indebtedness of
individual companies.
Looking at the data in Table. 3, which shows
the value of BEX index for listed stocks in the
four-year period: 2006-2009, it is evident that no
stock was in category world’s class with BEX
index values over 6.01. The highest value of the
BEX index had Montinvest ad, Belgrade stock,
and it was 5.084 in 2008.
Prognostic value, in terms of continuing operations in the coming years, was not correct for
several stocks. For example: Montinvest ad, Belgrade, (in 2008 BEX index value was 5.084, what
would have to mean three years of similar results,
which did not happen) Vital ad, Vrbas (in 2006
BEX index value was 2.811, which would necessarily mean three years of similar results and it did
not happen).
It is interesting to look at the stocks whose
BEX index is constantly growing in mentioned
four-year period: Centroproizvod ad, Beograd,
Toza Marković ad Kikinda, Imlek ad, Beograd,
Metalac ad, Gornji Milanovac and Pobeda Holding Co., Petrovaradin, which means constant improvement of performance of these companies
It is interesting to compare data in Table 3 with
data on the Croatian capital market. In 2006 and
2007 in the world class companies according to
BEX index values four companies were listed:,
Konzum dd, Zagrebačka pivovara and Siemens.
Six companies were listed among the candidates
for the world class company in 2007, while in 2006
Volume 7 / Number 1 / 2012

there wasn’t single company in this rank. It should
be mentioned that the comparability of the Serbian
and Croatian economy by BEX model was significantly disrupted since BEX index for Croatian
companies was calculated before the outbreak of
financial crisis, while the BEX index for Serbian
companies was calculated for 2008 and 2009. In
this period, there appeared to be spill-over effects
of the global economic and financial crisis on the
Serbian economy. It should also be noted that BEX
model assumes a stable currency exchange rate of
domicile, which is not the case in Serbia.
One reason for the lack of high-ranked companies (world class and world class candidate according to BEX index) among the above in the Serbian
capital market is the fact that during the past few
years there has been consolidation of ownership and
the withdrawal of stocks from the stock exchange,
creating a closed joint stock companies (Galenika,
Sintelon, Hemofarm...). On the other hand some of
the big companies with majority state ownership
did not go public. In addition, through the privatization process an opportunity was missed to encourage development and stock exchange (Vladan
Pavlović, Saša Muminović 2010).
Table 4. Values of BEX indexes for period 20062009
BELEX
2006
2007
2008
2009

ex1
0,064
0,068
0,104
0,082

ex2
0,458
0,671
1,103
1,144

ex3
0,142
0,159
0,112
0,101

ex4
0,838
0,762
0,677
0,578

BEX
0,576
0,680
0,910
0,879

3 Results analysis and concluding remarks
According to BEX model, companies are classified into six categories, with companies from
the first category assessed as a world class company, expected to achieve great results in next four
years. In the sixth class of classified companies
there are those who are considered vulnerable. In
the paper, 65 companies from the Serbian capital
market was tested based on BEX model. According to the BEX models for 2009, no Serbian listed
company was eligible for classification in the first
category, i.e. no company was considered a world
class company. Only one company is considered
a candidate for a world class player. The third cat301

technics technologies education management

egory contains 12 companies, and 13 in the fourth.
In fifth category, which includes companies whose
business is considered to be on the border between
good and bad, there were 22 companies. The remaining 15 companies, according to the results of
BEX index, have endangered existence (according to the model, probability of their bankruptcy is
higher than 90%).
Unfavourable results, classify Serbian capital
market as highly risky and unattractive. It is indisputable that the current crisis has great influence
on the economy and capital markets, and thus it
also had influence on the research results. However, the results are not much better even when
considering the value of BEX index for the previous year. Justification can be partially found in the
fact that the stock market is not representative of
the Serbian economy, and that the real blue chip
companies are outside the stock exchange.
The model results are reliable only if the model
itself is reliable. BEX testing models, however, are
almost impossible. The model can be tested only at
the fifth group, which classifies companies whose
existence is endangered. The predictions of bankruptcy based on the BEX index for 2006, 2007 and
2008 in Serbia have been proved unsatisfactory.
However, it should be noted that BEX model is
not the model for prediction of bankruptcy. It was
developed with aim to evaluate the excellence of
companies and forecast their future business activities. The authors cite that “BEX model allows
assessment of excellence, and predicts success
and failure, making it a far better model than the
models aimed at forecasting the financial difficulties such as Altman, Ohlson or Argenti‘s model.”
However, predicting success with BEX index is
based on the assumption "if management continues with the improvements" (Belak, AljinovićBarać, 2007) operations, while the medium and
long term forecasting of stock prices is approximated by: "the situation and trends of BEX index,
information on management activities to improve
operational excellence and information on investment in the brand." 0However, if information on
"activities of management to improve operational
excellence and information about investments in
the brand" is at hand, perhaps BEX index is not
needed at all. Namely, classical ratio indicators
on the basis of this information provide forecasts
302

which are equally reliable. Models that take into
account non-financial information are actually
Business Excellence Model, while as the model
for prediction of bankruptcy of non-financial information is used by Argenti’s model.
Unlike the model for prediction of bankruptcy
based on the balance sheet and stock indicators, the
Business Excellence (BE) models are based on numerous non-financial parameters. BE models were
developed in previous years, primarily by the TQM
experts, while the models for prediction of bankruptcy based on rational analysis were largely developed by experts in the field of finance. The role
of the BE model is twofold, namely as a means of
assessing what a company has, and what the results
achieved for its main stakeholders, and as a means to
explain and predict how the results will be achieved
for stakeholders. (Flynn & Saladin, 2001, Kanji,
2002). (Nihal Jayamaha, Nigel Grigg and Robin
Mann, 2009) BE best known models are: Business
Excellence Model - EFQM, The Australian Business Excellence Framework (ABEF), the Baldrige
Criteria for Performance Excellence (BCPE), and
the Singapore Quality Award Criteria (SQAC). BE
models perceive the company through a number of
categories, mainly non-financial nature. For example, Australian Business Excellence Model evaluates companies based on the following parameters:
Leadership; Strategy and planning; Knowledge and
information; People; Customer and market focus;
Innovation, quality and improvement;: Success and
sustainability; Strategic direction; Organizational
culture; Leadership throughout the organization;
Environmental and community contribution; Understanding the business environment; The planning process; Development and application of resources; Collection and interpretation of data and
information; Integration and use of knowledge in
decision making; Creation and management of
knowledge; Involvement and commitment; Effectiveness and development; Health, Safety and
well-being; Knowledge of customers and markets;
Customer relationship management; Customer perception of value; Innovation process; Supplier and
partner processes; Management and improvement
of processes; Quality of products and services;
Indicators of success; Indicators of sustainability)
(Nihal Jayamaha, Nigel Grigg and Robin Mann,
2009)
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Business Excellence Model (BEX), developed
by Belak and Aljinović Barać, however, differs
from other models of BE methodologically, and
is far more reminiscent of the models for prediction of bankruptcy. Even the authors of the model
in (Belak, Aljinović-Barać, 2007) giving an overview of previous major studies on the development of forecast models, only explain models for
prediction of bankruptcy, not the BE models. Detailed view of Altman’s model in the same article
is not surprising since the structure of the model
and Altman’s BEX model is largely similar. Despite the fact that these two models have completely different purpose, Altman’s model "has no
claim in respect of the optimality of the resulting
discriminate function" (Altman, 2000), but deals
exclusively with the prediction of bankruptcy,
while the BEX model evaluates company’s excellence. Insufficient reliability of predictive methods based on rational analysis, which excluded
non-financial information encouraged Argenti to
formulate models of multiple administrative errors, in which non-financial information is given
due weight. Argenti has identified the most frequent reasons for the collapse of companies across
a range of books written by journalists (Mihajlo
Travar, Janko Cvijanović, Jelena Lazić. 2009).
Models for prediction of bankruptcy at the same
time, indicate the creditworthiness of companies
to some extent,. But it should be noted that these
models do not pretend to assess the financial position, therefore not even credit rating of the companies. Travar, Cvijanović and Lazić correctly point
out that Altman has not even monitored the Z Score
over time which is a conditio sine qua non for evaluating the financial position of the company.
Although BEX index itself is not calculated
on the basis of indicators from the capital market,
connection between the BEX indices and market
indicators is discussed. The findings are non-conclusive. Thus, for example, at the Belgrade Stock
Exchange companies with unsatisfactory results
and with growing trend of market capitalization
can be perceived. On the indicator P/B simultaneously influence both changes in market prices
of stocks and changes in the carrying value of the
stocks, which allows many extreme cases, such
as for example the case where realized losses increase the P/B ratio, even when market value is
Volume 7 / Number 1 / 2012

decreasing. Thus, the rise and fall of indicators
P/B can mean for investors both gains and losses,
depending on the movement of stock prices. Belak and Aljinović Barać state that one can expect a
significant increase in the price of those shares that
have a high index of BEX, a low P/B and low P/E
ratio, provided that there are no non-accounting
reasons which prevent this. Here we can note that
the yield (earning) (E) and the anticipated yield,
which determines the market value of shares (P)
always affect "non-accounting reasons" if the balance is realistic. If the "accounting reasons" affect
the yield and the market value of shares, then the
balance is not realistic, and if we start from the
premise that balance is not realistic, we bring into
question the very setting of BEX model, since the
model is based on the balance sheet indicators.
It should be noted that the emerging capital markets cannot be seen in the same way as developed,
not only due to greater volatility and significant deviations from normal distributions of returns, but
also because of certain figure of non-synchronous
trading. (Nikola Radivojević, Jelena Lazić, Janko
Cvijanović, 2009). All the studies show that the legality of the developed capital markets is not valid
in the Serbian capital market. Namely the "level
of market liquidity is low and persistent in Serbia.
Additionally, results confirm that time-varying
illiquidity and its volatility is highly unstable in
this market." (Boško Živkovic, Jelena Minović,
2010) For example, research (Radivojević et al.
2009) points out the limitations of the application
of modern portfolio theory in the Serbian capital
market while (Muminović, Pavlović, 2007) points
the unreliability of the application of the CAPM
model. After all, the research carried out in Croatia, indicates that the correlation between changes
in market prices of shares and actual business performance in general is very low. (Branka Ramljak,
Paško Anić-Antić, 2010)
Since the highest weight in the model are indicators of profitability, the following view can be
accepted: the model allows the extraction of high
profile companies in principle and the company's
low level of business excellence. However, due to
numerous weaknesses of the model, the authors
believe that the prognostic value of the model is
unsatisfactory.
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Abstract
Contemporary design is characterized by the
investment process approach with the previous
definition of process structure. Modern manufacturing investment to be productive, rational and
economical. Decisions about the choice of investors transfer of construction and selection of the
best performers should be the aim of modern project management, just in time, with minimal construction costs and no lack of quality. This paper
presents an algorithmic approach to the construction investment project with an analysis of optimal
choice of assignment construction.
Key words: investment building, algorithm,
norms and standards, construction assignment
1. Introduction
Consideration of the scope of preparatory works
and designing is performed after static and dynamic
planning. Good and timely performance of preparatory works are the basis for rapid and rational
performance of major works. Local conditions can
have a decisive impact on preparatory works, which
particularly depend on the amount of major works.
Rough division of preparatory works is related
to the construction of temporary roads, production
capacities for the needs of construction and accomodation capacities for workers.
Depending on location where the works are
performed, out of the populated places (the biggest construction sites) or in populated places (the
smallest construction sites) and scope of major
works, the preparatory works will also depend.
Cost of preparatory works can even amount to
35% of the value of major works [1].
Volume 7 / Number 1 / 2012

2. Simplified algorithm of the implementation of building project
Process appraoach to business with previous
defining of general process structure of investment
building is a characteristic of modern investment
designing. It is defined as a way of regulated processes for the sake of efficient, effective and costeffective designing and execution of construction
works.
Main phases of designing are activity zones
and based on them appropriate process and information-technological protocol is formed with appropriate methodologies and procedures of project
implementation.
The best examples are the papers [2, 3], which
provides an overview of one model of productioninvestment building, through the overview of
context diagram (activity limits) of the functional
model for development of production-investment
building, decomposition diagram (horizontal links
of activities), trees of activities (vertical links of
activity) of the process of information model of
production-investment building, which has replaced a few hundred pages of legal and sublegal
acts. When designing this process, standard for
functional modelling (Integation DEFinition)
was used, implemented through BPWin (Bussines
Process Windows) CASE tool [2-4]. Examples of
application of modern standards as IDEF methodology for business process improvement are presented in the works [5-12].
We have developed a simplified algorithm of
the implementation in investment building, which
consists of the following activities, in accordance
with the new Law on Planning and Construction
(figure 1) [13-15]:
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––
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Approval for construction,
Investor’s needs – concept,
General project,
Previous feasibility study,
Design project,
Feasibility study,
Building permit,
Major project,
Detailed design,
Handover of building,
Use and maintenance of facility.

Figure 1. Possible algorithm of methodology and
procedure of project implementation in investment building
3. Necessity of optimal results
To create a realistic image of the amount of resource necessary for the implementation of an investment project, it is necessary to apply appropriate standards and norms with the aim to determine
the price of project implementation.
How to reach optimal results?
Researchers in various fields have attempted
to answer the question asked through recording
and analysis of individual and group operations. It
was started with optimal sequence of operations,
optimal body position of the participants in the
process, distribution of materials, tools and machines, and to perform a process with the smallest
consumption of energy of workers, machines and
materials in the shortest period.
Optimal relations of production factors are defined as a rule or „norm“. By developing norms and
306

standards in investment building, we provide the
same level of knowledge transfer to all participants
in the process, in order to „prevent the transfer“ of
knowledge acquired from master to student.
4. Assignment of the development of technical documentation and facility construction
Sequence of steps for assignment of construction is realized through following phases: tender,
offer, contract. Tender is bidding at the public auction that is submitted in specific form, under specific conditions and in specific period. Tender is
public bidding that is submitted in specific form,
under specific conditions and in predicted deadline, and the offer is characterized by the amount
of goods or services, availability and price of resources, application of technologies and processes. When we wish to oblige the manufacturer, then
we sign a contract in written form, where deadlines and projects are specified and the investor is
obliged by the payment of the agreed price.
Development of technical documentation and
construction are assigned through public bidding or
auction, direct negotiation of by engineering system.
The investor decides on the manner of assigning the development of technical documentation
and the construction of facility.
After obtaining a right to construct, by any of
the ways of assigning the construction, the contractor is entrusted with the construction of investment facility. Figure 2 shows a diagram of considering the choice of investment contract.
Decision of the investor about the way of assigning the construction and choice of the most favourable contractoris independent, he informs all participants about his decision and signs the contract.
Figure 3 shows the model of assigning and
evaluation of offers and contracting from the aspect of investor and contractor, as well as mutual
connection of activities.
4.1. Assignment of facility construction
through collection of offers
Assignment of building of some specific objects is done by collecting written offers from the
contractors, by the free choice of the investors:
Volume 7 / Number 1 / 2012
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Figure 2. Diagram of considering the choice of investment contract [1, 13-15]
––
––
––
––

Roads,
Bridges,
Dams,
Subways etc.

On the basis of the offers collected, the investor independently decides to which contractor he
will assign the construction and he formulates the
Act of acceptance of the offer and informs all the
contractors from whom he had asked for the offers. The company to whom the construction is
assigned, i.e. whose offer is accepted with the reasons for accepting, is specifically stated in this Act.
5. Conclusion

Figure 3. Model of assigning and evaluation of
construction through offer submission and contracting from the aspect of orderer and contractor [1, 13-15]
Volume 7 / Number 1 / 2012

The aim of this paper is for the textual part of
predicted legal regulations to be shown graphically in the form of the model, algorithm or scheme.
Modern investment production should be productive, rational and cost-effective. Hundreds of written pages are replaced by a few graphs [2,3].
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Gurarantee of success is supported by modern production capacities, software support, good
technical documentation, advanced technology
and equipment and well-developed project of construction organization. Decreasing number of delays and disruptions are related to in advance observed and foreseen circumstances and conditions
under which the construction will develop and
finding adequate solutions for possible obstacles.
The fact that traditional construction is only related to talent, skill and long-term experience of
individual is still implemented in practice.
Contemporary project management does not
imply the quantity of building, but building just in
time with minimal costs of building and without
deficiences in quality [4].
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Abstract
In order to provide security and efficient web
server functioning, various mechanisms of protection are used. Active protection measures are systems
such as IDS (Intrusion Detection System), whereas
precautionary measures include various techniques
of endurance testing of web server. The aim of testing server capacity by stress test is to draw a conclusion on the system’s reaction to a large number of
users’ requests as well as to attacks like DoS (Denial
of Service) and DDoS (Distributed Denial of Service). The paper displays basic concepts of attacks
like these, including the simulation of a DoS attack.
Several various means of conducting stress testing
are also presented in the paper. Detailed case study
of stress test on the example of web site famtic.com
represents a specific solution which can be used for
testing web server endurance.
Key words: DoS, DDoS, endurance testing of
web server, stress test
1. Introduction
It can be seen that protection mechanisms are
not completely reliable, owing to which they are
effective only in some DoS and DDoS attacks.
Since it is very difficult to defend from these attacks, it is important to take as many precautionary measures as possible that, among other things,
also refer to testing web server endurance. It is
necessary to make the simulation of DoS and
DDoS attacks to test the server endurance against
such attacks. Simulation of the attacks is a kind
of preventive testing that has the aim to check the
system’s stability and reliability.
Stress testing is used in order to intentionally
flood a server with requests it is not able to process.
Endurance testing of web server implies determinVolume 7 / Number 1 / 2012

ing the server’s stability. Stress test is conducted
under usual working capacity to the point of server
flooding. This test can imply simulation of http requests by hundreds or even thousands of users. In
this way, web server performances are checked in
order that information about system’s behaviour under the circumstance of flooding could be obtained.
The whole process is performed in order that the
results i.e. server performances could be observed,
because the initial presupposition is that by knowing system performance one is able to optimize the
server as well as possible. The results obtained by
testing, such as the response time on a request, are
compared to the results expected by the users, i.e.
the longest waiting period on a requested response
that is acceptable to the users. Because of that, server optimization is crucially important to users.
Nowadays, many applications which test endurance of a server performance are being developed. Testing server endurance usually implies
stress testing which is conducted for a better optimization of a system’s performance. The essence
of this paper is based on a stress test conducted
on the concrete example, where further optimization of a web site is done according to the obtained
results. The first part of the paper explains basic
concepts related to DoS and DDoS attacks, as
well as the differences between malicious and unintentional DoS and DDoS attacks. The part about
stress testing is based on the similarities between
DoS and DDoS attacks on one side, and standard
stress test of web server on the other. Talking further about testing web server endurance, following
part of the paper displays simulation of DoS and
DDoS attack as a form of stress test, and detailed
case study on the example of web site famtic.com.
At the end, major problems during stress testing
are presented, as well as suggestions for a more
adequate testing of web server endurance.
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2. DoS And DDoS Attacks
2.1. DoS attack
DoS - Denial of Service Attack - is an attempt to make a computer resource flooded and
its aim is to prevent it from functioning properly.
The means to carry out a DoS attack may vary,
but generally they imply an organized attack on
a web site, a service, or similar, in order to stop it
function properly or at all.[1] The targets of DoS
attacks may be small websites and services, but
high-profile web servers of banks and sites such
as Microsoft.com, Facebook.com and Twitter.com
also can have problems with well-organized and
carried out DoS attacks.[2][3][4]

The attacks are done by more of them. It can be
done by hundreds or even thousands of computers
in well organized attacks. [1]
The methods of carrying out and organizing
DDoS attacks may vary. The simplest method is an
organized attack where a large number of attackers individually and at the same time carry out individual DoS attack on the same computer. The more
advanced types of this method include various "trojans" where infected computers at a predefined moment carry out individual DoS attacks. The "weakness" of such an attack is that the moment and the
computer that is to be attacked are predefined in
advance, as well as the impossibility of cancelling
the attack. The attacks with a more precise control
are mostly based on "zombie" principle, malware
infected computers controlled by "puppet master"
computer. This type of an attack is more complex; it
can change the target, timing of the attack, and also
has the ability to be cancelled.
In comparison to standard DoS attack, DDoS
attack is more difficult to carry out, but also represents a greater menace.
2.3. UNINTENTIONAL DoS

Figure 1. DDoS attack description
Saturating a computer with external requests
for communication is a frequent and simple method of attacking. In such cases, computer cannot
respond or is too slow in responding to legitimate
requests for a service to be available. The final objective of DoS attacks resetting the target computer because of the flood. Consuming the resources
temporarily can cause large harm, but resetting the
server in some cases requires a chain of other actions that must be taken by the administrators.
Denial of Service attacks are considered violations of the IAB's Internet proper use policy, and
the policies of most Internet Service Providers. In
some countries they are also considered violations
of the laws.
2.2. DDoS
DDoS - Distributed DoS Attack - is a type of
DoS attack in which flooding the target computer
resource is not done by a single computer.
310

Unintentional DoS Attack - can occur when a
web site undergoes effects similar to DoS attacks,
not due to a deliberate attack, but due to a sudden
spike in popularity. Often, it happens when a popular websites posts a link to the small websites,
which are less well-prepared for traffic, i.e. Large
number of visits in a short period.
On the day of Michael Jackson’s death a large
number of sites including Google and Twitter saw
the search by keywords "Michael Jackson" as
DDoS attack.[5][6]
The sites with news are most frequently prone
to this type of "attack" also known as "Digg effect". [7] The sites that "unintentionally break"
other web sites are Digg, Fark, StumbleUpon etc.
Since most sites target a large number of visitors and increasing popularity, DoS attacks of
this type do not require special actions, but attention should be paid to configuring anti-DoS
protection properly, since it can deny potential
"good" visitors.
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3. Endurance testing of web server - stress
testing
Generally, stress testing is a type of testing that
has the aim to determine endurance of the whole
system or certain component of the system. It consists of a series of tests which are carried out under
usual, normal circumstances in order to detect critical elements in the system. [8] The goal of stress
testing is drawing conclusions about the stability
of the system, which are obtained by overloading
the system performance.
Stress test generally consists of a certain scenario and algorithm. Testing is usually carried out
under normal circumstances to which a specific
scenario, which implies extreme or risky requirements that lead to system flood, is applied.
Stress test is performed most frequently, in order
to test web server endurance, and in this case the
server is flooded by the simulation of excessive traffic, in order to test its stability and reliability. Web
server testing is carried out by tests that simulate
too many requests for a server in a particular period
of time. In this way the degree of server endurance
in case of too many requests is determined, where
the higher degree of endurance suggests that there
is less possibility for a server to be flooded.
Excessive number of requests to the server is
usually considered malicious attack, such as DoS
and DDoS attacks. Unintentional attacks are considered to be certain activities of users that have
the effects of DoS and DDoS attacks. Stress testing includes simulation of such attacks to obtain
the results with the aim to optimize and customize
the system to endure the attacks as well as possible. A detailed test also helps determine the time
required for regular establishment of servers and
sites performance after the attack, as well as to
determine the necessary action to reduce the suffered losses. Thus, stress test is aimed at preventing effect of attack and quick handling the damage
caused by the attacks.
By stress testing the system component that is
most sensitive to overload is found, and therefore
it represents a guideline for further optimization
of the system. Also, it is important to determine
which part of the system is most exposed to the
attacks, and then to focus on improving performance of that part.
Volume 7 / Number 1 / 2012

Main reason to perform stress testing on a web
server and site is to ensure that the web server or
site should not stop working under DoS or DDoS
attacks, while, in the most usual sense, stress test
can help to ensure that a web site continues to operate even if there are many visits.
3.1. Simulation of DDoS attacks as a type of
STRESS TEST
Since DDoS attacks are one of the greatest
threats for web servers to function properly, stress
testing generally includes tests that simulate this
type of attack. Impact of DDoS attacks on server
is reflected both in bandwidth and the processing
abilities of servers. [1][9] Therefore, stress test is
design to affect the previously mentioned server
performance.
One of the characteristics of DDoS attacks is
sending excessive traffic that floods the HTTP
server, i.e. sending too many requests that the
server is unable to process in pre-defined period.
Thus, test is aimed at simulating excessive traffic.
DDoS attack works with so called "infected computers" which, in case of stress testing, can represent controlling collectors of information such
as the number of unsuccessful load of pages and
page elements, download speed et al.
One of the more general goals of DDoS simulation at a web server and site is to determine the
maximum number of visitors per day and requests
that a web site can support, as well as to determine
the weaknesses of individual web pages.
3.2. Stress Testing of a Web Server Based on
Statistical Information (Virtual Users)
Tools for stress testing are largely based on creating many virtual users with different logs and
activities. One of such test can simulate thousands
of users who access the site in pre-defined period,
where each of them, according to a predefined rule,
chooses particular links. Important parameters are
the number of requests, the errors that arise, and response time of the page at some period.
According to statistical data conclusions are
made about the shortcomings and weaknesses of
websites and servers. Stress testing can be carried
out within the perceived critical points, in order to
311
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optimize and improve them. The essence of stress
testing according to statistical data is to notice typical user profiles and with their help determine the
activities and requests of the users. Also, analysis
of statistical data contributes to finding the parts of
the system that are more exposed to requests than
the others, and testing of such parts is therefore
more important.
3.3. Stress test as an indicator of Code Optimization success
Server overload can be brought because of
many reasons, due to the excessive number of requests, as well as to too many "difficult requests"
(difficult to process). The problem of server flooding with requests may worsen inadequately optimized source code. Since the degree of server
endurance depends on the implementation of the
original code, it is important that such code is optimized in the best possible way.
The results of stress tests before and after code
refactoring, allow us to see how successful code
optimization was.
4. CASE STUDY STRESS TEST on the
example of Famtic.com
The need for detailed stress test of Famtic.com
appeared due to the site congestion at peak hours,
which is a consequence of rapid increase in the
number of visitors. With 50 to 100 concurrent users, an average period of page load was between 5
and 35 seconds. The cause for this, except obvious
unoptimization of certain parts of the site, was a
low-quality server. The goal of testing, in addition
to optimization, was to determine the quality of
the server compared to the local server, where the
exact specifications and abilities were known.
After optimization, the time it takes to load a
page was reduced by an average of 15%, but it
was concluded that optimization of code cannot
make up poor performance of the server.
4.1. Testing Background
In order to completely understand how a web
site will really work in the online version, a larger
number users should be simulated. This type of test,
312

except that it can detect additional bugs we cannot
detect using standard single user testing such as errors with SQL Transactions, can detect and prevent
errors related to poor optimization of certain pages
i.e. parts of code (Bottlenecks, i.e. small parts of the
site and code that make everything else slower).
In order to adapt a server to cope a large number of requests, test of web server endurance is
performed. Server endurance testing gives the insight in how many simultaneous requests server
is able to process. Because of this, simulation of a
large number of simultaneous users is done. The
greater the percentage of endurance, the less likely
the web server is to be flooded.
When we have a clear picture of how a website
functions when it is flooded, we can access optimization more easily. Even when the site is visited by
more visitors than expected, and a detailed stress
test have been done, we have a clearer picture of
what actions should be taken in order to reduce the
damage and enable quick recovery and functioning.
4.2. Testing Environment
At the time of testing, Famtic.com was hosted
on VPS-u (Virtual Private Server). According to
specification VPS should be 2 x Intel Xeon E5520
2.26GHz Quad-Core Processors, Kingston DDR31066 RAM, where every client has 512MB RAM
granted. OS is Windows Server 2008 with IIS 7.
Test Server is Intel(R) Core(TM)2 Duo CPU
E6750 @ 2.66GHz, 2666 MHz, 2 Core(s), 2 Logical Processor(s) with 4GB RAM in Windows 7
64bit with IIS 7.
4.3. Testcase Design
The design of tests was made according to annual statistics of the number of visits. Groups of
Virtual Users that simulate typical behavior of users on web site were created.
4.4. Statistics, monitoring and numbers
Statistics of site Famtic.com is monitored with
Google Analytics. Since the statistics works with
JavaScript, the users who visit the site with java
script turned off are not included in the statistics. Since this is the annual average (10/2009 Volume 7 / Number 1 / 2012
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10/2010), and since we need statistics for drawing general conclusions about users behavior, this
will not affect the final results. Statistics are monitored according to (GMT-07:00) Pacific Time, because most visitors are from the USA ("Americas"
45.20%, Europe 40.89%, Asia 9.31%).
–– Pages/Visit - The average number of pages
visited by the user in every visit.
–– Bounce Rate - The percentage of the users
that visit only one page. (Bounce Rate =
Overall number of the users that visit only
one page / Overall number of visits)
–– Avg. Time On Site - The average time spent
on the site.
–– New Visits - The percentage of new visitors.

Statistics of the overall number of visits on the
site (such as the average number of users on a daily,
monthly level, etc.) is irrelevant in this case. The statistics which talks about the users’ behavior and not about
the number of users was taken into consideration.
4.5. Virtual users

Figure 2. Monthly Page Views by Regions

According to the annual statistics, 3 typical
user profiles were made.
–– Virtual User A - (Person Page * 1) - "Bounce
Virtual User" - The user who visits only one
page.
–– Virtual User B - (Person Page * 2 + Image
Page * 1) - "Typical User" - The user who
visits two person pages and views one image.
–– Virtual User C - (Person Page * 1 + Image
Page * 9) - "Picture User" - The user who
views images.
–– Virtual User D - (Person Page * 1 + login
process) - "Log In User" - The user who logs
in. Login to Famtic is based on java script and
AJAX technologies, so that a special page
"logintest" is created on which simulation
of logs directly from the code is performed,
introducing log in i.e. log out methods.

Figure 3. Monthly Visits by Hours

Figure 4. Virtual Users

General Stats.
–– 2.93 Pages/Visit
–– 62.03% Bounce Rate
–– 00:01:10 Avg. Time On Site
–– 93.75% New Visits
Content Stats
–– 42.75% Pageviews are Person Page Views
–– 55.12% Pageviews are Image Page Views
–– 2.13% Pageviews are other pages (Including
Index)
Volume 7 / Number 1 / 2012

Virtual users randomly choose Person and Image pages of all prepared pages (10.000 Person
Pages, 150.000 Picture Pages). Log In/Log Out is
always done with the same user - "testuser".
According to the statistics, it can be seen that
62.03% of users visit only one page, so that it is
concluded that in 62% the algorithm simulates VU
A (one person page). VU B is chosen in 25% of
cases, VU C in 8%, and the remaining 5% is VU D.
Because of different size and number of files,
links, comprehensiveness of biography etc., it is
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necessary to do a minimum of 1000 actions of Virtual Users in order to obtain a better average value.

Figure 5. Initial Page Loading Tests
In stress tests the fact that users behave differently on the site and perform testing for only one
type of action is often overlooked. Creating custom test type according to the statistics of traffic
and user behavior on the site, leads to more accurate results of the real usage of a web site.
With standard testing methods (with no user
profile) we get a clear picture of the slowest parts of
the site. With the help of testing with the profile of
users, we try to find a solution that will accelerate
the site maximum as it is possible (even a small acceleration of the most visited pages can be a greater
gain of speed, than a far greater optimization of the
page visited by a small number of users).

of try / catch (which was an omission in the previous version) etc. Significant changes in the code itself could not be done. Image page had a better optimization, but functionality was partially changed
(thumbs of pictures were left out), so that the most
important part of optimization was actually performed at the level of functionality (leaving out the
unnecessary items) and not at the level of code.
Optimization of the code in this case is difficult to
present by using only measurements of 100 or 1000
pages load. When initializing the site, web application "pulls across" a large number of data and initial "turning on of the site" may take several tenths
of second until the first page is displayed. Global
caching of site (i.e. of all persons and images) can
be turned off, but then you get weaker results of the
tests, because there are more SQL queries.
Although the results of optimization attempts
were successful, as can be seen on the results of
stress tests, the final results were not satisfactory
because a bad server and shared hosting affect more
to the performance than a good site optimization.

4.6. Initial Tests
The need for optimizing the code (and for possible changes to the server) appeared when a large
number of users noticed that sometimes it takes
over 30 seconds to wait until the page loads.
Figure 5 shows the results of 10 measurements
within 60 min, with a break of 6 min after each
measurement. Several tests were conducted but
they all had similar results.
We were not able to draw a general conclusion based on these measurements, except that the
download speed drastically changes by the minute (the measured differences in 60 min were once
over 600%).
4.7. Stress Test Results
The results before and after code optimization
can be seen in Figure 6. Since the test was carried
out on a local test machine, all parallel users were
on only one computer. Optimization of person page
is the result of a "more intelligent" usage of dates
(i.e. parsing the date from string), avoiding the use
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Figure 6. Results Before and After Optimisation
4.8. DoS and DDoS attack test
Since a specific solution and the test on only one
server are concerned, the obtained results cannot
be analyzed in order to draw conclusions about the
overall protection from DoS and DDoS attacks, as
well as Stress testing itself. The test results are clear
indicator of the server condition of Famtic.com is
in, but this results cannot be used for the analysis of
different web servers and web sites.
The aim of the simulation was to determine the
maximum number of visitors per day that a web
site can support, as well as any major weaknesses
of certain pages under DoS attacks. Simulation of
DoS attacks is carried out only on a public server,
Volume 7 / Number 1 / 2012
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not on the local test server. Hosting company was
not informed of the simulated DoS attacks.
It is important to point out that during the creation of simulation, the structure and background
functioning of the site was completely familiar
with. The advantage of knowing the functioning
of a website was the ability to focus on familiar
and expected vulnerabilities, while the flaw was
non-creativity in writing DoS simulations, i.e.
someone who really wants to perform a DoS attack, could have a different approach from the
simulated ones and cause greater damage.
The simulation was done with four computers (Serbia, Serbia, Sweden, USA), which communicated with web services, i.e. web service was
issuing commands that "infected" computers performed. The control was done with the help of a
web site, where web service was also placed.
"Infected computers" used software written
in. NET 3.5 SP1. Apart from the components for
communication with web service, they only possessed the code for downloading pages or images.
WebClient client = new WebClient();
string result = client.DownloadString("http://
www.famtic.com");
The essence of the code is in two lines. An instance of the WebClient class is created, and then
DownloadString method is introduced (String
link) which downloads the HTML pages. By inserting this code into an infinite loop even inexperienced programmers can perform basic version of
DoS attack in three lines of code.
Simulation of Famtic DoS attacks was carried
out in steps:
–– Testing the home page without images HTML generation test.
–– Testing the home page with images- a test
of number of simultaneously loading pages
–– Testing Person page without images
(Harrison Ford)
–– Testing Person page with images (Harrison
Ford)
Except the number of completed cycles, all the
"infected" computers also remembered the number of unsuccessful pages and images uploads, as
well as the speed required for download.
The test lasted 20 min. The site was unavailable for over 15 minutes. Within a period of 180
Volume 7 / Number 1 / 2012

min, the hosting company notified us about the
"excessive" spending of resources on shared hosting, which "may" be the consequence of DoS attacks, faulty script or similar.
4.9. Future Work
When creating the concept of the test the list of
measured items also included:
Time in queue - The time that should pass before the download of a given file starts.
DNS lookup time - The time required for finding host IP address
Connect time - The time required for establishing connection with the server.
Redirect time - The time lost due to redirecting
(HTTP status code of 301, 302, 303 or 307).
Time to first byte - The time required for taking
the first byte from the server.
These are standard items encountered in the tests
like these. At the example of famtic.com the values
of these items were not currently significant for improving the performance of web site. In further implementations (especially at the moment of the server
change), this values will be taken into consideration.
Simulation of different browsers (Chrome, Firefox, Internet Explorer, Opera, Safari) and crawlers
(GoogleBot, MSNBot, Yahoo! Slurp) was neglected because optimization of HTML for all browsers
was same (specifically only IE 6.0 version differs
in a few lines of code at the dynamic level (html is
rendered in a different way)). If we develop this test
in a more open direction, which will include testing other web sites, these opportunities will be paid
special attention to.
5. Conclusion
Since the problem of attacks on web servers is
ever evident, certain precautionary measures have
to be taken. Since preventive mechanisms are often not sufficiently effective, any kind of protection can be applied only in some cases of DoS and
DDoS attacks. Although the essence of DoS and
DDoS attacks may be simple, the greatest problem with these attacks is that they are easier to run
than to fight against. In order to counter the attacks
successfully the system for attacks should be adequately optimized and prepared. The success of
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the protection depends on the attack itself, i.e. on
the way it is performed, so it is important to understand the essence of one such attack, which can be
best achieved by simulating DoS or DDoS attacks.
The aim of carrying out stress testing is to test
server endurance to attacks and request flood. The
degree of server endurance should be regarded as an
important indicator during the taking of precautionary measures against malicious attacks. By testing
endurance, the system performances under normal
conditions are also being verified, in order that the
results according to which the server is further optimized should be obtained. The test results indicate
that actions should be taken to reduce damage caused
by the attacks. Another also important feature of testing web server endurance is that we are able to test
the stability of the server that directly affects users.
The aim of the stress tests carried out on the example of famtic.com is determination of maximal
number of visitors per day that the web site can
support, as well as finding major weaknesses of
some pages during the attack. The test consisted of
simulation of DDoS attacks and request flood with
the help of virtual users. Test results are used for
analyzing the shortcomings and code refactoring.
This kind of a test is a specific solution related to
a single server, so the obtained results cannot be used
to draw general conclusions about protection against
DoS and DDoS attacks, but may represent guidelines in testing web servers and websites endurance.
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Abstract
Electricity markets are similar to financial markets and electricity prices have properties similar
to the financial ones. However, there are distinct
characteristics of electricity prices that are very
different from financial markets. These characteristics of spot electricity prices will be the main focus of this paper. The existence of these characteristics that have been observed in other electricity
markets will be examined in the Nord Pool Spot
electricity market for the selected data set.
Key words: price spikes spot, seasonality,
electricity markets, volatility.
1. Introduction
Several approaches exist to electricity market
analysis, including application of general economic methods. However, to draw conclusions about
properties and functioning of electricity markets,
specific characteristics of electricity as “a merchandise“ which is traded, have to be taken into
account. Technical limitations and economic rules
mutually intertwine in electricity markets, while
the fact that electricity cannot be stored in large
quantities and in economically acceptable manner
has particular impact. The foregoing requires equilibrium of production and consumption (supply
and demand) at every moment. Relatively small
changes in production or consumption may cause
signicificant changes in electricity prices within
only a couple of hours. Therefore, the analysis of
electricity prices dynamic is of a great importance
for decision-making in the electricity markets,
particularly because of the fact that methods for
risk management and option pricing rely on developing models which can assess the dynamics
of electricity prices. Hence, the essential properties of electricity markets and in particular the spot
Volume 7 / Number 1 / 2012

prices1 are of the highest importance for proposing
appropriate models for price forecasting.
There are several reasons why it is important
to analyze data from a spot electricity market.
The functioning of an organized electricity market is relevant for formation of referential prices
and appropriate statistical models to be used for
the competition analysis and electricity price forecasting. Moreover, appropriate models of price
dynamics are also of importance because of the
specific nature of deregulated electricity markets,
which is similar to the functioning of financial
markets. Specifically, options, futures and forward
markets also exist in electricity market and serve
as financial markets for price protection and risk
management. For example, in the case of the Nordic electricity market, Nord Pool Spot, the market
members can protect buying and selling of electricity within the time span up to four years, using
derivatives which are continuously traded [L1].
Although electricity markets are similar to financial markets, and electricity prices have properties similar to financial ones, electricity prices
have distinct properties which significantly differ
from those in financial markets, primarily high
volatility and considerable seasonal variations
[L2]. These properties of electricity prices appear reflect the fact that there is no simple way to
equalize jumps of supply and demand, given that
the storage of electricity is complicated and expensive. Furthermore, congestions on a transmission network may also result in jumps of electricity spot prices, evidently marking the periods between the congestion and normal circumstances.
In general, dynamics of electricity prices in liberalized electricity markets is characterized by the
following [L3]:
1

In this paper the term spot market implies an organised day-ahead
market, and spot prices imply prices of hourly products in an
organised day-ahead market.
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1. seasonal changes (daily, weekly and yearly
cycles),
2. high volatility,
3. mean-reversion,
4. frequent price jumps.
The foregoing properties of electricity spot
prices, so-called stylized facts of electricity prices,
will be the main focus of this paper. The existence
of these properties which have been observed
also in other electricity markets will be examined
in the Nord Pool Spot electricity market2 for two
selected data sets for the analyzed period from 1
January 2005 to 31 December 2007. One data set
includes prices for the so-called peak hour, that
is the hour in which electricity price reaches its
maximum daily value. The other set refers to the
electricity prices for the so-called off-peak hour,
that is, an hour in which the electricity prices has a
minimum daily value.
Nord Pool Spot is the biggest electricity market
in Europe and one of the oldest electricity markets in the world, and the first international market
in the world. In addition, Nord Pool Spot is also
famous for being one of the most advanced and
most liberalized electricity markets in the world.
Moreover, today Nordic market serves as a model
for restructuring other electricity markets [L4].
Three markets are active in the Nord Pool Spot:
the market for physical delivery (the spot market) for one day ahead Elspot, the balance market
Elbas, for trading in a real time and the financial
market Eltermin.
This paper focuses on the spot electricity market
Elspot. Spot price in the Nord Pool Spot electricity
market is a referential price for bilateral wholesale
market in the Nordic region, and it is also used as a
reference for the prices which electricity distributers charge their final consumers. Apart from that,
price of electricity in the Nord Pool Spot serves
as a referential price for financial contracts used
in trading in the Nord Pool financial market [L1].
Since the so-called 'stylized facts' of electricity
prices may be analyzed only utilizing some statistical tools, the paper will discuss some techniques
used for the time series analysis that is sequences
2

We use prices from organized day-ahead electricity market Elspot
(within Nord Pool Spot) where hourly products are traded by auction.
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of (random) numbers. Time series analysis is also
based on the assumption that the measurements
are done in the equal time steps. Unlike financial
data, this precondition is fully satisfied for the data
from electricity markets. The data on spot electricity prices and other variables (production, consumption, availability of production units, etc.) on
the electricity exchange are collected 24 hours a
day, 365 days in a year. This offers a unique opportunity to fully use the statistical methods accordingly [L2].
2. Determination of prices in electricity
markets
In a deregulated electricity market, a price is
defined as a ratio between supply and demand. In
the Nord Pool Spot electricity market, the electricity price (Elspot) is formed on an hourly basis for the next 24 hours in a auction procedure
where participants in the market submit their bids
for the electricity buying and selling. This market has some physical limitations in transmission
network, both between the member countries and
within some countries. In cases when the demand
for transmission capacities exceeds the available
transmission capacities, Nordic electricity market
is then divided into the so-called bidding areas
(Elspot areas) [L1].
Participants in the spot electricity market determine how much electricity they are willing to
buy or sell at a price. For every hour of the next
day, the participants bids meet in the supply and
demand curves. The supply curve is composed of
aggregate bids of participants for selling in terms
of price and quantity. Similarly, the demand curve
is composed of aggregate bids of participants for
buying, also in terms of price and quantity. Combination of price and quantity, that is where the
curves of supply and demand exactly match, the
market price is formed (so called market clearing
price, MCP) and quantity (market clearing volume, MCV) [L5].
Simply speaking, the market price (MCP) in
the ideal case corresponds to the variable cost of
generation of the most expensive generation unit
which needs to be engaged so as to satisfy the total
demand. The variable cost of generation for this
unit is its present marginal cost that is the cost of
Volume 7 / Number 1 / 2012
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the increasing production for one additional unit.
When the electricity generation is engaged according to the merit order, that is from the generation units with the lowest marginal cost up to the
marginal cost of the latest needed generation unit,
at every moment the supply and demand curves
meet at the point of the lowest possible price, resulting in the cost-effective allocation of production resources in the electricity market [L6].

Figure 1. Price determination principle in Nord
Pool Spot electricity market (Source: Swedish
Regulatory Agency)
All participants in the market who submitted
their bids for selling at a price equal or lower than
MCP will be able to sell their offered quantities of
electricity at the market price (MCP), while those
participants who submitted their bids for selling
at a price higher than MCP will not be able to sell
any quantity of electricity. As a result, all available electricity generation is auctioned under the
same terms and conditions and it is allocated the
same economic value, regardless of the generation
technology. Similarly, all market participants who
submitted their bids for buying at prices equal
or higher than MCP will buy that quantity of the
electricity at the market price (MCP), while those
participants who submitted their bids for buying
below MCP will not buy any electricity.
In the market which is characterized by perfect
competition, participants in selling are not incited
to submit their bids which do not correspond to
their marginal costs. Namely, the bids of individual
participants have no significant effect on the equilibrium price. In a case that one of the participants
submits the bid which exceeds his marginal costs,
he exposes himself to the risk that he would not be
Volume 7 / Number 1 / 2012

able to sell his generation. Therefore, all market
participants act as 'price-takers' and all selling and
buying in the spot market is carried out at the market price (MCP). Consequently, that market price
in the spot electricity market is a wholesale price.
This price also serves as a referential price for the
bilateral trade of electricity [L7].
3. Price analysis in nord pool spot electricity market
For the analysis of the Nordic electricity market, the data of hourly based system spot prices
from the Nord Pool Spot market are used. The
data for this research was obtained from the Nord
Pool Spot, originally on an hourly base for the period of 16 years, starting from 4 May 1992, when
the Nord Pool Spot commenced its work. In order
to describe recent market behavior, time period
from 1 January 2005 to 31 December 2007 was
selected for the analysis. This paper focuses on
the analysis of peak hour, that is an hour when the
price is the highest, and the ‘off-peak' hour, that is
the hour when the price is the lowest. In this paper,
in order to mark the different processes for 'peak'
and ‘off-peak' hours in the electricity spot market,
two separate series of prices have been formed. In
this way, two series of data from the original trade
data on a 24-hour basis have been obtained. Both
data series refer to the interval from Monday to
Sunday. Each series contains 1.095 data.
Information about individual, specific hours
play a significant role in the electricity market, although this way of analysis may anticipate a loss of
some information contained in the data with more
frequent trade interval. However, some companies
use the electricity within a defined profile during a
day, which differs from the standard contracts for
the basic and peak loads. These companies may
request the conclusion of contracts only for several hours per day. For the purpose of evaluation
of those contracts, the participants in the market
have to evaluate the expectations and risks for certain hours, and thus they cannot rely only on the
analysis of average daily prices. This is also the
case with the risk management, formation of derivatives' prices and contract structuring [L8].
For the purpose of selection the 'peak' and 'offpeak' hour, the analysis of hourly system spot
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prices was carried out for the entire set of available daily hourly data on a 24-hour basis, starting
from 4 May 1992 till 31 December 2007. For this
time period the lowest average price is the price
of the 4th hour in the morning, while the highest average price is the price of 9th hour in the
morning. Moreover, the maximum recorded price
in the Nord Pool Spot electricity market for the
entire analyzed sixteen-year long time period was
the price in the 9th hour in the morning. This is
a reason why the 9 hour a.m. was selected as the
'peak' hour, while the 4 hour a.m. was selected as
the 'off-peak' hour.
The overview of statistical values for daily spot
prices for the 'peak' and 'off-peak' hours for the selected time period from 1 January 2005 to 31 December 2007 is shown in the Table 1. The following statistical values have been calculated for both
data sets: mean, median, maximum, minimum,

standard deviation, most frequent value, variance,
skewness, kurtosis, coefficient of variation and
Jarque-Berra statistics.
In the Nordic area, the highest electricity consumption is in winter periods, since the majority of
households use electricity for heating. On the other hand, summers are characterized by the lowest
consumption, because the usage of air conditioners
is a rarity since summers are mild. In the analyzed
time period (2005-2007), the highest spot price for
the peak hour (9h a.m.) was in January 2006 and
it reached 799,11 NOK/MWh on 23 January 2006.
The highest price for the off-peak hour (4h a.m.)
was also in 2006, recorded 602,62 NOK/ MWh,
and was surprisingly recorded in summer, on 26
August 2006. The highest average monthly spot
price in 2006 was recorded also in August. These
unusually high prices for summer were caused by
a very low level in the Nordic hydro accumulations

Figure 2. Nord Pool Spot system prices from 1 Jan 2005 to 31 Dec 2007.
Left panel: ‘peak’ hour; Right panel: ‘off-peak’ hour
Table 1. Overview of the statistical values of system13 prices for the ‘peak’ and ‘off-peak’ hours in Nord
Pool Spot electricity market for the period from 1 January 2005 to 31 December 2007

3

Mean (NOK/MWh)
Median (NOK/MWh)

'Peak' hr
304,0247
271,6300

'Off-peak' hr
249,7492
225,7800

'Peak' hr
0,9414
3,9054

'Off-peak' hr
0,6359
3,3390

Maximum (NOK/MWh)

799,1100

602,6200

Minimum (NOK/MWh)
Standard deviation (NOK/
MWh)
Most frequent value (NOK/
MWh)
Variance (NOK/MWh)

36,7200

23,6800

Skewness
Kurtosis
Coefficient of
variation
Jarque-Berra

0,3847

0,4189

199,1450

79,0303

116,9650

104,6122

Critical value

5,9350

5,9350

257,7400

201,7800

JB p-value

0,0000

0,0000

1,3681e+004

1,0944e+004

On calculation of the market price in Nord Pool Spot market, so-called system price is the first calculated price. This price is the uniform price for the
entire region. In a case of congestion in the transmission network, so-called zone market prices are calculated.
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at the same time when several nuclear reactors in
Sweden were off for technical reasons [L9].
The lowest prices for the peak hour were in August 2007, and the lowest was 6,72 NOK/MWh on
19 August 2007. For the 'off-peak' hour, the lowest
prices were also recorded in August 2007, and the
lowest was 28,57 NOK/MWh on 17 August 2007.
In general, the electricity situation was more favorable in 2007, which resulted in the reduction of
electricity prices [L10].
For the peak hour, the standard deviation is
116,96; the lowest price is 6,72 NOK/MWh, and
the highest 799,11 NOK/MWh. For the off-peak
hour, the standard deviation is 104,61; the lowest
price is 23,68 NOK/MWh, and the highest price
is 602,62 NOK/MWh. The coefficient of variation (the standard deviation divided by median)
measures the degree of variation of price in relation to the median. For the peak -hour, the variation coefficient is 0,38, while for the off-peak
hour it is 0,42.
Distribution characteristics of the both series
indicate non-normal distribution. The asymmetry
coefficient is 0,64 for the off-peak and 0,94 for the
peak hour, which means that both series of spot
electricity prices are positively curved, which yet
indicates higher probability of a big increase rather than decrease of prices. The kurtosis coefficient
for both series is also higher than 3 and it is 3,34
for the off-peak and 3,90 for the peak-hour hour,
which indicates the leptokuric distribution, that is
more elongated distribution in relation to the normal distribution.
For the purpose of testing of a null hypothesis
that the distribution of prices is normal, JarqueBera statistics and corresponding p-values are calculated. These results are indicated in the Table
1, showing that all p-values are less than 0,001 of
significance level. This suggests that the null hypothesis may be rejected. It means that the spot
price for both hours cannot be well-approximated
by the normal distribution. The analyzed data set
is given in the Figure2 showing system prices for
the 'peak' and 'off-peak' hours in NOK/MWh.
Given that the price processes of both data sets
have the so-called 'spiky ' shape, the focus will not
be on the real price values, than on the value of the
logarithmic return. We recall that the return is usually defined as a relative change of prices:
Volume 7 / Number 1 / 2012

rt =

pt +1 − pt ........................... (1)
pt

While the logarithmic return is defined as the
logarithm change of prices:
rt = log pt +1 − log pt ...................... (2)
For small changes of prices (up to few percents), the foregoing definitions are more or less
equivalent. However, for the major changes of
prices, which is the case with the electricity spot
prices, these discrepancies may be large. The advantage of consideration of logarithmic return lies
in the fact that it actually constitutes an additive
stochastic variable. The simple return, on the other
hand, does not have this feature [L2]. Having in
mind the spike shape of price process, this paper
will be exclusively focused on the logarithmic return of prices. The logarithmic return of prices for
the selected data set from the Nord Pool Spot electricity market are shown in the Figure 3.
3.1. Seasonal changes of electricity prices
In general, the seasonal movements of electricity prices occur due to the need for the equilibrium of electricity supply and demand in the real
time, along with the set cyclical demand, which
consequently leads to the cyclic nature of electricity prices [L6]. However, the seasonal component
of prices in the electricity exchange is much more
distinctive than in other markets. Moreover, several different seasonal movements can be observed
in the electricity prices, such as daily, weekly and
yearly cycles [L11].
The seasonal demand fluctuation, that is the
electricity consumption, mainly occur due to the
changes of business activities level or climate conditions, such as temperature or number of daylight
hours. On the other hand, on the supply side, that
is electricity generation, there may also be seasonal variations, like for example in the case of hydro
power plants, whose production significantly depends on the precipitation volume and snow melting which varies from season to season. Therefore,
seasonal fluctuations in demand and supply reflect
on the seasonal behavior of electricity prices. Furthermore, congestions of transmission network
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Figure 3. Nord Pool Spot log-returns of system prices from 1 January 2005 to 31 January 2007
Left panel: ‘peak’ hour; Right panel: ‘off-peak’ hour
may also reflect on jumps of spot electricity prices,
by clear marking of periods between congestions
and normal circumstances, without congestion of
transmission network.
In the Figure 2 yearly fluctuations of prices
(high prices in winter and low prices in summer)
in the Nord Pool Spot electricity prices can be easily observed. Moreover, system prices of Nord
Pool Spot are characterized by large fluctuations
and so-called outliers. However, the general level
of these series tends to be highly constant along
with the possible mean reversion.
In the Nordic region, the unique mixture of
electricity sources combined with the weather
conditions significantly affects the generation and
consumption of electricity. The substantial share
of hydro power plants which makes almost all
Norwegian and a half of Swedish generation capacities (Table 2) has a substantial impact on the
level of electricity produced from other sources,
which is the reason why precipitation volume is
vital for the analysis of price dynamics. In addition, the Nordic region has much colder winters
than any other part of Europe, which significantly
affects the level of consumption, considering that
a large number of households use electricity for
heating. In other words, the increase in demand in

winter combined with a yearly hydrological cycle,
it is hydro power plants accumulations are full in
spring and fall, leads to strong effect of seasonal
components in electricity spot prices [L4].

Figure 4. Electricity generation in the Nordic region for the period 2005-2007
Source: NordREG

Apart from yearly variations, weekly variations are also significant, because of 'working dayweekend' structure. Figure 5 indicates seasonal
variations of a daily average spot price for three
weeks in randomly selected months (February and
August 2007). The difference is evident between
the curves of prices for the two seasons, winter and
summer. In winter period the prices are higher, because the demand is much higher, since electricity

Table 2. Installed generation capacities in the Nordic region (MW) (Source: NordREG)
Denmark
Nuclear plants
Thermoelectric plants
Hydroelectric plants
Wind Power plants
Total capacity installed
322

9.899
9
3.124
13.032

Finland
2.651
11.137
3.031
81
16.900

Norway
890
29.043
380
30.313

Sweden
9.074
8.005
16.209
780
34.068

Nordic Region
11.725
29.931
48.292
4.365
94.313
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is used to a great extent for heating and lighting. In
summer, however, the usage of air-conditioning is
fairly rare due to mild summers, which results in a
significantly lower consumption and lower prices
of electricity. It is also evident that both in winter
and summer the prices on working days are higher
than for weekend, when most of business facilities
are closed.

Figure 5. Average daily system spot prices in
Nord Pool Spot for winter (5 February – 25 February 2007) and summer (6 August – 26 August
2007) periods
3.1.1. Spectral analysis and periodogram
Spectral or harmonic analysis is used for examination of cyclic data movement. The goal of
the analysis is to divide the time series with cyclic
components into several basic sinusoid functions,
of specific wave lengths. In essence, the wave
length is expressed in frequencies (number of cycles per a time unit), commonly marked with ω.

Numerous natural phenomena have frequencydependant variability. Apart from that, understanding of frequency dependence may give information about fundamental physical mechanisms. The
spectral analysis and its main tool periodogram
may be used purposefully in that regard [L2].
On Figure 6 periodograms for logarithm returns of spot prices from the Nord Pool Spot for
the analyzed 'peak' and 'off-peak' hours are given.
For the 'peak' hour data, weekly fluctuations can
be easily observed, due to the weekly fluctuation
in demand in the Nordic region, reflecting the
'working day- weekend' structure. In general, this
property is common for the highly intensive energy industries, which affects the dynamics of prices. In the Nordic region, a share of the intensive
energy industry is relatively high, for this industry
makes around 1/3 of the total electricity consumption [L9]. On the other hand, seasonal variations
of hydroelectric plant accumulation levels are the
main reason for yearly constancy of prices in the
Nord Pool electricity market.
The 'peak' hour indicates a clear peak in the frequency ωk = 0,1428, which corresponds to 1/ωk =
7-day interval. Lower peaks, in the frequencies ωk
= 0,2857 and ωk = 0,4292, indicate the intervals of
7/2 = 3,5 and 7/3 = 2,33 days, respectively. Both
peaks are the so-called harmonics (more than 7-day
frequency interval), suggesting the non-sinusoidal
7-day period. However, in the case of the 'off-peak'
hour, the periodogram is quite unclear, due to many
mixed periods. The peaks are not so clear, which
suggests that the yearly cycle is irregular.

Figure 6. Assessment of spectral density of system spot prices (log-returns) in Nord Pool Spot for
‘peak’ hour (left) and ‘off-peak’ hour (right) for the observed period from 1 January 2005 to 31 December 2007
Volume 7 / Number 1 / 2012
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Doubtless, special attention should be given
to the seasonal variations in the analysis of electricity market data. Indeed, a substantial seasonal
variation is a stylized fact of the electricity price
and is common in most electricity markets. As it
is presented in this paper, seasonal variations are
also present in the prices for the 'peak' hour in the
Nord Pool Spot electricity market.
3.2. Volatility of prices in electricity markets
Yet another 'stylized fact' for the spot electricity
prices is their unusually high volatility, incomparably higher that in any other financial or other commodity markets. For hourly spot prices in electricity markets it is not uncommon that the volatility
on a yearly basis is higher than 1.000% for hourly
products [L12]. Such a high volatility is mainly a
result of outages of generation and transmission capacities and the need for real time balancing in the
electricity market because it is impossible to store
electricity. Even temporarily, it is hard to correct the
imbalance between supply and demand in electricity markets in a short period of time. Consequently,
dynamics of prices in the electricity markets are far
more extreme than in other markets.
Volatility of prices in electricity markets may
be (at least) one order of magnitude higher than
volatility for traditional and well-studied financial
markets and markets of other goods. As an illustration, volatility (standard deviation of returns)
measured on a daily scale (that is, for the daily
prices) in different markets are following [L2]:

–– for the treasury records and notes – less than
0,5%
–– for stock markets – moderate, around 1-1,5%
–– for goods like crude oil or natural gas – from
1,5% to 4%
–– for electricity markets – prices show extreme
volatility, up to 50%.
In finances and economy, (historic) volatility is
used for measurement of fluctuations that is the
risk which may be related to the holding of property. Formally, it is defined as a standard deviation
of returns:

s D t (t , T ) = [rD t (t ) − rD t (t ) T ]2

1
2
T

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

In the above equation, ⋅ T marks (example)
the average taken during the time of the variable
T (around the time t). If T (or t) is not expressly
given, it is assumed that the averages in the foregoing equation can be calculated by taking all
available data (average samples). Empirically, it
can be often found that the average returns are
rather low (as a result of the distribution of return
which is close to the symmetrical one), so that

s D t (t , T ) ≈ r 2 D t (t )

1/ 2
T

.

Using the equation (3), it is easy to calculate
the time-dependable volatility σΔt (t,T).
This paper analyses the properties of volatility
of Nordic spot market for the time period from 1
January 2005 to 31 December 2007 for the 'peak'
and 'off-peak' hours. Figure 7 indicates logarithm
returns and 7-day volatility for the analyzed data

Figure 7. Nord Pool Spot prices (log-returns) and logarithm volatility averaged for 7 days for the time
period from 1 January 2005-31 December 2007. Left panel: ‘peak’ hour (9h a.m.); Right panel: ‘offpeak’ hour (4h a.m.)
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set. In the case of 'off-peak' hour, averaged 7-day
volatility for the mentioned period is 10,8%, while
in the case of 'peak' hour, the volatility is even more
extreme and reaches 17,5%. This level of volatility
in the Nord Pool Spot market is rather high in comparison with financial markets. Indeed, the high level of volatility is generally common property of deregulated electricity markets. However, Nord Pool
Spot market is in fact famous for this ‘low’ volatility. It is considered that other liberalized electricity markets are considered to have higher volatility.
Mari (2006) [L13] calculated the volatility of prices
in the Nord Pool Spot for the basic load for the time
period from 2 January 2001 to 30 September 2004
and concluded that the volatility in the Nord Pool
Spot has the lowest value (10%), significantly lower than the calculated values in other analyzed electricity markets (APX, EEX, Powernext i EXAA).
On the other hand, the measured volatility level in
the Nord Pool Spot exchange is far above the volatility of well-studied financial markets [L12].
So-called volatility clustering, that is the time
period when the volatility is consistently higher
than in other periods, can be easily noticed from
Figure 7. Moreover, volatility clustering is yet another of well-studied stylized facts for electricity
markets. Figure 7 explicitly indicates that that this
is a truly common feature also for the analyzed
Nord Pool Spot electricity market. As a rule, volatility clustering, log-normal distribution and longterm correlations are distinct features of electricity
market volatility [L12]. For the Nordic market, the
cyclic dynamics of time-dependent volatility can
be observed form Figure 7. Furthermore, volatility shows dependence on the level of prices, and
that is strongly evident when the spot price is low.
Figure 7 clearly indicates that the level of prices
depends of the volatility of the lowest spot price.
For the higher prices, nevertheless, the volatility
is a little or not at all dependent on the spot price.
Precisely, the fall of volatility does not exist for
the highest price levels (for the spikes).
3.3. Sudden changes and electricity price jumps
Along with the significant seasonal variations
and high volatility, electricity prices in spot markets
show not so frequent, but very sudden changes or
jumps. Apparently, electricity market is specially
Volume 7 / Number 1 / 2012

characterized by sudden and generally unexpected
extreme changes of spot prices. In a very short period of time, price can suddenly go up and then fall
to the previous level. Although rapid increases of
prices are usually temporary, they make a great part
of the total variations of spot prices [L3].
In spite of their rarity, price spikes are special motive for designing protection from sudden
changes of electricity prices. Companies which are
not ready to manage risks resulted from price jumps
can find themselves in a situation that their yearly income disappears within only hours. In other
words, price jumps are one of the most important
reasons for including discontinuous components in
realistic models of electricity price dynamics [L5].
Price jumps usually occur due to the sudden
failures of generation capacities and /or failures on
transmission network, which leads to a dramatic
increase of electricity prices in a very short period
of time. However, price jumps periods are fairly
short in general, and shortly after removal of the
cause of failures (for example stormy weather), or
after normal functioning of electric system is restored, prices go down to the normal level [L6].
Price spikes, nevertheless, are usually interpreted as a consequence of a sudden increase of
demand, thus when demand reaches the limit of
available capacities, electricity prices show positive spikes. In periods of low demand, electricity
prices fall. Due to the operational costs or limited
generation units which cannot be adapted to a
new demand level, negative price spikes may occur. From modeling point of view, price jumps are
unpredictable discontinuations in pricing process,
that is short time intervals where the price process
shows non -Markovian dynamics where the prices
significantly rise or fall continuously [L3]. The
typical explanation of this occurrence is a very
nonlinear supply /demand curve, combined with
the lack of possibility to store electricity.
In the Nordic electricity market, the extreme
weather conditions during winter result in the sudden increase of electricity consumption, because
the most of the households use the electricity for
heating. Apart from that, the extreme weather usually leads to sudden failures of network or production capacities, which particularly in case of
dry hydrology conditions, results in sudden price
jumps in the Nord Pool Spot exchange [L10].
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3.3.1. The real cause for price jumps
The answer to the question what actually
causes price jumps in the electricity markets is
fairly unexpected. In fact, the real reason which
causes the price jumps in the centricity market
lies in the bidding strategies of participants in the
electricity market [L2]. In fact, for the great majority of market participants, electricity is the key
commodity on which their final products depend.
In order to maintain a reliable and safe electricity supply, some participants are willing to pay
almost any price.. Therefore they regularly submit their bids within the maximum allowed price
range ('price cap'; currently 2.000 €/MWh in the
Nord Pool Spot electricity market [L1]). In fact, in
the auction market with a uniformed price, MCP
price is what the buyer must pay for every unit,
regardless of his initial bid, as long as the bid is
above or equal to spot price. Apart from this type
of strategy, the worst possible scenario is that a
buyer must pay such a high price for every of 24
hourly products. In general, there will always be
buyers who are ready to pay a significant amount,
in order to satisfy their electricity needs, and the
suppliers who are aware of these strategies, and
submit their bids accordingly, aiming at increasing
their own profit. Consequently, these strategies of
bidding used by market participants result in the
price jumps in electricity markets.
4. Conclusions
Technical limitations and economic rules mutually intertwine in electricity markets, while the
fact that electricity cannot be stored in significant
quantities and cost-effectively have particular influence. The foregoing requires the equilibrium of
electricity generation and consumption (supply
and demand) at every moment. Relatively small
changes in electricity generation or consumption
may cause significant changes of electricity prices
within hours. Therefore, analysis of electricity
price dynamics is of a great importance for decision-making in liberalized electricity markets.
In general, dynamics of prices in electricity
markets in liberalized electricity markets is characterized by the following: seasonal changes (daily,
weekly and yearly cycles), high volatility, mean326

reversion and frequent price jumps. Price jumps
lead to so-called fat-tailed distribution of price returns as well as extreme volatility of prices, which
can be up to even two orders of magnitudes higher
than in other markets. Characteristics of seasonal
price dynamics, on the other hand, reflect in meanreverting nature (return to mean value) of spot
prices on a daily, weekly and yearly time scale,
but not on an hourly basis.
This paper gives an overview of some tools
used for detection, quantifying and modeling specific properties of electricity prices. These tools
are used to examine and prove the existence of the
mentioned common properties of electricity prices
in the Nord Pool Spot electricity market. Regardless of the fact that the Nord Pool Spot is one of
the most stable organized electricity markets, it
also demonstrates price instability (volatility) and
sudden price jumps.
Due to the foregoing, participants in electricity
markets are constantly exposed to significant price
risk. Thus analysis and understanding of the specific characteristics of electricity prices is essential
for selection of appropriate models for electricity
price forecasting.
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Designing of a Diffusion Bonding Device by
using Solidworks 3-D Design Software
Yılmaz Gur
Mechanical Engineering Faculty, University of Balıkesir, Turkey

Abstract
This article describes the designing of a solidstate diffusion bonding device using 3-D design
software named Solidworks. Designing of the
geometry parametrically by the mentioned design software gives some flexibility to the design
phase. Even tough there is a possibility to lengthen
the design stage because of repetitions of geometrical modifications and computer aided analysis,
on the other hand it will certainly shorten the product lead time.
Diffusion bonding device mainly consists of
three base units; diffusion bonding unit, argon gas
purification unit, and temperature and power control unit. This article deals only with the designing
of the main diffusion bonding unit, which actual
diffusion bonding realized, by Solidworks.
Many details related to the design can be foreseen and any deficiency can be fixed during the
design stage. Considering many processes and parameters in the design phase will make the system
more user-friendly from the perspectives of time,
cost and workforce.
Key words: Diffusion bonding, Solidworks,
3-D design

ods is not possible and the diffusion bonding can
be used to bond these materials[2][3][4]. Lee and
Huh simulated the super plastic-forming process of
diffusion bonding process using finite element analysis[5]. They developed a finite element code and
applied it to blow-forming processes. Orhan Khan
and Eroğlu showed that diffusion bonding of micro
duplex stainless steel and Ti-6Al-4V alloy is possible[6]. Juan, Yaijang and Haijum studied diffusion
bonding of Fe-28Al alloy with Cr18-Ni8 austenitic stainless steel under vacuum environment and
investigated microstructure and reactive phases in
the joint[7]. Chen, Soh and Ke modelled molecular
dynamics of Cu–Ag diffusion bonding and showed
that the thickness of the interfacial region depends
on the pressure applied on them[8].

1. Introduction
Owczarski and Paulonis defined the diffusion bonding process as “Diffusion bonding is a
solid-state welding process wherein coalescence
of contacting surfaces is produced with minimum
macroscopic deformation by diffusion-controlled
process, which is induced by applying heat and
pressure for a finite interval”[1].
Guo and Ridley and Aleman, Gueterrez and
Urcola mentioned that diffusion bonding has been
used for bonding of all the materials whose chemical and metallurgical properties are not compatible
because of the bonding of metals, alloys, ceramics,
and composites using the classical welding meth328

Figure 1. Diffusion bonding device [9]
Owczarski and Paulonis and Guo and Ridley
emphasized that in the recent years, bonding is
applied to air craft, space and defence industries,
and nuclear power stations, where high strength
welding is required[1][2]. Moreover, at gas filling
stations, freezers, and cooling stations, where aluminium and copper pipe connections are required,
Volume 7 / Number 1 / 2012
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heat transfer and density factors are considered
during their assembly. If fixed connections are
considered, it is better to make the diffusion bonding under the vacuum environment. However,
initial investment necessary for this method is so
high that it is not desirable. Despite the drawback
mentioned above, diffusion bonding under protective argon gas environment is more suitable. This
article deals with the diffusion bonding device,
which realizes bonding process under protective
inert argon gas environment.
2. Diffusion bonding device
Çelik studied on the diffusion bonding of FeCu material couple and designed and constructed
a diffusion bonding device during her PhD study.
The diffusion bonding device basically consists of
two steel cylinders, one within the other. There exists a heating furnace, which is specially isolated
and made by Kanthal firm, in the internal cylin-

der. The pressure to be applied on the specimens
is provided by a lever with weights hanging from
it, with the lever occupying the upper side of the
device. 99. 99% purified argon gas is delivered to
the device from the lower side (see fig.1)[9].
In this study, a diffusion bonding device is
designed by Solidworks 3-D designing software
Solidworks Corp. [10]. The 3-D designing software has parametric designing features (see Fig.
2). The device consists of the assembly of the following parts; 1. Top cover 2. piston bed 3. upper
piston 4. specimen 5. lower piston 6. cylindrical
body 7. heater holder 8. heater cover 9. heater 10.
pressure lever base 11. bottom cover 12. pressurelever seating part 13. lever bearing 14. pin 15.
pressure-lever pin 16. supporter 17. M15 washer
18. M15 bolt 19. M9 washer 20. M9 bolt 21. lever
22. M12 bolt 23. M12 bolt gas insertion part 24.
upper piston stopper 25. thermocouple connection
part 26. pressure centralization part 27. lower piston stopper 28. lower piston bed (see fig. 3).

Figure 2. Assembly of the diffusion bonding device
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Figure 3. Transfer of the assembled parts of the diffusion bonding device onto a Solidworks technical
drawing page and numbering

Figure 4. Exploded view of the diffusion bonding
device
Each part constituting the diffusion bonding
device is designed separately and parametrically.
The designed parts are saved under different file
names. Those parts are then inserted into the assembly page, and mating relations are defined.
That is, bottom-up design method is used.
If any part has to be used in the assembly more
than once, there is no need to draw it every time
330

when necessary. It is quite sufficient to insert multiple copy of the part. For instance, 8 pieces of
M12 bolts are needed for the device and only one
file is created for it and inserted to the assembly 8
times. Then, all those parts are joined together by
defining mating relations between them. Thus, it
is possible to see and control whether there is any
collision between the parts and whether there is
any deficiency in the system. That is, all the processes can be controlled and easily changed during the design stage.
After 3-D assembly of the device is completed,
it is fairly easy to transfer the assembly and parts
into a technical drawing page and to get technical
drawing documents and cross-sections (see fig.3),
wherever necessary, exploded views of the assembly (see fig. 4), bills of materials, and also highquality textured presentation output of the device
and parts because of the capability of the Solidworks design software.
As seen in Table 1, bills of materials are created automatically by Solidworks. That is, total
weight of the device, the amount and/or quantity
of the materials to be used, and eventually cost of
Volume 7 / Number 1 / 2012
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the device can be calculated during the designing
because the material of each part is defined at the
design stage.
Table 1. Bills of Materials prepared by Solidworks

Furthermore, when the diffusion bonding device is designed using the Solidworks design software, all the geometrical representations of the
device can be analyzed using analysis programs
such as CosmosWorks, which is closely integrated
with Solidworks program for static analysis applications, and CosmosFlow, which is a computational fluid flow analysis software to simulate heat
distribution, fluid flow, etc.
References

Consequently, both design stage and detailing
and documentation processes can be completed in
a short time. Moreover, every stage of the design
processes is integrated with each other; any modification applied to any part or assembly, assembly
or part, is separately updated. That is, if a part is
edited, the same part should not be edited manually in the assembly because Solidworks updates it
automatically, which makes the design of the diffusion bonding device more flexible and the design time is shortened.
3. Conclusion
Designing of the diffusion bonding device using
Solidworks program helps gain flexibility to the design phase. Meanwhile, many details related to the
design can be anticipated and any deficiency can
be fixed at the design stage. For instance, it can be
examined if the parts work together by observing
whether they collide with each other using the collision detection feature of the program. Also, considering many processes and parameters in the design phase will make the system more user-friendly
from the perspectives of time, cost and workforce.
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Abstract
This paper describes the application of AHP and
Fuzzy AHP methods within the service company
engaged in drawing architectural projects. AHP
method is of crucial importance for supporting the
decision-making process in the field of technology
management, especially when it comes to evaluation and selection of technological alternatives.
Fuzzy AHP method represents the elaboration of
standard AHP method, and allows for taking into
consideration the imprecision and mistakes while
assessing criteria and alternatives. The result obtained by using the Fuzzy AHP method matches the
result obtained from the standard AHP method. At
the same time, it draws attention to some possibilities not apparent in case of standard AHP method.
The real example supported by AHP methodology
explicitly reveals the qualitative aspects present in
the field of technology management, technological
evaluation and selection, which could be formalized and structured in a way that brings results in
the form of quantitative estimates.
Key words: methods of evaluation and technology selection, AHP method, Fuzzy AHP
1. Introduction
The real example supported by AHP methodology explicitly reveals qualitative aspects present in
the field of technology management, technological
evaluation and selection, which could be formalized and structured in a way that brings results that
are basically quantitative estimates. This could be
seen as a significant support in making decisions
that concern the matters of strategic technology
management, especially in the field of technology selection. [1] This paper presents a practical,
real example of the application of AHP and Fuzzy
AHP methods in the procedure of choosing new
technology due to an increase in business level
within MIS-ING Company.
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MIS-ING d.o.o., an architectural design studio,
today employs six workers who are all Bachelors
of Science in Architectural Engineering. All six of
them hold a license issued by the Serbian Chamber
of Engineers, and they are held responsible for every project in front of the Chamber. Every designer
is granted a special project. However, if the project is of bigger quadrature, or the agreed deadline
is perhaps too short, several designers are assigned
to one project. Studio’s core activity is projects' design. In addition, it offers services of expert monitoring over the construction process. The process of
project designing consists of the next few stages:
deal making; invention of conceptual solution with
the consent of the investor himself; production of
conceptual project based on conceptual solution;
obtaining the 'construction permit' based on conceptual project; main project design; measuring and
estimate based on the main project.
In addition to project design, designing a 3D
computer model is also an important process that
allows not only the investor, but the designer as
well, to get an insight into how the object will actually look like in the end. Back in the past, such
an insight was provided by model making, but the
computer version is much faster, profitable, and
flexible. This process is important in early stages of project design. Smaller companies usually
prefer outsourcing for designing 3D models, but
MIS-ING rather opted for the in-house solution.
Therefore, one of the designers was trained for
working with the software tools for 3D modeling.
The last stage of project design - measuring
and estimate, that is, document preparation, could
also be outsourced. MIS-ING rather chooses independent document preparation in case of small
and medium-size objects, while the job is assigned
to external employees in case of a big-size object.
Moreover, the company hires mechanical, electrical and civil engineers for project design since it
doesn't employ them on a regular basis. Managing
Volume 7 / Number 1 / 2012
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director assesses that the outsourcing is more profitable solution since these engineers are not needed
on regular basis. The company is also known for
taking part in competitions. This activity differs
from designing itself because the job is not agreed
yet – instead, the conceptual project is offered parallel with the competition, and only one project will
be accepted. This means that the time spent on project design would be considered lost if the project
was refused. The process of 3D modeling is very
important for competitions, the same as the chief
designer's/designers' experience, and reference for
participants in the form of previous projects.
The second chapter gives a basic demonstration of AHP method. The third chapter briefly describes basic principles of fuzzy theory and fuzzy
numbers that are being used in Fuzzy AHP method. The fourth chapter presents us with basic principles of fuzzy AHP method and the method of
converting the problem statement from the form
being used in the standard AHP method into the
form being used in the fuzzy AHP method. The
fifth chapter gives a practical example of the application of AHP method, while the sixth chapter
gives an example of fuzzy AHP method for the
same business case. Finely, the chapter number
seven introduces us with the final study.
2. AHP method
AHP method (Analytical Hierarchy Process) is
of crucial importance for supporting the decisionmaking process in the field of technology management, especially when it comes to evaluation
and selection of technological alternatives. AHP's
baseline is the assessment of relative weights –
importance of elements, i.e. attributes of a model
previously structured in the hierarchy form. [2]
AHP method is one of the best-known and most
commonly used method of multiple criteria decision making over the past few years. It's popularity is mostly thanks to the fact that it is very close
to the method in which an individual intuitively
solves complex problems by decomposing them
to more simple ones. The second reason is an
excellent quality software called Expert Choice,
which is also available in demo version. [3]
This method allows the decision-maker to include his own subjective point of view, experience,
Volume 7 / Number 1 / 2012

knowledge and intuition into the decision-making
process. AHP examines both quantitative and qualitative data and combines them through decomposition of complex problems into the hierarchy-shaped
model. Every level of hierarchy consists of several
elements. Elements at the same level are mutually
independent, but comparable. The structure presumes that the elements of any level are influenced
by the elements of the level immediately above.
The pairwise comparison of hierarchy elements
(goals, criteria, and alternatives) is carried out in
top-down direction. After the comparison follows
the synthesis of all assessments, and the weight coefficient of hierarchy elements is being determined
in accordance with strictly defined mathematical
model. The sum of elements' weight coefficients at
every level of hierarchy equals 1, which makes it
possible for the decision-maker to rank all the elements in horizontal and vertical sense. [4] AHP
actually represents the implementation of a highly
structured process of factor comparison based on
hierarchy. The fundamental steps of AHP application are as follows: problem structuring, data collection, assessing relative weights, determining
problem solution. [5]
Hierarchically structured decision-making
model generally consists of the goal, criteria, several sub-criteria levels, and alternatives. Figure 1.
[6] shows the example of a hierarchy consisting of
two criteria and three alternatives. The goal is to be
found at the top of hierarchy and it is not subject
to comparison with other elements. The next level
encompasses criteria that are being compared with
each other, and also with regard to the goal that is
positioned directly above. The same procedure is
then applied all the way down through hierarchy,
until the last level undergoes the mutual comparison of alternatives with respect to superior criteria
at the previous level. When N attribute of a certain
level is being compared, it takes N(N-1)/2 comparisons. For model presented on the diagram, one
needs to form a comparison matrix with respect
to the global goal (of the following dimensions –
2x2), and two comparison matrices at the last level
(dimensions – 3x3), in relation to elements Criterion 1 and Criterion 2.
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Figure 1. Example of hierarchy in AHP model
The basic input within AHP are the responses
of decision-makers to a series of questions which
generally go like this: How important is the criterion/alternative A1 by comparison with criterion/
alternative A2? The respondent here uses all available data – from the exact 'hard' to 'soft' – own
assessments, experiences, or forecasts. Responses
are obtained in the verbal form, after which the
so-called 9-point scale – Saaty's rating scale [1] is
being used for adequate quantitative expression of
the importance of criteria or alternatives, i.e. both
the criteria and the alternatives.
S = {1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 3,
4, 5, 6, 7, 8, 9}
Following the comparison of elements, the
pairwise comparison matrices are formed for each
level of hierarchy. If N elements are mutually
compared with respect to certain element at the
level directly above it, then: while comparing element i with respect to element j, by using a 9-point
scale, the numerical coefficient aij is being determined and placed in adequate position within matrix A. The reciprocal value of comparison results
is then placed on aji position in order to preserve
How important isA1in
comparison to A2?
Equal importance
Weak dominance
Strong dominance
Demonstrated dominance
Absolute dominance
Intermediate values
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Importance
1
3
5
7
9
2, 4, 6, 8

the judgment consistency. For example, if element
A1 was evaluated as demonstrated dominant by
comparison with element A2, then the value 1/7
will be assigned to A2 by comparison with A1.
The second half of the comparison matrix, i.e. the
values under the diagonal are actually reciprocal
values of grades above the diagonal. All values on
given diagonal equal 1, since this is the result of
comparing the element with itself.
The next step is to determine the eigenvector of
the comparison matrices. In order to get the matrix
eigenvector, one first has to sum up all matrix elements in every column respectively, and then to
divide every matrix element with the sum obtained
for the column where the element is located in the
first place. These values are then summed up by
rows. The sum of rows is normalized by dividing
the sum of each row with the number of rows. The
result of these calculations is the priority vector that
represents the matrix eigenvector.
The ranking is carried out based on calculated total weights of every element with respect to superior
levels, up to the highest one. In the end of this analysis, global priorities are obtained by performing synthesis of all local priorities. Computing the weight
vectors of consecutive levels will lead us to composite normalized vector for the overall hierarchy.
The application of AHP methodology in decision-making process in the field of technology
management could be seen as a) the application
regarding problems that could be structured in the
form of hierarchy, where the elements of the given
level are independent, but at the same time comparable with the elements belonging to the same level.
The structure starts with the assumption that the
elements of any given level are influenced by the
elements of a level directly above; b) application
by using Expert Choice software tool for support
to decision-making, such as the well-known NewTech system that refers to new technologies. [7] [8]
Explanation

Two elements contribute equally to the objective
Experience or judgment slightly favor one element over another
Experience or judgment strongly favor one element over another
Dominance of one element is demonstrated in practice
Dominance is of the highest possible order
Grades in between five basic grades
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3. Fuzzy theory and fuzzy numbers
This chapter gives a brief survey of basic principles of fuzzy theory that are necessary for understanding of ideas presented in this paper.
Fuzzy logic is a multi-valued logic where the
truth-value of a statement could occupy the entire
interval [0, 1] unlike the classic binary logic where
there are only two logic values - 0 and 1 (false
and true). Owing to its capability of expressing the
'approximate' logic value, fuzzy logic is being successfully applied for approximate reasoning [9].
Fuzzy logic defines basic logic operations by
analogy with operations that exist in classical logic: and, or, negation and implication. We should
note that there are several different definitions
of these operations, but the selection depends of
practical application.
The main contribution of fuzzy set theory in
context of decision support systems is its capability of representing vague data[10].
Fuzzy theory introduces fuzzy sets, fuzzy
membership functions and fuzzy numbers. Fuzzy
membership functions determines to what extent
some item belongs to some fuzzy set. It allows
full membership, not membership at all, but also
partial membership, in contrast to crisp sets which
allow only full membership or non-membership
at all. A fuzzy number is an approximation of a
real number r. Intuitively, it is a measure of how
well M(x) “approximates” some real number r
[11] [12]. A fuzzy number M is a convex normalized fuzzy set, characterized by a given interval of
real numbers, each with a grade of membership
between 0 and 1.
Different types of fuzzy numbers (like triangular and trapezoidal) can be used depending of specific application. Triangular fuzzy numbers (TFN)
are often used because of their computational simplicity.
TFNs are defined by three real numbers, expressed as (l, m, u). The parameters l, m, and u,
respectively, indicate the smallest possible value,
the most promising value, and the largest possible
value that describe a fuzzy event [11]. A triangular
fuzzy number, M is shown in Figure 2.
Membership functions for fuzzy numbers are
described as:
Volume 7 / Number 1 / 2012

0, x < l
( x − l ) /( m − l ), l £ x £ m

µ (x / M ) = 
(u − x) /( u − m), m £ x £ u
0, x > u

Figure 2. Triangular fuzzy number
Operations on triangular fuzzy numbers which
are of interest for this study are addition, multiplication and inversion, and they are defined as follows:
(l1,m1,u1)+(l2,m2,u2)=(l1+l2,m1+m2,u1+u2)
(l1,m1,u1)·(l2,m2,u2)=(l1·l2,m1·m2,u1·u2)
(l1,m1,u1)-1≈(1/u1,1/m1,1/l1)
4. Fuzzy AHP method
Fuzzy AHP method represents the elaboration
of a standard AHP method into fuzzy domain by
using fuzzy numbers for calculating instead of real
numbers [13]. The application of fuzzy numbers
gives more flexibility to this method and allows
for imprecision and mistakes while evaluating criteria and alternatives. The calculating procedure
remains unchanged, except the operations are now
applied on fuzzy numbers.
Based on the standard matrix of criteria comparison within AHP method, fuzzy matrix of criteria
comparison is formed by setting the admissible deviation d, after which all real values within the matrix are replaced with fuzzy vales. Fuzzy values of
some real value r for deviation d equal (r-d, r, r+d).
Table 1 a) Matrix of goal comparison with real
values
c1
c2
c3

c1
1
1/r21
1/r31

c2
r12
1
1/r32

c3
r13
r23
1
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Table 1 b) Matrix of goal comparison with fuzzy values
c1
c2
c3

c1
(1, 1, 1)
(1/(r21-d), 1/r21, 1/(r21+d))
(1/(r31-d), 1/r31, 1/(r31+d))

c2
(r12-d, r12, r12+d)
(1, 1, 1)
(1/(r32-d), 1/r32, 1/(r32+d))

c3
(r13-d, r13, r13+d)
(r23-d, r23, r23+d)
(1, 1, 1)

Table 2. Matrix of alternatives comparison with fuzzy values
c1
a1
a2
a3

a1
(1, 1, 1)
(1/(r21-d), 1/r21, 1/(r21+d))
(1/(r31-d), 1/r31, 1/(r31+d))

a2
(r12-d, r12, r12+d)
(1, 1, 1)
(1/(r32-d), 1/r32, 1/(r32+d))

The same as in the case of standard AHP method, all values along the main diagonal equal 1,
while all values within the matrix are positive and
reciprocal with respect to the main diagonal.
Matrices of comparison between alternatives for
each criterion are formed the same way. (Table 2)
The calculation of matrices is performed the
same as in the case of standard AHP method, except
for using adequate operations for fuzzy numbers.
The calculation consists of the next few steps: [9]
–– The sums of fuzzy numbers are calculated
for columns
(sum for column j)
–– After that, all elements in one column of
the matrix are divided with the sum of that
column, which is obtained in the preceding
step. In this way, we get the matrix containing
the values of elements of the starting matrix
divided with the sum of column
–– The next step is to calculate the sums of
fuzzy numbers for classes within the matrix
obtained in the previous step
(sum for class i)
–– The medium values of classes are also
calculated by dividing the sum per classes
(obtained in the previous step) with the
number of columns
The same procedure is applied for the criteria
matrix and all matrices of comparison between alternatives.
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a3
(r13-d, r13, r13+d)
(r23-d, r23, r23+d)
(1, 1, 1)

In the end, we need to calculate the composite
normalized vector the same way as in the case of
standard AHP method, where the end vector also
contains fuzzy values.
Then we need to compare the obtained fuzzy
values in order to rank technological alternatives.
Figure 3 shows the comparison between two
fuzzy numbers. [9]

Figure 3. Comparison of two fuzzy numbers M1
and M2
Formula used for calculating the truth value of
fuzzy comparison is as follows:

The degree of possibility for a convex fuzzy
number M to be greater than the number of k convex fuzzy numbers Mi (i = 1, 2,…, k) can be given
by the use of the min operations [9]:
V(M ≥ M1, M2, …, Mk) = V[(M ≥ M1) and
(M ≥ M2) and … and (M ≥ Mk)] = min V(M ≥
Mi), i = 1, 2, …, k.
5. Application of AHP method in a design
studio
In order to present the essence of this method,
the application of AHP method and calculation
method will first be represented trough real example of technology selection in a design studio.
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Due to an increase in business level, MIS-ING
Company has decided to procure new technology.
The selection was brought down to four possibilities: Production of typisized blocks for CAD software; Procurement of a software for automatized
pre-measurements and pre-calculations; Procurement of A0 printer and additional equipment for
document making, and; Working in 'virtual offices' (work from home).
Production of typisized blocks would make it
possible to use previously made, standardized objects in the process of project design. This would
significantly facilitate and accelerate the process
of project design. When it comes to this technology, cash assets would not represent a direct cost,
but the time consumed by workers.
Procurement of a software for automatized premeasurements and pre-calculations would allow
for the automatization of this part of the project
design process, which is assigned to external employees in case of big-size objects. This actually
slows down the entire process since new pre-calculations must be made for every change in the
project. However, making pre-measurements and
pre-calculations is a time-consuming job even in
the case of small-size projects. Therefore, the procurement of this technology would increase the efficiency in this segment as well.

Procurement of A0 printer and additional
equipment for document making allows the production of all necessary documentation, as well
as project printing within the company itself. This
would increase the flexibility since the mistakes
could be corrected immediately, without delay,
and it would also cut the costs of project design
since the price of printing services is quite high.
Work in 'virtual offices', i.e. work from home,
means that the company's designers would design
projects at home, and possible cooperation on
bigger projects would be made possible by using
information-communication technologies. The
advantages of such work are the reduced costs
of working space, as well as greater flexibility of
workers (working hours at will, etc.).
After investigating the global goals of this company and its current condition, we have chosen the
following criteria for technology selection: introduction costs; compatibility with existing solutions; influence on the flexibility of project design;
time needed for introduction; market demands.
The tree of importance for practical example is
represented on Figure 4.
The determined group of adequate comparison matrices for the example displayed on Figure
4 is represented with the real model displayed in
Table 3.

Figure 4. AHP model
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Table 3. Real example of relative importance matrices
5 0. 2 0 2 0.14 
 1
 0. 2 0 1 0.5 0 1 0. 2 0 
A1


A2
 5
Criteria
A3
2
1
3 0.33  Conclusions down
A4


A5
 0.5 1 0.33 1 0.13 
 7
5
3
8
1 

A1:

B1
B2
B3
B4

A2:

B1
B2
B3
B4

A3:

B1
B2
B3
B4

B1

A4:

A5:

B2
B3
B4

B1
B2
B3
B4

 1
 0.11

 0.11

 1

9
1
1
9

9
1 
1 0.11 
1 0.14 

7
1 
1
5
 1
 1
1
2

 0. 2 0 0.5 0
1

 0.5 0 0.33 0.33
 1 0.33 0.5 0 1 
3
1
1
3 

2
1
1
3


 1 0.33 0.33 1 
5 2
1 
 1
 0. 2 0 1 1 0.33 


 0.5 0 1 1 0.33 


3 3
1 
 1

The final order under criterion A1 is: B1–B4–B3–B2

2
3 
3

1

2
0.33 2 
 1
 0.5 0
1
1
3 

 3
1
1
2


 0.5 0 0.33 0.5 0 1 

In this example, the final values of alternative technology weights could be represented the next way:
WB 1
WB 2

0 . 4 6 0 9
0 . 3 8 6 4




0
.
0
5
1
2
 + 0 . 0 7 2 6 × 0 . 3 2 4 2 +
=0.1365 × 
0 . 0 5 4 7
0 . 1 7 6 0
WB 3




WB 4
 0 . 4 3 3 1
0 . 1 1 3 5
 0 . 1 4 2 3
0 . 3 8 2 8




0
.
3
8
2
9
 + 0 . 0 6 2 0 × 0 . 1 1 0 5 +
+ 0 . 2 1 8 3 ×
0 . 3 4 7 2
 0 . 1 3 8 3




0 . 1 2 7 6
0 . 3 6 8 5
 0 . 2 5 7 3 0 . 2 4 7 8

 

0 . 2 6 4 7   0 . 2 4 4 1
+0.5105 × 
=
0 . 3 5 8 4 0 . 3 0 1 2

 

 0 . 1 1 9 6   0 . 2 0 7 1

338

The final order under criterion A2 is: B1–B2–B3–B4

The final order under criterion A3 is: B2–B3–B1–B4

The final order under criterion A4 is: B1–B4–B3–B2

he final order under criterion A5 is: B3–B2–B1–B4

The highest rank upon the completion of calculation by using AHP method is given to alternative for which the value of the importance number
equals 0.3012. With respect to given comparison
matrices, the final order of technological alternatives is as follows: B3 > B1 > B2 > B4
6. Application of fuzzy AHP method in a
design studio
This chapter gives an example of the application of fuzzy AHP method for the same business
case given in the preceding chapter. Table 4 displays the fuzzy matrix of criteria comparison.
Volume 7 / Number 1 / 2012

technics technologies education management

Criteria

Table 4. Fuzzy matrix of criteria comparison
A1
A2
A3
A4
A5

(1,1,1)
(4.5, 5, 5.5) (0.2 2, 0.2 0, 0.18) (1.5, 2, 2.5) (0.15, 0.14, 0.13) 

 (0 . 2 2, 0.2 0, 0.18)
(1,1,1)
(0.6 6, 0.5 0, 0.4)
(1,1,1)
(0.2 2, 0.2 0, 0.18) 

 (4 . 5, 5, 5.5)
(1.5, 2, 2.5)
(1,1,1)
(2.5, 3, 3.5) (0.4, 0.33, 0.28) 


(1,1,1)
(0.4, 0.33, 0.28)
(1,1,1)
(0.14, 0.13, 0.2) 
 (0.6 6, 0.5 0, 0.4)
 (6.5, 7, 7.5)

(4.5, 5, 5.5)
(2.5, 3, 3.5)
(7.5,8,8.5)
(1,1,1)

Fuzzy matrix of alternatives comparison under
criterion A1

A1

B1
B2
B3
B4

(1,1,1)


 ( 0.12, 0.11, 0.10 )
 ( 0.12, 0.11, 0.10 )

(1,1,1)


9
9
(1,1,1) 
 (1,1,1)
 0.11 (1,1,1) (1,1,1) 0.11 


 0.11 (1,1,1) (1,1,1) 0.14 


9
7
(1,1,1) 
 (1,1,1)
( 8.5, 9, 9.5 ) ( 8.5, 9, 9.5 )
(1,1,1)
(1,1,1)
( 8.5, 9, 9.5 )

(1,1,1)
(1,1,1)
( 6.5, 7, 7 .5 )

(1,1,1)

( 0.12, 0.11, 0.10 ) 
( 0.15, 0.14, 0.13 ) 

(1,1,1)


Calculation of a composite vector
WB 1
 0 . 4 5, 0 . 4 6, 0 . 4 7 


WB 2
0 . 0 5, 0 . 0 4, 0 . 0 4 

= ( 0 . 1 3, 0 . 1 4, 0 . 1 2 ) ×
+
 0 . 0 5, 0 . 0 5, 0 . 0 4 
WB 3


WB 4
 0 . 4 2, 0 . 4 3, 0 . 4 4 
 0 . 3 6, 0 . 3 8, 0 . 3 9 


0 . 2 9, 0 . 3 2, 0 . 3 3 

+ ( 0 . 0 9, 0 . 0 7, 0 . 0 6 ) ×
+
 0 . 1 8, 0 . 1 7, 0 . 1 5 


 0 . 1 3, 0 . 1 1, 0 . 0 9 
 0 . 1 6, 0 . 1 3, 0 . 1 1 


0 . 3 5, 0 . 3 7, 0 . 3 9 

+ 0 . 2 1, 0 . 2 2, 0 . 2 2 ×
+
 0 . 3 1, 0 . 3 4, 0 . 3 4 


 0 . 1 4, 0 . 1 2, 0 . 1 0 
 0 . 3 5, 0 . 3 8, 0 . 3 9 


0 . 2 9, 0 . 3 2, 0 . 3 3 
+ 0 . 0 7, 0 . 0 6, 0 . 0 4 × 
+
 0 . 1 5, 0 . 1 3, 0 . 1 1 


 0 . 3 4, 0 . 3 6, 0 . 3 7 
 0 . 2 3, 0 . 2 5, 0 . 2 6 


0 . 2 7, 0 . 2 6, 0 . 2 5 
+ 0 . 4 9, 0 . 5 0, 0 . 4 2 × 
 0 . 3 2, 0 . 3 5, 0 . 3 7 


 0 . 1 4, 0 . 1 1, 0 . 0 9 
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 0 . 0 5, 0 . 0 6, 0 . 0 5   0 . 0 3, 0 . 0 2, 0 . 0 2 

 

0 . 0 1, 0 . 0 1, 0 . 0 1   0 . 0 2, 0 . 0 2, 0 . 0 1, 

=
+
+
 0 . 0 1, 0 . 0 1, 0 . 0 1   0 . 0 1, 0 . 0 1, 0 . 0 1 

 

 0 . 0 5, 0 . 0 6, 0 . 0 5   0 . 0 1, 0 . 0 1, 0 . 0 1 
 0 . 0 3, 0 . 0 2, 0 . 0 2   0 . 0 2, 0 . 0 2, 0 . 0 1 

 

0 . 0 7, 0 . 0 8, 0 . 0 9   0 . 0 2, 0 . 0 1, 0 . 0 1 
+
+
+
 0 . 0 6, 0 . 0 7, 0 . 0 7   0 . 0 1, 0 . 0 1, 0 . 0 1 

 

 0 . 0 3, 0 . 0 2, 0 . 0 2   0 . 0 2, 0 . 0 2, 0 . 0 1 
 0 . 1 1, 0 . 1 2, 0 . 1 0   0 . 2 4, 0 . 2 4, 0 . 2 0 


 
0 . 1 3, 0 . 1 3, 0 . 1 0   0 . 2 5, 0 . 2 5, 0 . 2 2 

+
=
 0 . 1 5, 0 . 1 7, 0 . 1 5   0 . 2 4, 0 . 2 7, 0 . 2 5 

 

 0 . 0 6, 0 . 0 5, 0 . 0 3   0 . 1 7, 0 . 1 6, 0 . 1 2 

Obtained fuzzy numbers are compared in a
way described in Chapter 4.
V B1/ B 2 ( B 2 ³ B1 ) =
=

L1 − U 3

( m3 − U 3 ) − ( m1 − L1 )

=

=

0. 2 4 − 0. 2 5
− 0.01
=
= − 0.0 5
( 0. 2 7 − 0. 2 5 ) − ( 0. 2 5 − 0. 2 4 ) 0.0 2

V B1/ B 4 ( B 4 ³ B1 ) =
⋅

( m2 − U 2 ) − ( m1 − L1 )

0. 2 4 − 0. 2 2
0.0 2
=
= 0.6 6
( 0. 2 5 − 0. 2 2 ) − ( 0. 2 4 − 0. 2 4 ) 0.0 3

VB1/ B 3 ( B 3 ³ B1 ) =
=

L1 − U 2

L1 − U 4

( m4 − U 4 ) − ( m1 − L1 )

⋅

0. 2 4 − 0.12
0.12
=
= 3.0 0
( 0.16 − 0.12 ) − ( 0. 2 4 − 0. 2 4 ) 0.0 4

→ min.= -0.05
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VB2 / B3 ( B 3 ³ B 2 ) =

L2 − U 3

=

( m3 − U 3 ) − ( m2 − L2 )

0. 2 5 − 0. 2 5
=
=0
( 0. 2 7 − 0. 2 5 ) − ( 0. 2 5 − 0. 2 5 )

=

(

(

( m4 − U 4 ) − ( m2 − L2 )

=

L2 − U 1

( m1 − U1 ) − ( m2 − L2 )

=

0. 2 5 − 0. 2 0
0.0 5
=
= 1. 2 5
0. 2 4 − 0. 2 0 ) − ( 0. 2 5 − 0. 2 5 ) 0.0 4

V B 3 / B1 ( B1 ³ B 3 ) =

L3 − U 1

( m1 − U1 ) − ( m3 − L3 )

VB3/ B2 ( B 2 ³ B 3 ) =

(

L3 − U 2

( m2 − U 2 ) − ( m3 − L3 )

=

0. 2 4 − 0. 2 2
0.0 2
=
=0
0. 2 5 − 0. 2 2 ) − ( 0. 2 7 − 0. 2 4 )
0.

VB3/ B4 ( B 4 ³ B 3 ) =
=

L3 − U 4

( m4 − U 4 ) − ( m3 − L3 )

=

0. 2 4 − 0.12
0.12
=
= 12
0.16 − 0.12 ) − ( 0. 2 7 − 0. 2 4 ) 0.01

→ min.= 0
V B 4 / B1 ( B1 ³ B 4 ) =
=

(

(

L4 − U 1

( m1 − U1 ) − ( m4 − L4 )

=

− 0.0 3
0.17 − 0. 2 0
=
= − 0.0 6
0. 2 4 − 0. 2 0 ) − ( 0.16 − 0.17 ) 0.0 5

VB4 / B2 ( B 2 ³ B 4 ) =
=

L4 − U 2

( m2 − U 2 ) − ( m4 − L4 )

=

− 0.0 5
0.17 − 0. 2 2
=
= − 1. 2 5
0. 2 5 − 0. 2 2 ) − ( 0.16 − 0.17 ) 0.0 4
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=

0.17 − 0. 2 5
− 0.0 8
=
= − 2.6 6
0. 2 7 − 0. 2 5 ) − ( 0.16 − 0.17 ) 0.0 3

After comparison we get the next ranking of
technological alternatives:
B1 = - 0.05
B2 = 0
B3 = 0
B4 = -2.66
B2 – B3 – B1 – B4

B3– B1 – B1 – B4

=

0. 2 4 − 0. 2 0
0.0 4
=
=
=4
( 0. 2 4 − 0. 2 0 ) − ( 0. 2 7 − 0. 2 4 ) 0.01

(

( m3 − U 3 ) − ( m4 − L4 )

or, since B3 = B2

→ min.= 0

=

(

L4 − U 3

→ min.= -2.66

0. 2 5 − 0.12
0.13
=
= 3. 2 5
0.16 − 0.12 ) − ( 0. 2 5 − 0. 2 5 ) 0.0 4

V B 2 / B1 ( B1 ³ B 2 ) =
=

=

L2 − U 4

VB2 / B4 ( B 4 ³ B 2 ) =

VB4 / B3 ( B 3 ³ B 4 ) =

The result obtained by application of Fuzzy
AHP method coincides with the result obtained by
using the standard AHP method. Nevertheless, the
fact that there are two solutions shows that FAHP
takes into consideration the limit cases, imprecision and possible errors during comparison and
evaluation of alternatives on behalf of experts.
7. Conclusion
The model presented in this paper is an attempt
of reducing uncertainty in the decision-making
process in case of complex decision-making that
refers to technology dynamics within the service
company. The introduction of measurable, quantified and comparable indicators for evaluation of
alternative technological options, bearing in mind
both the external and internal factors relevant for
future operating, represents a support to decisionmaking for technology managers. The real example supported by AHP methodology explicitly
shows qualitative aspects present in the fields of
technology management and technological evaluation and selection, which could be formalized and
structured in a way that brings results which are
essentially quantitative estimates. The application
of Fuzzy AHP method allows for additional treatment of imprecision and mistakes during the exVolume 7 / Number 1 / 2012
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perts' estimates. This could represent an important
support in making decisions that relate to questions
of strategic technology management, especially in
the field of technology selection. Fuzzy model in
this paper is built on basis of AHP method, while
the AHP method has also established on the basis
of the expert scoring.
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Abstract
In the business world organizations cannot expect the creation of successful production, process
or service advantages without the integration with
systems and supply chains in the Internet environment. The development of global economy based on
Internet concept enables organizations application of
new integration methods with their buyers, suppliers
and partners. On these basis systems for supply chain
management (SCM) are developed and applied.
Research results in the automotive industry,
presented in this paper, refer to analysis and determination of supply chain structure, organization
management and stakeholders demands for information systems that should enable efficient support to supply chain management processes.
For the development of supply chain management information systems, methods and techniques for business system planning (BSP), business process management (BPM), Cost-benefit
approach (CBA), process oriented methods for
structural complex system analysis (SSA-Structured System Analysis), object oriented methods
for system analysis, Fast method for IS projects,
method for entity relation diagram (ERD), case
tools BPWIN and ERWIN and data base management systems (DBMS) were used.
Through application of methodology for information systems projecting a research and complex analysis were performed of the supply chain
processes, a request model was developed, logical process model, data and function model, interface and network model, that, by the application
of software engineering model represent a basis
for the physical design of data bases and solution
of application software for supply chain management in Internet environment.
The scientific contribution is present, above all,
in the development and application of low cost
342

methodology for supply chain management information system projecting in conditions of constraints of financial and human resources. Application of the given methodology develops data bases
and application software for supply chain management, whose key results are presented in this paper.
Key words: information system, supply chain
management, automotive industry, cost/benefit
analysis.
1. Introduction
Automotive industry, in globalization conditions, continually investing into development of
new concepts and methodologies for the purpose
of satisfaction specific and sophisticated customer
demands regarding price reduction and quality increase of products, servicing and technical support,
in-time delivery and others. In addition to customer
demands, increasing significance is given to state
demands, local authority, employees and other
stakeholders regarding sustainable development,
employment, environment protection, occupational
health and safety etc. At the end of the 20th century
is reviewed of existing models of complex product
management, different technologies and a large
number of participants in the final product realization process. One of the solutions, still intensively
developed, in the supply chain (SC) concept.
The supply chain includes the existence of network structure representing strategic association
of multiple organizations as suppliers, producers
and distributors of products to the market. Organization becomes a part of network, uses network
resources and links to other organizations in the
company’s network. Every supply chain participant brings into the chain own resources and activities contributing to the creation of new value.
At the same time, development of information
communication technologies (ICT) enables the esVolume 7 / Number 1 / 2012
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tablishment of modern supply chains for a large
number of participants producing and delivering
different range of products from different geographic destinations and these are: (1) Agile supply
chains, with strong characteristics of fast innovation and product commercialization [1], (2) Flexible supply chains, with strong characteristics of
quick response to market demands, cost reduction
and cycle time improvement [2], (3) Lean supply
chains, with strong characteristics of continually
process development from first level delivery to
the finalist in risk conditions [3, 4], (4) Dynamic
supply chains with strong emphasis of the human
factor and incorporation of all stakeholders in the
process harmonization procedure in supply chains
from the aspect of time [5, 6].
Supply chain management includes activities
linked to resource acquisition, resource conversion as well as all logistics activities. This includes
coordination and cooperation of partners in the
supply chain that can be suppliers, intermediaries, logistics providers and buyers. Supply chain
management integrates and harmonizes supply
and demand within one organization and between
all members of the supply chain. The philosophy
of the supply chain management is that it, based
on responsibility of every business function, becomes an integrator of main business functions
within organization and among organizations.
Supply chain management includes all operational logistics activities, production and coordinates,
through informational support, with marketing,
sales, product design and other business functions.
Only with development and significant costs
decrease of ICT application based on Internet
technologies, information systems (IS) for supply
chain key process support are developed [7, 8],
such as e-supply chains or virtual supply chains
[9, 10, 11, 12]. Basis for their development and application represent business processes on the level
of each supplier referring to input and output from
production system, communication with environment and management processes. This area has
different software solutions demanding certain
adjustments for every supplier in the domain of
specificity of development and business process
management, as well as execution limitations.
According to Gattorna [13] there are fifteen strategic dimensions considered in the process of stratVolume 7 / Number 1 / 2012

egy formulation for supply chains. These are: (1)
Product mix, (2) Innovation emphasis, (3) Marketing emphasis, (4) Distribution channels, (5) Pricing
regime, (6) Promotion activities, (7) Service emphasis, (8) Product/Sourcing approach, (9) Production, (10) Capacity consideration, (11) Fulfillment
approach, (12) Relation intensity, (13) Systems/ICT
support, (14) Resource allocation priorities, (15)
Strategic risk profiles. The paper considers strategic
dimensions referring to the system ICT support (13)
and link to other strategic dimensions, especially dimensions stated under (8), (9), (10), (11) and (12).
Keeping in mind aforementioned supply chain
management elements, the authors had special attention to the analysis of different approaches in
complex organization structure management in conditions of unstable business environment through
application of ICT, supply chain management in
automotive industry internationally and the role and
level of ICT resources application in order to define
efficient methodological framework for supply chain
design and software solution for supply chain key
process support [14, 15, 16]. The paper presents theoretical and methodological aspect of supply chain
management, design methodologies of supply chain
management information system and key structure
elements of developed application software.
Theoretical and methodological aspects of the
paper refer to:
–– Definition of the base structure supply chain
in automotive industry with a large number
of participants in creating a product of high
complexity,
–– Development of requirements model
of company management according to
information system for supply chain
management process support, and
–– Development of logic model of business
processes, data model, interface model,
network model and model of process
distribution and data in the network.
Research and application part of the paper refers to:
–– Application of methodology of design
information system for supply process
support within supply chain management
in the Internet environment in automotive
industry, and
343
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–– Development of application software for
management support in supply process
management in supply chains.
The paper was structured thus that the second
part describes the supply chain problem in automotive industry with special emphasis on the analysis of information-communication technologies
and e-SCM supply chains role. Third part provides methodology elements for design of information systems for supply chain management, and
fourth part presents key results and characteristic
of developed application software for purchasing
process management in supply chains. In the last,
fifth part, conclusions are given referring to applied methodology, results and performances of
developed application software for supply chain
management in the automotive industry.
2. Supply chains in automotive industry
Automotive industry not only affects economy,
but also sustainable development and quality of life
throughout the world. It secures employment for
millions of people, generates income of billions of
dollars in the world and secures a basis for infinite
number of related services and supporting industries, or production of iron, steel, glass, rubber, plastics, oil and gas, textile, paints and lacquers, electronic devices etc. Automotive industry represents
the largest production area in the world. It uses
15% of world’s production of steel, 40% of world’s
production of rubber, as well as 40% of world’s
production of oil [17]. Car manufacturers are one
of the largest companies in the world. These companies are often multinational, which means they
have branches and production factories in different
countries. They use parts manufactured in foreign
factories or assemble cars in different countries.
Automotive industry goes through turbulent changes, primarily in the architecture of the supply chain,
market consolidation and technological changes.
Response to changes can be summed in the following trends appearing in the last couple of years:
industry consolidation, gradual transfer of design
and development from car manufacturers, finalists
(OEM-Original Equipment Manufacturer) to suppliers, search for strategies that will increase or at
least maintain the level of productivity, technologi344

cal changes, increased demand for knowledge and
innovation management and joining and grouping
of suppliers.
Also, for the last ten years automotive industry
has faced a trend of consolidation, as on the OEM
level, and on the supplier level. The analysis and
research show that the number of suppliers of Tier
1 will decrease from 800 in 2001 to 35 in 2010,
while the number of Tier 2 suppliers will drop
from 10.000 to 800 in the same period. A gradual
transfer of design and development from OEM to
suppliers is noticeable, presenting a challenge on
both sides. Actually, the complexity of design and
car manufacture forces the OEM to transfer more
responsibility to Tier 1 suppliers. In the period
from 2000 till 2015 is it expected that the share
of added value within OEM will drop from 35%
to 25% while, on the other hand, the participation of suppliers in development, on average, will
rise 70% [18]. This leads to a larger cooperation
between OEM and suppliers to secure required
technical standard and quality. On the other hand,
the suppliers must develop and produce systems
that are much more complex than those produced
so far, and at the same time face OEM request to
lower costs.
The next trend is tied to new technologies present on all levels of car manufacture. Demand for
performance improvement, increased safety, less
hazards in the environment lead to improvement
in all fields.
If we keep in mind that an automobile has, on
average, around 15.000 positions installed in it,
and that most of these positions are developed and
built by tens of thousands of component manufacturers in different regions of the world, and that
each of them sells its components to more than
one car manufacturer, it can be concluded that it is
a very complex supply chain.
Automotive industry supply chain stretches
from suppliers of different tiers to car manufacturers, the finalist. The suppliers can be divided into
three tiers and these are:
–– First tier suppliers – tier 1 – perform joining
of entire systems, like brake system, seats,
and supply OEM directly,
–– Second tier suppliers – tier 2 – secure
modules and component parts for the first
tier suppliers, and
Volume 7 / Number 1 / 2012
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–– Third tier suppliers – tier 3 – supply the chain
with material, components and services like
mechanical tools, metal molds, rubber and
plastic.
As it is the case with OEM, suppliers as well
must adapt to demands, changes and trends appearing in the automotive industry.
OEMs become less and less involved in manufacture and assembly, transferring the responsibility for development, production and assembly of
important parts to their suppliers. The suppliers are
faced with much more complex product demands
and must find ways to become more productive, in
order to meet the request of the finalist. This can
be achieved through new, innovative processes, information technologies, high level of automation of
production equipment, flexible and highly capable
workforce having knowledge and skills.
Communication analysis between the finalist and suppliers shows that OEM executes more
than 453.000 data exchanges on the product during one year with its suppliers. For this amount
of information and its smooth flow through the
system a strong global network must exist. The
activities were directed towards mutual development through Internet and Web.
Recognizing all of this, automotive industry, led
by the Automotive Industry Action Group – AIAG,
created a mutual communication platform named
Automotive Network Exchange (ANX) in 1995. It
is a network infrastructure based on the Web that
will improve the communication between OEM
and very large network of their suppliers all over the
world. ANX platform enables mutual connecting of
tens of thousands of organizations participating in
different manner in the value chain of automotive
industry. It is less complex and cheaper than own
systems and much more reliable than the Internet.
It is confirmed that ANX platform connects
1.000 first tier suppliers, 9.000 second and third tier
suppliers and 40.000 of different organizations. In
Germany, France, Spain and United Kingdom, a
similar platform is used called European Network
Exchange (ENX). The plan is for it to enable connecting of 15 car manufacturers, 450 engineering
companies, 700 first tier suppliers, 20.000 second
and third tier suppliers, more than 30.000 shipping
companies and 56.000 distributors [19].
Volume 7 / Number 1 / 2012

The usual practice in automotive industry supply chain is that each chain is connected to the
forecast. Vehicle manufacturers must harmonize
the supply with the demands of the first in chain,
material manufacturer, till the last one in chain,
car buyer. Variation or the uncertainty of demands
caused by the forecast process of each link in the
chain leads to the creation of “bullwhip” effect,
that is, fluctuations in orders through the supply
chain. In order to decrease the “bullwhip” effect
AIAG has started a project in 1996 called MAP
(Manufacturing Assembly Pilot) introducing EDI
into the supply chain.
Together with traditional first tier suppliers
supplying OEM with products, there is a growing
type of suppliers providing services, mostly design and engineering. Also, there is a new role of
suppliers. Namely, information technologies, especially the Internet, enable organizations to electronically mediate between suppliers in the supply
chains. This new role of suppliers is in its early
stages, but significant modifications are expected
in the years to come.
The production of motor vehicles in Serbia is
more than 60 years old, and its peak was reached
in 1989. The production was around 250.000 vehicles on the territory of central Serbia, followed
by appropriate production of automotive components. The consequence of such situation was high
demand for workforce, as well as development
of higher learning institutions with relevant study
programs. The most significant partners in the automotive industry were companies from Germany
and Italy. During the nineties, lack of investment
together with the loss of foreign market stopped
further industrial development. Today, the manufacturers are trying to modify the production, find
new business partners and develop new products.
According to official statistic data of the Business Registry Agency, approximately around 160
companies from the area of automobile parts production is registered in Serbia, most of them in private ownership (85%). Share of companies with
domestic capital is close to 64%, and the share of
foreign, direct investments in the automotive sector is around 34%. Besides the strategic investor
FIAT, companies from Germany, Slovenia and
France appear as well. By volume, the companies
dealing in the automotive sector are mostly, large
345
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companies (around 48%) while medium business
companies comprise 38%. Small business companies take 13% out of the automotive industry. Significant data is that approximately 75% of companies manufacturing for the automotive industry
have quality management system according ISO
9001 implemented, and merely 7% of companies have quality management system according
to standard ISO/TS 16949 implemented. Such a
low percentage depicts that most of the companies
have not reached very strict standards from the aspect of processes, products and systems requested
by car manufacturers. Also, a very small percentage of companies with certified quality management system according to standard ISO/TS 16949
is a result of the fact that a small number of companies is involved in part for the primary installment production, that is for the finalist, that is, that
they are finalist’s suppliers.
Figure 1 presents supply chains of analyzed
company T 3.7 distributing its products to manufacturers OEM X and OEM Y.
It is obvious that the supply chains for individual projects are tangled and they comprise a
global chain network. The figure also shows to
which Tier in the supply chain each supplier belongs to. Time given in days or weeks presents
lead-time, necessary for the previous supply chain
participant to produce materials from the moment
of order of the next chain participant, its buyer.
It is also shown that moving from Tier 5 supplier
towards the OEM lead-time is drastically lowered.

Figure 1. Supply chain of company T 3.7 in the
automotive industry
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3. Design methodology of information systems for supply chain management
Business environment and technologies change
over time, so the organizations, for the fulfillment
of planned business goals, require new information
systems or significant changes of existing systems.
Development and implementation of integrated
information systems presents a strategic option of
every organization trying to improve its business
and continually develop and improve information
system. Today, survival on the market includes the
company going hand in hand with changes, perfecting its products and services, bringing innovation
into business processes, improving organization and
permanently investing into its employees. Using
this approach and constant care of all segments the
company can secure its position on the market and
always be a few steps in front of the competition.
Information system development includes all
activities connected to planning, analysis, design,
implementation and functioning of information
system in the organization as well as organizations
with business environment. It is a very complex,
long and continuous process. Based on analogy
with other organizational and technical systems,
an information system development life cycle
(SDLC) is defined including these phases: planning, analysis, design, implementation and information system support. In different phases of the
information system development life cycle a number of methodologies, methods, techniques, tools
and principles is used.
In the information system development process
stakeholders requests were included and analyzed
regarding new information system solution performance, price, implementation period, existing
applications transferability and problem solving
access through detailed study, defined demands
for possible solutions, possible solutions were
identified and best solution selection was executed
[20, 21, 31]. A chosen solution is being developed,
applied, monitored and evaluated in usage, and if
necessary a “tune up” is performed. It is necessary
to determine phases and activities, as well as standards for consistent development and document
development activities. It is important to evaluate
the financial investment in the information system
and estimate or reconsider information system
Volume 7 / Number 1 / 2012

technics technologies education management

project from the aspect of costs, time and goals, as
well as possibilities for further growth and information system modification.
The characteristics of analyzed information
systems in organizations-participants in different
supply chains present, mostly, already inherited
information systems with different concepts of
data architecture and key process inclusion degree
in supply chains.
According to [19, 22, 23, 24] information systems development phases for supply chain management in automotive industry can be presented
and described using "V diagram".
The basis of this approach presents the FAST
methodology with relations between supply chains
included, system owners (Requests for collaboration), and system designers (Supply chain standards
for information systems). This approach especially
emphasizes the usage of system users, as the relation
between phases 1, 3, 4 and 8. The named approach
is especially adjusted to SCM and for this paper
phases 1, 2 and 3 were analyzed and presented.
Within phase 1 (A preliminary investigation
of feasibility study) business and information systems strategies and goals were identified of supply chain participants, in order to, through their
specification and simulation, enable more alternative future information system solutions. Through
application of named methodology research was
performed in the given company from the aspect
of business and IS goals, global and stakeholder
demands, macro and micro organizational structure, management and decision making systems,
processes existing in the organization, procedures
and specifications defining technology and method of process and activity execution, authorization and responsibility, time, limitations, terms,
business and technical documentation, applicable
standards, reports generated for different management and decision making levels, internal and external communication, resources, etc.
Key outputs from information system planning
phase are mapped key processes, process inputs
and outputs, process hierarchy and relations, associative matrixes of type: (1) Processes/data
classes, (2)Subsystems/management, (3) Processes/locations, (4) Processes/organization units, (5)
Processes/documentation, (6) Processes/standards
and (6) Processes/processes.
Volume 7 / Number 1 / 2012

Final results from this phase are designed logic
subsystems, key process maps, data classes–system documentation, internal and external reports,
responsibility and management requirements [4,
14, 24].
Based on research and supply chain key processes research and analysis and associative
matrix process/data class design, these logical
subsystems were identified in supply chain management: Combined Bundle Base, Consignment
Inventory, EDIE Commerce, Enhanced Controls,
Lean Manufacturing, Logistics, Pro/Plus with
main functions (Supplier Performance, Shipment
Performance, Supplier Shipping Schedules, Customer Sequence Schedules, WIP Lot Trace, Container and Line Charges, Self-Billing), Release Management (Supplier Shipping Schedules, Customer
Sequence Schedules, EDI, E-commerce and JIT),
Supply Chain Planning, Tools& Embedded Database, and M2M Bar Code.
For the demands of IS development in supply
chains management in automotive industry in Serbia, this paper used cost/benefit approach. Based
on cost/benefit analysis for different solutions of
information system in supply chain management a
solution with most favorable cost and benefit ratio
is determined. In the analysis process, aspects of
risk, sustainability and resilience of alternative solutions is additionally reviewed. For the observed
company these alternative solutions of information systems were reviewed: (1) Autonomous IS,
(2) IS with a small exchange of information, (3) IS
with exchange of information using protocols, (4)
e-Commerce, and (5) e-SCM.
Information system life cycle costs include
these categories: analysis costs, design costs,
implementation costs, software costs, hardware
costs, operation costs and maintenance costs.
When it comes to benefits of the new information
system these are especially distingusihed: increase
of sales, reduction of staff costs, increase of productivity and other untangible benefits.
For different owner, system user and supply
chains demands, optimal information system solutions are different as well.
Information system alternative solutions for
supply chain management within reviewed companies in the supply chain are analyzed from the
aspect of planned expenses and benefits in the
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life cycle period (2008 – 2012). In the course of
it NPV (Net Present Value) method was used with
discount rate of 5% and NPV was determined for
each alternative solution without risk factors. By
additionaly adding risk factors, based on history
data, NPVr values are produced that are smaller
compared to first NPV values.
Based on results received, for the optimal solution of supply chain information system an alternative solution number 3 was chosen – IS with
exchange of information using protocols. Reviewed company in supply chain, belongs to third
group, so the information system solution can be
an example for target solutions for first and second
group companies.
In phase 2 (Study Phase) based on information system from phase 1 logic subsystems design
structure, a process of decomposition of logic
systems to processes, events and activities is performed, with their mutual joining with data flows
and data storages (inputs and outputs from system, subsystems, processes, events, activities and
primitive functions). This phase uses IDEF standard, as well as combined utilization of process
oriented methods (SSA), object oriented analysis
(OOA), logic data modeling method (ERD), logic
process model development techniques (BPWIN)
and logic data model (ERWIN).
First step in process modeling is connecting
data flows from phase 1 with supply chain participants, decomposition of primary processes to
lower level processes, all the way to elementary
processes, such as simple business activities, executed on the operational level. Each system can
be decomposed to subsystems and elements. At
the same time, each system is a part of a wider
system [25].
During research of behavior, functioning, development, building and managing of systems it is
mandatory to mind the hierarchy and process and
activity order.
System hierarchy can, among other methods,
be presented through decomposition diagram presenting the hierarchy of defined activities and enables functional decomposition.
This method defines vertical connections between processes, while the development of data
flow diagram defines horizontal connections between same level processes.
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For the reviewed company supply chain process decomposition was performed, where the
segment referring to supply process is presented
on figure 2.
Basic function of purchasing is supplying products and services to the organization with required
quality, upon acceptable price, at the right time
and in requested amount.
There are companies existing on the supply market offering different quality products and under
different arrangements, so the purchasing function
most thoroughly explore and evaluate alternatives
for supplying the production process with materials, components, parts and services. The information system for the purchasing function must include solutions responding to: supplier availability,
their concentration and negotiating position, quality level, substitute development tendencies, prices,
geographic location, transport expenses, supply
terms, available arrangements etc.
Supply process key parameters are: customer
on time delivery calculation (On Time DiliveryOTD), stock tunover coefficient (Days On HandDOH), number of disputed deliveries compared to
a total number of deliveries (DMR per supplier).
Key expressions from phase 2 are: goals and
system limitations, process models and detailed
process requirements, data models and detailed
data requests, network model and detailed network requests, forms and reports per requests and
management and decision making levels. Figure 3
presents part of a decomposition diagram of supply subsystem in supply chains of the automotive
industry [26].
4. Application software for supply chain
management in automotive industry
Based on reference literature analysis from this
area [27, 28, 29 30], as well as analysis of ERP
(Enterprise Resource Planning) system of some
world's manufacturers (SAP, Baan, Oracle), it can
be concluded that ERP systems structures are application collections. They are organized in functional areas, called subsystems or modules. Naturally, there are differences between some ERP
systems regarding modules, which means that all
ERP systems do not have all functional areas, not
do they always include the same modules.
Volume 7 / Number 1 / 2012
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Figure 2. Inputs and outputs in reviewed company

Figure 3. Decomposition diagram of subsystem supply process in supply chains
Also, modules can be of identical content, but
different denotation and vice versa, of the same
name, but with completely different application
content. Considering the fact that the expanded
ERP system is focused on Internet oriented solutions, and that the new technologies have appeared, aforementioned, new modules are integrated into ERP systems, like SCM (Supply Chain
Management), CRM (Customer Relationship
Volume 7 / Number 1 / 2012

Management), (SFA) Sales Force Automation,
(APS) Advanced Planning and Scheduling, (BI)
Business Intelligence and e-Business.
For the reviewed company, within phase 3 a
prototype information system was developed for
supply chain management. IS contains integrated
requests specific for automotive industry based on
MMOG/LE (Materials Managament Operations
Guideline/Logistics Evaluation) standard and
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ISO-DIS 28000 standard (Specification for security management systems for the supply chain).
A large number of suppliers in the automotive
industry uses MMOG/LE standards for self-evaluation with the purpose of materials and logistics
management improvement. Through the application of this standard in organizations in automotive industry the raw material stock was lowered
up to 50%.
Also, better results were achieved concerning
external transport costs lowerage, non-current material stocks and administration etc.
In order for the departments and individuals
in the companies to better understand key points
of self-evaluation process per MMOG/LE, a
MMOG/LE process map was developed within
QAD Inc. for the automotive industry (figure 4).
Process maps represent interactive tools describing the entire MMOG/LE process and MMOG/
LE self-evaluation points, represented on the top
of the process map.
Based on methodologies for information system projecting described in point 3 of this paper,
an integrated information system was developed
containing application modules for key processes
in supply chain management supported by data
bases in Web environment.
These are the following modules:
–– Combined Bundle Base: Basic module
containing all registered data on products
from own production, materials and supplier’s
products, process management programs,
–– Consignment Inventory: Module used
for recording stock on the consignment,
purchase and sales. Enables simple and
automated to great extent consignment
warehouse administration,
–– EDIECommerce: Module for electronic business with suppliers and buyers, enabling
exchange of electronic information between
this application and partner-buyer and supplier.
–– Enhanced Controls: Module for additional
controls,
–– Lean Manufacturing: Module for lean production support, enabling calculation of kanban
amounts, leading kanban cards, supermarket
support and other necessary functions,
–– Logistics Accounting: Module enabling
detailed transport costs monitoring,
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–– Pro/Plus: A mixture of programs enabling
additional update of existing functions of automotive industry systems. System parts are:
Supplier Performance, Shipment Performance,
Supplier Shipping Schedules, Customer Sequence Schedules, WIP Lot Trace, Container and
Line Charges, Self Billing,
–– Release Management: Module with
solutions for Supplier Shipping Schedules,
Customer Sequence Schedules and EDI
Ecommerce, enabling Just In Time (JIT)
system of raw materials supply,
–– Supply Chain Planning: Module enabling distributive planning within connected factories,
updating standard MRP II planning method,
–– Tools & Embedded Datebase: These modules
represent required program equipment
(data base and tools) being the basis of
the operative system and communication
program equipment, required for entire
system operation, and
–– M2M Bar Code: Service module enabling
the reception of intermediates, phase stock
monitoring, kanban lists printing, finished
products reception through kanban lists and
printing labels for finished goods with bar
code marking.
Using EDI procedures, based on buyer orders,
sales plans and stock of the product, production
plan is being formed automatically. Based on production plan, bill of finished products and components, WIP stock and material/parts the system
calculates required amounts and values of material/parts for supply.
When it comes to weekly plans in regular ordering the system calculates dates when materials/
parts must be in the organization in order for the
ordered goods of the buyer to be delivered on time.
Information system [26] contains data on products, assemblies, sub-assemblies and materials/parts
organized through specification of products in three
levels, where materials/parts are level three, certain
parts level two, and finished products level one.
Considering the fact that one material can be
used for the production of a large number of finished
products, within information system the functional
connections are built joining the requirements for
this material for all products containing it (figure 5).
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Figure 4. Process map for supply chain management
on this data a trend card for OTD presented on figure 7 is created.

Figure 6. Main parameters settings of material/
part supply
Figure 5. Data structure on supplied materials
The information system registers data on optimal parameters, like lead-time, transport days,
safety days, safety stock, working calendar and
holidays of suppliers and buyers, ordering period,
order packing minimal unit, yield percentage and
similar, based on which an optimal order towards
the supplier is calculated (figure 6).
On Time Delivery (OTD) calculation of buyer
deliveries is produced from the system by comparing buyer orders and deliveries executed. Based
Volume 7 / Number 1 / 2012

Figure 7. On time delivery (OTD) to buyer
Information system contains application modules securing data on current status of material/
parts, WIP and finished goods stock on all loca351
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tions (warehouses, production lines, finished goods
stocks, complaint goods warehouses) as well as material amount in transport towards the organization.
The stock movement is monitored in real time, and
information for different levels of management and
decision making are formed for different periods
(weeks, months, quarter). Based on this data it is
possible to determine deviation of stock compared
to goal set, after which, if necessary, measures are
taken for the stock amount correction (figure 8).

––

––

––
––

Figure 8. Stock monitoring trend card – Days On
Hand (DOH)
5. Conclusions
Based on research presented in this paper conclusions can be made concerning the methodology, characteristics of developed application software and achieved business performances after
software implementation. New methodological
approach to the development and application of
information systems for supply chain management in the automotive industry enables:
–– Integration of different methods, techniques
and tools from software engineering area,
–– Decision on alternative information systems
based on cost/benefit approach,
–– Respecting limitations tied to financial and
human resources,
–– Inclusion of developed modules of ERP
system in the integrated information system,
and
–– Possibilities of efficient changes and further
development in accordance with stakeholder
and supply chain demands.
Developed application software has better performance because:
–– A unique data base is created available to all and
thus quick access is enabled for all transactional
information throughout the organization. Also,
there is a possibility to improve data base of
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––

––

all significant transactions, records, processes,
monitoring and reports,
Improved communication and coordination
between organizational units within the company, data redundancy eliminated, accuracy
increased, availability and sustainability of data
Achieved unique view for all functions
and departments, increasing the visibility
in cooperation and coordination between
departments within the company,
Enabled accurate forecast in buyer planning
and accordingly forecasting in own
purchasing plans,
Automatic order reception from buyers
through EDI without possible errors during
order takeover into the own system,
Less time consumption and automatic
creation and forwarding of orders to suppliers
with optimal stock expenses and lowest
possible risk for buyer, and
Price calculation upon recent purchase prices.

Through the implementation of application
software, business performance was significantly
improved, especially:
–– Increased product sale for 13%, supply
volume increase for 10% and lower transport
costs for 2% in 2010 compared to 2009,
–– Stock index compared to pure sale profit
dropped from 1,07 to average 0,85,
–– Weekly buyer order input from 1h/day
reduced to buyer order check in the duration
of 0,5 h/week,
–– Invoice and dispatch development and
control (for the same number of positions)
reduced 10 times, and
–– Different information for planning,
monitoring, control, managing and decision
making, for which it took hours to receive
earlier, are available in real time now.
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Abstract
This paper considers the problem of developing teaching competencies for work in emergency
situations. It presents the Program of teacher training for the management of department and teaching distance learning. The program aims to train
teachers in emergency situations such as pandemics or natural disasters, with the use of modern
media and technology to hold a certain amount of
classes by distance learning.
The specific objectives of the program are to
train teachers to respect the standards produced
teaching materials (electronic teaching unit, electronic tests) and enable them to independently implement the text, sound, photography, video, animation, and movie as standardized units (SCORM
packages) and to acquire knowledge needed to
communicate electronically in an environment for
distance learning. The results of evaluation seminars suggest that it need differentiation of content
for module 2 and module 3 based on a previous
knowledge of participants, because there is a statistically significant difference in the assessment
of participants on the independent use of knowledge in practice.
Key words: classes management, distance
learning, teacher competence.
1. Introduction
We are witnesses of an age in which information
technology is becoming a key factor in the overall
human and social existence and the one of the conditions of the entire educational system readiness
for the rapid transformation and adaptation to these
demands and changes, so the traditional form of
education in collecting the knowledge of individuals and development of their abilities have a new
meaning. In these processes, the role of teachers do
not lose their importance, on the contrary, there is a
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need for developing and enhancing their capabilities to work in new conditions.
Of particular importance is training and development of abilities of teachers and other education
staff to take on new roles. Experiences from the
practice of EU member states related to initial and
further training in various areas, are very different,
but there are common issues that all countries take
into account in finding adequate solutions in this
area. These are, for example, the questions of balance between the general trainings and the trainings
for the subjects of teaching and pedagogy methodology of training and preparation for participation
in the planning of school development, educational
programs, use of information and communication
technologies in teaching, and so on. In an effort to
increase the professionalism of teachers and provide support and increase the quality of teachers,
countries, EU members have established a system
of defined competencies of teaching staff. Recognizing that the continuing professional development of teachers is a key to success, in most EU
countries, it is required from teachers to have 20 to
100 hours of professional development per year.
Overcoming of traditional methods and forms
of teaching is possible by introducing modern approaches. New ways of working require a new
organization, material support, and training, training and motivation of teachers for such work. In
the pedagogical field, teachers as the makers of
educational contents can assume the majority of
roles and responsibilities. These roles demand
having new skills that would help apply the previously acquired experiences to new technologies.
[1] Modern approach in teaching, as a condition
of quality, assumes training of teachers. A teacher
who is actively involved in the development of his
scientific discipline and continuously improving
his pedagogical skills for teaching of his subjects,
and develops his technical and scientific competence, is contributing to the quality of teaching.
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The criterion for determining the competence
of teachers has systematic approach and one of
the standards requires teachers to show flexibility and creativity in their work, or to adjust the
actual learning process (often unexpected and
unplanned) to the responses of students and characteristics of the real context in which teaching
and learning is organized. The teacher should be
open to new ways, able to try out different ideas,
looking for alternative solutions, and be able to
approach problems in a creative and constructive
way. A good teacher has a clear aim, but at the
same time is flexible enough to adapt to changes
in priorities, interests of students and other changes in conditions and circumstances under which
he is working, At the same time the standards for
the planning, programming and management of
teaching and learning requires teachers to create
their own program that best reflects the characteristics of groups of students with whom he is
working or the conditions under which they work,
program objectives and contents and characteristics of the teaching context in which the program
implemented. Developing a program is a skill that
involves: outcomes planning , content structuring,
choosing a strategy of teaching and learning (activities of students and teachers), the organization
of work in large and small groups, defining expectations and requirements of students, selection and
preparation of materials and resources, selection
of methods of monitoring and evaluation. The
main requirement, in terms of managing a department of teaching and learning at a distance in
emergency situations, is to develop and improve
skills of teachers for good knowledge and use of
educational technology in terms of modern media,
especially the Internet.
2. The program of developing special skills of
teachers to work in the state of emergency
The program objectives are: - That in an emergency (pandemic, shortages of fuel, weather, etc.)
using modern media and modern technologies
hold a certain amount of classes in order to reduce
as much as possible the loss in the implementation
of the curriculum;
–– To enable teachers for the simple but
effective programs for distance learning
Volume 7 / Number 1 / 2012

training directly implemented in terms of
out of school because, unfortunately, more
and more indications that a pandemic which
will occur more often.
–– To prepare as many teachers as we can
in time, to work in emergency situations
because we encounter the fact that all children in the near future have a computer at
home.
Specific objectives of the program:
–– To train teachers to use the standards for
producing teaching materials (electronic
teaching units, electronic tests ,...) and enable
them to independently implement the text,
sound, photography, video, animation, and
film as a part of the hole standard package
(SCORM packages)
–– To acquire the knowledge required to
communicate electronically in an environment for distance learning.
The target groups are educators, teachers and
associates in educational institutions, primary
schools and secondary schools.
Activities
Program activities are tailored to the level of
previous skills where teachers have mastered the
study and professional development during their
teaching practice. It applies a modular program
with the following topics:
Topic 1: Using a system for distance learning
Become familiar with the basic elements of
work in one of the free system for distance learning (ATutor / Moodle), depending on the preferences and needs. Become familiar with possible
contents that are supported by the above systems
for distance learning. Creating the course, adding
users and content, selection and monitoring of activities. Each participant is placed in the role of
the author, and made materials will present to colleagues. Administring and communication with
systems for distance learning. The organization of
materials, the division of students into groups and
specific group work. Practical work-workshops.
355
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Topic 2: Making of content for use on systems
for distance learning to the SCORM standard
Production of materials covering single teaching
unit and meets the SCORM standards. Basics of
SCORM standards are introductions with software
which is used for the creation of electronic materials for the teaching according to the SCORM standard. Processes are typical examples of courseware
and authorware software. Tools for offline creation
of materials for the online lessons. Uploading of the
lessons made to the system for distance learning.
Creating learning materials directly to the system
for distance learning with respect to SCORM standards. Practical work - workshops.
Topic 3: Making of the electronic tests
Introduction to the program of making the electronic tests. Integration of multimedia contents in
the tests. Planning the tests, creating tests, the rules
in the development of electronic tests, the integration of multimedia, time intervals, integration of
the whole content and application of lessons. Software for the electronic quizzes and tests for use
in teaching system for distance learning. Practical
work - workshops.
This topic is based on the method of demonstration and practical work on the computer. Work
is based on approach one partcicipant one computer. Groups are formed according to the levels of
prior knowledge and where applicable for special
school subjects to make the program more useful
to needs of teaching practice.
One topic needs 8 hours a day. A total of 24
hours, three days. For the realization of the program
Center published printed materials for each module,
which will receive each program participant and the
corresponding CD with necessary materials.
The outcomes of the program
At the end of the first module teachers will
be trained to apply their knowledge in the form
of plan implementation on the system for distance learning. They will also have the necessary
knowledge to administer user groups (groups of
students, grades) and to administer the work of
the entire system, from communication to online
materials and setting up a backup. To emphasize
one important fact that the participants are trained
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to be users / authors / speakers but not the web
administrators. This means that the whole system
of administration is entrusted to the Informatics
Union of Vojvodina practicioners. Informatics
Union of Vojvodina for the implementation of the
training provided hosting for all students, which
means that the improvement is realized in real environment, which means that participants would
have workshops in the real environment.
At the end of the second module / topic teachers
will be trained to use specialized tools for e-learning that is naturally used in the teaching process
on systems for distance learning and to develop
learning units for their online lessons respecting
the SCORM standard. Participants undergo all
steps from production of materials in specialized
tools (couseware, authorware) till uploading such
materials to the system implemented for distance
learning. Also, to use for the same purpose all the
other tools of the system for distance learning.
At the end of the third module / topic teachers
will be able to create electronic tests to be used in
teaching system for distance learning. Participants
undergo all steps from production tests in the specialized tools till uploading tests to a system for
distance learning. Participants used for the same
purpose also tools systems for distance learning.
After finishing this training, after taking participation in all three topics of given program, teachers
will be trained to adequately use the system for
distance learning in emergency situations as an alternative for real classes.
The project envisages that the participants
choose based on his previous knowledge between
one of the following modules: Using a system of
distance learning, content development for use on
systems for distance learning to SCORM standards, development of electronic tests. In the end
the students have a practical test based on which
they receive a certificate of performance. It is refering to creation of a mini project in accordance
with the subject which participant is teaching and
the selected topic. All participants would complete
the anonymous evaluation sheet about the quality
of professional development.
Effects of the program are constantly monitored in direct contact with school principals and
teachers professional bodies. There is a possibility
of organizing the competition at the municipal or
Volume 7 / Number 1 / 2012
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higher levels to track developments in individual
and team work of students and their mentors on a
specific topic or topics selected independently. It
is planned to enable participants to after this training, use free resorces for distance learning and in
that way the Informatics Union of Vojvodina, organization responsible for the program realization,
would have direct contact with students and feedback on the effects of the program.

knowledge and acquired the certificate of formal
and informal education. At the end of each seminar, as a part of the evaluation, participants were
interviewed in order to self-level their knowledge
attained by individual subjects or modules. Evaluation scale in the questionnaire, with each topic
of the seminar, offered the answer "may I use acquired knowledge in practice independently" and
"knowledge can’t be used in practice independently". Statistical analysis of data, using the statistical
package SPSS V.19 established measures mean
and correlation of variables:
Var1 Topic 1: Using a system of distance
learning - knowledge can be used in practice independently. All the surveyed respondents Σ436 or
100% estimated that their knowledge in this topic
can be independently put into practice.
Var2 Topic 2: Development of content for use
on systems for distance learning to the SCORM
standard - knowledge can be used in practice inde-

Evaluation
Training program for teachers to work in emergency situations is realized through eight seminars
covering a total of 436 teachers and associates.
Given that the program of activities is tailored to
the level of previous skills where teachers have
mastered the study and professional development during their teaching practice, each seminar
has balanced group of participants based on prior

Table 1. Spearman ‘s correlation coefficient of variables
Correlations

VAR00001

Spearman's rho

VAR00002

VAR00003

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

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

VAR00001
1.000
.
8
.952**
.000
8
.790*
.020
8

VAR00002
.952**
.000
8
1.000
.
8
.922**
.001
8

VAR00003
.790*
.020
8
.922**
.001
8
1.000
.
8

Table 2. Pearson correlation coefficient of variables
Correlations

VAR00001

VAR00002

VAR00003

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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VAR00001
1
8
.921**
.001
8
.742*
.035
8

VAR00002
.921**
.001
8
1
8
.893**
.003
8

VAR00003
.742*
.035
8
.893**
.003
8
1
8
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pendently. Part of the respondents surveyed, 209
of Σ436 or 47.936% is estimated that the acquired
knowledge in this topic can be independently put
into practice.
VAR3 Topic 3: Production of electronic test knowledge can be used in practice independently.
Part of the surveyed respondents, 64 of Σ436 or
14.678% is estimated that the acquired knowledge
in this topic can be independently put into practice.
Spearman 's correlation coefficient at the level
of significance 0.01 with 2 degrees of freedom indicates a very high correlation of variables ranging from .922 to .952. Level of significance of
0:05 with 2 degrees of freedom, the correlation
coefficient of .790 variables is high.
Pearson correlation coefficient at the level of
significance 0.01 with 2 degrees of freedom indicates a high correlation of variables ranging from
.893 to .921. Level of significance of 0.05 with 2
degrees of freedom, the correlation coefficient of
variables of .742 is high.
Correlation analysis indicates the range of values from 0742 to .952, and that there is a high
degree of correlation estimates "knowledge can
independently be used in practice" for certain issues of teacher training programs to work in emergency situations. We can conclude that the seminar participants who are eligible to apply lessons
learned in the module 1 (Topic: Using a system for
distance learning), module 2 (Topic: Development
of content for use on systems for distance learning
to the SCORM standard) can independently apply
their knowledge also in the module 3 (Topic: Development of electronic tests), or that the content
of programs for professional training for teachers
to work in emergency situations is adapted to prior
knowledge of one group of the participants.
The analysis measures of the mean value of
VAR1, VAR2 and the chart of VAR2 and VAR 3
in relation to the total (VAR1) indicates that there
is a significant difference between the VAR3 nad
the total number (VAR1). Arithmetic mean VAR1
=54.5000 and standard deviation δ = 21.2535721
is statistically significantly different from the mean
 = 27,000 and standard deviation δ = 9.89949 of
VAR3. We can conclude that standardization groups
on the basis of certificate of formal and non-formal
education is not enough because there are differences in prior knowledge of participants, so that the
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contents of Module 2 and Module 3 should be differentiated with respect to the prior real knowledge
of participants which should be determined by initial knowledge test.
Table 3. Means and standard deviation of VAR1
and VAR2
VAR00001 * VAR00002
VAR00001
VAR00002
9.00
12.00
14.00
19.00
22.00
31.00
37.00
65.00
Total

Mean
27.0000
34.0000
48.0000
43.0000
56.0000
75.0000
62.0000
91.0000
54.5000

N
1
1
1
1
1
1
1
1
8

Std. Deviation
.
.
.
.
.
.
.
.
21.25357

Table 4. Means and standard deviation of VAR1
and VAR3
VAR00001 * VAR00003
VAR00001
VAR00003
3.00
4.00
6.00
7.00
8.00
17.00
18.00
Total

Mean
27.0000
41.0000
75.0000
43.0000
56.0000
62.0000
91.0000
54.5000

N
1
2
1
1
1
1
1
8

Std. Deviation
.
9.89949
.
.
.
.
.
21.25357

Histogram 1: Measures of mean values of variables
Volume 7 / Number 1 / 2012

technics technologies education management

Model Summary and Parameter Estimates
Dependent Variable:VAR00001
Equation

Model Summary

R Square
F
Linear
.848
33.382
The independent variable is VAR00002.

df1
1

Parameter Estimates
df2
6

Sig.
.001

Constant
26.664

b1
1.065

Model Summary and Parameter Estimates
Dependent Variable:VAR00003
Equation

Model Summary

R Square
F
Linear
.550
7.330
The independent variable is VAR00001.

df1
1

Chart 1. Relationship between VAR1 and VAR2

Parameter Estimates
df2
6

Sig.
.035

Constant
-2.802

b1
.205

Chart 3. Relation var1, var2 and VAR3
Conclusion

Chart 2. The relationship between VAR1 and VAR3
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Program of professional development for
teachers to work in emergency situations program
provides training for teachers for the modular use
of computers and the Internet, and creative relationship between the realization of the educational
process and methodical approach to the performance of modern education in emergency situations. The program relies on the positive outcomes
of previous work on updating and application of
electronic technologies in teaching process. By
applying these technologies enrich the quality of
teaching and make it the possible to teach in difficult situations. Use of media and appropriately
designed teaching materials, while respecting the
standards, and raising the motivational aspect in
the learning process, easier memorizing and ac359
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quiring teaching material, even in terms of learning through distance learning systems during
emergencies. Training program for teachers to
work in emergency situations is realized through
eight seminars covering a total of 436 teachers and
associates. The results of evaluation of already
held trainings, suggests that the differentiation
of content module 2 and module 3 is necessary,
according to the prior level of knowledge of participants, because there is a statistically significant
difference in the assessment of participants on independent use of knowledge in practice.
Great interest in this program stems from the
fact that teachers see their future not only in personal advancement in the profession but also in
the possibilities of using modern technology in the
teaching process which are daily becoming more
and more developed and erases the boundaries of
the duration of the learning process. It creates opportunities for active participation in the local and
global community and allows participants to continue, after the end of training, using the resources
systems for distance learning, ensuring sustainability of the program.
References
1. Popov,S; Babić-Kekez, S. (2009): Tehničko i
informatičko obrazovanje za 21.vek. U: Zbornik radova sa 1.međunarodnog naučno-stručnog skupa „IT
e O“. 2.-3. oktobra 2009. godine,Banja Luka Str.2433. Paneuropski Aperion Univerzitet, Banja Luka,
Republika Srpska.
2. Babic-Kekez, S. (2000): Counceling Information Service Subsystem in Elementary School. Working paper
of Ninth International Scientific Conference "Informatics in education, quality and new information
technologies", Zrenjanin, 20-21. March 2000.year.
3. Gojkov, G. (2008): Goals - competence of teachers
and educators, Všov, Vrsac

Corresponding Author
Snezana Babic-Kekez,
University of Novi Sad,
Technical Faculty “Mihajlo Pupin”,
Zrenjanin,
Serbia,
E-mail: snezanabk@gmail.com

360

Volume 7 / Number 1 / 2012

technics technologies education management

The predictors of business participation of
managers in sport
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Abstract
In this paper there are the results of empirical research of the factors that can include the
relationship of management of non-sport organizations with sports clubs. The main aim of this
research is focused on defining the structural
model of factors that determine the participation
of managers in sport. The empirical research was
realized in six football and six volleyball clubs
belonging to the highest and medium competition level in the Republic of Serbia and 56 respondents in total were included in the survey.
These respondents are registered active members
of the management of these clubs and they have
the properties of (senior and middle level) managers of non-sport companies. According to the
results of the tests of this research, we may state
that the structural model of relation between factoring and criteria variables in the present form
can be used only partially as an instrument of diagnosis and forecast (prediction) of the participation of managers in sport.
Key words: management of non-sport organizations, sport clubs, bussines participation, managers.
Introduction
Sport in the modern society draws an attention
of numerous interested people (stakeholders), especially of the members of managerial structures
in non-sport companies. The business interest is
shown within the sponsorship leading to great
changes in important aspects of sport (Coakley,
2001; Horne, Tomlinson, & Whannel, 1999; Robyn & Kathleen, 2000; Sam, Batty & Dean, 2005).
Apart from this, mechanisms and behaviour of the
managers in non-sport companies in the process
of establishing and maintaining their participation
in running the sports organizations have not been
studied more extensively.
Volume 7 / Number 1 / 2012

The properties of sports club are an important
exogenic manifesting determinant of participation
of managers of non-sport organizations in sport.
First of all, the environment of the club – the system
of competition as well as its sports results (achieved
points, the position in the ranking list, reputation of
athletes and teams, effective interest of media for
the activities of the club) stimulate business participation of the manager in certain sports organization.
The characteristics of the internal club environment
have an additional contribution for establishing and
developing the participation of managers in the specific sports organization (competing potential of the
human resources, reproductive ability of the club
– creating top athletes from younger teams in the
club, good and professional coaches, available infrastructure, free facilities that can be used for business purposes, promotional events organized by the
club, well-developed profitable business activities
of the club).
The main manifestation of business participation of managers in sports is shown by the fact
whether their company finances effectively one
or more sports organizations. The transfer of the
funds between the company and club can have
many manifesting and latent forms (direct placement of funds in the form of investments, purchase
of the club, general or partial sponsorship, or in the
form of optimal business transactions, loans, rents
and so on). This abstract financial fact reveals the
process of more or less business rational manager
decision-making as delegates of the company they
belong to. The content of this process is timely
determined multi-phase choice – first, there is a
choice of sport, then of a sports discipline, and finally, concrete sports organization as the real object of business participation.
In the process of selection resulting in the business participation of the certain company in a sports
organization, the first phase (selecting a sport as one
of competing areas of activity and placement of
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funds) means that the company enters the potential
market of sport and sports sponsorship. The structural dimension of business environment includes
the filters of probability for selecting a sport, that is
to say, specific sports disciplines as objects of realizing business interests of the company. The second phase of concrete sports organization involves
sports and cultural characteristics as well as the
attitudes of managers by which they express subjective concretization of business interests of their
companies and their own interests. After Copeland,
1996; Hall, Rodgers & Barr, 1990; Stotlar, 2004;
these subjective characteristics of managers can be
understood as filters of individual decisions about
participation in one institutionally existing sport –
in a given sports organization.
The idea of research into the participation of
managers in sport as a dynamic input-output
process is taken from the model of participating
of population in sport based on the initial ides of
Rodgers, which a group of researchers from Louven used in their survey on the sports for all in the
EU countries. Within this longitudinal research
the managerial layer has not been analyzed separately (Klaeys, 1982).
The participation of various socio-professional
categories of the population having membership
in the various sports was the objective of empirical
research from sociological (Robyn, & Kathleen,
2000), and psychological aspect (Haslam, 2001).
Within these research activities there can be found
the data about certain categories of managers (important managing staff, patrons – the owners of
the companies and so on), especially about their
preferences towards certain sports disciplines.
The recent international publication has confined close attention to the problem of participation
of the managers of non-sport companies. Tomić
(1995, 2007) in his study on the sports management discusses the participation of non-sport managers in sport (acting as holders of function). The
sponsorship in sport was in the focus of attention
in Kinney & McDaniel, 1996; Ferrand & Pages,
1996; Amis, Pant & Slack, 1997; Dolphin, 2003;
assessing the efficiency of managers in sport can
be found in Fizel & D’Itri (1997), and (Raič, 1994;
Inglis, 1997) discussed the role of management
in amateur sports organizations. The problems
of sports management from the strategic aspects
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were discussed by Gouws (1997); Shilbury, Quick
& Westerbeek (1997); whereas the legal aspects of
sports entrepreneurship in the USA were dealt by
O'Brieni & Overby (1997).
The basic theoretical model from which we set
our theoretical framework for examining the relationship between companies and sports clubs was
formulated by Keeves (1972) in order to explain
the influence of home on the students’ success at
school. This model was tested by Cooley and Lohnes (1976), and Joreskog and Sorbom (1982). By
fitting the structural model into the data of Keeves,
they developed the improved models for analyzing. The modification of the model was achieved
by introducing additional latent variables. The
similar model was also used by Langan-Fox,
Code, Gray & Langfield-Smith (2002).
The result based on all collected empirical information is in Figure1.

Figure 1. Inicial empirical structural model of
predictors of participation of managers in sport –
the results of SEPATH analysis
The main aim of this research is focused on
defining the structural model of factors that determine the participation of managers in sport.
Method
The empirical research was realized in six football and six volleyball clubs belonging to the highest and medium competition level in the Republic
of Serbia. 56 respondents in total were included
in the survey; these respondents are registered active members of the management of these clubs
and they have the properties of (senior and middle
level) managers of non-sport companies.
Volume 7 / Number 1 / 2012
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First, this model assumes that within one of
two forms of participation of managers in sport
(usage, and business participation) lies the properties of managers-respondents themselves, including the properties of the company whose management they belong to, and they do not change for
the long period of time so the subjects of managing sports organization can rely on them only as
on the strategic factors with optimal or adverse
effect. Second, we may assume that there are the
characteristics of respondents that tend to change
over a short period of time, and they reflect the
changeable circumstances (situation) so the operational management of sports organization can rely
on them (formulation of tactic ways for getting a
manager to invest in sport).
The starting relation refers to the development
of participation of managers from usage to their
business form. The users’ participation in this model is manifesting dependent variable in relation with
exogenic manifesting variable (or battery of variables) of sports culture of managers. This last variable includes sport needs and habits of respondents
gained while being into sport before their taking a
position of manager in that company.
The environment of the company is important
for establishing and development of business participation of managers in sport. This environment
is defined by three dimensions – a set of manifesting variables. The dimension of structure – which
includes the characteristics of the company, its
resources (employment, equipment), business
potentials (funds, total income, accumulation),
the position in the market (positioning, dynamic
of business effects), its structure (the hierarchy
of management), and especially socio-structural
characteristics of managers (sex, age, marital status, education). This dimension includes the variables which do not change over a short period of
time, so they act as determinants (the factors with
timely predictable effects).
The dimension of relationship – expresses the
relationship between managing factors of the company and sport, current and future sport activities
taken by the staff of the company, including managers (and members of their families), estimating
business interest of the company for particular
sport and concrete sports organization, attempts
of the company to have interest through sport
Volume 7 / Number 1 / 2012

which cannot be achieved in any other way (with
a lower business effect). This dimension includes
variables that can vary in a shorter period of time
and they represent dependent variables under the
influence of structural dimensions of entrepreneur
environment and sport culture of the managers.
The dimension of the process – expresses manifesting effective relationship of the company and
sport, use of sports services and resources of certain
sports organizations (by employees and managers
of the company), supporting sports organizations
(free transport services, funds, financial donations),
business transactions of the companies and certain sports organizations (compensations, business
contracts, renting business premises, joint venture
in additional activities of the sports organizations,
advertising), sponsorship. This dimension sums up
the effect of the two previous dimensions so it has
an emphasized influence on the business participation of managers in sport (managers here act as
authorized agents of the company). The list of all
variables is given in Appendix 1.
The determined relations of five dimensions of
structural model do not include a more complex
set of influence of exogenic and endogenic manifesting variables. The analysis does not include a
probable set of latent variables which have not undergone empirical research procedure (they have
not been considered in the formulated questions
of the survey). In order to use this latent space in
the structural model, we tested structural model by
using SEPATH procedure (Statistica, Version 9.0).
Results
The main result obtained by empirical analysis
(Figure 2) confirms that the following can be extracted from the collected empirical data: a) Three
dimensions of independent variables (exogenic
manifesting dimensions): 1) Structural characteristics of respondents (including their sport culture), 2) The environment of the company, and 3)
The environment of sports organization; b) Two
dimensions of intermediary independent variables
(manifesting endogenic dimensions): 1) The relationship of managers towards sport, and 2) The effects of participation; c) The dimension of criteria
variables: Form and Duration of the participation
of managers in sport.
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Figure 2. The final empirical structural model of predictors of participation of managers in sport – the
results of SEPATH analysis
The analysis shows that the dimension Club in
our model is of the highest importance for understanding the predictors of participation of managers in sport. The established direct influence on the
participation is negative (what can be interpreted as
follows: as the category of levels of competition for
the club is increasing, the business participation of
managers in clubs is decreasing). The dimension
Club also has a negative influence on the dimension
Effects (with the nominal increase of the competition level – a real scale reflects a decrease of that
level – and then the level of financing decreases as
well as business projects of turnover, taking a loan
and so on). The dimension Club influences the dimension Orientation of the manager.
Besides direct influence on the participation of
managers in sport, the dimension Company has an
intermediary influence through relationship with
the dimension of Effects of the process, which expresses the level of financing and free (and other)
forms of supporting the club by the company. The
dimension Respondent-Manager with its structural and sport and cultural properties has an influence on the dimension Effects. We conclude from
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this analysis that the dimension Effect is the key
endogenic manifesting dimension in our structural
model of participation of managers in sport. The
dimension Orientation has less expressed, parallel
effect on the participation of managers in sport.
The next important result of our analysis of
the structural model of participation of managers
in sport refers to the existence of latent variables
that influences unexplained variability of exogenic
(DELTA) and endogenic (EPSILON) dimensions
of structural model. Besides, although the test does
not show a significant influence of latent distracting
agents-noise (ZETA) it can be noted that they are
also present with endogenic variables and variables
of criteria dimension of model. The tests of goodness-of-fit (approximate abilities) for our starting
empirical structural model point out to its limited
analytical properties. Judging from the results of the
survey, excluding several residual variables from
the model can improve its research characteristics.
The attempts to improve approximate validity
of the model have not given any expected results.
Judging from the indices of insufficient approximation, our model does not fit the data of selected
Volume 7 / Number 1 / 2012
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variables since the values of these indices are below 0.95 (McDonald’s non-centrist index, Population Gama index, Adjusted Population Gama index). According to the chi-square test at the high
level of reliability, we can conclude that there is dependency of variables in the model. Bentler-Bone
indices measure a relative decrease of the discrepancy function caused by transfer from Zero-model
– along with independence of all variables in the
model – to more complex models of dependency
of variables, which reach the values in the range
from 0.398 to 0.551 which is far above the perfect
approximation (expressed by value 1).
The constructed structured model of participation of managers in sport requires further development and improvement of characteristics so
scientifically accepted properties should be obtained and they are necessary for prediction and
forecast of managers’ behaviour in the managing
processes and sponsoring the sports clubs. Bearing in mind the limited range of above-tested
structural model, we can rely on their results as
the starting point for extracting predictors of participation of managers in sport. By monitoring
statistically verified relations in the diagram of
flow, we obtain the following structure as the orientation of explaining the predictors of participation and their effects.

From the above results of the research we can
conclude that the key predictor of participation
of managers in sport – Club is its sport ranking
shown by the level of competition and achieved
competition results in a certain period of time (recent matches within the league). As this ranking
is higher, intention of managers to have more significant influence in the club is higher. Therefore it
can be concluded that the status in the club can be
interpreted as the way of using business potential
of the club as the means for achieving business
aims of the company that managers represent.
It can be said that Participation expressed by
the variable Status in sport can be treated as the
predictor for explaining the process of achieving business aims (interests) of the company that
the managers represent. This statement initiates
searching for criteria dimension in the model
formulated in a different way, which would include Effects of participation: both the effect on
the sports club (its financing, logistic support for
achieving sports and competition aims) and the effects that represent business aims of the company
for whose realization the influence on sport is
needed as well as business potential of the sports
club. Theoretical and methodological redesign of
the model of participation of managers in sport is
needed for accessing such research.

Figure 3. The predictors of participation and its effects
Volume 7 / Number 1 / 2012
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The next important relation is shown by the
established influence of the variable Club on the
variable that estimates Orientation of the managers towards sport. We can notice that different
aspects of the club’s reputation are necessary for
marketing orientation of the managers, and thus
for attracting the sponsors and members of the
club management. Also we can see that the level
of competition and sports success of the club represents the predictor variable for forecasting entrepreneur orientation of the managers which express
empirical variables of their tendency to finance
experts who make the sports success (coaches,
doctors and physiotherapists).
The third relation of importance for interpreting the participation of managers in sport has to
do with the influence of Company on Effects of
participation. The market position and trend of
growth in total income of the company the managers represent are the variables which enable the
prediction of effects important for financial situation of the company. The additional variable Profession of the managers can be treated as the support (according to the results of testing structural
model) for predicting the contribution of managers for financing the club.
Finally, two variables from the dimension Manager can be connected with intention and interest
of managers for financing the club. The structural
characteristic Marital and family status turns out
to be an important predictor of this managers’
preference. Interpreting this relation requires the
additional research (experience of a manager as
a parent of adult or under-18 children regarding
the sport should be taken into consideration). The
variable Estimation of the significance of taking
up a sport for establishing business contacts and
getting business information makes a clear sense
within the interpretation of business participation
of managers in sport. In the sports environment,
managers make contacts and obtain information
that otherwise are not easily accessible.
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Discussion and conclusion
Our research of participation of the managers
in sport has emerged from the observation of the
acute practical problem of persuading businessmen
and managers to cooperate with sports organizations. Therefore, the results of this research should
be assessed from the practical point of view.
For the relations of variables, which the tests
confirm as statistically significant at the level of
probability of 95%, we can conclude that they consist of elements of the system of indicators by which
it is possible to detect structural connections in the
model of participation of the managers in sport.
It is confirmed that there are theoretical assumed
dimensions (battery of variables) in the model, but
the tests of goodness-of-fit do not provide the basis
for qualifying theoretical model of ‘well-approximated’. According to the results of the tests of this
research, we may state that the structural model of
relation between factoring and criteria variables in
the present form can be used only partially as an
instrument of diagnosis and forecast (prediction) of
the participation of managers in sport.
Our expectation that we will provide, according
to the results of the empirical research, feedback
on the mechanism that stimulates the managers of
companies to participate in our sport turns out to
be justified. The performed exploration (general
insight, sectioning the sample of sports clubs) discovered and statistically tested the relations of key
dimensions – factors of participation of non-sport
managers in sports clubs. We obtained systematic
insight into the structure of factors that determined
functioning the sports clubs. (Kinney & McDaniel, 1996; Dolphin, 2003; Stotlar, 2004)
The realized insight into business and managing structure of sports organizations (their management) provides systematically checked referent framework for projecting strategy of appearing
managing subjects in sport on the market of sponsors and in the offer of programme for investing
in sport. Having in mind methodologically limited
range of this research – its explorative character
that does not allow generalization – the given results can be used for pointing out to the framework
in which, within acceptable span of probability,
the support for projecting managing and, first of
all, strategic actions in sport can be searched for.
Volume 7 / Number 1 / 2012
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Appendix 1: List of variables
Properties of the company
1.
2.
3.
4.
5.
6.
7.

The seat of the company
Main objectives
Legal status of the company
Year of establishing a company
Total number of employees in the company
Market position of the company
Trend of growth of the company

Properties of respondents – the position in
management, structural properties
1. Job
2. Position – the level of management
3. The main characteristic of the position – function
of management
4. Age
5. Marital and family status
6. Education
The respondents’ view on sport
1.
2.
3.
4.
5.
6.
7.

Currently active in sport
Active to the age of 21
Activities in the last three years
Satisfaction in the future
Status in sport
The forms of participation in sport – time spent
Index of growth of the amount of money spent on
financing the
8. Other forms of supporting the club
9. The criteria for selecting the club
The estimation of significance for taking up a sport
1. Contribution to health, condition
2. Contribution to leisure, relaxation in the free time
3. Development of character traits important for the
profession of managers
4. Material responsibilities
5. Establishing the contact and getting important information
6. Making business deals with the club
7. Good marketing deals
Type – Span of sponsorship
1. Sponsorship over the total activities of the club
2. Sponsorship over particular activities of the club
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Marketing orientation of sponsorship due to:

1. Competition results of the club
2. Number of viewers at the matches where the club
takes place
3. Loyalty and support of club fans
4. Reputation of fair play athletes and teams of the
club
5. Commitment of present and past players of the club
6. Reputation of the coach
7. Reputation and influence of the club management
8. Supporting the club by local political structures
9. Supporting the club by higher sports structures
10. Supporting the club by international sports structure

Entrepreneur orientation of the sponsors

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Training of the first squad of contestants
Purchasing the athletes
Work with younger selections of athletes
Participation of the club in the competitions
Building their own sports
Maintaining and insurance of existing facilities
Purchasing and maintaining machines and equipment
Paying professional coaches
Paying the doctors and physiotherapists
Paying professional managers and secretaries
Developing PR of the club
Developing the Marketing department of the club
Organizing lottery
Club’s restaurant and cafe
Club’s company (goods and services)

Identification of the club
1. Type of the sports club:1) Football, 2) Volleyball
2. The name of the club
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Low-cost airlines traffic evolution in SouthEast Europe
Andrija Vidović, Tomislav Mihetec, Sanja Steiner
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Abstract
Low-cost airlines take up an increasing share
in the structure of the aviation market. Currently,
there are more than 40 low-cost airlines operating in Europe and they generate 38 percent of total
passenger traffic and 23 percent of total Instrumental Flight Rules (IFR) operations [1, 2, 3]. There
are contrary opinions about the future of low-cost
business model; from the scenario of survival of
two or three biggest low-cost airlines in Europe, to
the scenario of taking the role of primary operators
in most European short and medium haul routes.
This paper elaborates business model of lowcost airlines and defines forecasting methods of
growth of air transport with the aim of forecasting traffic share of low-cost airlines operations in
South-East Europe.
Key words: low-cost airlines, forecasting,
South-East Europe, market share
1. Introduction
There is no unified definition of low-cost airline (LCA); moreover, there is no single term that
refers to such companies because they often use
terms such as low-fare airlines, low-cost carriers and no-frill airlines. However, there exists a
unique understanding and public perception what
LCA is because it comes mainly from the features
of utilized business model. Although the business
models of the individual airlines may vary, there
are many common characteristics, that can generate overall picture what low cost business model is
and what low cost airlines represent.
Strategic planning of air transport development
is closely related with the development of aviation market forecasts that will ensure better allocation of available resources. The forecasts must
take to consideration two fundamental aspects of
development: transport efficiency and economic
growth which shows the level of gross domestic
Volume 7 / Number 1 / 2012

product (GDP). Relationship of GDP to the criterion of traffic indicators is in range 1.5 to 2.5
– which means that eg. 3 percent of GDP growth
suggests a possible growth of passenger traffic
(passenger kilometres) from 4.5 to 7.5 percent [4].
2. Low cost airlines operating model
Low cost airline is airline company that offer
transportation services at lower prices in exchange
for the elimination of many services provided by
traditional airlines. The concept originated from
United States, after which in the early nineties of
last century, spread through Europe and the rest of
the world.
To the great expansion of low-cost airlines favours their exceptional adaptability to the market.
Low-cost operators built their business model on
the permanent elimination of unprofitable lines
and introducing new ones.
Characteristics of low-cost airline concept [5,
6, 7]:
–– focus on minimum costs and prices, and
maximum efficiency
–– commonly use secondary and regional
airports
–– point-to-point network
–– single class in airplane
–– direct services between regions
–– short haul flights
–– no free in-flight service
–– single type of airplane in fleet
–– younger and environmentally friendly fleet
–– low operating costs.
One of major difference between traditional
and low-cost airlines is choose of network route
model. Low-cost airlines usually operate by pointto-point network model and traditional airlines
use hub and spoke network model. The choice of
network will have consequences for the physical
369
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expansion of the network. Figure 1 describes the
function of hub and spoke and point-to-point network model.

(a)

(b)
Figure 1. (a) Point-to-point network
(b) Hub and spoke network [8]
Airport pairs in Figure 1 (b) (1-2, 3-4, 5-6) are
connected through a hub (hub I). It takes six air
routes that will create the six direct links to the
hub and fifteen indirect connections through the
hub to other airports. In point-to-point network,
theoretically, there are no indirect connections
through the hub. To connect all the airports in
point-to-point network, fifteen routes are needed
- seven more than in the hub and spoke model. If,
for example, we want to connect hub I to the hub
II, which would be connected with six airports, the
system of 78 airport pairs would be created. Different lines create a larger range of the network,
picking up passengers at hubs and by that filling
international and transcontinental flight that can
fly with lower costs and greater frequency. Important disadvantages of hub and spoke networks are
complex costs associated with the first network.
These additional costs increases with a transfer of
370

passengers to another plane, which generates additional costs and reservation costs related to the
transfer of luggage [9].
In order to offer lower prices and remain profitable at the same time, European low-cost airlines
must have a significantly lower unit cost than traditional operators. From above-mentioned features of the concept of low-cost airlines, it is clear
in what way they manage to achieve that.
Among the most important operational benefits
by which LCA realize that much difference in cost
compared to traditional companies are a greater
density of seats (16 percent), greater utilization of
aircraft (2 percent), low costs of flight and cabin
staff (3 percent), usually a single model aircraft
in the fleet and the outsourcing of maintenance (2
percent). Additionally they have 12 percent lower
costs associated with the production/service features (minimum station costs and outsourced handling, no free catering, less passenger services).
Because they do not use the services of agencies
and Global Distribution System and have reduced
sales/reservation costs, the distribution costs are
reduced by additional 9 percent. To perform the
same or similar scopes of work LCA have fewer administrative staff and offices which reduces
operating costs by a further 3 percent. This ultimately results in a 49 percent lower cost per seat/
kilometres, compared to traditional operators [10].
3. Forecasting methodology in air traffic
Air transport growth, development and demand forecasting is intended to provide necessary
information’s to create the basis for developing
city and counties development plans that already
have an airport or have a need for the development
of the new one. On the basis of traffic growth forecast the development plans will define the space
needs and requirements that are required for the
airport infrastructure development.
For example, obtaining all necessary permits
and approvals for the construction of a new passenger terminal at Zagreb airport lasted more than
ten years, since booking space was not conducted
in the physical plan of the city Velika Gorica [4].
An additional problem occurred with the necessary space to build a second runway, which is
planned for the long term development. The situVolume 7 / Number 1 / 2012
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ation that enabled the illegal construction of individual objects has occurred in space in which airport authorities should build a basic runway.
Airports represent complex infrastructure facilities that require high investments and hence it is
necessary to take account of the planning documentation that should provide conditions for safe use of
airport facilities and provide long-term capacity increase with the necessary supporting infrastructure.
Airports represent important component of
transport infrastructure, which is a catalyst for regional economic development while contributing
to better regional cooperation.
Infrastructure and transport facilities are in direct dependence with the growth and development
of air transport in Europe and the changes that occur in the internal market.
Increasing the capacity of air traffic control and
airports should be planned 15-25 years ahead.
Traffic growth requires increased capacity that
must be sufficiently provided in advance to allow
sufficient time for a decision for the construction
or replacement of outdated technology, drafting
tender documentation, implementation of tender,
preparation of preliminary and detailed design and
the construction of an airport.
The airlines are in a somewhat better position,
because the need to increase capacity in a short
time period can be satisfied by leased aircraft and
cooperating companies. In order to anticipate future need to increase the individual capacity or for
introduction of new technologies, traffic growth
forecasts are essential.
In civil aviation in the development of aviation
market forecasts, predominantly are used qualitative
methods (expert assessment, research of the market,
Delphi method), a projected time series method (exponential, linear trend) and causal methods.
For forecast to be more precise, it is necessary to
develop the short, medium and long term forecasts.
For a clearer understanding of the short, medium and long-term forecasting methodology, an
overview of forecasting methods is described in
the following subchapters.

period it is necessary to compare current data with
a forecast data and if necessary to carry out the
necessary corrections.
The short-term forecasting method is a combination of analyzing data from a number of other
forecasts which play a major role in modelling
time series. The final traffic impacts must be
adapted with the airport capacity.
Short-term forecasting focuses on modelling of
the time series movement of traffic on a monthly
basis. The final result of short term forecasting is
the number of flights per pair of zones or regions in
one month: within Europe there are formed starting points for landing-zone (group of airports is
often smaller than the State); outside of Europe a
large region are formed (group of countries). Four
separate factors are used for forecasting to obtain
the final forecast (Figure 2):
1. The State-flow forecasting method is the
historical method. This method has been
used for many years in the development
of short-term forecast. Forecasts are made
individually for each country with the aim
model a separate forecasts for several major
transport routes - domestic, over flights, etc.,
2. Zone or region pairs forecasting method is
based on modelling of time series (8,000
sets).
3. The schedule forecast method uses data
from the published flight plans for the
coming months and compares planned flight
plans with actual flight.
4. Initial years used in medium-term forecasts
are also used for modelling traffic in the
future
After short-term forecasting, the combined results of previous modelling are applied to airport
capacity in a way to use the same methods used in
the medium to long term forecasting. Over-flights
are calculated in a way to use data obtained from
the medium-term forecasts and yearly number of
flights that were used in the medium-term forecasts.

3.1. Short-term forecasts
Short-term forecasts are developed normally
for a period of two years in advance. During this
Volume 7 / Number 1 / 2012
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Figure 2. Summary of short/medium-term forecasting method [11]
3.2. Medium-term forecast
Medium-term forecasts are made for the period
of 7 to 10 years.
Medium-term forecasts take into account traffic statistics, economic growth, development and
impact of other transport modes, industrial production growth and cost growth, the capacity of
airports and air carriers that service the region or
the country, the number and impact of low-cost
carriers, the development of network destinations,
a load factor, fleet composition, demographic
changes, the impact of tourism, city pairs and the
frequency of flights between city pairs.
When making consideration of the dynamics of
transport activity it is necessary to take into account
traffic growth in neighbouring and competing airports or countries. For the medium-term forecast
two to three scenarios are developed, that are determined by the growth of pre-defined parameters.
Medium-term forecast is a combination of shortterm and medium-term forecast modelling (Fig. 2).
The data to be analyzed in short-term forecasts are
based on monitoring of recent trends in traffic. Medium-term forecast except using data from shortterm forecast includes a broader range of economic
and industrial development potential [12].
3.3. Long-term forecast
Long-term forecasts are typically made for
a period of 15 to 30 years but usually used for a
period of 20 years. They are based on possible
372

scenarios in which direction the air transport will
develop in the long run. Typically, three to four
scenarios are developed that depend on predetermined parameters.
Long-term forecasts, as well as the mediumterm forecasts give the view of the future flow
of air traffic. This two abovementioned forecast
methods are using models of economic and industrial sectors growth that are resulting in increase
in air traffic between pairs of smaller airports and
future traffic flows.
When creating long-term forecasts the latest
data obtained with the medium-term forecast are
included where the last year used in medium-term
forecast is used as a base year for long-term forecast. This has a negative implication for the development of long-term forecasts which does not
include all events that could occur during the period from the present until the last year of mediumterm forecast.
Figure 3 describes an overview of long-term
forecasting model and a series of sub-models that
are used for passenger and freight traffic, military
transport, business aviation and airport pairs connectivity forecasting. Finally, all these data are included in traffic growth forecasting.
As passenger traffic has the highest percentage in the number of IFR flights (about 85 percent
in 2010.) sub-model that analyzes the passenger
traffic is described in detail. Passenger traffic long
term forecast is focused on five main factors:
–– The global economy factor represents key
events in the economic market that are
directly related to the air traffic demand.
–– Factors that characterize the passengers
and their travel plans (changing patterns
in the traffic demand and choice of travel
destinations).
–– Airline fares that cover the operating costs
of an airline (affect passenger decision on
which mode of transport to make the trip).
–– A large number of hub-and-spoke or pointto-point networks can change the number of
connections and flights arriving/departing
from/to the origin/destination.
–– The air traffic market structure describes
the size of aircraft that are used to meet the
traffic demand and to adjust the number of
flights.
Volume 7 / Number 1 / 2012
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Modelling of freight and military traffic, business aviation and pairs of smaller airports are done
by smaller and more sophisticated models based on
historical data that are sometimes correlated with
trends in the economic market. Forecasting of the
takeoff and landing is limited with airport capacity.

When comparing the traffic demand in 2010, in
EU 27 there has been 8,805,000 IFR movements
while traffic demand in SEE region was around
1,705,000 IFR movements. The 2010 highest
share in market segment in EU 27 was of traditional scheduled flights with 57.12 percent. The
second highest market share segment with 22.83
percent was the low-cost segment.

Figure 3. Overview of long-term forecasting
method [13]
4. Market share growth of low cost airlines
in South-east Europe
Air traffic in South-East Europe is growing
rapidly from a low base, as a shadow of a series
of armed conflicts and economic turbulences of
the past decades. Traffic growth in South-eastern
Europe can be described by two main characteristics. First characteristic is that the main drivers
of passenger traffic in the region are tourism and
the migrant communities. Second characteristic is
that much of passenger traffic between the EU and
South Eastern Europe is land based. Air transport in
the SEE is driven by GDP growth and exponential
relationship between per capita income and tendency to fly [14]. The EUROCONTROL medium term
report (which includes over-flight traffic) assumes
an average annual 4 percent growth for the selected
countries between 2010 and 2017, while base case
scenario for EU 27 predicts 2.7 percent annually.
The main drivers for air transport demand in SEE
region are tourists (mostly EU nationals) and large
migrant community (mostly based in EU).
Volume 7 / Number 1 / 2012

Figure 4. EU27 air transport market segmentation 2010 [3]
The figure 5 describes the market share traffic
evolution of IFR movements between 2005 and
2010. It is obvious that the LCA market share is
increasing while market share of other airlines is
decreasing.

Figure 5. IFR movement’s evolution 2005-2010
When making comparison between IFR movements and passenger market share of low-cost
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airlines and other airlines it is evident that the
passenger market share of low-cost airlines is increasing with higher growth rate than the growth
of low cost airlines IFR movements (Figure 6.).
This is because the average load factor of low cost
airlines in Europe is 80 percent, while the average
load factor of traditional airlines is 70 percent

Figure 6. Passenger traffic evolution 2005-2010
In Europe low cost airlines market is representing significant share in overall air transport market
share. Low cost airlines IFR flight movements’
market share in 2010 was presented with 23 percent
while LCA passenger market share was around 38
percent [3]. Analyzing the market share in SouthEast Europe countries it has to be noted that each
country has its own market share distribution. As an
example, 2010 air traffic market share distribution
in Croatia is presented in the Figure 7.

There is slight difference in the low-cost market share between EU 27 and SEE region. From the
Table 1 it is apparent that the low cost IFR movements’ market share in 2010 is higher in countries
of SEE region than in the EU27. Statistical data
used for this analysis regarding Serbia and Montenegro is combined because the Serbian service provider is providing services in Montenegro airspace,
and thus IFR movements are summarised together.
Table 1. LCA Market share 2010
Country

LCA Market share
2010

Bosnia & Herzegovina
Croatia
FYROM
Serbia and Montenegro
Slovenia
EU27

26,33%
26,14%
26,54%
25,74%
24,53%
22,83%

There is significant difference in the number of
low cost airlines operating in the countries of SEE
region. Croatia has the most representative number of low cost airlines, as a result of their tourist
orientation (Figure 8) [15].

Figure 8. Number of low-cost airlines operating
in SEE
The figure below sets out the yearly low cost
airline traffic market share in SEE countries and in
EU27. The average low cost airlines market share
yearly growth between 2005 and 2010 in EU 27
has been around 1.8 percent, while in the SEE
countries was around 3.4 percent.

Figure 7. Air transport market segmentation in
Croatia [3]
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because of the stabilisation of the political and socio-economic situation in the region and because
of the high tourist potential of the region. In next
five to seven years low-cost airlines market share
in South-east Europe will reach more then 1/3rd of
the overall air transport market share.
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Abstract
This paper is focused to the analysis of the law
on ground oscillation, suggested by Profesor M.A.
Sadovski as wel as to the level of its applicability for blasting with commercial explosives for
the requirements of mining and other economic
activites. The applicability of this law, for blasting
with limited quantities of explosives (which is the
case with all blastings carried out for economic
purposes) has been analysed in examples of mass
blasting carried out to exploit deposits.
On that ocassion it was stated that the application of the law on rock mass oscillation enables, in
advance, determinition of ground oscillation rate
for each blasting, while the blasting, as concerns
the seismic impact, are put under control, rendering the possibility to plan in advance, the strenght
of the shock.
Key words: explosion; rocks destruction; seismic impact; law on ground oscillation.
1. Introduction
The application of explosive energy is a significant branch of contemporary mining technology.
Growing presence of blasting technique in mining
results from the fact that a single blasting operation
only, can replace the work of a large number of people and machines in the period of several months.
The growth of production has conditioned the use
of high explosive amounts during blasting, which
results in the improvement of technical-economic
indicators on one side, and the increase of negative
effects accompanying blasting operations on the
other one. Negative effects of blasting include, besides the seismic effect, the stress wave effect, the
sound effect, flyrock, etc. Consequently, more and
more attention is paid to the study of these occurrences tending to reduce them to acceptable limits.
376

In order both to evaluate and control the seismic effect of blasting, as well as to plan it, the determination of soil oscillation law is required, with
the strike: mine field - facilities to be protected.
One of the most frequently used equations is the
one by M.A Sadovski which defines the law of soil
oscillation velocity change depending on distance,
explosive quantity, conditions of blasting operations, and geological characteristics of soil (Fokin
V.A. et al 2008).
2. Theoretical foundations of parameter
determination of soil oscillation law
To establish the correlation between the oscillation velocity and three basic parameters affecting its size: the explosive quantity, properties of
rock material and the distance, there have been
developed several mathematical models in the
world. One of most frequently used models, i.e.
equations, is the equation of Sadovski defining
the law on velocity alteration of soil oscillation
depending on the distance, the explosive quantity,
and the way of blasting. The law defined in this
way offers the possibility to determine the seismic
effect of blasting towards a facility or a settlement,
whereby the connection, between the velocity of
soil oscillation and consequences that can affect
facilities, is used. (Trajković S., Slimak Š., Lutovac S., 2005). The equation of M.A Sadovski is
given in the form:
v = K ⋅ R −n .............................. (1)

Where there are:
v - is velocity of soil oscillation, cm/s
K - is a coefficient conditioned by soil characteristics and blasting conditions determined by
terrain surveying,
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n - exponent conditioned by characteristics of
soil and blasting conditions, determined by field
measurements,
R - reduced distance or deduced distance is a
distance from the blast site to the monitoring site
deduced to the amount of explosive. The term
reduced distance is more frequently used, thus it
will be used in this paper.
R=

r
3

Q

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

Q - overall amount of explosive during blasting [kg].
There are two parameters (K) and (n) in the
equation (1) which should be determined for a specific blasting environment and with specific blasting
conditions. The smallest square method is mainly
used to obtain the parameters (K) and (n) which
represents a common model. The equation (1) uses
logarithms and is reduced to the following form:
log v = log K − n log R ..................... (3)

By introducing of the replacement: v = y; K = a;
R = x; n = b; the equation gets the following form:
log a − b log x = log y . ................... (4)
The normal equation system for finding parameters (a) and (b) in this case is (Simeunović D.
1985):

and blasting conditions. Thus calculated law enables us to make a prognosis, in advance, of the oscillation velocity for each blasting, namely to predict the degree of shock wave intensity caused by
blasting. In this way, blasting is, as regards, seismic
effect under control, which at the same time gives
opportunity not only to control shock waves but to
plan them in advance as well.
3. Defining of statistical criteria
Defining of statistical criteria for the assessment
of the correlation equation reliability is calculated
on the basis of results obtained by examinations.
Methods of mathematical statistics are used for
data processing, which depending on the kind of
data, the way of their interpretation and wishful
accuracy and reliability enable defining of alterations
and the behaviour law of monitored occurrences.
Some of basic statistic parameters to be used in
this paper are (Ivanović B., 1973):

()

- Arithmetic mean x :
x=

x1 + x 2 + x 3 + ... + xN
=
N

N log a − b

∑
i=1

N

∑

(log a)

i=1

log x i =

log x i − b

N

∑
i=1

N

∑
i=1

(log x i )2 =

N

∑ log x
i=1

i

⋅ log y i

........................................ (5)
Where:
N - is the number of carried out surveys.
On the basis of the calculated law by the formula
(1), we are able to construct an approximate curve
correlating the obtained results depending on the explosive quantity, distance, the blasting environment,
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............ (6)

- Variance (s2 ) :
s

log y i

N

i

Where:
x1, x2...xN - are values of results of particular
examinations,
N - is number of results, surveys, (samples).

∑ (x − x )
=

2

N

∑x

2

i

=

N

2
1 2
Σxi − x . ............. (7)
N

The positive square root of the variance is taken as the dispersion standard, i. e. :
s=

(

Σ xi − x
N

)

2

=

1 2
Σx i − x 2 . ............. (8)
N

which is called the standard deviation (σ).
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3.1 Criteria for testing of approximate curve
mathematical form
To avoid subjective decisions while adopting
the curve mathematical form y = y(x), which
will appriximate values obtained by research, the
linear correlation coefficient is used (Simonović
V., 1995).
r=

(

)(

Σ xi − x ⋅ yi − y

µ11
=
sx ⋅ sy

(

) (

)

2

Σ xi − x ⋅ Σ yi − y

)

2

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

Where there are
μ11 – covariance of x and y values
µ11 =

(

)(

)

1
Σ xi − x ⋅ yi − y
= Σx i ⋅ y i − x ⋅ y ..... (9a)
N
N

σx – standard deviation for x value,
σy – standard deviation for y value.
If the dependence between two values is curvilinear, the curvilinear dependence correlation index (ρ), is used, which is called the curvilinear correlation coefficient by some authors (Simonović
V.,1995).
r = 1−

S 2y
s 2y

= 1−

Σ(y i − y(x i ))

2

(

Σ yi − y

)

2

. ........ (10)

S2y =

1
2
Σ(y i − y i (x i )) . ................. (10a)
N

s 2y

2
1
= Σ y i − y ..................... (10b)
N

(

)

Where there are :
yi – obtained data for y variable,
y(xi) – data obtained from theoretically found
relation between the xi and yi, data
s2y - variance for yi data
S2y - residium variance (Vukadinović S.,1970)

The assessment of correlation degree of two
variables is given in the following survey:
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0,0 < ρ < 0,2 - none or highly poor correlation,
0,2 < ρ < 0,4 - poor correlation,
0,4 < ρ < 0,7 - significant coorelation,
0,7 < ρ < 1,0 - strong or highly strong correlation.
The same is valid for the absolute value of linear correlation coefficient r.
For the evaluation of the convenience degree
of the selected curve, in mathematical statistics,
in addition to the stated criterion, the criterion "3S"
is used (Vukadinović S.,1970). This criterion uses
the squares of differences between data obtained
by the experiment for yi and data calculated by the
smallest square method of established dependency
between x and y. If those differences are one after
another ε1, ε2 ... εN, then it is:
S=

ε12 + ε 22 + ... + εN2 ......................(11)
N

According to this criterion, for the evaluation of
convenience of the obtained functional correlation,
the following relations are valid:
–– If it is |εmax| > 3S, the obtained functional
correlation is rejected as unfavourable,
–– If it is |εmax| < 3S, the functional correlation
is accepted as a good one.
4. Survey of mass blasting at “Drenovac”
open pit
4.1. General characteristics of “Drenovac”
open pit
This paper includes examinations carried out
during mass blasting at the “Drenovac” open pit
in Mionica (Trajković S., Lutovac S., Katona O.,
2009). The open pit “Drenovac” is of elevated
type situated almost at the very top of the hill of
the same name.
The limestone deposit covers the surface of 7,7
ha. The altitude difference of the deposit is about
70 m from the elevation 440-520. There is a diabase - chert formation in the floor of limestone,
approximately at the elevation of 438 m.
The limestone is of fissure porosity as stated
by mapping of both the terrain and test bore holes.
The length of cores is from 30 to 40 cm. Joints are
Volume 7 / Number 1 / 2012
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mostly filled with calcite, and to a lesser extent they
are filled with limonite debris, namely limonite
dross. While drilling, circulation loss-water was
insignificant, which points to low effective porosity of limestone.
Limestone is a firm petrified environment. It is
tectonically undamaged thus it represents a unique
monolithic mass. The present joints impact insignificantly on physico-mechanical characteristics.
The following values were obtained by the examination of physico-mechanical properties of the
working environment:
- volume mass, kN/m³		
- porosity, %			
- cohesion, MPa			
- uniaxial strength
- in dry state MPa		
- in watersaturated state
- angle of internal friction,o		

4.3. Calculation of soil oscillation law
parameters
Values of overall explosive quantity by blasting
(Q), distance from the blasting site to the place of
observation (r), namely reduced distances (R) are
presented in Table 2.
The record of soil oscillation velocity for blasting number 1- measuring point 3 is shown in Fig.1

2,68
0,7-1,5
0,25
120-134
83-129
41.

4.2. Manner of blasting operations
Measurements of seismic shock waves at the
“Drenovac” open pit carried out during blasting
were conducted in order to exploit the deposit.
Eight blasting operations were carried out.
The amonex-1 28/200, amonex-1 60/1000,
amonex- 60/1000, ANFO-J in bags of 25 kg and
ANFEX-PP 70/1500 were used as explosives. The
explosive was activated in boreholes by nonel
detonators, marked N-25/500 and K-42 connectors. Basic data related to the number of boreholes
(Nb), the overall explosive amount (Quk), the maximal exsplosive amount by deceleration interval
(Qi), overall borehole depth (Luk), and average stemming length (Lpc), are presented in Table 1.

Figure 1. Image of soil oscillation velocity for
blasting I-MM3
Calculated values of reduced distances(R), recorded values of oscillation velocities by components (v), as well as resulting oscillation velocities
by components (vres ) are presented in Table 3.
On the basis of results presented in Table 3,
the soil oscillation law is calculated by the formula (1).
Calculated values for defining soil particle oscillation law are presented in Table 4. The calculation of curve is carried out for values of reduced
distances from R = 17,1847 to R = 79,8390.

Table 1.
Blasting
I
II
III
IV
V
VI
VII
VIII

Nb
27
28
15
16
40
22
43
20
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Quk[kg]
661,4
1.980,6
915,3
745,0
1.895,0
1.774,4
1.988,6
600

Qi[kg]
36,2
71,2
66,2
47,0
60,5
85,2
54,2
32,0

Luk[m]
211,0
488,0
213,0
175,0
453,0
402,0
518,0
273,0

Lpč[m]
2,8 – 3,0
2,8 – 3,0
2,8 – 3,0
3,0 – 3,2
3,0 – 3,2
3,0 – 3,2
3,0 – 3,2
3,0 – 3,5
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Table 2.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Table 3.

Blasting Measuring
r [m]
No
Point
I
MM – 2 383,87
I
MM – 3 250,49
I
MM – 5 647,42
II
MM – 1 605,54
II
MM – 2 334,15
II
MM – 3 256,71
II
MM – 6 527,05
III
MM – 1 616,35
III
MM – 2 250,14
III
MM – 3 412,66
III
MM – 5 714,10
III
MM – 6 541,13
III
MM – 7 530,89
IV
MM – 1 723,77
IV
MM – 2 410,33
IV
MM – 3 223,89
IV
MM – 5 644,64
IV
MM – 7 426,38
V
MM – 1 737,38
V
MM – 3 210,96
V
MM – 7 422,53
VI
MM – 3 231,44
VI
MM – 5 650,53
VI
MM – 6 640,06
VI
MM – 7 425,36
VII
MM – 3 333,13
VII
MM – 6 530,48
VII
MM – 7 415,31
VIII
MM – 1 609,20
VIII
MM – 3 387,35
VIII
MM – 6 532,35
VIII
MM – 7 493,85

Q [kg]

R

661,4
661,4
661,4
1980,6
1980,6
1980,6
1980,6
915,3
915,3
915,3
915,3
915,3
915,3
745,0
745,0
745,0
745,0
745,0
1895,0
1895,0
1895,0
1774,4
1774,4
1774,4
1774,4
1988,6
1988,6
1988,6
600,0
600,0
600,0
600,0

44,0585
28,7499
74,3073
48,2182
26,6078
28,4042
41,9681
63,4804
25,7629
42,5015
73,5481
55,7332
54,6785
79,8390
45,2635
24,6973
71,1102
47,0339
60,0667
17,1847
34,4192
19,1171
53,7341
52,8693
35,1350
26,4910
42,1845
33,0260
72,2286
45,9254
63,1171
58,5524

On the basis of data in Table 4, by means of the
least squares theory, the parameters of the curve
have been calculated enabling the determination
of soil oscillation equation in the form of:
v 1 = 166,3916 ⋅ R −1,6433 ................... (12)
whereby linear dependence between log v and
log R has been obtained, expressed by the equation (12), with the linear correlation coefficient (r)
amounting:
r = -0,800.
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Reduced
No distance
(R)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

44,0585
28,7499
74,3073
48,2182
26,6078
28,4042
41,9681
63,4804
25,7629
42,5015
73,5481
55,7332
54,6785
79,8390
45,2635
24,6973
71,1102
47,0339
60,0667
17,1847
34,4192
19,1171
53,7341
52,8693
35,1350
26,4910
42,1845
33,0260
72,2286
45,9254
63,1171
58,5524

Oscillation velocities
(v) [cm/s]
(vv)

(vt)

(vl)

Resulting
oscillation
velocities (vres)
[cm/s]

0,070
0,260
0,080
0,060
0,080
0,510
0,090
0,091
0,192
0,380
0,138
0,170
0,133
0,060
0,140
0,310
0,110
0,200
0,050
0,550
0,210
0,577
0,055
0,081
0,340
0,534
0,101
0,284
0,030
0,339
0,067
0,072

0,100
0,470
0,090
0,060
0,120
0,500
0,230
0,083
0,573
0,605
0,096
0,241
0,236
0.080
0,170
0,420
0,200
0,230
0,070
0,790
0,360
1,160
0,071
0,150
0,465
0,460
0,190
0,525
0,070
0,527
0,112
0,157

0,110
0,540
0,080
0,070
0,150
1,090
0,160
0,082
0,719
0,412
0,116
0,177
0,193
0,070
0,180
0,540
0,200
0,210
0,040
1,150
0,320
0,709
0,077
0,168
0,259
0,602
0,150
0,286
0,070
0,629
0,079
0,156

0,1643
0,7616
0,1446
0,1100
0,2081
1,3031
0,2943
0,1482
0,9392
0,8247
0,2045
0,3454
0,3326
0,1221
0,2844
0,7511
0,3035
0,3701
0,0948
1,4996
0,5254
1,4768
0,1165
0,2393
0,6316
0,9268
0,2623
0,6618
0,1034
0,8878
0,1607
0,2327

Graphic survey of soil oscillation law is shown
in Figure 2.
On the basis of obtained equation (12) of the soil
oscillation, it is possible to calculate values of soil
oscillation velocity for corresponding reduced distances.
In Table 5, there is presented the survey of reduced distances (R), recorded oscillation velocities (vr), calculated oscillation velocities (vi), as well
as the difference between recorded and calculated
soil oscillation velocities (Lutovac S., 2010).
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Table 4.
No

Ri

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

44,0585
28,7499
74,3073
48,2182
26,6078
28,4042
41,9681
63,4804
25,7629
42,5015
73,5481
55,7332
54,6785
79,8390
45,2635
24,6973
71,1102
47,0339
60,0667
17,1847
34,4192
19,1171
53,7341
52,8693
35,1350
26,4910
42,1845
33,0260
72,2286
45,9254
63,1171
58,5524

log Ri (log Ri)2
1,6440
1,4586
1,8710
1,6832
1,4250
1,4534
1,6229
1,8026
1,4110
1,6284
1,8666
1,7461
1,7378
1,9022
1,6557
1,3926
1,8519
1,6724
1,7786
1,2351
1,5368
1,2814
1,7303
1,7232
1,5457
1,4231
1,6252
1,5189
1,8587
1,6621
1,8001
1,7675

2,7028
2,1276
3,5008
2,8332
2,0307
2,1123
2,6339
3,2495
1,9909
2,6517
3,4841
3,0489
3,0200
3,6184
2,7415
1,9395
3,4297
2,7970
3,1635
1,5256
2,3618
1,6420
2,9938
2,9694
2,3893
2,0252
2,6411
2,3069
3,4548
2,7624
3,2405
3,1242

vi

log vi

0,1643
0,7616
0,1446
0,1100
0,2081
1,3031
0,2943
0,1482
0,9392
0,8247
0,2045
0,3454
0,3326
0,1221
0,2844
0,7511
0,3035
0,3701
0,0948
1,4996
0,5254
1,4768
0,1165
0,2393
0,6316
0,9268
0,2623
0,6618
0,1034
0,8878
0,1607
0,2327

-0,7843
-0,1182
-0,8399
-0,9586
-0,6818
-0,1150
-0,5312
-0,8298
-0,0272
-0,0837
-0,6898
-0,4635
-0,4781
-0,9134
-0,5460
-0,1243
-0,5179
-0,4316
-1,0229
-0,1760
-0,2795
-0,1693
-0,9270
-0,6210
-0,1996
-0,0330
-0,5812
-0,1792
-0,9853
-0,0517
-0,8166
-0,6331

52,3125 86,5130

log Ri*
log vi
-1,2894
-0,1725
-1,5715
-1,6135
-0,9715
0,1671
-0,8622
-1,4959
-0,0384
-0,1363
-1,2877
-0,8093
-0,8308
-1,7375
-0,9041
-0,1731
-0,9591
-0,7219
-1,8193
0,2174
-0,4295
0,2170
-1,6040
-1,0701
-0,3085
-0,0469
-0,9445
-0,2722
-1,8314
-0,0859
-1,4699
-1,1191

-14,8891 -25,9744

A statistical analysis was carried out on the basis of data presented in Table 5.
The arithmetic mean of recorded values of soil
oscillation velocities, on the basis of the formula
(6) amounts:
v r = 0,4822 .

The variance of recorded values of the soil oscillation velocities, on the basis of the formula (7)
amounts:
Volume 7 / Number 1 / 2012

s 2vr = 0,1625 .

Figure 2. Graphic survey of soil oscillation law
curve in OP Drenovac
The index of curveline dependence between reduced distance (R) and soil oscillation velocity (v)
on the basis of the formula (10) amounts:
r = 0,8380 .

On the basis of the index value of curveline
dependence (ρ), it can be stated that between two
variables, i.e. the reduced distance (R) and the soil
oscillation velocity (v), there is highly tight correlation, given in the formula (12).
To evaluate the degree of convenience and accuracy. Of the selected curve, in addition to the
stated criterion, i.e. the index of curveline dependence (ρ), the criterion "3S" has been taken into
account as well.
According to the obtained data in Table 5,
maximal difference between recorded and calculated soil oscillation velocities (εmax ) = max εi ,
amounts:
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Table 5.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Reduced distance
(R)
44,0585
28,7499
74,3073
48,2182
26,6078
28,4042
41,9681
63,4804
25,7629
42,5015
73,5481
55,7332
54,6785
79,8390
45,2635
24,6973
71,1102
47,0339
60,0667
17,1847
34,4192
19,1171
53,7341
52,8693
35,1350
26,4910
42,1845
33,0260
72,2286
45,9254
63,1171
58,5524

Recorded oscillation
velocity, (vr) [cm/s]
0,1643
0,7616
0,1446
0,1100
0,2081
1,3031
0,2943
0,1482
0,9392
0,8247
0,2045
0,3454
0,3326
0,1221
0,2844
0,7511
0,3035
0,3701
0,0948
1,4996
0,5254
1,4768
0,1165
0,2393
0,6316
0,9268
0,2623
0,6618
0,1034
0,8878
0,1607
0,2327

εmax = 0,6227;
S = 0,2200;
3S = 0,6600.
As εmax < 3S, the supposed functional correlation is accepted as a good one.
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Calculated oscillation
velocity, (vi) [cm/s]
0,3307
0,6670
0,1401
0,2852
0,7576
0,6804
0,3583
0,1815
0,7988
0,3509
0,1425
0,2248
0,2319
0,1245
0,3164
0,8562
0,1506
0,2971
0,1987
1,5539
0,4963
1,3043
0,2387
0,2451
0,4798
0,7631
0,3552
0,5311
0,1468
0,3089
0,1832
0,2073

vr – vi
-0,1664
0,0946
0,0045
-0,1752
-0,5495
0,6227
-0,0640
-0,0333
0,1404
0,4738
0,0620
0,1206
0,1007
-0,0024
-0,0320
-0,1051
0,1529
0,0730
-0,1039
-0,0543
0,0291
0,1725
-0,1222
-0,0058
0,1518
0,1637
-0,0929
0,1307
-0,0434
0,5789
-0,0225
0,0254

5. Conclusion
Examinations dealt with in this paper comprise
of the parameter determination of soil oscillation
law on examples of mass blasting operations carried out during exploitation of the mineral raw
material deposit in limestone in the Drenovac –
Mionica open pit.
Soil oscillation law gives us the opportunity to
determine the velocity of rock mass oscillation, i.
e. the seismic effect of blasting of the strike: mine
field - construction or mining facility, whereby,
there is used the connection between the velocity
Volume 7 / Number 1 / 2012
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of rock mass oscillation and consequences which
can impact facilities both on the surface and underground during blasting.
On the basis of the obtained data, presented in
this paper, it can be stated that the application of
soil oscillation law gives the opportunity to reduce
negative effects of blasting while exploiting mineral raw materials, and thus to increase production
efficiency and protect people and facilities in the
vicinity of blast sites.
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Factors affecting cooperation in social
dilemmas: Experimental evidence from oneshot prisoner’s dilemma
Marija Kuzmanovic, Milena Djurovic, Milan Martic
University of Belgrade, Faculty of Organizational Sciences, Department for Operations Research and Statistics,
Belgrade, Serbia

Abstract
This paper deals with the cooperative behaviour of participants in social dilemmas of one-shot
Prisoner's dilemma type. The aim of the study was
to experimentally determine whether there is an
influence of participants' gender, faculty department and social value orientation on the cooperation rate in the games, and whether the influence
of these factors on the cooperation rate remains
the same under the influence of various external
stimuli. In accordance with the objectives of the
study, five hypotheses were proposed. Testing
of hypotheses revealed that the gender, faculty
department and social value orientation have no
significant influence on participants' behaviour, if
there is an external stimulus. Changes in the behaviour of participants i.e. increase in the cooperation
rate came after the influence of two stimuli: (1)
when the opponent was known in advance, and (2)
when the structure of payoff matrix was changed.
Although it was expected that the cooperation rate
would be higher if the participants are motivated
by additional (bonus) credits on the exam, it was
shown that this stimulus does not have enough
significant impact on the cooperation rate.
Key words: Social dilemma, prisoner's dilemma, cooperation, game theory, social value orientation.
Introduction
Social dilemmas arise when individuals must
choose between actions that optimize their personal
well being or the well being of the group; regardless
of what others do, individuals are better off following their self-interest than acting in the collective
interest (Krueger & Acevado 2007). Formally, social dilemmas are characterized by two properties:
384

(a) the social payoff to each individual for defecting
behaviour is higher than the payoff for cooperative
behaviour, regardless of what other society members do, yet (b) all individuals in the society receive
a lower payoff if all defect than if all cooperate
(Dawes & Messick 2000).
Social dilemmas have attracted a great deal
of interest in the social and behavioural sciences.
Economists, biologists, psychologists, sociologists, and political scientists alike are studying
the situations in which people are selfish or cooperative in a social dilemma. The most influential
theoretical approach is game theory (i.e., rational
choice theory) which assumes that individuals are
rational actors motivated to maximize their utilities. Utility is often narrowly defined in terms of
people’s material self-interest. Game theory thus
predicts a non-cooperative outcome in a social
dilemma. Although this is a useful starting premise there are many circumstances in which people
may deviate from individual rationality, demonstrating the limitations of economic game theory.
On the other hand, psychological models offer additional insights into social dilemmas by
questioning the game theory assumption that individuals pursue their narrow self-interest. Interdependence theory suggests that people transform
a given outcome matrix into an effective matrix
that is more consistent with their social dilemma
preferences (Kelley & Thibaut 1978). Whether individuals approach a social dilemma selfishly or
cooperatively might depend upon whether they
believe people are naturally greedy or cooperative.
To study the logic of social dilemmas, stripped
of their real-world complexity, scientists have invented a variety of games (Kollock 1998). The
most commonly studied social-dilemma games
are two person games called prisoner’s dilemma
games.
Volume 7 / Number 1 / 2012
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Prisoners’ Dilemma
Puzzles with the structure of the prisoner's dilemma (PD) were found and explained by Merrill
Flood and Melvin Dresher in 1950, as part of the
Rand Corporation's investigations into game theory, which has pursued because of possible applications to global nuclear strategy. The title “prisoner's
dilemma” and the version with prison sentences as
payoffs are due to Albert Tucker, who wanted to
make Flood and Dresher's ideas more accessible to
an audience of Stanford psychologists.
The game in its original form can be described
as follows. Two suspects are arrested by the police.
The police have insufficient evidence for a conviction, and, having separated the prisoners, visit
each of them to offer the same deal. If one testifies
for the prosecution against the other (defects) and
the other remains silent (cooperates), the defector
goes free and the silent accomplice receives the
full 20-year sentence. If both remain silent, both
prisoners are sentenced to only six months in jail
for a minor charge. If each betrays the other, each
receives a five-year sentence. Each prisoner must
choose to betray the other or to remain silent. Each
one is assured that the other would not know about
the betrayal before the end of the investigation.
How should the prisoners act?
If we assume that each prisoner cares only about
minimizing his or her own time in jail, then the PD
forms a game in which two players may each either cooperate with or defect from (betray) the other
player. In this game, as in most game theory, the
only concern of each individual player is maximizing his or her own payoff, without any concern for
the other player's payoff. The unique equilibrium
for this game is a Pareto-suboptimal solution, that
is, rational choice leads the two players to both defect, even though each player's individual reward
would be greater if they both played cooperatively.
When played in the psychology lab, the game’s
stakes are changed from prison time to monetary
rewards or losses. Each player can choose an action - cooperate for the common good or to defect
from the common good. Neither player learns the
other’s choice until both have responded, and the
payoff to each player depends on the combination
of their two actions. The payoff matrix has the following characteristics: (a) the highest individual
Volume 7 / Number 1 / 2012

payoff goes to the player who defects while the
other cooperates (Temptation, T); (b) the lowest
individual payoff goes to the player who cooperates while the other defects (Sucker, S); (c) the
highest total payoff to the two players combined
occurs if both cooperate (Reward, R); and (d) the
lowest total payoff occurs if they both defect (Punishment, P). These four values and their relationship are represented as a matrix in Table 1.
Table 1. Payoff matrix for general 2 x 2 Prisoners’ dilemma
Player 2
Player 1

Cooperate
Defect

Cooperate
R, R
T, S

Defect
S, T
P, P

To be defined as PD game, the following inequalities must hold: T > R > P > S and 2R > T + S
. These rules were established by cognitive scientist Douglas Hofstadter (1983) and form the formal canonical description of a typical PD game.
The game is a social dilemma because the highest individual payoff to either player comes from
defecting, but the highest total payoff to the two
combined comes from cooperating. If the other
player defects, one gets more for defecting than
for cooperating; if the other cooperates, one still
gets more for defecting than for cooperating; but
if both defect, each gets less than they would have
if both had cooperated.
Factors affecting cooperation in Prisoner’s
Dilemma
The problem with the standard rational choice
prediction of mutual defection in PD is that empirical investigations tend to find comparatively high
rates of cooperation. Therefore researchers are
typically interested in understanding the dynamics of cooperative choice. In particular, theorists
are interested in the question of how to encourage greater rates of cooperation in people. They
examined the influence of various factors on cooperation rate, especially the influence of asymmetric payoffs, strategy, gender, communication,
anonymity, stake size, personality etc.
Axelrod and Hamilton (1981) found that titfor-tat strategy in repeated PDs effectively train
385
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an opponent to play cooperatively. More recently, Cooper et al. (1996) report data from experiments that show more cooperation in finitely repeated PDs than in one-shot PD. Croson (1999)
and Beckenkamp et al. (2007) compared players'
behaviour in a symmetric and an asymmetric PD
game. They experimentally confirmed that asymmetry significantly decreases cooperation rate.
Holt and Capra (2000) experimentally confirmed that cooperation increase when incentives
to cooperate are greater. In addition, experimental
studies have shown that communication increases
the cooperation rate significantly (Sally 1995; Miettinen & Suetens 2008), although from a theoretical point of view communication is cheap talk
(Crawford 1998; Farrell & Rabin 1996). Dawes et
al. (1977) have shown that face-to-face communication only has an additional effect on behaviour
if the subjects are allowed to discuss the game and
the strategy they intend to play. If they only have
the chance to get to know each other, an effect on
the cooperation rate is almost not present.
Bohnet and Frey (1999) extend the analysis of
face-to-face effects on cooperative behaviour and
find that merely "seeing" each other's face without
the possibility of communication, increases the
cooperation rate. Furthermore, studies have shown
that the effectiveness of communication differs by
the words that are used, for instance, when making a promise. Charness and Dufwenberg (2006)
develop the idea that people keep promises because of guilt aversion. Ortmann and Tichy (1999)
found that women cooperate significantly more
than men. They also found that the gender composition of the subject pool has a significant impact
on cooperative behaviour.
Recent studies argued that cooperative behaviour in PD-type games might also be influenced
by individual differences in consistency of social
value orientations (Komorita & Parks 1995; Simpson 2004; Smeesters et al. 2003). Social value orientation (SVO) refers to a person’s tendency to
choose so as to maximize certain outcomes in an
interdependent situation (Messick & McClintock
1968; McClintock 1972). Using Van Lange’s
(1999) model, a pro-social individual desires to
simultaneously maximize joint gain and equality
in outcomes, an individualist is interested only in
maximizing own gain, and a pro-self individual
386

wants to maximize relative gain (i.e., the difference between own and other outcome).
Smeesters et al. (2003) measured both the nature and the consistency of social value orientations, before participants played a simultaneous
PD game against an anonymous partner. They
found that all individuals behaved very selfishly
when they expected to play against a presumed
non-cooperative, mighty partner. However, when
they thought they were playing against a cooperative, moral partner, all participants except high
consistent pro-selfs behaved cooperatively. How
pro-socials and pro-selfs differ specifically in
transforming a social dilemma game matrix in accordance with the ‘goal prescribes rationality principle’ is nicely illustrated by the study of Simpson
(2004). He found that pro-socials readily cooperate in a one-shot PD, while pro-selfs do not.
Present study
Factors affecting cooperation are rarely studied in the context of the one-shot PD game. Many
real-world interactions, however, are one-time
events, so it is important to determine how those
factors apply to the one-shot PD. This study will
examine the impact of several factors on cooperation in the one-shot PD.
The aim of the study is threefold. Firstly, to experimentally determine whether the participants are
cooperative in one-shot type social dilemmas, and
to what extent, i.e. do they behave rationally, and to
what extent, as the Game theory predicts. Second,
whether behaviour of participants is influenced by
the following factors, and in what way: gender,
faculty department and participants’ SVO. Third,
whether the influence of these factors (especially
SVO) at the cooperation rate remains the same if the
opponent is known in advance, if the values of payoffs are changed, or if the type of payoffs is changed.
Given the study objectives, the following hypotheses are set:
H1. Higher proportion of women comparing to
man will play the cooperative strategy in one-shot
PD.
H2. Players with a cooperative (pro-social)
SVO should cooperate significantly more in oneshot PD than players with an individualistic or
competitive (pro-self) SVO.
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H3. Players will cooperate more often in the oneshot PD if they know their opponent in advance.
H4. Players are willing to play in the benefit of
the others if it does not affect their own payoffs.
H5. Players will cooperate more in the oneshot PD if there is a stronger motivation.
Method
Participants
The participants were 66 students (34 female, 32
male) from the Faculty of Organizational Sciences
in Belgrade enrolled in an introductory Game theory
and Operations research courses. Participation was
in partial fulfilment of a courses requirement. Participants were from different faculty departments,
33.3% of them from the management department
(MN), and 66.7% from the informational systems
and technologies department (IS&T).
Procedure
In order to test the hypothesis we conducted
four experimental games and perform the measurement of social value orientation of participants. Three sessions were run under laboratory
conditions with 22 participants per session, approximately. Each participant was placed at a
separate work station and was given a numbered
record sheet. Number of the record sheet represented a participant’s tag in the game. Participants
were told that they would participate in a number
of unrelated experimental games. At the beginning
of the experiment they have been asked to inscribe
their gender and department on the record sheet.
The instructions were read aloud and distributed on papers. In each game the participants were
to choose red or black card, where each of them
represented a certain value of payoffs. Each participant was told that his opponent will also be
choosing between red and black cards. Any communication between participants was prohibited.
After each game, all participants recorded their
own as well as their opponent’s decision and corresponding payoffs, on a record sheet. It was emphasised that the goal of each game is to maximise
their own payoff. Time for a decision was limited
to 2 minutes per game.
Volume 7 / Number 1 / 2012

Experimental games
As mentioned above, four experimental games
were run under laboratory conditions, one after
another.
Game G1: By choosing the red card in the first
game, the participants gave themselves three points,
while choosing the black card did not change their
own payoff, but the opponent would receive 7
points. After choosing the card and writing his/her
choice on the record sheet, each participant would
be randomly paired with some other participant.
Game G2: The first game was repeated, but
under changed circumstances. Rules of the game
and the amount of payoff remained the same, but
the pairs of players were determined in advance.
Before the participant would choose the card, the
instructor randomly paired numbers from 1 to 22
on the board, representing the tags of each participant. Communication and coordination of decisions were not allowed.
Game G3: In this game the payoffs associated
with red and black cards were changed, but the
rules remained the same as in the first game. By
choosing the black card, the participants would
give to the opponent 10 points, while choosing
the red would be neutral, not giving points neither
to themselves nor the opponent. After choosing
the card and writing his/her choice on the record
sheet, each participant would be randomly paired
with some other participant.
Game G4: The first game was repeated, but the
payoffs were representing the credits in the course.
By choosing the red card participants guaranteed
themselves the value of 3 credits, and choosing the
black would give the opponent 7 credits. In this
way, participants could win 0, 3, 7 or 10 credits,
depending not only on their own decision but decision of randomly chosen opponent.
Games G1, G2 and G4, included in the experiment, were actually PD games, although this fact
was not explicitly mentioned to the participants,
and there was no strict incentive to play equilibrium strategies. Payoff matrix for these three games
is given in Table 2. The aim of these three experiments was to determine the cooperation rate in simultaneous one-shot PD when the opponent was
unknown (G1), when the opponent was known
in advance but there was no possibility of com387
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munication between participants (G2) and when
the game points were replaced by course credits,
influencing the final course score (G4). Also, the
aim was to determine whether there are effects of
participants' gender, faculty department and SVO
to the cooperation rate in these games.
Table 2. Payoff matrix for games G1, G2, and G4
Participant 2
Cooperate (C) Defect (D)
7,7
0,10
Participant Cooperate (C)
1
Defect (D)
10,0
3,3

Although at first glance seems like it, the game
G3 wasn’t PD game. That is, participant would be
in equilibrium no matter what card he/she chooses.
Payoff matrix for this game is given in Table 3. The
aim of this experiment was to determine the cooperation rate in the game in which decision about
cooperation does not affect the size of self payoff.
Table 3. Payoff matrix for game G3
Participant 2
Cooperate (C) Defect (D)
Cooperate
(C)
10,10
0,10
Participant
1
Defect (D)
10,0
0,0

Measurement of Social Value Orientation
After participants made their choices in the
PDs, in the second part of experiment, participants’
Social Value Orientation (SVO) was assessed by
a 24-item paper-and-pencil version of Liebrand’s
RING measure (Liebrand & McClintock 1988).
Participants made 24 choices between two own/
other outcome allocations (see Appendix A). Specific own/other outcomes are defined as points in
this two dimensional plane, with a center point at
(50, 50) denoting $50 for self and $50 for other,
and a radius of 50 units.
Each pair consisted of two sampled own/other
outcome allocations. For example, participants
had to choose between either A: $93.00 for me,
and $25.00 for other, or B: $98.00 for me and
$37.00 for other. For each of the 24 pairs of outcomes, subjects were instructed to choose the
outcome distribution they most preferred. Adding
up the chosen amounts separately for self and for
other provides an estimate of the weights assigned
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by the subject to own and other's payoffs. These
weights are used to estimate the direction of the
subject's value vector extending from the origin
(center point) of the own/other outcome plane. All
vectors with angles between 67.5 and 22.5 degrees
were classified as cooperative (pro-social); those
between 22.5 and -22.5 degrees as individualistic; and those between -22.5 and -67.5 degrees as
competitive (pro-self). See an Appendix B for a
plane with these regions identified.
The length of a value vector provides a measure of the consistency of participants’ choices in
this linear choice model, with random choices resulting in an expected vector length of zero. The
maximum vector length is twice the radius of the
circle, so dividing the length by 100 (2x50) gives
a reliability index from 0 to 1. In order to prevent
invalid classifications, participants were typically
only classified if the consistency of their choices
was at least 60%.
Results
The main results of these experiments are described below. Of the 66 participants administered
the SVO, 14 (22.6%) were classified as Cooperative (Pro-social), 39 (62.9%) as Individualist, and 9
(14.5%) as Competitive (Pro-self). The remaining
4 participants were excluded from further analysis
because they had the consistency of choices less
than 60%. The observed mean reliability was 0.94
(SD = .10). The distribution of SVO did not differ
neither by gender, χ2(2) = 5.116, p = .077, nor by
faculty department, χ2(2) = 3.587, p = .166.
Table 4 provides the proportion of participants
choosing the cooperative action in each of four
games. The cooperation rate within the entire
sample (total) is shown, but also within separate
groups of participants, segmented based on gender, the faculty department and SVO.
Table 4 shows that of all participants in the first
game, only 7 cooperated (11%). Interestingly, no
woman played cooperatively, as well as no student
of management orientation (MN). None of the individualists also played the cooperative strategy,
while 6 of 7 participants who cooperated, were of
pro-social orientation. We have examined the importance of gender, department and SVO on the
number of cooperative choices in a Game 1, and
Volume 7 / Number 1 / 2012
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Table 4. Proportion of participants choosing the cooperative action by the game
Game

Total

G1
G2
G3
G4

7 (11.3%)
31 (50.0%)
38 (61.3%)
30 (48.4%)

Gender

Department

Female
Male
MN
IS&T
0 (0%)
7 (25%)
0 (0%)
7 (17.5%)
16 (47.1%) 15 (53.6%) 12 (54.6%) 19 (47.5%)
24 (70.6%) 14 (50%) 16 (72.7%) 22 (55%)
16 (47.1%) 14 (50%) 8 (36.4%) 22 (55%)

came to the conclusion that there was significant
interaction between the cooperation rate and gender (χ2(1) = 9.582, p = .002), faculty department
(χ2(1) =4.34, p =.037), and SVO (χ2(2) = 18.893,
p < .001).
Unlike the first game, there was much larger
number of participants playing cooperatively in
the second one. Table 4 shows that half of them
have been choosing the cooperative strategy. All
participants who played cooperatively in the first
game were cooperative in the second. Of the 55
participants who were not cooperative in the first,
24 participants, mostly women, have changed
their decision in the second game, choosing the
cooperative strategy. We have investigated the significance of gender, department and SVO, on the
number of cooperative choices in this game and
find out that there was no significant association
between the cooperation rate and gender (χ2(1) =
.261, p = .610), faculty department (χ2(1) = .282, p
= .596), and SVO (χ2(2) = 3.939, p = .140).
38 participants (61.3%) played cooperatively
in the third game, meaning they were ready to
bestow 10 points to the opponent, which did not
affect the value of their own payoffs. Although,
unlike the previous two games, the percentage of
female non-cooperative participants, as well as
those of management orientation, were significantly higher (about 70%), showing that nor the
first (gender) nor the second factor (faculty department) were statistically significant factors of cooperation rate: the gender χ2(1) = 1.465, p = .226;
the faculty department χ2(1)= 1.179, p = .278. The
percentage of cooperative individualist was also
higher (59%) in this game comparing to previous,
but the factor SVO also proved to be slightly statistically significant, χ2(2) =1.179, p = .555.
The cooperation rate in the fourth game has not
changed much in comparison to the second game,
in which participants knew their opponent in adVolume 7 / Number 1 / 2012

SVO
Pro-Social Individualist Pro-Self
6 (42.9%)
0 (0%)
1 (11.1%)
10 (71.4%)
16 (41%)
5 (55. 6%)
10 (71.4%)
23 (59%)
5 (55.6%)
10 (71.4%)
16 (41%)
4 (44.4%)

vance. 30 participants (48.4%) chose to be cooperative, accepting the risk of losing their bonus
points on the exam, while 32 participants opted for
a safer solution, by choosing the red card. 4 participants were cooperative in games G1, G2 and G4,
while in G3 they were not. We have investigated
the significance of gender, department and SVO
on the cooperation rate in Game 4 and the conclusion is that there was no significant association
between the cooperation rate and gender (χ2(1) =
.053, p = .818); faculty department (χ2(1) = 1.974,
p = .160), and SVO (χ2(2) = 3.878, p = .144).
Considering that factors of gender, department and SVO showed no significant effect on
the cooperation rate in the games G2, G3 and
G4, and there was still significant differences in
the number of cooperative choices in these three
games, we examined the influence of external
stimuli. To determine the significance of their influence, we compared the number of cooperative
choices in the first game (in which there were no
external stimuli) with the number of cooperative
choices in the second, third and fourth game. If
the opponent is known in advance, the participant
may or may not trust him/her, and the stimulus
proved to be significant for the cooperation rate
in the second, compared to the first game (χ2(1) =
7.891, p =.005). The analysis showed that a stimulus applied in the third game, change in the type
of payoff, significantly affects the number of cooperative choices (χ2(1) = 4.984, p = .026). In this
way, participants showed that if their own payoff
can not be increased, they will increase the opponent’s. However, the motivation of participants in
the form of bonus points in the exam did not show
statistically enough significance on the cooperation rate (χ2(1) = 0.242, p = .632).
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Discussion
During the classes and the lessons of Game
theory and Operations research, it was observed
that the students do not always behave rationally in
the Prisoner's dilemma games, as proposed by the
game theory. Pair of strategies (defect, defect) is the
point of Nash equilibrium. However, the optimal
solution to a game is a pair of strategies (cooperate,
cooperate). Knowing the structure and rules of the
game, participants are often more willing to take
risks and to cooperate more, which would be an
irrational choice from the perspective of the game
theory. Motivated by this observation, and the very
rich literature on the theoretical interpretations and
experimental analysis of the level of cooperation in
social dilemmas, we carried out this research.
In accordance with the study objectives, we
tested the basic assumptions of the research topic.
To support the hypotheses, we analyzed the level
of participants’ cooperation in all four games. We
found that in the general case when no external
stimulus, women play as game theory suggests.
This is because women are by nature more rational, convincible and at all times aware of what they
can get, and what can lose. In order to trigger certain activities and direct them towards a defined
goal, women must be encouraged to do so. However, given that only in the first game gender significantly affects the level of cooperation, hypothesis 1 is rejected. This finding is not consistent with
the ones obtained by Ortmann and Tichy (1999).
As there were no cooperative women, there were
no cooperative participants for the management
orientation in the first game. We assume that the
awareness of efficient play, deployment and use
of resources as the basic concept of the management orientation, had a decisive influence on their
choice of strategy.
Since SVO factor significantly affects the
number of cooperative choices only in the first
game, hypothesis 2 was also rejected. The only
one participant with pro-self and almost all with
pro-social SVO cooperated in the game G1, but
none of the participants with individualistic orientation. Results of the first game are in line with the
results obtained by Simpson (2004). Contrary to
the game G1, more than half of all individualists
were cooperative in the game G3. It can be argued
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that individualists "are in dialogue with themselves", disregarding the others, so this is a very
significant finding. What the individualists have in
themselves is differently expressed under the influence of stimulus. Pro-socials seem to focus on
how things could be better, pro-selfs focus on how
things could be worse, and individualists examine
both perspectives.
Based on the previous analysis we have shown
that hypotheses 1 and 2 are valid only when there
is no external stimulus.
We experimentally determine that women
(mainly from the management orientation) play
more cooperatively when they know against
whom they play. Moreover, we found that half of
participants with pro-self SVO cooperated when
they knew their opponents. The greater certainty,
the participants are more willing to cooperate. It
is therefore not surprising that half of all the participants have been giving generously 7 points to
known opponent, mainly driven by the assumption
that opponent will cooperate too ("receive what
you give"). Presented challenge in the second game
proved to be a factor which significantly affecting the cooperation rate, and thus hypothesis 3 is
confirmed. These findings are in contradiction with
findings of Dawes et al (1977), but in line with findings of Bohnet and Frey (1999) who also argue that
this stimulus increases the cooperation rate.
Another important question is whether the individual tends to deny opponent the points, if so
does not affect its own number of points. In the
game G3 as many as 24 participants were selfish,
while four of them cooperated in all other games.
Were they thinking maybe about possible consequences of their own decisions on the outcome
of the game or just did not want to give points to
the others? Interesting observation is that women
proved to be more generous. In addition, more
than half of all pro-self participants cooperated
in the G3, which is not expected from the players who want to maximize the difference between
their own and the opponent’s payoff. The change
of the payoff structure in the G3 seems to have
affected the cooperation rate between the participants thus confirming the hypothesis 4.
In the study, particular focus was on the fourth
game, where participants were motivated with the
bonus course credits which could be won by playVolume 7 / Number 1 / 2012
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ing the game. A smaller number of participants
who cooperate in this game emphasize “the effect
of security” which shows that the fear of losing the
“guaranteed” 3 points is higher than the desire of
obtaining the "risky" 7 points. The motive of security emerges as the dominant one, and more participants are inclined to rational strategy in this game,
i.e. choose not to cooperate. However, this stimulus
proved to be statistically insignificant on the cooperation, so the hypothesis 5 had been rejected.
Conclusion
Factors affecting cooperation are rarely studied in the context of the one-shot PD game. Many
real-world interactions, however, are one-time
events, so it is important to determine how those
factors apply to the one-shot PD. In this study we
examine the impact of several factors on cooperation in the one-shot PD.
We attempt to determine the extent to which
participants behave cooperatively in one-shot PDs,
whether the cooperation rate is influenced by gender, faculty department and SVO of participants,
and whether the impact of these factors remains
the same if stimulus is changed. More precisely,
we analyzed the impact of three external stimuli
on cooperation rate: when opponent known in advance, when the structure of the payoff matrix is
changed, when the type of outcome in the payoffs
matrix is changed.
We confirmed that individuals behave differently in different situations. In the basic simultaneous PD game, without the possibility of communication and agreement, participants deviate
from the norms suggested by the game theory, and
cooperate more than would be expected. In line
with earlier research, it was confirmed that participants were willing to cooperate more if they knew
the opponent in advance, especially females and
the participants from the management department.
However, the number of cooperative players is
reduced when the game payoffs were expressed
through the course credits, possibly due to the participants' rationality.
Acting toward the benefit of others and self harm
is morally unacceptable, however, unselfish actions
are preferred in social dilemmas, in contrast to selfish ones. Choosing between the decision to coopVolume 7 / Number 1 / 2012

erate or not to cooperate, participants are inclined
to irrationalization under the influence of certain
factors. In other words, they are looking for well
designed arguments for their risky moves, leading
to irrational play, primarily for their own benefit.
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APPENDIX A

Figure A.1. Liebrand’s RING measure of Social Value Orientation

(Source: http://vlab.ethz.ch/svo/SVO_Slider/SVO_Slider_paper_based_measures.html)
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APPENDIX B

Figure B.1: Own/Other outcome plane and four classes of social values orientations. Adapted from
Liebrand and McClintock (1988)
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Agrochemicals - factors restricting the quality
of water
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Abstract
The goal of this labour is systematize the research about the effects that modern agricultural
production has on water resources in the EU countries and in the Republic of Serbia. Two parameters were observed: nitrate level released during
the process of agricultural production and the way
it affects water quality. During the first part of the
research data from relevant institutions, related to
the levels of consumption of agrochemicals during the period of industrionalization of agricultural production in the EU countries as well as in
the Republic of Serbia, were gathered and systematized and key directives which regulate impacts of
agriculture on water resources are also cited. Using the Reports of the European Comission about
the Implementation of the Nitrates Directive from
the period 2000-2003. and 2004-2007, the authors
tried, presenting data tables, to point to certain
results which were accomplished by implementing the directives that deal with water protection.
The conclusion was reached that between the two
reporting periods the nitrate level was reduced in
water which had below 10 mg NO3/l, but the share
of measuring spots was increased where nitrate
concentrations above 50 mg/l were detected in EU
15. The second part of the work presents laboratory analysis results of water sample taken from
agricultural area in the vicinity of Pančevo from
2010. The results show that although Pančevo belongs to the region of more intensive agricultural
production in the Republic of Serbia, the concentrations of nitrates, nitrites and ammonium in the
mentioned sample are far below the maximum allowed concentrations issued by Books of Regulations. Changes in concentrations will be observed
during the following period.
Key words: Agriculture, nitrates, water, quality
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Introduction
The need for rational approach to the consumption of drinking water reserves becomes more and
more expressed globally because water is considered to be strategic resource of the 21th century.
Besides land, water is the key resource of agricultural production although at the same time agriculture represents one of the biggest water polluters
with nitrates. From the total quantity of nitrogen
that was found in water systems on the Earth, during the last 30 years even 50-80% was released
from cultivated land. Since nitrogen compounds
are highly mobile, all the surplus that plants don't
take goes to the surface water flows, or to the
deeper land layers and that way reach underground
water. Basic indicators that point to the increased
nitrogene compounds in the surroundings are acid
reaction of soil solution (that impacts the content
and number of species in ecosystem), increasing
of the nitrate level in freshwater systems and its
eutrophication. As a result of large quantities of
nutritional ingredients (nitrogen and phosphorus)
in water flourishing happens which reduces water
transparency. Except the reduction in water transparency, algae secret ingredients that are toxic to
fish and humans, and microorganisms spend large
quantities of oxygen to dissolve those ingredients
which causes dramatic consequences for the living world in water and ecosystem on the whole.
Because the evident loss of water quality on the
Earth at the beginning of the nineties of the 20th
century more strict and complex Law Regulations
were put into effect regarding water protection and
sustainable use of water worldwide. The countries
members of the EU, with developed ecological
conscience and positive results in regulation implementation in this field, have been distinguished
regarding successful passing and putting into effect Law Regulations which deal with water protection. The Republic of Serbia has to coordinate
Law Regulations in the field of environmental
395
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protection with the EU Law Regulations. More
important factor is practical implementation of
those regulations, especially if we keep in mind
that even the existing Law Regulations are not actually completely implemented.
Trends in nitrogen fertilizers consumption
and the effects of fertilizers on water quality in the EU countries
Introducing dwarfing genes (Rht1 and Rht2)
into wheat, agricultural production starts with a
new era, scientific and technological era. Creation
of new growing plant types required creation of
optimal conditions for their growth and development in order to achieve maximum harvest. It
was primarily related to larger quantities of agrochemicals, especially nitrogen fertilizers which
directly affect harvest and that resulted in higher
consumption of nitrogen fertilizers in relation to
other nutrients. Only in the EU15 countries during the period from 1950-2000. the use of nitrogen
fertilizers was ten times greater - from 1 to 9-10
million tonnes. At the same time, quantity of organic fertilizers that are produced on animal farms
was increased which resulted in significant increase of nitrate concentration in water. After first
alarming reports on high concentration of nitrates
in the environment, the EU countries adopted the
first Drinking Water Directive in 1975, while during the mid eighties set of new directives was adopted which were in accordance with the advice
of the World Health Organization that concentration of nitrates in water should not be higher than
50 mg/l. Exactly during this period first positive
trends of reduced consumption of nitrogen fertilizers appeared. At the beginning of the nineties of the
20th century more strict Agricultural Production
Law Regulation was adopted in the EU countries
(numerous legal forms, penalty measures) which,
together with futuristic concept of environmental
policy, resulted in optimal consumption of agrochemicals and reduction in the number of head of
cattle per hectare of arable land, in other words
in reduced pressure on major natural resources.
According to the statistical data and reports, consumption of nitrogen fertilizers in the EU15 countries after 2000. was stabilized and it was about
9 million tonnes. The countries - members of the
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EU27 record slight fall in the consumption of nitrogen fertilizers as well, in relation to the trends
from the beginning of the nineties, but because
of inefficient use of agrochemicals in developing
countries consumption is still high and according
to Eurostat data for 2008. consumption of nitrogen
fertilizers was about 11 million of tonnes (Eurostat database), average consumption of nitrogen
was 64 kg per unit of arable land measurement,
whereas consumption rates vary from country to
country, and it depends on the type of crops.
In the total consumption of mineral fertilizers
in the EU27 countries, the share of nitrogen fertilizers was about 62 %. The highest rates of fertilizer consumption per hectare of arable land were
in the countries of Western Europe like the Netherlands, Belgium, Denmark, Ireland, Great Britain, North West and South Germany, as well as in
some areas in France and Italy. According to the
FAO data it is expected that developed countries
will have increased the consumption of nitrogen
fertilizers until 2030. at a rate from 0,7 to 1,3 %
annually.
As a result of more restrictive policy related
to the number of head of cattle per unit of measurement, positive results were achieved related
to the reduction of nitrogen emissions coming
from farms. According to the Implementation of
the Nitrates Directive Report related to the period
from 2000-2003. in relation to the period from
1996-1999, the quantity of nitrogen released from
farms was reduced from 9,4 to 9,1 million tonnes
regarding the EU27 countries, and from 7,9 to 7,6
regarding the EU15 countries. It was recorded that
intensity of pressure on the environment differs
from country to country. Zones with high pressure
on the environment were recorded on the territory
of the Netherlands, Belgium and France. East European Countries exert less pressure on the environment considering that there is smaller number
of cattle.
However, in spite of great effort, agriculture
still represents a source of large quantities of nitrogen emitted into the environment. Except that
directly releases large quantities of nitrates into
soil, it is considered that about 50% of total nitrogen emissions into surface streams come from
agriculture. Table 1 presents share of certain nitrogen sources in the environment.
Volume 7 / Number 1 / 2012
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Table 1. Share of certain sources in total nitrogen concentration in the EU 15 countries in 2000.

Austria
Belgium
Denmark
Finland
France
Germany
Greece
Ireland
Italy
Luxembourg
Netherlands
Portugal
Spain
Sweden
Great Britain
EU 15

Biological
Nitrogen fixation
(%)

Atmospheric Nitrogen
accumulation
(%)

Organic fertilizers
from farms
(%)

Mineral
fertilizers
(%)

Total
(1.000 t)

3,4
0,8
3,4
2,3
3,0
1,5
1,2
0,3
1,3
0,5
0,3
3,1
4,3
3,4
1,6
2,2

19,1
9,5
8,2
3,7
9,6
13,7
4,8
4,7
9,5
9,5
7,7
4,6
7,3
3,8
9,3
9,5

45,4
56,9
40,5
29,9
34,4
35,5
37,3
53,9
38,5
39,6
52,5
50,6
37,6
37,8
42,4
39,5

32,1
32,9
47,9
64,1
52,9
49,3
56,7
41,1
50,7
50,4
39,6
41,7
55,7
55,0
46,8
48,9

349,4
480,9
569,3
272,9
4760,1
3627,3
541,4
960,4
1805,9
35,7
935,0
270,3
2047,9
373,9
2674,3
19731,7

Source: Eutrophication and health, 2002

Nitrogen is being applied to land through numerous biological processes (biological nitrogen
fixation, atmospheric nitrogen accumulation), but
the increase of nitrogen concentration that we deal
with today comes primarily from human activity. Table 1 shows share of certain sources in total
nitrogen concentration in the EU15 countries in
2000.The data confirm the fact that major surplus
of nitrogen in the environment appears due to the
consumption of mineral fertilizers and inadequate
storage or due to application of large quantities of
organic fertilizers produced on farms. As a consequence of land nitrification Nitrate Vulnerable
Zones appear, from which nitrates drain into surface and underground water and pollute the environment. Areas identified as Nitrate Vulnerable
Zones covered about 38% of total EU15 area in
2000, (1,2 million km3 of total 3,2 million km2).
Based on the European Commission estimation and according to the Implementation of the
Nitrates Directive Report from the period from
2004-2007, this percentage was increased to 44,6
% of total EU15 territory.
How much the above mentioned nitrates emission trends in agriculture affected water quality it
is shown in Table 2, where the results of two consecutive reports are shown, presenting the surface
Volume 7 / Number 1 / 2012

water condition for the period from 2000-2003.
and from 2004-2007. in the EU15 countries. The
data in Table 2 point out that water quality of surface waterflows which had less than 10 mg/l was
improved between the two observed periods, but,
on the other side, the share of measuring spots,
in which concentration was above 50 mg NO3/l,
was increased. According to the reports from the
period from 2004-2007, France achieved significant positive results with gaging stations which
recorded largest share of improvement in surface
water quality, whereas in Greece and Luxembourg
gaging stations recorded largest share of reduction in surface water quality.
Like mineral fertilizers, plant protection and
plant care products affect significantly the environment where applied and, entering food chain,
cause harmful effects on distant ecosystems as
well. Typical example of harmful effect of pesticides on ecosystem certainly is insecticide DDT,
which belongs to the group of organochloric
compounds with high affinity of accumulation in
fatty tissue of all living creatures. Besides, DDT
directly causes mortality of large number of organisms in water, as well as the reduction in rate
of reproduction in bird, so the use of DDT was
strictly prohibited. However, not all pesticides
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Table 2. Nitrates concentration in surface freshwater in the EU15 countries
Period
Nitrates concentration
Gaging stations share
Total number of gaging stations
Period
Period
Nitrates concentration
Gaging stations share

‹ 2 mg NO3/l
19 %

‹ 2 mg NO3/l
24 %

2000. – 2003. year
2-10 NO3/l
40-50 NO3/l
53 %
4%
22.000
2004. – 2007. year
2-10 NO3/l
40-50 NO3/l
30 %
4%
22.000

› 50 NO3/l
2,5 %

› 50 NO3/l
4%

Source: “Report from the Commission to the Council and the European Parlament On implementation of Council Directive
91/676/EEC concerning the protection of waters against pollution caused by nitrates from agricultural sources for the period
2000-2003“ and “Report from the Commission to the Council and the European Parlament On implementation of Council
Directive 91/676/EEC concerning the protection of waters against pollution caused by nitrates from agricultural sources for the
period 2004-2007“

were harmful as DDT. Risks that certain pesticides can be harmful primarily depend on active
substance chemical structure and its application,
but it must be said that largest number of active
substances has harmful effects on wrong organisms. There was a research in Hungary, related to
the effects of pesticides on the living organisms
in the Lake Balaton, where deltametrin was used
for eradication of mosquitoes. The results of the
research showed severe nervous system damage
at several species of fish in the lake (Csillik et al.,
2000). Research in Germany confirms that shortterm washing of insecticides because of abundant
rainfall in the North of Germany resulted in the
loss of eight of eleven macroinvertebrate communities which lived in the streams of agricultural
area, as well as the reduction in population density
in the remaining three communities (Schulz and
Liess, 1999). Information on environmental contamination caused by pesticides is very restricted
and inaccessible; therefore any sort of estimation,
expressed by real numbers, about actual effects
on ecosystem would be unreal. Drinking Water
Directive (Directive 80/778/EEC) presents maximum allowed values for the concentration of pesticides in water (Table 3).
Data about the level of pesticides consumption
per arable land unit of measurement are collected
based on "the field book" which should be written
on every agricultural farm, but official statistics is
based primarily on data related to the sale of these
substances in a country. That way in 2006. the
largest sale was recorded in Belgium regarding the
EU countries, then in Italy, in the Netherlands and
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Portugal. Norway and Switzerland had the smallest pesticides production range per hectare of arable land (Environmental statistics and accounts
in Europe). In order to restrict the sale of pesticide
products, legal acts were adopted for regulation
of the sale of plant protection products (Directive
91/414/EEC, 1993.). According to the data from
2003. in the EU15, 52% of total consumption of
pesticides were fungicides, 34% were herbicides,
4% were insecticides and 10% of total consumption of pesticides were other products used for
care and protection of plants.
Key Water Protection Directives protecting
European Water from harmful agricultural
effects
Clean and healthy environment is essentially
important for well-being of people. In that sense,
the EU countries create strict legal framework
and undertake complex measures related to the
improvement of water quality, land and air and
reduced use of chemicals. Water Framework Directive (2000/60/EC) represents basic point for
the protection and improvement of quality of all
water resources. This Directive has a clear aim that "good condition" of water must be achieved
until 2015. and that water resources within European Community must be managed in a sustainable way. Basic assumptions of Water Framework
Directive are: necessity of transborder cooperation between countries and interested participants,
active participation in the process of management
and protection of water in all interested countries,
Volume 7 / Number 1 / 2012
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applying Polluter Pays principle, balance between
environmental needs and those that depend on it.
Very important step in solving the problem of
nitrates surplus in th eenvironment coming from
agriculture is Nitrates Directive (Directive 91/676/
EEC) from 1991. which restricts the use of organic fertilizers on 170 kg/ha, in other words up to
200 kg/ha during the first four years of implementation of this program. After 1991. it was started
with systematic monitoring of water quality on
the territory of countries which adopted the Directive, comparing the results that gaging stations
recorded during the period of four years, which
is presented in Table2. Drinking Water Directive
(Directive 80/778/EEC) sets maximum allowed
concentration of nitrites, nitrates and pesticides in
drinking water (Table 3).
Table 3. Allowed concentration of chemical substances in drinking water

Nitrates
Nitrites
Pesticides 1
Pesticidi total 3

Reference
value
50
0,50
0,10 2
0,50

Unit of
measurement
mg/l
mg/l
μg/l
μg/l

Source : Drinking water directive, Directive 80/778/EEC
Notes: 1 Only concentrations of those pesticides which are
believed to be found on the sample are being determined 2 Reference value is related to each pesticide individually. In the
case of discovering the concentration of aldrin, dieldrin and
heptahlor and heptahlor-epoxid reference value is 0,030 μg/l;
3
Total value of all individual pesticides discovered on the
sample.

The
Pesticides
Framework
Directive
(2009/128/EC) has an aim to promote alternative
methods of management of harmful organisms in
crops, to grow certain plants between agricultural
land and surface water (tampon zone) which will
prevent pesticides from draining, as well as all
other methods by which the risk of pesticides for
human health and environment could be reduced.
According to this Directive the use of pesticides is
forbidden, or minimized in the areas where there
is a risk of their draining into surface or underground water (vulnerable zones). The countries
members of the EU are obligated, according to
this Directive, to develop National Action Plan in
order to reduce risk from the use of pesticides, to
control the equipment for the application of pesVolume 7 / Number 1 / 2012

ticides, to forbid application of pesticides from
the air and to develop training program for the application of pesticides. The European Chemicals
Agency is focused on the steps of REACH legislation implementation (Directive 1907/2006 EC)
and is responsible for the management of the process of registration, evaluation and restriction of
substance durability permission within the EU27.
Consumption of mineral fertilizers and
pesticides in the Republic of Serbia
All up to 2001, the consumption of mineral fertilizers in the Republic of Serbia has been sistematically tracked by the Republic Statistical Office, which
has given a good ground also for evaluation of primary agricultural production influence on the environment. After 2001, the consumtion has not being
followed, but only the production of mineral fertilizers within the industrial production of chemicals and
chemical products. According to data provided by
the Statistical Office ran until 2001. consumption of
mineral fertilizers in Serbia is characterized by a declining trend, particularly after the 1992. With 1.44
million tons (1985.) consumption is reduced to approximately 220,000 tons (2000.), showing the tendency to gradually increase, to 300,000 tons (2003).
After 1992, oscillating of all types of mineral fertilizers consumption are noticed, as a consequence of
the state's economic weakening and its productive
potentials, as well as insufficient economic power of
households to apply optimal amount of nutrients in
crops. The largest share in total consumption during
this period had nitrogen and mixed fertilizers, while
their dominance changed from year to year (Figure
2). The average consumption of nitrogen fertilizers
in the period 1985-1992 at the Republic of Serbia
level, was amounted around 230 thousand tons annually, while in the period 1992-2001 that amount
had decreased on 60 thousand tons of nitrogen fertilizers for totally arable land (5,058,000 ha). Over
time, the threat to the environment and eutrophication of aquatic systems were reduced. According to
the 2009 State Report of Environment in. the territory of Vojvodina has been identified as the most polluted area of the Republic of Serbia, because 25%
of the analyzed soil samples showed high content
of phosphorus, while 56% of the analyzed territory
believed to be still in the process of acidification.
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These results were expected since the Vojvodina region has the biggest agricultural production in Serbia, and therefore in the soil a large amounts of residues mineral fertilizer and pesticides are presented.

adequate handling. The level of ecosystem health
damage couldn't be determined based only on the
quantity of used preparations, much more important are chemical characteristics of the substances
concerning the application of fertilizers, as well as
using period in certain environment and the way
of dissolving, but systematic observations of those
parameters haven't been carried out.

Graph 1. Consumption of mineral fertilizers in
the Republic of Serbia, in thousand of tonnes in
period 1985-2001.

Source: The Republic Bureau of Statistics
Note: In 1999, 2000 and 2001. data related to Kosovo i Metohija are missing

Data related to the consumption that are available are collected from balance of mineral fertilizers
export and import in our country, based on which it
was concluded that consumption of mineral fertilizers in the Republic of Serbia today is 36 kg of active substance per hectare. This quantity of mineral
fertilizers application is minor in relation to the use
of fertilizers in the European Union, but what still
misses is better control of application of these substances into the natural environment in Serbia.
Consumption of pesticides, as well as consumption of mineral fertilizers is constantly being
reduced. So, the consumption in Yugoslavia during the period from 1951-1957. was about 20.000
tonnes, and in 1979. about 70.000 tonnes. During
the eighties, average consumption of pesticides
per hectare of agricultural area was about 5 kg of
preparation or about 0,6 kg of active substance
(about 2,8 kg/ha in the USA). Nowadays, 14 kg
of chemicals is being used per unit of arable land
in Japan, 18 kg/ha in the Netherlands, 10 kg/ha
in Hungary and 700 g/ha in Serbia. These statistical data point to the fact that the consumption
in Serbia is not high, but the application is often
inadequate and concentration is much higher than
recommended in the instructions. Besides, it happens very often that pesticides are being spilled
by accident on farms, sprinklers are being inadequately washed when water used for washing
the sprinklers is spilled into surface flows or near
fields, storage is inadequate and lots of other in400

Graph 2. Production of more important products
for plant protection in Republic of Serbia in period 1990-2004.
Source: The Republic Bureau of Statistics

According to the Graph 2 during the observed
period (1990-2004) share of insecticides in the production was reduced, from 34% in 1990. to 18%
in 2004,while the production of herbicides grows
significantly from 23% of share in total production
in 1990. to 47% in 2004. The share of fungicides
in the domestic production is partially constant and
it is about 25% of total production. However, total production of plant protection products during
the observed period (1990-2004) was reduced to
60% and that trend was maintained in the following period (during the period from 2004-2008. the
production of pesticides was 17% reduced). Nowadays, the production of pesticides and other products for plant protection and care are produced in
about ten domestic companies, including several
private entrepreneurs which offer solely formulated
products to the market. Total domestic capabilities for the production of plant protection and care
products were estimated at about 60.000 tonnes
annually (not counting capacities for the production of copper sulphate and other plant protection
products based on the copper compounds)4. Based
on the data of Plant Protection Department of the
Ministry of Agriculture, Forestry and Water Power
Engineering in 2008, 6.288,61 tonnes of pesticides
in the form of finished products was imported, as
well as 2.148,689 tonnes of active substances and
Volume 7 / Number 1 / 2012
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concentrates, while the domestic consumption of
plant protection products is at the moment 13.00014.000 tonnes annualy. Simple calculation points to
the fact that we are using larger quantities of pesticides than we produce and import, which leads us
to the conclusion that one part of total consumption we buy on the black market. This way products which are forbidden to use because of harmful
consequences come to our country (organochlorine
insecticides and triazine herbicides), but in The
State of the Natural Environment Report in the Republic of Serbia for 2008. it was quoted that residue
of these substances doesn’t represent a high risk
for the environment. Plant Protection Department
of the Ministry of Agriculture, Forestry and Water
Power Engineering don’t possess the data on the
consumption of pesticides during the last few years.
Records about retail sale of pesticides using fiscal
cash registers exist from April, 2006.
New Law on substances for plant nutrition and
lands improvement (“Official announcement of
the Republic of Serbia”, number 41/09) is in accordance with the European Parliament and Council
Regulation on plant mineral nutrition 2003/2003/
EK from October, the13th 2003. and the European
Parliament and Council Regulation on plant organic nutrition using substances from plant and/
or animal origin 1774/2002 from October, the
3rd 2002. The Law regulates registration, control,
turnover, import and application of plant protection products in Agriculture and Forestry, work of
public interest related to plant protection products,
as well as other questions important for plant protection. Register of Plant Nutrition and Lands Improvement Products and Registers of distributors
and importers, as well as keeping files of plant
protection products turnover and application.
The water quality sampling and analysis report on the territory of the city of Pančevo
Surface water quality in Serbia is not satisfactory. Only few rivers in mountain regions of the Republic of Serbia satisfy Class I and II requirements.
The main sources of surface and groundwater pollution are untreated waste water from industrial
plants and untreated urban wastewater (only 4% of
wastewater in Serbia is being treated), agricultural
drainage water, leaking landfills and wastewater
Volume 7 / Number 1 / 2012

from inadequate septic tanks. There are also significant regional differences in water quality, therefore bacterial pollution of water is a characteristic
of Central Serbia because of untreated household
wastewater, while organic pollution caused by agricultural drainage is a characteristic of Vojvodina.
Regarding water resources Pančevo is one of the
richest municipalities in the Republic of Serbia, because the river Danube, the Tamiš, the Nadela and
the Ponjavica run through the area. However, ammonia leaking, oil and oil derivatives spilling on industrial plants, releasing of untreated urban wastewater and nutrients washing out from agricultural
land constantly pollute surface and ground water.
Working methods and material
The aim of this research was to determine how
harmful the effects of agricultural production and
industrial plants are on the local water resources in
the wider area of the city. Within the cooperation
between the Institute of Agricultural Economics
and Institute PDS “Tamiš” sampling of water from
the same localities for at least three consecutive
years was planned. Localities were chosen accidentally in order to determine whether the nitrates concentration was being reduced, increased or stayed
the same during the period of three consecutive
years. In order to eliminate transborder pollution
influence, bigger rivers that run through Pančevo
and carry nutrients from other states and cities were
not sampled, but samples were collected from local water (Omoljački rit)and chosen accidentally.
Parameters that were observed in the samples are:
ammonia concentration, nitrates concentration and
nitrites concentration. The reason because we chose
these parameters is their mobility in water and the
importance they have in regulation of life cycle on
the planet Earth. Chemical analysis of samples were
done in laboratory of the Institute PDS “Tamiš”, applying standard methods.
The results and discussion
During the first year of the research, applying standard methods, laboratory analysis of water sample taken from Omoljački rit were being
done. The results of the analysis were shown in
the Table 3.
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Table 3. Results of water quality testing from the locality Omoljički rit in 2010.
Tested characteristics
Sample
mark

Sample name

Concentration
NO2ˉ

Concentration
NO3ˉ

Concentration
NH4+

mg/l

mg/l

mg/l

S
1/1

Water -“Omoljički rit”
n.v 68 m

0.001

Note: S-sample, RV-reference value

According to laboratory results and in accordance with Dangerous Substances Directives
(“Official announcement of the Republic of Serbia”, number 31/82) the results related to ammonia
ion, nitrites and nitrates belong to Class I and II.
Maximum concentration of dangerous substances
in water are expressed in mg/l for each class issued by certain regulations on water classification:
Table 4. Maximum concentration of dangerous
substances in water in Republic of Serbia
Number
1.
2.
3.
4.

Dangerous
Substance
Ammonia
Ammonia ion
Nitrates (like N)
Nitrites (like N)

Concentration (mg/l)
Class
I i II
0,1
1,0
10,0
0,05

III i IV
0,5
10,0
15,0
0,5

Dangerous Substances Directive, “Official announcement of the Republic of Serbia”, number 31/82

If we compare the results of the analysed parameters (concentration of ammonia, nitrate and
nitrite nitrogen) to the reference value for these
parameters issued by Drinking Water Directive
“Official Paper SRY”, number 42/98 and 44/99)

RV
max
0.05
(kao N)

S

RV

S

RV

0.65

max 10
(kao N)

0.29

max
1.0

we can confirm that the sample that was tested
was correct and that local water resources were
not significantly degraded.
According to the analyzed sample it could be
said that local water resources are not saturated with
nitrogen compounds, although Pančevo is an area
of more intensive agricultural production and the
industrial center of the Republic of Serbia. However, there are documents that confirm that Pančevo,
together with Belgrade and Novi Sad are the biggest polluters of the river Danube. That points to the
fact that implementation of more strict law regulations are necessary and their practical application
also, which will lead toward sustainable use of local
and international water resources.
Signing the Agreement of cooperation and joining the European Union for the Republic of Serbia
presents an obligation to harmonize our legislature with the EU Regulations, and large number
of these directives is related exactly to agriculture.
It seems that the most difficult for coordination
and implementation will be directives related to
environmental protection from agricultural impact
because of unawareness and undeveloped infrastructure regarding ecology, in other words sus-

Table 5. Maximum allowed concentration of non-organic substance in drinking water (mg/l) in Republic of Serbia
List IIIa
Name and mark of chemical substance
Maximum allowed concentration
Ammonia
0,1*
Nitrates (NO3 )
50.0
Nitrites (NO2 )
0.03**
*For water supplies up to 5.000 ES1 to 1 mg/l.
**It is considered that water is correct in cases when 20% of measurements which are not consecutive
during a year ammounts 0,1 mg/l, measurement frequency according to Directive

Source: Drinking Water Directive, “Official Paper SRY”, number. 42/98 and 44/99
1
Equivalent inhabitant (EI) is the consumption of water 150 liters per day;
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tainable water resources management. It is highly
important to achieve the desired quality of all national water, therefore it is necessary to implement
European “Water Framework Directive” and “Nitrates Directive” into national legislature, as well
as that agricultural producers follow the principle
of “Good Agricultural Practice”.
Conclusion
According to the presented data it could be concluded that the consequences that agricultural production in our country leaves behind on water resources are significantly less than those in economically developed countries, which is confirmed by
actual measurements mentioned in this work. Data
from the report of the results of Nitrate Directive
apply show unquestionable efforts of the EU countries to decrease further pollution of water resources
from agriculture influence, but the members though
face a serious problem of increased content of nitrate in waters, in specific regions. Thanks to reduced consumption of agro-chemicals in Serbia,
a pressure against the environment is significantly
smoother. Therefore the results of random sample
analysis of water from the city of Pancevo territory, as very important industrial centre and a zone
with intensive agricultural production in the Republic of Serbia, have shown that the local water
resources are satisfying regarding the content of nitrate compounds, which had been a subject of this
paper research. In order to manage water resources
in sustainable way, it is very important to make
institutional and legal framework, which would
monitor the emission of harmful matters, deriving
from agricultural production, which would furthermore surely contribute to better condition, as local,
as well as international watercourses which flow
through our country.
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Abstract
The globalized and decentralized world we live
in is simultaneously the arena for the competition
of cities belonging to the global network. Striving to secure a better position on the international
scene, responsible managements turn to entrepreneurial activities aimed at finding new forms
of competitive capitalism. Within a thus defined
context, tourism is an important sphere. In these
latest decades more and more attention is devoted
to cultural tourism and creative cultural tourism,
which are becoming an important sphere of global
tourism. Reasons for this trend are evident in an
economy based on knowledge and that which is
experienced, in the fact that tourism is a branch of
the economy with a huge potential, as well as in
sustainability of investments in culture and human
resources. Having in mind the hedonistic character of a place as a product and tourism as an activity directed toward the acquisition of new experiences and events, this paper will analyze those elements of the offer which contribute to increased
competitiveness of cities. The subjects of this paper are the social space of the city, local products,
mental space of the city, and material space of the
city. A special accent is placed on creative tourism
and its role in the process of regional economic
development of cities in Southeast Europe.
Key words: Creative cultural tourism, City
competitiveness, Regional economic development
1. Introduction
The current period is characterized by the development of the world market with consequences
reaching deep into culture, identity and lifestyles.
Globalization of economic operations is accompanied by waves of cultural transformation, a
process called cultural globalization. As a counterbalance for globalization, there is localization
404

Theoreticians regard that "to keep the system balanced" requires the establishing of unity between
these two phenomena.
Dynamic processes influencing the change of
the known way of life and functioning of institutions are a daily challenge of participating in the
competition on the global market. In this "race"
successful strategies rely on technologically upgraded, interactive, integrative and sustainable
means. States and cities strive to secure sustainability of their economy by developing branches of the
economy within which they can remain competitive for prolonged periods of time and which are
compatible with principles and goals of sustainable
development in all important segments and with the
development of information–communication technologies. These technologies influence a change of
the manner of communication and of doing business. There is also the dilemma if the unification
of globalization and technologies will change the
foundations of the human society to an extent that
threatens it, but quite certainly they are today the
strongest drivers of the economy.
Developing countries recognize the good potential in tourism, as a branch of the economy
which still has a future. The significance of tourism is also reflected in the fact that most recreational travel is from economically developed
countries toward those that are less developed. In
addition, the framework of the usual tourist offer
catering to vacations is being expanded to offer
other products and values, thus additionally increasing expected income.
Development of tourism can achieve higher
goals such as financing measures for technical protection of cultural resources, integrative protection
of natural resources, revitalization and reconstruction of city quarters and settlements, support for
development of other "products" – material and
nonmaterial, creation of new jobs, education related to culture and natural values, etc.
Volume 7 / Number 1 / 2012
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This paper will present the current global context reflected in the achieving of competitive advantages for cities. It will focus on elucidating the
role of creative cultural tourism in the process of
regional economic development. It will also analyze those elements of the city offer which contribute to its competitiveness, and belong to the
domain of creative cultural tourism.
2. City competitiveness
The economy in a globalized world is an arena
for competing cities and regions. Today, cities are
drivers of social and cultural development, and
as such they have the power to stimulate themselves, regions and states to grow and develop. To
achieve a better position in a system determined
by a network of global cities, they must be capable
to strongly attract the best organizations, professionals, experts and investors. Harvey (1) describes this as transition from managerial toward
entrepreneurial activates of cities, with the goal to
find new forms of competitive capitalism. Under
such circumstances, marketing and its instruments
are an important element of development strategies serving to advertise and market potentials of
a city in the global economy.
The subject of marketing of a site, as a field of
urban marketing, are processes related to revitalization of cities, regions and states. A city or some
other form of territorial organization are treated
as a "product" aimed at constantly attracting new
jobs, tourists, etc., all with the goal of developing
a certain community. Although this is a simplified
approach, one must not neglect the complexity of
the city as a phenomenon. On the other hand, if the
city is regarded as an integral product, one should
also keep in mind its hedonistic characteristics (2).
This means that, by placing the city in the group of
hedonistic products, it possesses a specific emotional potential, i.e. the ability to offer satisfaction
and excitement. Having in mind the characteristics of marketing as a discipline and of the city as a
product, this unifies the understanding of the concept of urban marketing and site marketing which:
–– determines local goals and modes of their
realization,
–– unifies basic developmental factors (attracting investors), and
Volume 7 / Number 1 / 2012

–– conforms to a specific "packaging of space"
as a product, but constantly directed toward
the "production" of a local public resource
with the goal of creating additional social
development.
In view of the complexity of a city as a product
and its hedonistic characteristics, its dimensional
frame can be viewed by breaking it down to the
social, cultural, mental and material space of the
city. Each of the mentioned components of the
city as a product represents individual levels of the
overall experience and perception of a city. The
social space of the city is the frame within which
experience is acquired by interactions with other
people, i.e. through social relationships. Cultural
city space encompasses cultural patterns and local products. Mental city space encompasses symbolic meanings and psychological characteristics
linked by visitors to a specific space. The material
space is determined by the physical frame, i.e. its
construction elements, both natural, and created.
By their stay in a certain city, people form an
interaction with the environment. As a result of
such a process, appears the aspiration to create
city attributes/characteristics that are simultaneously the constructive elements of its attraction.
In this manner, each of the separate levels of the
overall experience and perception of the city contains elements that can result in raising the level
of attraction of the place, thus strengthening its
competitiveness. The area where the social, cultural, mental and material space of the city overlap
result in a product representing creative cultural
tourism, one of the leading domains of tourism as
a branch of economy.
3. Creative cultural tourism
Cultural tourism is an important field of global
tourism and encompasses all travel that includes
experiences and events related to culture. According to Richards (3) cultural tourism signifies
movement of people cased by cultural attractions
outside their usual place of residence, with the intention to gather new information and experiences
in order to satisfy own cultural needs.
Creative tourism is a developed form of cultural
tourism implying participation, not only observa405
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tion, demanding certain skills, contributing to the
acquisition of new knowledge and enabling closer
contacts with the local population. UNESCO defines creative tourism as travel directed toward authentic experience with active participation, discovering, learning about art, heritage, or about special
characteristics of a place. This secures a direct link
with those who live in a specific space and form
its specific culture of life. The last decades have
witnessed the adoption of a series of charters and
declarations on cultural tourism. ICOMOS (International Council on Monuments and Sites) adopted
the International Cultural Tourism Charter entitled
"Managing Tourism at Places of Heritage Significance" in 1999, establishing principles of dynamic
interaction between tourism and cultural heritage.
Tourism is recognized as a phenomenon with a
growing effect on politics, economy, culture, education, ecology and esthetics. (4) In addition, the
Brussels Declaration by artists and cultural professionals and entrepreneurs, was also adopted with
the goal to affirm the role of IFACCA (The International Federation of Arts Councils and Culture
Agencies) as a dynamic global network exchanging knowledge, experience and enriching the world
cultural heritage and pointing out the importance
of creative cultural tourism (European Commission, 2009). In 2002, UNESCO founded the Creative City Network, with the goal to promote and
exchange positive experiences in the field of social,
economic and cultural development of cities in
developed and undeveloped countries. One of the
goals of this network is support of developed countries to developing countries and underdeveloped
countries. (5)
The basic task of cultural/creative tourism is
reflected as a contribution to the economic development of the society while preserving its cultural
values. The popularity of this segment of tourism, as a branch of the economy has considerably
grown in the last decade. Basic causes and motives are noted in the growth of interest in culture;
increase of cultural capital; growth of the aged
population in developed countries; "postmodern
consumption" of tourism (short vacation, cultural
diversity), and increased mobility. Simultaneously,
factors which stimulate development of this type
of offer are also present. Cultural tourism stands
out as a market with constant growth, influencing
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a different offer of jobs and vocations. The offer
of cultural attractions is also increased; problems
of financing culture and the growingly important
role of intangible culture, image and atmosphere
are becoming increasingly pronounced (6).
4. Creative cultural tourism as a driver of
regional economic development
The significance of Cultural tourism in the
economy of cities and regions in an era of "creative
cities" is growing (7). As mentioned earlier, many
theoreticians emphasize the importance of cultural
and creative tourism as a driver of economic development. Whitt (8) and Zukin (9) believe that
the development of a certain type of tourism can
be used to influence the forming a city's image. A
positive image leads to higher attractiveness and
interest of large investors to invest. As a result of
this development there are higher investments in
shaping and equipping of public spaces, as well as
construction of representative buildings.
Culture is included in urban regeneration as a
means of stimulating physical regeneration, animating parts of a city and producing benefit for
the economy and the society. It forms the basis for
regeneration strategies such as:
–– "culture led regeneration", where culture is
a driver of development;
–– "cultural regeneration", where culture is a
part of the integral strategy; and
–– "culture and regeneration", where these are
nonintegrated processes, and culture plays a
supporting role. (10)
Various strategies are based on different methodologies, but a similarity in the field of realized
results is recognized (11):
–– iconic structures – culture becomes a "system
for producing symbols’’ (12), in this role
stimulating the construction of buildings –
symbols of a city (museum in Bilbao, music
house in Porto, opera in Singapore, etc.);
–– construction heritage as a "mine" - in any
period of decreased economic development
of cities, as a consequence of decreased
building potential construction heritage is
conserved, later becoming capital that can
stimulate development of the economy;
Volume 7 / Number 1 / 2012
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–– mega events – many cities base their
economic progress and image upgrading on
organization of large international manifestations (Olympic Games, World Fair,
European Capital of Culture, etc.),
–– thematic approach – certain cities are
making an effort to isolate a certain among
their characteristics as unique (New York –
"Cultural Capital of the World’’, Stockholm,
Bruges, St. Petersburg, Amsterdam – "Venice
of the North", Miami, Los Angeles, Las
Vegas – "pleasure consuming" cities, etc.).
As previously mentioned, cultural/creative
tourism has become an important factor of economic development. This is also confirmed by the
Spatial Plan of the Republic of Serbia 2020, which
lists the following as the basic goals of successful
and sustainable economic development:
–– raising competitiveness of cities in the
Republic of Serbia;
–– decrease of regional inequalities and poverty;
–– stopping negative demographic trends;
–– identification of natural and cultural attractions of Serbia (regional identity). (13)
Mentioned goals can be realized by implementing strategies of urban-economic development through culture and tourism. Development
of characteristics of a place can also be prompted and nurtured by developing creative jobs that
would support products and ideas. Many cities are
in the process of establishing networks of creative
clusters/places which depend on creative production. Their creativity has the potential to become a
spectacle for tourists, a backdrop or the very focus
for tourist activities (14).
In these processes special attention is devoted
to realization of "authenticity". Authenticity is the
basis of the cultural tourism product and is indispensable to make the offer of a place competitive
on the global market. It is reflected in:
–– experience of a different way of life,
–– experience of expression of a national
identity or identity of a certain community,
–– customs and tradition, insight into various
cultures, cultural-historic heritage, history
and identity),
Volume 7 / Number 1 / 2012

–– an offer different from globally set standards,
not harmonized with local conditions and
customs,
–– quality of the offer/experience.
Authenticity is the basic resource of cultural
tourism, and simultaneously also something that
every community has in its history and culture, and
is able to offer. Cities and regions competing on the
global market are working to expand their offer and
are fighting to achieve quality and exclusivity. Having in mind this situation, the cultural tourism offer
of Serbia could be directed toward (15):
–– organizing visits and tours of individual
sites with a cultural, historic, spiritual,
geographical, sociological, ethnographic
significance, etc.;
–– organizing and visits to manifestations
with a seasonal character, tradition, local
customs, or that stand out from the offer in
the region by their specificity;
–– tours of natural resources (nature parks, sites
with endemic flora and fauna, etc.)
–– organization of narrative evenings dedicated
to local tradition;
–– rural tourism with an offer of traditional and
local products;
–– opening of ethnographic museums displaying objects, skills, and activities,
characteristic for an area or historic period.
It is important to mention that manifestations,
customs, etc. sometimes need to be altered and
adapted in a manner that will bring them closer to
the audience, which is sometimes a precondition
for visitors to feel the special experience. This leads
to situations called the "gray zone", where the offered product is not wholly authentic. In this case,
product quality becomes the main criterion. (16)
4.1 Cultural corridors – a project
The Council of Europe project – Cultural Corridors (Routes) of Europe (17) has been singled out
as an example of horizontal coordination and implementation of a development strategy based on developing networks of cultural/creative places. The
project goal is mapping and linking of key events
and individuals in the field of creative economy.
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Cultural Corridors of Europe are based on a set
of common values with the goal of raising awareness about the European cultural identity. The idea
is based on identifying and locating historical influences, exchange and development, that have
shaped European culture. Corridors are instruments for preservation and upgrading of cultural
and natural heritage and raising the quality of life.
Routes are certified and thematically different.
By topics, 17 categories of corridors have been singled out, such as: Pilgrimage Routes (Figure/Graph
1), Historic and Legendary People of Europe, Celtic Routes, Parks and Gardens – Landscapes, Architecture of Military Fortifications, Heritage Routes
of European Jews, Routes of the Olive Tree, Routes
of Industrial Heritage, Phoenician Routes, Baroque
Routes, Silk Road, Festival Routes, etc.
A separate segment of this project is the subproject Cultural Corridors of Southeast Europe.
In view of the specificities in the form of territorial specificities in this region, nine thematic corridors have been singled out: Danube Corridor,
Diagonal Route, East Transbalskan Corridor,
Sophia-Ohrid Road, Adriatic Corridor, Black Sea
Corridor, Marble and Aegean Sea Corridor, East
Transbalkan corridor.

Project implementation started with the adoption of the Varna Declaration (2005) at the meeting of the Southeast Europe Regional Forum.
Countries of Southeast Europe undertook to:
–– contribute to the promotion of cultural
heritage and cultural corridors within the
region;
–– implement the Declaration using modern
technologies and in cooperation with the
EU Institute for Cultural Routes and other
expert institutions.
All information relevant to this project and
individual sites and landmarks are published on
the Cultural Corridors of Southeast Europe web
portal. In addition to the above mentioned, the
portal also contains a calendar of events that are
organized, and have the goal to acquaint visitors
with history, tradition and local cultural characteristics.
In view of the fact that Roman archeological
sites in the territory of the Republic of Serbia stand
out as an exceptional resource for developing cultural tourism at the international level, the Ministry of Economy and Regional Development of the
Republic of Serbia initiated the project Cultural

Figure/Graph 1. The Via Francigena (Pilgrim Routes), Cultural Corridors of Europe,
http://www.seecorridors.eu/?w_p=22&w_l=2&w_c=19
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Figure/Graph 2. Viminacijum,

http://www.e-turizam.com/images/stories/viminacijuma.jpg

Route or Roman Emperors. The project could be
realized in cooperation with representatives from
Bulgaria and Romania.
The Cultural Route or Roman Emperors encompasses archeological sites and museums in
Pozarevac, Veliko Gradiste, Golubac, Majdanpek,
Kladovo, Negotin, Zajecar, Knjazevac, Svrljig
and Nis. The goal of the project is to link these
cities into an entity as had existed when the Roman Empire spread to the banks of the Danube.
(18) For the needs of the project a master plan was
prepared with the idea to offer environments and
events that will present life as it was when the Roman Empire spread to this region.
Each singled out site (Figure/Graph 2) should
be equipped with parking and access, adequate
road signs; the sculpting of busts of 17 roman
emperors and the construction of an elevator to
Trajan's plaque, preparation of a special Roman
menu, designing of souvenirs, construction of Roman hostels, etc., are envisaged.
Projects based on a similar concept are also the
European Wine Route, headed by the Tourist Organization of Serbia and Danube Route, headed
by the Ministry of Economy and Regional Development of the Republic of Serbia, and encompassing the Upper and Lower basin of the Danube.
The common denominator for the mentioned
projects is the need to be based on international
cooperation and a comprehensive development
strategy implemented within a specific territory.
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5. Conclusion
As drivers and pillars of social and cultural development, cities stimulate themselves, regions and
states to grow and develop. To achieve a better position within the system of the network of global
cities, cities are orienting toward entrepreneurial
activities with the goal to find new forms of competitive capitalism. The concept of urban marketing
and place marketing within these processes enables
determination of local goals and manners of their
realization, unifies local factors of development and
corresponds to a specific "packaging of space" directed toward production of a local public resource
in order to create additional social development.
As a complex phenomenon and treated as a
hedonistic product, the city unifies components of
its social, cultural, mental and material space. The
area where these components overlap represents
creative cultural tourism, one of the leading domains of tourism as a branch of the economy.
Culture and innovation play an important role
in assisting regions to attract investments, creative
talents and tourists. Paradoxically, in an era of
information-communication technologies which
remove obstacles posed by distance and time, the
"physical location" and the "socialization" factor
remain decisive for economic progress and success. Cities and regions compete to attract foreign
direct investments and creative talents. To be successful, they must provide: a varied cultural offer,
quality of life and lifestyle. Creative cultural tourism has become an important factor for stimulating local and regional attractiveness.
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The positioning of cultural tourism as a basic
strategic idea within each individual development
sector of the society at various levels of hierarchy
and space, can secure a qualitatively higher level
of development, both individually and overall.
Culture, as a code of behavior, thinking and space,
which is inherited and constantly enriched, today
certainly offers a competitive advantage, influences the quality of life in that environment, and can
help in finding answers to modern day challenges.
Culture can be regarded as the fourth pillar of sustainability and, in addition to the economic, social
and environmental aspect, should form the basis
of any urbanistic plan (19).
Projects Cultural Corridors (Routes) of Europe (Council of Europe), Cultural Corridors of
Southeast Europe (Council of Europe), Cultural
Route or Roman Emperors (Ministry of Economy and Regional Development of the Republic
of Serbia), European Wine Route and Danube
Route, have been singled out as examples of
projects for raising attractiveness of cities and regions. Mentioned projects have the goal to map
sites and link key events and individuals from
the domain of creative economy. Corridors are a
specific instrument for preserving and upgrading
cultural and natural heritage and raising the quality of life on a specific territory.
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Measurement of crack displacement on
residential structure due to blast- induced
vibrations and daily changes of temperature
and relative humidity
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Abstract
The paper presents the measurement results of
crack displacement due to blast-induced vibrations and daily changes in temperature and relative humidity on the residential structure located
at 950 m from the finale contour of open pit copper mine Veliki Krivelj Bor, Serbia.
The main goal was to determine crack reaction
in single story brick structure with plaster facade
that is typical type of residential constructions in
this area to vibration from blasting as dynamic effects in relation to daily changes in inside and outside temperature and relative humidity.
Cracks were observed in the period from early August to early November 2010. Along with
crack monitoring, vibration monitoring instruments were also placed in the house for continuously measurement of blast-induced vibrations.
The obtained results showed that the displacement
of both cracks due to daily variations of temperature and relative humidity were several times larger than the displacement due to vibrations from
blasting, although in this period the inside of the
house was not heated.
Key words: crack displacement, measurement, blast-induced vibrations, temperature, relative humidity
1. Introduction
Blasting has been widely used in the open pit
mines as the main method of fragmentation in
hard-rock mining. Some blasting effects are desirable while others are not useful and might be
even dangerous for the environment [1]. One of
unwanted effects of every blast is ground vibration
which often cause many complains by owners of
Volume 7 / Number 1 / 2012

residential structures located in surrounding area.
It is often claimed that the appearance of cracks
on nearby structures is the consequence of blasting and for that reason in some cases owners files a
lawsuit against the owners of the mine. Several authors reported that origin of cracks may be multiple
[2,3,4]. Basically, cracks are found to be caused by
the following [5]: differential thermal expansion,
structural overloading, chemical changes in mortar,
bricks, plaster, and stucco, shrinkage and swelling
of wood, fatigue and aging of wall coverings, differential foundation settlement.
The peak particle velocity is the most common
measure for quantifying blast vibrations, as the velocity is approximately correlated to both building
damage and annoyance levels to people. Damage in
buildings can be classified into two types: 1) cosmetic and 2) structural [6]. Cosmetic damage refers
to the formation of minor hairline cracks on drywall
surfaces while structural damage involves the more
major cracking or failure of structural elements. The
PPV needed to cause cosmetic building damage to
ordinary structures is prescribed by different wellknown standards. According to German standard
DIN 4150–3.1999 [7] no cosmetic residential structure damage is expected when peak value of any of
three components of particle velocity is in the range
of 5-15 mm/s at frequencies from 10 to 50 Hz.
Advances in sensor technology and computerized data acquisition now make it possible
to address fears of vibration-induced cracking by directly measuring crack response [8].
Crack response is measured in terms of crack
displacement, i.e., change in crack width, rather
than total crack width [9]. Therefore crack response may be positive or negative since it is a
measure of change rather than absolute width.
Residential structures, and thus their cracks,
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are typically sensitive to changes in temperature and relative humidity [9]. The difference
between environmental and vibration phenomena is that the weather effect occurs slowly and
without noise. It is therefore undetectable by
home owners and construction neighbors [8].
The blast-induced ground motion can be detected and is accompanied by a noise that also
alerts the home owner to the vibration [10].

connected to crack displacement sensors via cables and of one device for transmission of collected measurement data via e-mail as attachments
as well as alarming via SMS or e-mail, Figure 1.
Crack displacement sensors were mounted on
the wall by screwing perpendicular to the long
direction of the crack in the plane of the wall.

2. Measurement methodology
Crack displacements were being monitored
continuously within the period from early August to early November 2010. Along with crack
monitoring the outside and inside temperature and
relative humidity were being also measured. Sampling intervals of temperature, relative humidity
and crack displacement measurement were 1 min.
During some blasting operations, the displacement of cracks was measured directly with a sampling interval of 1 s, with activated high-speed
crack monitoring where system recorded crack
displacement 100 times per second and every 1 s
showed what the maximum and minimum values
were within this interval.
Along with crack displacement measurement,
blast vibrations were also measured with two four
channel vibration monitoring instruments [11]
with measuring range ± 250 mm/s and frequency
range 2-250 Hz. The combination of these instruments enabled recording the ground vibrations as
well as displacement of cracks due to daily temperature/relative humidity changes and vibrations
from blasting. The distances from the instruments
to blasting sites were determined using GPS system. From August 18th 2010, all blast operations
were being constantly monitored by only the second vibration monitoring instrument. The values of peak particle velocities recorded within
the whole observation period, were far less then
5mm/s. Triggers on vibration monitoring instruments were set on 0.5 mm/s.
2.1 Features of applied system for crack displacement measurement
System [12] applied for remote continuous
crack monitoring consisted of two data loggers
412

Figure 1. Applied system for measurement of
crack displacement
Data logger features:
–– Data memory up to 64000 readings
–– Measuring and storing rhythm (1 second to
24 hours) freely adjustable via pc software
–– Measuring range of the crack sensor: 10 mm
(+/- 5mm)
–– Resolution of the crack sensor: 2.5µm
–– High-speed crack monitoring with up to 100
Hz can be activated
–– Measuring range of the air temperature
sensor: - 20°C to 70°C
–– Measuring range of the humidity sensor: 0
%rH to 100 %rH
–– Resolution of both climate sensors: 0.1 °C
/ 0.1 %rH
–– Measuring accuracy of the air temperature
sensor: <0.4 °C at 20 °C
–– Measuring accuracy of the humidity sensor:
<3.0 %rH between 20 %rH and 80 %rH
Features of device for transmission and alarming:
–– Fully automated transmission of measurement data via e-mail
–– Start time and data transmission frequency
freely configurable via pc software
Volume 7 / Number 1 / 2012
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–– Two complete data logger systems plus
universal sensors can be connected
–– Two inputs for e-mail and/or SMS alarm

Figure 3 shows the location of the sensor
mounted on the crack 1.

2.2 House description and the location of
instruments
The house was located 950 m from the finale
contour of open pit copper mine Veliki Krivelj,
Bor, Serbia. The dimensions of its basis are 7.80 m
x 17.50 m. Under half of the structure is the basement. Basement walls are made of rubble stone
and lime mortar while its ceiling is made of timber
beams with brick vaults between them. Ground
floor walls are made of solid bricks and mortar
and the ceiling is of plaster and laths. The facade
of the house is plaster. The hipped roof structure is
wooden covered with tiles.
The positions of crack displacement sensors and
vibration monitoring instruments are shown on the
plan view of the house in Figure 2. One sensor was
mounted on the crack under the window on wall
of dining room on the southwest side of the house
(crack 1), while the second was on the crack on
wall of the small room on the west side of the house
(crack 2). The first vibration monitoring instrument
was placed below the pantry on the east side of the
house, while the second was placed on the floor of
the basement in the western part of the house.

Figure 2. Plan view of the house showing locations of the crack displacement sensors and vibration monitoring instruments
Volume 7 / Number 1 / 2012

Figure 3. Location of the sensor mounted on the
crack 1
3. Results of measurements
3.1 Results of crack displacement measurements due to blast-induced vibrations
The measured values of peak particle velocities
for given charge weights per delay and distances
during the blasts performed on August 4th, 6th and
7th in 2010 are shown in Table 1.
Figures 4, 5 and 6 show the measured maximum displacements of crack 1 and 2 caused by
above blasting operations.

Figure 4. Measured maximum displacements of
crack 1 and 2 due to the blast performed on August 4th 2010 at 14:28 h
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Figure 5. Measured maximum displacements of
crack 1 and 2 due to the blast performed on August 6th 2010 at 13:49 h

Figure 6. Measured maximum displacements of
crack 1 and 2 due to the blast performed on August 7th 2010 at 13:05 h
3.2 Results of crack displacement measurements due to daily changes of temperature and relative humidity
During the whole observation period weather
conditions varied with outside temperature and
relative humidity ranging between -2.5 °C and
35.7° C and 31.9 to 88.3 % respectively. Average

Table 1. The measured values of peak particle velocities during the blasts performed on August 4th, 6th
and 7th in 2010

Charge weight
per delay
(kg)
Distance
r (m)
Vertical peak
(mm/s)
Longitudinal
peak
(mm/s)
Transversal
peak
(mm/s)
414

Date and time
of the blast

Vibration monitoring
instrument 1

Vibration monitoring
instrument 2

Frequency
(Hz)

4.08. 14:28 h
6.08. 13:49 h
7.08.13:05 h
4.08. 14:28 h
6.08. 13:49 h
7.08.13:05 h
4.08.14:28 h
6.08. 13:49 h
7.08.13:05 h
4.08. 14:28 h
6.08. 13:49 h
7.08.13:05 h
4.08. 14:28 h
6.08. 13:49 h
7.08.13:05 h

330
270
330
1415
1247
1425
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5

330
270
330
1415
1248
1425
< 0.5
< 0.5
0.66
< 0.5
< 0.5
0.41
< 0.5
< 0.5
0.36

12.8
10.6
29.3
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outside temperature was 16.7 °C while relative
humidity was 63.4 %. Within this period, the inside of the house was not heated.
Figure 7 shows the record of maximum displacement of both cracks from August 9th 2010 at
7:31 h to August 18th 2010 at 9:51 h.

rectly influenced by direct solar heating and was
under the window, where the strains were greater.
Maximum shrinkage of crack 2 was recorded
from August 17th 2010 at 20:12 h to August 18th
2010 at 04:48 h of 54 μm and the largest expansion of crack 2 was from August 16th 2010 at 08:44
h to August 16th 2010 at 19:12 h of 45 μm.
Within a certain time intervals of 12 days the
highest expansion and shrinkage values of both
cracks were considered. Then for these intervals,
the initial and final values of outside temperature
and relative humidity were analyzed. The graph
in Figure 8 shows the maximum expansion and
shrinkage values of both cracks within these intervals in relation to outside temperature and relative
humidity changes.

Figure 7. Maximum displacements of crack
1 and 2 due to daily variations of inside and
outside temperature and relative humidity from
August 9th 2010 at 7:31 h to August 18th 2010 at
9:51 h
4. Disscusion
According to the graph in Figure 4, maximum
displacement of both cracks performed on August
4th 2010 at 14:28 h was 3 μm. Displacement of
crack 1 due to blasting from August 6th 2010 was 2
μm, while of crack 2 was 3 μm as can be seen from
Figure 5. Displacement of crack 1 and 2 from the
blast on August 7th 2010 was 3 μm, Figure 6.
As shown in Figure 7, cracks respond more to
daily changes in temperature and relative humidity in relation to blasting. Positive values in the
graphic show the shrinkage of crack while the
negative one crack expansion. Time axis is divided into 1440 min or 24 h.
Maximum shrinkage of crack 1 was recorded
from August 14th 2010 at 15:28 h to August 15th
2010 at 05:32 h of 124 μm while its largest expansion was from August 15th 2010 at 06:32 h to
August 15th 2010 at 15:30 h of 116 μm.
According to graphic in Figure 7, crack 2 was
less responsive to these changes than crack 1,
probably because it was more on the shade side
of the house during the day, while crack 1 was diVolume 7 / Number 1 / 2012

Figure 8. Maximum expansion and shrinkage
values of both cracks in relation to outside temperature and relative humidity changes
During the whole period of three months maximum shrinkage of crack 1 of 174 μm was recorded
from November 4th 2010 at 14:42 h to November
5th 2010 at 4:52 h and maximum expansion of 164
μm was recorded from November 4th 2010 at 8:12
h to November 4th 2010 at 14:22 h. Maximum
shrinkage of crack 2 of 64 μm was recorded from
August 23rd 2010 at 20:13h to August 24th 2010 at
8:10 h while maximum expansion was from August 27th 2010 at 10:39 h to August 27th 2010 at
17:14 h of 77 μm.
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5. Conclusion
Measurements showed that crack displacements caused by daily changes in temperature and
relative humidity were much larger than those due
to blast induced vibrations. Changes in temperature and relative humidity cause expansion and
shrinkage of wall materials which induces extreme strains in building materials. These strains
are much larger in the heating season when the
difference of outside and inside temperature and
relative humidity is higher.
The influence of these “silent” effects may also
cause cracking although they can not be heard or
felt. Sometimes building owners are not aware
of their great influence and the appearance of
new cracks usually associate with blast-induced
vibrations even when their values are far less
than the prescribed levels.
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Analyisis of technical innovation high school
students
Goran Petkovic
Boarding school for high school students “Angelina Kojic Gina”, Zrenjanin, Serbia

Abstract
One of the conditions of successful educational
- educative process and development of each individual of modern society is a technical culture with
all its programs, both in primary and secondary
schools, which are an important source of knowledge, skills and creativity. By defining the factors
that determine the technical innovation of high
school students, we get the determinant of which
way to go to raise the level of technical innovation of the students who attend vocational schools.
Technical knowledge and innovation should rise:
the level of technical education of students, operability and functionality in using the technical and
technological achievements, to qualify them for
high quality, creative solving of technical problems in everyday life and work.
Key words: Factors, innovation, students, teaching content, development, technical education
1. Introduction
Technical and technological innovation, seen
in the last twenty years, have been developed at
dizzying speed. During this period, our education
system has increasingly lagged behind the technical and technological achievements of the advanced world and against the view that the future
of a country depends also on the education system
that needs to produce technically innovative, creative and inventive young people.
In addition to these reasons that steered me in
this direction, I was influenced to think and question what in youth started Nikola Tesla, Mihajlo
Pupin and other world greats on finding technical
solutions and which factors had influenced them?
To use these factors in the classroom, we need to:
identify, define, evaluate and rank them. A very
wide range of direct and indirect factors affecting
the technical innovation of students in this study
Volume 7 / Number 1 / 2012

will be reduced to a number of reasons for the inability to process all of them in one research.
Educational institutions have an important role
and responsibility in preparing a young men to
answer the demands and needs of modern development. Education is one of the most important
factors influencing students' technical innovation.
It is at the very top of the interest in technical,
technological and economically developed countries. Their access to education is viewed through
the perception that the allocation of funds from the
budget of a state investment in the future rather
than an expense, which for now, in Serbia, is not
the case. The education here is seen as the isolated
segment, a separate system of society, consumption, and not as an integral element in the function
of economic, technological, cultural and other development, so that up until now, it has not been entered in the order of development priorities, other
than declarative. Placing education at the center of
social concern and interest would give faith and
hope that the human mind will be regarded and
treated as a fundamental developmental resource.
This paper will analyze the views and opinions
of directors of secondary vocational schools in
eight cities of the Republic of Serbia.
2. Analysis of the surveys of Directors
Frequency table
Question. number 1
Age
The table shows the age of directors at schools in
Republic of Serbia, participants in the survey. Two
directors are in the age of 31 to 40 years, while the
majority, 12 of them,are aged between 41 and 50
years. Ten directors are between 51 and 60, who
participated in the survey. Four directors in schools
where the surveys conducted are over 60.
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Table 1. The age of directors
Frequency
2
12
10
4
28

Percentage
7.1
42.9
35.7
14.3
100.0

Valid percentage
7.1
42.9
35.7
14.3
100.0

Cumulative percentage
7.1
50.0
85.7
100.0

Frequency
Valid Up to 10 years
2
From 11 to 20 years 8
From 21 to 30 years 10
Over 31 years
8
Total
28

Percentage
7.1
28.6
35.7
28.6
100.0

Valid percentage
7.1
28.6
35.7
28.6
100.0

Cumulative percentage
7.1
35.7
71.4
100.0

Valid

from 31 to 40 years
from 41 to 50 years
from 51 to 60 years
over 60
Total

Table 2. Years of service

Table 3. Faculty Finished
Frequency
Valid Academy of Pedagogy
1
Faculty of Teacher Education
1
Faculty of Philosophy
9
Faculty of Physical Education
3
Mechanical Engineering
2
Faculty of Engineering
1
Faculty of Electrical Engineering 1
Faculty of Philology
1
No answer
3
TTC (Teacher Training College) 1
Faculty of Electronics
3
Technical Faculty
2
In total
28

Question number 2
Years of service
Two directors have up to 10 years of service
in schools in Republic of Serbia. Eight of the 11
directors have, up to 20 years of service and the
majority, 10 of them, have a length of service between 21 and 30 zears. With over 31 years of service are eight directors, participants in the survey.
Question number 3
University degree (name of the faculty, year end)
Almost 1 / 3 of surveyed school principals have
completed a Faculty of Liberal Arts (32.1%), also
with a degree from the Faculty of Physical Edu418

Percentage
3.6
3.6
32.1
10.7
7.1
3.6
3.6
3.6
10.7
3.6
10.7
7.1
100.0

Valid percentage
3.6
3.6
32.1
10.7
7.1
3.6
3.6
3.6
10.7
3.6
10.7
7.1
100.0

Cumulative percentage
3.6
7.1
39.3
50.0
57.1
60.7
64.3
67.9
78.6
82.1
92.9
100.0

cation, Electronic, Electrical, Teachers, Faculty of
Engineering, Philology.
Question number 4
After graduation, have you had training
schemes and acquired knowledge ?
After graduation, almost all of the directors (92.9%) had training schemes and acquired
knowledge.
Question number 5
Do you believe that the educational structure
of the teaching staff can contribute to innovation,
inventiveness and creativity of students?
Volume 7 / Number 1 / 2012
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Table 4. Professional Development of Directors
Valid

Frequency
26
1
1
28

Yes
Occasionally
No
In total

Percentage
92.9
3.6
3.6
100.0

Valid percentage
92.9
3.6
3.6
100.0

Cumulative percentage
92.9
96.4
100.0

Table 5. The educational structure of the teaching staff and innovation, inventiveness and creativity of
students
Frequency
13
14
1
28

Valid Certainly will contribute
Yes, but not critical
Does not contribute
Total

Percentage
46.4
50.0
3.6
100.0

Valid percentage
46.4
50.0
3.6
100.0

Cumulative percentage
46.4
96.4
100.0

Table 6. Training of teachers encourages innovation, inventiveness and creativity
Frequency
13
15
0
28

Valid Absolutely encourages
Encourages
Does not enhance
Total

Percentage
46.4
53.6
0
100.0

Valid percentage
46.4
53.6
0
100.0

Cumulative percentage
46.4
100.0

Valid percentage
60.7
35.7
3.6
100.0

Cumulative percentage
60.7
96.4
100.0

Table 7. Enhancing training of teachers by school
Valid

Often sends
Periodically sends
Does not send
Total

Frequency
17
10
1
28

Percentage
60.7
35.7
3.6
100.0

Table 8. Position on the quality of our education system
Frequency
Valid

High
Meets
Low
Very low
Total

Percentage
7.1
53.6
32.1
7.1
100.0

2
15
9
2
28

Valid percentage
7.1
53.6
32.1
7.1
100.0

Cumulative percentage
7.1
60.7
92.9
100.0

Table 9. Equipment of cabinet
Frequency
Valid Fully-equipped
Averagely equipped
Not equipped
Total

6
19
3
28

Percentage
21.4
67.9
10.7
100.0

Valid percentage
21.4
67.9
10.7
100.0

Cumulative percentage
21.4
89.3
100.0

Table 10. Expansion of library funds
Frequency
Valid

Yes
No
Total

24
4
28
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Percentage
85.7
14.3
100.0

Valid percentage
85.7
14.3
100.0

Cumulative percentage
85.7
100.0

419

technics technologies education management

Table 11. Does your school rewards: inventiveness, innovativeness and creativity in teaching.
Valid

Always
On special occasions
No rewards
Total

Frequency
3
16
9
28

Percentage
10.7
57.1
32.1
100.0

Valid percentage
10.7
57.1
32.1
100.0

Cumulative percentage
10.7
67.9
100.0

Table 12. Motives for the encouragement of: innovation, creativity and inventiveness
Valid Intensive practical training
Adequate evaluation of work
Stimulating assessment of
students` and mentors ‘results
Collegiums of professionals and
exchange of knowledge
Professional competence of
teachers and extra work
Extra-curricular activities, work
in sections
Exchange of experience with
schools in the country and abroad
Total
Missing data
Total

Frequency Percentage Valid percentage Cumulative percentage
1
3.6
9.1
9.1
5
17.9
45.5
54.5
1

3.6

9.1

63.6

1

3.6

9.1

72.7

1

3.6

9.1

81.8

1

3.6

9.1

90.9

1

3.6

9.1

100.0

11
17
28

39.3
60.7
100.0

100.0

Table 13. Suggestions for improving inventive-innovative creativity in technical-technological area.
Frequency Percentage Valid percentage Cumulative percentage
Valid

Total

Adequately rewarding
performance
Sharing knowledge and
experience with schools abroad
Project design / development and
equipping of schools
Creating a stronger education
system
Total
Missing data

1

3.6

25.0

25.0

1

3.6

25.0

50.0

1

3.6

25.0

75.0

1

3.6

25.0

100.0

4
24
28

14.3
85.7
100.0

100.0

Principals believe that the educational structure
of the staff, of course, contributes to (46.4%) or at
least may contribute (50%), innovation, to inventiveness and creativity of students.
Question number 6
Do you think that continuing professional development of teachers encourages innovation,
inventiveness and creativity among both teachers
and students?
420

The opinion of the principals of schools in Serbia, participants of the survey, is that the training
encourages teachers absolutely (46.4%) and encourages (53.6%), innovation, inventiveness and
creativity among both teachers, and students.
Question number 7
Indicates whether your school sends teachers to
professional development?
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Most schools send their teachers on professional development: very common (60.7%), or at least
occasionally (35.7%), while only 3.6% of questioned schools in Serbia does not.
Question number 8
What is your opinion on the quality of our education system in comparison with modern technical and technological developments?
Compared with modern technical and technological achievements, generally are satisfied with
the quality of our educational system 53.6% of
school principals in Serbia who participated in the
survey, quality is considered low by 32.1% of the
principals, and very low 7.1%.
Question number 9
Features of your cabinet in a technical sense,
you would rate like?
Well equipped cabinets in the technical aspect
of teaching have 21.4% of respondents, directors
of schools in Serbia, 67.9% averagely equipped
cabinets and under-equipped or unequipped cabinets for teaching 10.7%.
Questions number 10
Do you expand the library fund with modern
literary contents of technique, informatics, etc ?
Regularly are expanded library funds with contemporary literary contents in 85.7% of schools in
Serbia, while not expanding in the 14.3%.
Question number 11
Does your school awards: inventiveness, innovativeness and creativity in teaching?
Invention, innovation and creativity in teaching
is always rewarded in only 10.7% of schools in
Serbia, on special occasions in 57.1%, and is not
rewarded in 32.1%.

Volume 7 / Number 1 / 2012

Question number 12
If the motives are omitted, and you think are
important for the acquisition of modern knowledge in technical and technological achievements
to promote creativity, inventiveness and innovation of students, list them:
This question was not answered by 60.7% of
respondents. Of those directors who responded to
this question, almost half thought that adequately
should be valued the work in schools in Serbia.
Question number 13
If you want to tell something about education,
inventive-innovative creativity in technical-technological area, do so in the following area:
This question was not answered by 85.7% of
respondents. Of those who responded, as well as
gaps in the current system of education in Serbia
see the lack of adequate work incentives, lack
of knowledge and exchange experiences with
schools abroad, lack of projects, better equipment
in schools and training teachers, which, overall,
would lead to the creation of stronger education
system in Serbia.
Conclusion
After graduation, almost all of the directors
(92.9%), had expert training and acquired knowledge. They believe that the educational structure
of the staff, of course, contributes to (46.4%), or
at least may contribute to (50%), innovation, inventiveness and creativity of students. They also
believe that professional development of teachers improves absolutely (46.4%) and improves
(53.6%), innovation, inventiveness and creativity,
both teachers, and students.
Most of the schools send their teachers to professional development very often (60.7%), or at
least occasionally (35.7%). Only 3.6 surveyed
schools in Serbia do not.
Compared with modern technical and technological achievements, with the quality of our
education system are generally satisfied 53.6% of
surveyed school principals in Serbia, that quality
421
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is considered low by 32.1% of the principals, and
very low 7.1%.
Well equipped offices in the technical aspect
of teaching have 21.4% of respondents, 67.9% on
average-equipped, under-equipped or unequipped
cabinets for teaching 10.7% , that is the answer
of surveyed school principals in Serbia. 85.7% of
schools in Serbia regularly expand library fund
with contemporary literary content, while not
expanding 14.3%. Invention, innovation and creativity in teaching are always rewarded in only
10.7% of schools in Serbia, on special occasions
in 57.1%, and is not rewarded in 32.1%.
When asked: "If the motives are omitted, and
you think are important for the acquisition of
modern knowledge in technical and technological achievements to promote creativity, inventiveness and innovation of students, give them," did
not answer 60.7% of respondents. Of those directors who responded to this question, almost half
thought that the work in schools in Serbia should
be adequately valued.
"If you want to tell something about education,
inventive-innovative creativity in technical-technological area , do so at the next area," also did not
answer 85.7% of respondents. Of those who responded, as well as gaps in the current system of
education in Serbia see the lack of adequate work
incentives, lack of knowledge and exchange experiences with schools abroad, lack of projects, better
equipment of schools and training teachers, which
would lead to the creation of an overall stronger
educational system in the Republic of Serbia.
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Abstract
Considering that the IS academic community
spent a lot in researching and defining different
aspects of IT/S, particularly in business context,
today, in the 21th century, when environmental
sustainability is one of the major humanity challenges, IS community can not afford luxury of indifference. Information systems represent strongly, but not properly understood and exploited instrument for environmental sustainability. They
represent the valuable source of potential solutions
for environmental issues. ISs are significantly influential on establishing innovative environmental
strategy and have a determining role in lowering
environmental pollution, deploying technologyenabled solutions, and creating sustainable business opportunities. This paper aims to indicate the
major challenges of this relationship and adress
the most prominent literature gaps. To develop a
comprehensive conceptual framework that should
be adressed by further IS research, we divided
this research into two steps to: identify and collect
adequate IS and environmental sustainability literature, and content analysis of gathered literature.
This research agenda based on three main categories provides the instructions for a new discourse
on IS for environmental sustainability.
Key words: Environmental sustainability, Information system, Information technology, Content Analysis
1. Introduction
Environmental sustainability is one of the most
important global challenges of the 21st century.
The challenge is to incorporate sustainability as the
integration of social, environmental and economic
dimension, in the business context. Global pressure
to increase resource efficiency, and the efforts to
improve sustainability could become an important
source of innovation and an important asset for inVolume 7 / Number 1 / 2012

dustry’s competitiveness. Therefore, environmental
sustainability imperative also represents an opportunity to improve competitiveness in a win–win
logic (Porter and van der Linde, 1995). Unfortunately, a numerous organizations identify environmental sustainability as a cost, not a source of
competitive advantage. In achieving sustainable development, IS and IT are an essential enabler. Due
to IS, many organizations improve productivity,
reduce costs, and enhance profitability. Overmore,
IS has a substantial role in reducing environmental contamination, developing technology-enabled
solutions, and generating sustainable business opportunities. On the other side, recent data („Communicating Sustainability“, Sustainable Facility,
2010) of U.S. Energy Information Adminstration
(EIA) show that IT systems and communications
equipment account for as much as 5%-10% of total
energy consumption for the average U.S. building.
Therefore, IS and environemntal sustainability relationship refers to the role of IS in environmental sustainability as both problem and solution.
Previous studies have mainly focused how ISs are
designed, developed, used, diffused and retired.
Environmental practice and requirements for IS researchers did not represent considerable object of
research. This resulted in many forms of waste; unused resources, energy inefficiency, noise, friction,
and emissions. However, business and academic
communities increasingly recognize sustainability
as a considerable opportunity for their business to
grow, compete and innovate. Most companies (retailers and producers) recognize the increasingly
important role of environmental sustainable inovativness and own competitive capabilities. Since,
IS has became an indispensable component of all
business processes and activities, the IS community
should actively participate and contribute in investigating this relation and concrete innovative solutions. IS scholarship should contribute to the body
of knowledge about environmental sustainability
and encourage application of IS in environmental
423
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sustainability leading to multiple improvements. In
line with this, the paper aims to contribute to the
research area of environemntal sustainability, primarly sustainability and IS. For this purpose, we
gathered and analyzed relevant literature and have
developed conceptual framework based on three
dominant categories. The paper is organized as follows. First, the existing literature is discussed in order to develop the theoretical background and the
conceptual framework for the study. Thereafter, we
describe content analysis as the qualitative research
methodology used in the study. We also present research results in this section. Next, we analyze and
discuss the findings of the research. Finally, we lay
out our concluding remarks.
2. Literature Background
This study aims to investigate relationship between Information systems and Environmental
sustainability. Therefore, papers were selected for
review as required by the aims and research focus
of the study. In this way, high level of internal coherency is achieved.
The discussion of environmental sustainability
and information systems was the decisive criterion
for the research papers that will be included in this
review. Unlike Melville’s (2010) paper which conducted articles from five leading Information systems and operation reserach journals from the eightyear period (2000-2007), literature review was not
restricted to MIS journals (such as: Journal of MIS,
MIS Quarterly, Information systems journal, etc).
Significant numbers of articles were found in journals which do not have Information technology and
systems as their primary domain. Some of them
are: Journal of Social Issues, Business and Society
Review, Strategic Management Journal, Business
Strategy Environment, Journal of Business Ethics,
Academy of Management Review, Business Strategy and Environment, etc. Thus object of research is
explored and analyzed in the broader context with
multifaced approach, rather then simple and unilateral analysis of IS-related journals᾽papers and their
remarkable conclusions. This approach is parallel
with Elliot᾽s paper (2011) which underlines transdisciplinary nature of environemental phenomena.
Also, Jenkin et al. (2011) conducted a broad search
for articles containing a Green IT/IS artifact, re424

gardless of the journals᾽ primary orientation. Most
reviewed papers are mainly focused on macro aspect of relationship between Information systems
and environmental sustainability, particularly in the
organizational settings. This refers to establishing
environemntal policies and strategies. Considering
that business is „the major driver of innovation and
the difussion of technologies“, the dominant number of this type investigations is expected. In fact,
an increasing number of companies began to realize that investing in sustainable development and
IS-enabled solutions are not a cost, but an investment that is justified and does not include only environmental but also social and economic sustainability. In the contrast to this general aspect, micro
level of environmental sustainability is not sufficiently indicated in the literature. Micro processes
that are a source of real and significant changes
such as the actions of individuals, education of employees about sustainability, their environmental
awareness, development and implementation of
action plans that involve information and information systems, types of information that are required,
appropriate use of information, design of information systems are often ignored and unexplored or
unclear treated. This discrepancy between studies
that are macro and micro oriented is a key reason
why we gathered and reviewed the papers that have
primary focus on the concrete implementation of IS
related environmental actions plan and strategies.
Thus 39 out of 51 papers were selected as esential theory background and broader unit of content
analysis, and even 23 (59%) papers are based on
micro processes of sustainable development and
16 (41%) papers explored and analyzed relations
between IS and environmental sustainability in a
general context.
3. Methodology
Most studies related to IT/S and environmental sustainability are conceptual and/or empirical.
Thus, a small number of papers have concrete and
strong theoretical background. This kind of literature determines that this paper contains elements
of exploratory and descriptive analysis. Considering these facts, content analysis arised as the most
aplicable method of data analysis. As qualitative
research method, content analysis is commonly
Volume 7 / Number 1 / 2012
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defined as “the intellectual process of categorizing qualitative textual data into clusters of similar
entities, or conceptual categories, to identify consistent patterns and relationships between variables
or themes” (Julien, 2008). Content analysis is appropriate considering that provides reducing data
and making sense of them—of deriving meaning.
This research method seeks to analyze published
information systematically, objectively and reliably
(Guthrie and Parker, 1990). Content analysis has
been commonly used in the literature to evaluate
the extent of disclosure of various items (Hackston
and Milne, 1996). Content analysis include gathering data and codifying qualitative and quantitative
information into previously defined categories in
order to derive units as specific patterns for analyzing and reporting of results. To develop a comprehensive conceptual framework that should be
adressed by further IS research, we divided this
research into two steps to: 1. identify and collect
adequate IS and environmental sustainability literature and 2. content analysis of gathered literature
(unitization and coding). The initial intention was to
develop the most prominent categories from the obtained research papers. In this way, major challenges of the relationship between Information systems
and environmental sustainability will be detected.
However, after papers gathering and literature review, the obtained text was unitized and coded.
Therefore, the next phase was the selection of a unit
of anlaysis - unitization of literature in smaller parts
based on “thoughts units”. Regarding basis of the
coding, in the literature a debate has arisen whether
use words, sentences or some parts of pages. The
most content analysis use sentences as the basis
for coding and we preferred this approach. The obtained data were codified into various groups or categories based on selected criteria. Then, texts were
imported into Nvivo software, produced the coding
scheme and conducted the coding process based on
the gathered literature. This type of category development assume that frequency determines the importance of the subject matter.
4. Research results
As already indicated, the object of content analysis is existing literature focused on IS and environmental sustainability as primary research topic.
Volume 7 / Number 1 / 2012

Considering that we collected a wide range of research papers of which several have explanatory
and descriptive character and investigate environmental issue in general (without some specific aspect) the first stage of our research was detailed
selection of papers that are essentially focused on
relationship IS and environmental sustainable development. Each paper is presented with the topic
and the approach adopted (Table 1.).
From this conceptual matrix, we can identify
that the most reviewed papers are focused on environmental impacts of IT/S and this is expected and
parallel with our research findings that the majority of studies examine and analyze environemntal
issue in a broader context. Furthermore, five of reviewed research papers investigate both environmental impacts and innovation-related categories.
This mutual overlapping between categories is
also another reason for necessarily comprehensive
and multi-faced approach to environmental issue.
However, we noted that there is disproportionately small number of the research papers related
to the System Development Life Cycle. Given the
importance of the system development for the environmental strategy implementation, this study
underlines this research gap and aims to direct and
encourage the further research. Content analysis
of these papers resulted in developed conceptual framework consists of three main categories.
These categories are defined as Environmental impacts of IT/S, Information systems-InovativenessEnvironmental sustainability triangle and Sustainable information system development.
Analysis of the categories are shown in Table 2.
5. Analysis and Discussion
5.1. Environmental Impacts of the IT/S
Environmental sustainability of IS refers to the
role of IS in environmental sustainability as both
problem and solution. This two-way connection
between IS and environmental sustainability has
been disccused by a number of IS authors. Most of
them made a clear distinction between positive and
negative impacts. Specifically, it is a classification
of impacts, depending on the nature of their influence on the environment. In this regard positive
impacts represent potential source of solutions for
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Table 1. Research papers review
Research paper
Atkisson and Hatcher, 2001.
Benitez-Amado et al., 2010.
Berger, 2007.
Bianchini and Rajamony, 2004.
Chen et al., 2006.
Chen et al., 2008.
Dangelico and Pujari, 2010.
DeSimone et al., 1997.
Dewet and Jones, 2001.
Dibrell et al., 2008.
Elliot, 2011.
Gladwin et al., 1995.
Higgs et al., 2008.
Huang, 2009.
Ifinedo, 2007.
Jain and Wullert, 2004.
Jenkin et al., 2011.
Mata et al., 1995.
McCalley, 2006.
Melville, 2010.
Midden et al., 2007.
Ottman et al., 2006.
Perkins and Neumayer, 2008.
Rai et al., 2006.
Rikhardsson et al., 2002.
Russo and Fouts, 1997.
Saha and Darnton, 2005.
Shaft et al., 1997.
Sharma and Vredenburg, 1998.
Shepherd et al., 2001.
Tarafdar and Gordon, 2007.
Verhoef and Nijkampô, 2008.
Watson et al., 2010.
Wilson and Dowlatabadi, 2007.

Environmental impacts

Category
Innovativness

SDLC
X

X
X
X
X
X
X
X

X
X
X

X
X
X

X
X

X
X

X
X
X
X

X
X
X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

Note: The content analysis was focused on these research papers that are primarly oriented on one of three categories.

environmental issues. Among the positive impacts,
which are commonly called role of IS, as the most
prominent ones are: standardizing, monitoring, capturing and utilizing data and metadata, technologyenabled and innovative solutions, improvements in
supply chain and logistic, energy consumption efficiency, reporting purposes especially in encourag426

ing human and companies’ awareness of environmental issues and IS role in shaping beliefs about
the environment. The researchers have emphasized
various impacts and accordingly defined relationship between IS and environmental sustainability.
Thus, Melville (2010) pointed out that information
systems research can make an important contriVolume 7 / Number 1 / 2012
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Table 2. Conceptual framework

Positive

Environmental
impacts

Negative

Inovativness
Sustainable IS
Development

Product innovation
Process innovation
Incorporation of environmental
requirements in SDLC stages

bution to knowledge at the nexus of information,
organizations, and the natural environment; to the
development of innovative environmental strategies; to the creation and evaluation of systems that
break new ground in environmental responsibility;
and, ultimately, to the improvement of the natural
environment. Additionaly, Information systems
may play an important role in shaping beliefs about
the environment, whether moderating existing beliefs formed by organizations or society, or perhaps
mediating them. This is a significant role with respect that the environmental issue involves human
behavior and the broader social and organizational
context. Considering that environmental sustainability is multi-stakeholder issue, reporting purposes of IS are increasingly important. The lack of
information to enable and motivate economic and
behaviorally driven solutions is one of the problem that should be adressed by IS role in sustainable development (Watson et al., 2010). When it
comes to negative environmental impacts, then we
have categorized them into the three main groups:
1. Manufacturing (emissions of acids, metals, voltile organic compounds,...) that is often energy intensive and use large amounts of water for cooling
and raising; 2. Use of IT/S equipment (significant
energy consumption) and 3. Disposal waste. In the
Volume 7 / Number 1 / 2012

The most common are: standardizing, monitoring,
capturing and utilizing data and metadata,
technology-enabled and innovative solutions,
improvements in supply chain and logistic, energy
consumption efficiency, reporting purposes
especially in encouraging human and companies’
awareness of environmental issues and IS role in
shaping beliefs about the environment.
The three main categories:
1. Manufacturing (emissions of acids, metals, voltile organic compounds,...) that
is often energy intensive and uselarge
amounts of water for cooling and raising.
2. Use of IT/S equipment (significant energy
consumption)
3. Disposal waste
End product improvements
IT/S applications, wastage minimizing e.g.

literature environmental impacts are usually connected to environmental policies and sustainability
report. Namely, very small number of studies are
based on concrete and quantifiable data. Therefore,
further research should be more practice-oriented
and based on actual arrangements that will contribute to environmental improvements and sustainable
development.
5.2. Information systems - Inovativeness Environmental sustainability triangle
Recently, the relationship between IS, inovativeness and environmental sustainability is one of
the most intriguing and important issue among IS
researchers. The most recent literature on the business value of IT/S seems to have explained these
relationships through IT/S-enabled organizational
capabilities (Rai et al., 2006). In the context of link
among inovativeness and environmental sustainability, inovativeness is considered as capability to
implement environmental strategies and practices,
and reduce and minimize environmental impacts.
This type of organizational capability is often entitled as „green management“ capability. Innovative companies which usually invest greater effort
in higher levels of reserach and development, it is
427
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likely higher level of innovation in environmental
field (Russo, Fouts, 1997). In addition, environmental strategies and their sucessful implementation
depend on employees intiatives and participation.
In the organization with culture that encourages
and supports inovativness, it is likely that employees will generate new concepts, specific positive
changes, etc. Relationship between IT/S and innovativness and organizational performances are the
focus of many authors. IT/S moderates many aspects of the process of bringing new problemsolving ideas into use given that it determines the way
information is stored, transmitted, communicated,
processed and acted upon, IT/S is an important but
neglected means of facilitating the innovation process (Dewett and Jones, 2001). IS is significantly
influential on establishing innovative environmental strategy and enhance its benefits. Creativity and
development of new products and processes can be
encouraged by innovative IT applications. Among
innovation dimensions, the most notable are product innovation and process innovation. Green product innovation has been recognized as one of the
key factors to achieve growth, environmental sustainability and a better quality of life (Dangelico
et al., 2010). In business terms ‘green product’ or
‘environmental product’ are used commonly to
describe those that strive to protect or enhance the
natural environment by conserving energy and/or
resources and reducing or eliminating use of toxic
agents, pollution, and waste (Ottman et al., 2006).
Therefore, the future research should focus on the
connection between IS, innovativeness and environmental sustainability, considering that IS accelerates the innovativeness, indirectly through innovative IT solutions and applications. Particularly,
the IS-related studies should be useful given that
the structure and nature of this relationship is just
inherent issues that are the object of IS research.
5.3. Sustainable Information Systems
Development
Most environmental strategies can be characterized as “firefighting” but not its prevention. Namely,
given the complexity and transdisciplinary nature of
environmental issue, environmental strategy should
not be based only on pure reduction of energy consumption, greenhouse gas emission reduction, IT
428

waste reduction, implementing the Electronic Product Environmental Assessment Tool (EPEAT), etc.
Comprehensive environmental strategy should be
more proactive. Specifically, environmental sustainability requires sincere and profound changes
in business activities and processes, and it could be
stated that includes Business Process Reingineering (BPR), since that means radical redesign of organizational business. That involves the “lean and
mean” way of doing business, but staying competitive. So, in order to prevent negative environmental
impacts, environmental strategy should be included
in IS development. Environmental requirements
should be part of every stage of IS development.
Thus, in the process of problem analyzing environmental requirements should be reviewed with all
other users requirements. In addition, design stage
could be improved in order to achieve sustainability
by selecting appropriate equipment with more energy efficiency, solutions that minimize and reduce
the different types of waste such as hardware, space,
equipment, etc. Namely, proper design should reduce energy consumption (Bianchini et al, 2004).
In line with this is Huang’s (2009) proposed revised
SDLC, named Sustainable System Development
Lifecycle (SSDLC) which is based on traditional
SDLC expanded with sixth stage –disposal with the
aim to increase transferability, reusability and recyclability, and to reduce hazardous materials and
the labor cost of disassembling and destroying the
equipment. The incorporation of environmental requirements in all five stages of SDLC opens new
possibilities in achieving environmental sustainability. Environmental concerns need to be an integral
part of the development process from the begining,
not an afterthought (Jain et al, 2002). Entering of
these requirements in the IS development process
implies a radical and effective change that means
social, environmental and economic sustainability.
6. Conclusion
This paper investigates role of IS in achieving
environmental sustainability. The intention was to
develop the most prominent categories from the obtained research papers. In this way, major challenges of the relationship between Information systems
and environmental sustainability are detected. The
environmental impacts of Information technology/
Volume 7 / Number 1 / 2012
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systems, Information systems-Inovativness-Environmental sustainability triangle and Sustainable
Information Systems Development are recognized
as the main categories. Therefore, this paper indicates the most prominent literature gaps, but also
the most perspective and still insufficiently used
possibilities. Technologies, including or even, perhaps, especially information technologies, represent
the source of potential solutions for environmental
problems. Hence, higher educational institutions,
IS associations and respectful IS oriented journals
should use their significant position and influence
IS leaders and academics, but students to tackle this
challenge and encourage research in this area.
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Geometric transformations of urban water
contexts

Key study: Four sequences of the urban water context
in Sarajevo
Jasenka Cakaric
University of Sarajevo, Faculty of Architecture, Sarajevo, Bosnia and Herzegovina

Abstract
This research focuses on discussion about the
phenomenon of geometric transformations of the
urban water context in the manner in which they
should be discussed and applied by urban design
professionals.
The overall research strategy is based on the
creation of scientific-theoretical methods – means
or rules for geometric transformations of the urban
water context and quality control of their application in practice. Regarding preparation of redesigning of areas with water, urban designers’ ideas are
based on the selection and application of the aforementioned scientific-theoretical methods with the
aim of creating functional and human-acceptable
water areas within the city. Four examples of urban
water contexts in Sarajevo have proved in practice
that a careful selection and application of these theoretical methods in geometric transformations can
improve the functional and aesthetic-perceptual
quality of the spatial sequences near water. Urban
designers are expected to show creative sensibility
in selecting the appropriate rules, because their geometric transformations of the urban water context
are always subjected to evaluation by people who
are actually the end-users of such projects.
The overall research findings constitute a contribution to the theory of urban design, favoring
the application of new scientific-theoretical methods of urban-architectural planning and designing
of new city areas, and also redesigning of the existing urban water contexts.
Key words: urban water context, urban transformation, means or rules of geometric transformation, sequence.
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Introduction
Water presence in a certain space constitutes a
fundamental generative factor for establishment
and existence of a city, but also for a transformation of its morphological structure in time. The
existence and changes are seen in the general image of the city, at the borderline between organic
– natural and inorganic – man made surroundings,
at the integration of water with the built and nonbuilt parts of the urban structure, and also in parts
of the city where water is used artificially to improve the aesthetical appearance of the parts-sequences of the city. The aforementioned premises
make the basis of this research, which focuses on
the phenomenon of geometric transformations induced by water influence on the urban context, in
the manner in which they should be discussed and
applied by urban design professionals. The arguments presented here refer to both aesthetic perceptual, as a general, and urban architectural, as
the dominant component of the profession.
In order to better understand the whole research
conducted in this work we consider it important
to, right at the introduction of the elaboration, give
theoretical explanation of the key terms that will
be used.
By introducing the term of the urban water context we want to point out the theoretical-practical
aspect of “reading” unity of water manifestation
and urban-morphological space structures. In the
explanation of this term that essentially relates to
phenomena of the water integration in the urbanmorphological structured system we start with the
statement that there is no difference between land
corpus and spatial segment of water existence.
Therefore we hold on to the fact about the character of this specific space of biosphere and its un431
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disputed determination that water and the land/city
are inseparable. Duality in interpretation, hereby
excluded, provokes idea of one phenomena advantage over the other. The essence is in observing urban structures integrated with water in the
way that the image-surface-plain-mirror of water is
identical to morphological mirror of city’s / land’s
relief. Therefore, theoretical understanding of the
water integration into urban structures is possibly
sublimed through one unique thesis; urban water
context implies phenomena of continuity of the
water presence in the city. This means that water’s
permanency in urban context represents conditional
phenomena of its continuous presence in build and
non-build city parts, whose space expressions are
influenced by water’s direct and indirect activities.
Transformation phenomena represents changes
in (geometric) shapes, appearances, states and properties. In the context of geometric transformations
of urban structures integrated with water we can
talk of the existence of the two parallel dimensions
– water and land / city, with mutually conditioned
existences. Being the main force of urban transformations water inevitably “questions” settled social,
economical and cultural usage of city spaces and
changes cultural landscapes creating new geometric shapes (parts-sequences) of urban tissue.
This way water transforms identity components
of urban context, whose particular energies are being mapped onto space, on inherited geometrical
shapes, without erasing them. Essentially the water
phenomena creates unique fragmentations of the
new geometrical transformations, picturing particular act of “new written” urban water context, and in
whole becomes a part of sensational experience and
direct human observation. This is how the aims of
geometric transformations of urban water contexts
determine aspirations within concrete city’s reality
that is saturated by overlapping of real-physical and
inner-human with unbroken craving for clarity of
interventions that, besides new “images”, are becoming places of enjoyment [2].
Professionals, i.e. urban designers, have the key
role in the process of creation of the ideas as to how
to carry out geometric transformations of the urban
water context. They consider water to be a basis for
every creative action, whereas the result is obtained
from a thorough analysis of an urban context in
which water appears as a phenomenon - generator
432

of the idea on transformation. The strategy inspired
by the referenced parameters, with the review of
theoretical elaboration of geometric transformations, also includes evaluation of the existing spatial arrangement of water and elements of the urban
structure as a specific geometric order, which could
either be adjusted to the surrounding by means of
non-radical interventions, or transformed into completely new geometric display [1]. Both solutions
mean spatial redistribution of water elements and
elements of the urban structure by applying one
or more theoretical rules (introduction of those is
the aim of this research) of the following geometric transformations: Compression, Rotation, Insert
and Transfer. By implementing the referenced rules,
variations in spatial geometric relations between
water and urban structure elements affect the final
human mental perception of the possibility of their
union, which is better if it allows a certain diversity
of free natural or pre-determined directions of water
within the sequences of the urban water context. In
both cases, an urban designer, by using previously
selected means or rules of geometric transformations, comes up with an articulated accumulation of
“images” of the sequences of the urban water context, with visible functional and aesthetic-perceptual
objectives regarding the realization of the redesign.
Therefore, we feel entitled to claim that achieving
a good-quality space, as a consequence of the realization of ideas on geometric transformations of the
urban water context, or their parts, depends on the
general sensibility of the urban designer, the same
as the lack of such sensibility can cause a complete
degradation.
Given the above said, the objective of this research is to establish scientific-theoretical methods – means or rules of geometric transformations,
to present their procedures here and to formulate
them as design methods which would be available
to urban designers when selecting the techniques
for realization of human-acceptable ideas on transformations of urban water contexts. This study
aims to indicate the possibility to apply in practice
the referenced scientific-theoretical methods. The
overall findings of the conducted research provide
a possibility to read the phenomenon of geometric transformations of urban water contexts with
a scientific-theoretical methodology in a manner
which can become useful in planning and designVolume 7 / Number 1 / 2012
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ing of new city units by means of redesign of the
existing urban ensemble.
Methodological approach to design of
geometric transformations of urban water
contexts explained by means of a case study
Theoretical level – means or rules of geometric
transformations
Introduction of the scientific-theoretical methods when approaching redesign of urban water
contexts enables a creation of indicators that point
out the perceptive-aesthetic “consequences” of the
influence of water phenomenon on the environment. That is why it is important to theoretically
establish the methods of geometric transformations of urban water contexts as means of the improvement of human perception of the water and
urban structures integration, following spatial consequences of the aesthetic, artistic and expected
utilitarian importance of the conducted redesign.
The essence of this theoretical “strategy” is in the
fact that water, as already stated in the Introduction, creates singular fragments of urban context
transformations, that, when combined, become a
part of sensational experience and direct perceptions of humans. That is how “the new reality” of
(the parts of) the city with water becomes embroidered by overlapping of real-physical and innerhuman, through inventions creating new spaces
where the man wants to be in [2].
We believe that designing spaces near water
that are pleasant to humans can be accomplished
by applying of the theoretical methods of geometric transformations on the practical level. Application of the means or rules of geometric transformations of the urban water context implies a
spatial recomposition of water elements and urban
structure elements, which coexist, but each with
their own variation of the principal idea. At the
stage of redesign of the spatial sequences with water, urban designer's ideas are based on the selection of the theoretical organizational principle of
the relevant spatial recomposition, in relation to
which the aforementioned individual elements become a unique system, with unique action plans.
The entire process of designing is based on urban
designer's intuition, archetypes or habits, for the
purpose of creating functional and human-acceptVolume 7 / Number 1 / 2012

able spatial sequences with water. The following
text discusses the theoretical aspect of the four
variants of the organizational principles of the water element and urban structure recomposition [3].
Presented four methods (variants) are just one of
many possible theoretical approaches to redesign
of urban water contexts.
Compression is one of the theoretical means or
rules of geometric transformations, by which individual elements, such as water and parts of the
urban structures, tend to become a whole, while reducing their precisely determined segments. However, these elements do not lose on the quality of
synergetic “information” that they emit into the surrounding. Thence ensues that algorithmic connection between certain parts of the water area and/or
elements of the urban structure, implies their mutual
action which affects the positive human perception
of the transformed (sequences of) urban water contexts. Every geometric transformation carried out
by the theoretical rule of Compression, is seen as a
rearrangement of images (parts) of the urban water
context that man has already accepted. However, if
it is properly reversible, that is, if human brain can
positively accept such spatial recomposition, then
the Compression, which we selected to use in the
design of ideas on geometric transformations, is
seen as a positive treatment in human mental acceptance of the redesigned sequences of the urban
water context (Figure 1).

Figure 1. Schematic overview of means or rules
of geometric transformations: Compression
of individual elements – water and parts of the
urban structure - for the purpose of creating a
whole
433
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Rotation, which is another theoretical means or
rule for geometric transformations, indicates that a
certain points of urban structure elements have been
rotated under the same angle, without any deformations around the rotation axis, which is water in
this case. By means of this rule urban structure elements “move” along the direction of water movement. The movement is not actually real, but it is
a human imagination and mental perception which
can make us believe that urban water contexts are
continuously changing, even though in reality they
always remain at the same place. By using Rotation
as a theoretical means or rule for designing ideas on
geometric transformations, we can achieve a continuous change of static elements and improve human visual aesthetic perception of the urban water
context sequences (Figure 2.).

for water and urban surroundings to coexist after
the insertion of new volume, none of the elements
(water, urban structure and inserted components
that connects the two) should not have a dominant
role, which constitutes a pre-condition for humans
to perceive their harmony with quality (Figure 3.).

Figure 3. Schematic overview of the theoretical
method- means or rules of geometric transformations: Insert of new components to the existing
urban water context

Figure 2. Schematic overview of means or rules
of geometric transformations: Rotation of urban
structure elements along the direction of water
movement
Insert is a theoretical means or rule of geometric transformations which helps an author of redesign to add and to insert new initial components
into the urban water context sequence as a new
spatial element, which would enable functional
and perceptual harmony of the water and urban
structure elements. Inserting a new geometric
shape or component as a kind of new scene in a
movie implies adding additional space to the existing sequence of the urban water context. Unobtrusive arrangement of the new elements is essential for humans to be able to properly perceive the
harmony between the added volume and the existing urban water context. This means that in order
434

Transfer is a theoretical means or rule of geometric transformations by which the volume or action is transferred from one place to another. Within
the context of a city sequence with water, volume
is every physical shape of the urban structure parts
next to or on the water, whereas action constitutes
a space „manifestation“ of water, which appears
as a constituent element of the referenced physical structure, determining its purpose. Transfer of
volume and/or actions takes place when there is a
desire for dynamism in human perception of water
and elements of its urban surroundings. In that way
it is possible to achieve diversity in human mental
perception of water, which may disappear in time
due to human habits that they acquire regarding
acceptance of sequences of the urban space with
water. Opting for Transfer as a theoretical method
- means of geometric transformation of the urban
water context in the process of creating ideas on
the redesign helps us achieve functional and aesthetic-perceptual quality of the city space with water, which then motivates people to reside in such
spaces (Figure 4).
Volume 7 / Number 1 / 2012
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Figure 4. Schematic overview of the theoretical
method- means or rules of geometric transformations: Transfer of volume and actions
The level of implementation – Key study
The objective of the case study is to confirm the
possibility of practical application of the theoretical methods – means or rules for spatial recomposition of water elements and urban structure when
designing ideas on geometric transformations of
the urban water context. Moreover, one particular
idea of redesign of the sequences of the urban water context has been used here to show how urban
designers, by carefully selecting theoretical rules
for geometric transformations and implementing
them in their redesign projects, can ultimately create realistic and for humans perceptually-acceptable spaces in the city with water.
The following text of this case study [4, 5] refers to geometric transformation of four sequences
of the urban water context in Sarajevo, at the location ranging from Latinska ćuprija to the Skenderija
Bridge. The key study of the area was made by the
author in 2002, when the overviews of the existing
condition of the referenced area were created (Figure 5). From that period on, and until the present day,
certain changes have occurred: in Sequence A - the
music pavilion and the Bakr Babina Mosque were
re-built, and the archaeological park was discovered
next to the mosque; and, in Sequence D has begun
construction of a new bridge, following the installment of an architectural competition. Given the fact
that the purpose of the case study is to confirm the
possibility of applying theoretical methods in practice, we believe this note will be kindly accepted.
We chose this case study, primarily, because
Volume 7 / Number 1 / 2012

the river Miljacka has a key role in spatial organization of Sarajevo and it has determined its urban
and spiritual identity. Namely, there had been 48
inhabited settlements by the Miljacka River before
the agglomeration got its city character-the spatial frame and “power” to consolidate the line of
separate settlements as the whole. Sarajevo arose
here by Miljacka River, on its left bank, around
dvor- saraj. Through the time, due to natural features of the ground and river presence, the city got
its oblong longitude shape with two-sided developed banks just along Miljacka River. To minimize negative sides of such morphological shape,
through the time, natural morphological amphitheatres around have been included into primary
tissue of the city which made this dispersive action noticed today. During the long city existence
on the river banks the only transformation of the
urban water context was conducted at the end of
the 19th century by the Austro-Hungarian authorities. That transformation included regulation of
the Miljacka flow and creating quays on its banks
in the way that hasn’t changed so far. That is how
small impetuous and capricious river strongly influenced urban structure forming and gave the city
its “image”. Finally, Miljacka River has inspired
people to use its abundance, it has kept them on its
banks and it is today’s primary aesthetic perceptive element of urban promenade and the image of
the central part in Sarajevo.
Aforementioned various influences of the
Miljacka River on the city and its inhabitants we
consider the most significant urban and aesthetic
perceptive values of Sarajevo. So, they mustn’t
be disturbed by radical interventions throughout
four sequences transformation of the urban water context along mentioned location. By careful
selection of the theoretical methods in geometric
recomposition of the water elements and urban
structure we consider important to emphasize the
beauty of the existing Miljacka flow without sever
artificial interventions that would take precedence
over this phenomena.
Thus, the referenced area, used in this redesign
project (described by the case study), is located
in the central part of the city of Sarajevo. It has
a rich cultural and historical legacy with distinct
values of the surroundings. Today, the right bank
appearance of the Miljacka river, throughout all
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four sequences, consists of a public road, narrow
pedestrian corridor, flood walls, stone fence and a
continuous row of front facades of the buildings of
administrative and residential character and buildings that belong to the city's authorities. Also, on
the left bank of the river, going downstream from
the Latinska ćuprija bridge, we encounter open
green space, connected further down with continuous facades and several buildings that require
demolition, whereas the entire space relevant
here ends with a row of residential, residentialadministrative and buildings of the city's authorities. There is wide pedestrian corridor along the
left side of the river, excluding the part near the
Drvenija Bridge, and the flood walls are either
paved with stone or covered in grass (Figure 5.).
Selection and application of the following
theoretical methods - means or rules of geometric transformations: Compression, Rotation, Insert
and Transfer in practice, enabled functional and
visual aesthetic recomposition of the water elements and urban structure. The principal idea on
the redesign of the four sequences (besides the
individual interventions), which helped achieving
a continuity in the treatment and their perceptual
harmony, was to landscape the right side of Miljacka and to create walking areas with trees along
the entire left bank. Such geometric transformations of one part of the urban water context in Sarajevo did not disturb the ambient values and tradition of cultural, historical and architectural legacy,
the visual aesthetic beauty and perceptive quality

of the river was emphasized and the open public
spaces and buildings, after they have been given
new appearance and relevance, became mentally
more appealing to people [6].
The following text provides individual explanations for every sequence regarding the selection
of means or rules of geometric transformations
and consequences of their application in the urban
tissue of Sarajevo.
Sequence„A“ (from - to: Latinska ćuprija –
the Ćumurija bridge)
The Sequence A initiated the idea of landscaping the banks of the Miljacka River by planting a
row of trees. Landscaping the right bank could not
be done by usual methods of tree planting along the
river pedestrian zone due to its insufficient width.
Therefore, the idea was to form a line of trees by
selecting proper theoretical means or rules of geometric transformations – Insert and Compression.
The Insert rule provides conditions for insertion of
planter boxes with smaller-size trees, fixed at the
river flood walls and oriented towards the water
in order not to disturb the pedestrians and traffic.
Trees planted in the above described manner confirm the theoretical rule of Compression, showing
harmony of the water and newly added elements
– planter boxes with small-sized trees.
The width of the pedestrian path on the left side
of the Miljacka River is sufficient for realization of
the landscaping idea, provided the Insert theoretical

Figure 5. Overview of the existing condition of the referenced area – four sequences of the urban water context in Sarajevo
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rule is applied, that is, adding of new plants along
the upper edge of the inclined grass wall of the river.
The idea regarding the redesign of the At-mejdan Park proposes selection and application of all
mentioned theoretical methods of geometric transformations – Insert, Rotation, Transfer and Compression. The Insert rule refers to insertion of new
space – music pavilion (which stood here from
1911 until the World War II) into the central part of
the park, which would comprise a café and terrace
for small concerts [4]. Insert and Compression are
intended to be used in the redesign of one part of the
walking area with the line of trees, along the river.
The Insert rule means construction of a transparent
semi-elliptical structure, which would serve as a
symbolic entrance to a new setting of the At-mejdan part, combining the old times with the contemporary ones. Along the very promenade, selection
and application of the Compression theoretical rule,
enables visual connection between the water and
inclined grass wall of the river with planter boxes
arranged in a cascade manner. The new scene of the
park is made complete with the above mentioned
ellipse – symbol of a hippodrome – representing a
reminiscence of the tradition of horse races from
early 20th century, after which the park was named
in the first place [4]. The following theoretical rule
for geometric transformations, Rotation, enables
perceptual rotation of the static form of the park by
inserting this symbol, whose dynamism is accentuated by breaks which create a continuous line of pedestrian promenades. The following theoretical rule
refers to the transfer of the roadway from the central zone of the park to its right side, which enables
preservation of the continuity of open green space
along the water (Figure 6 and Figure 6a, Figure 7,
Figure 8).

Figure 6. Layout of the Sequence A before
transformation (without the music pavilion, the
mosque and the archaeological park, witch were
built and discovered after the year 2002) Figure
6a. Layout of the Sequence A following the selection and application of the theoretical means or
rules of geometric transformations of urban water contexts

Figure 7. and Figure 8. Three-dimensional computer simulation of the ideas on redesign of the space
pertaining to the Sequence A
Volume 7 / Number 1 / 2012

437

technics technologies education management

We believe that selection of the theoretical methods- means or rules of geometric transformations,
and their application on the specific redesign project of the space covered by the Sequence “A”, enabled creation of a new functional and aesthetically
perceptive space in the city with water, which many
visitors find very appealing. Furthermore, the existing values and tradition of the cultural, historical
and natural legacy were remained intact, trying to
preserve the spirit of the old times, but in the context of the new era. By the integration of naturalthe river and green vegetation and new- artificial
elements, the set goal was accomplished: the functional context of the banks was improved by better offer of described facilities to visitors and, more
important, the visual aesthetic perceptive quality of
the part of Miljacka corridor was enhanced. Having reviewed the numeric indicators of water representation and the presence of the urban structure
elements at the area referred to as Sequence “A”,
before and after the application of the new means
of geometric transformations, a conclusions arises
that space recomposition of the water elements and
urban structure elements did not fall outside the initially set action limits. Therefore, we have proved
that it is possible to improve the functional and aesthetic-perceptual quality of the referenced sequence
by using the established theoretical methods of geometric transformations, but without changing its
original contours (Table 1).
Sequence „B“(from-to: the Ćumurija bridge –
the Drvenija bridge)
On the right bank of the Miljacka river, by the
selection and application of the theoretical meth-

ods- means or rules of geometric transformations:
Insert and Compression, the same way as this was
do ne in Sequence A (landscaping the flood walls
by planting small-sized trees into the planter boxes), formation of the line of trees continues. Also,
the Insert rule enabled establishment of a harmony
regarding the front facades on the right bank by
inserting a new residential building.
Selection and application of all of the referenced
theoretical methods - means or rules of geometric
transformations, more precisely, Insert, Transfer,
Compression and Rotation, helped in achieving a
continuous green promenade – with a line of trees
and pedestrian communications, starting from the
At-mejdan park. Near the school building, the Insert
theoretical rule secured the continuity of the walking zone by inserting a cantilevered pedestrian corridor. Simultaneously, the aforementioned has the
Transfer theoretical rule applied as well, because the
edge of the bank was moved and the walking path
was pushed outward towards the river. In order to
keep the line of trees uninterrupted, at the bottom
of the flood walls concrete „barrels“ with trees are
placed, and the cantilevered expansion is perforated
as to enable the trees „to get through“ those perforations and form a continuous line of trees. This idea
is a reminiscence of the old Sarajevo tradition, dated late 19th and early 20th century, when beer was
kept in large barrels, which would later on be transformed into decorative elements – planter boxes [4].
By inserting the „barrels“ with trees at the bottom of
the Miljacka River wall and expanding the walking
promenade over the river, we implemented the theoretical rule of Compression, which helped us achieve
harmony between the new elements and the water.
Furthermore, by means of the Rotation rule percep-

Table 1. Numeric indicators of the relation of water and urban structure elements at the area referred to
as Sequence A, before and after the application of the theoretical methods-means or rules of geometric
transformations
SEQUENCE „A“

Surface
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Water
Covered by buildings
Covered by roads
Pedestrian zones
Grass plots
Planter boxes

Σ

Existing condition
[m² and %]
4908
18,53
7087
26,75
4423
16,70
2189
8,26
7787
29,40
97
0,37
26491m²
100%

Transformation proposal
[m² and %]
4645
17,54
7462
28,17
3012
11,37
2879
10,87
8068
30,46
425
1,61
26491m²
100%

Difference
[m² and %]
– 263
– 0,99
+ 375
+ 1,42
– 1411
– 5,33
+ 690
+ 2,61
+ 281
+ 1,06
+ 328
+ 1,24
26491m²
100%
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tive dynamism of the entire form was achieved by
making the perforations on the cantilever. The space
in front of the residential villas and Synagogue, by
means of the Insert theoretical rule, were added a
new beauty, which is from the pedestrian zone separated by small fence and special line of trees (Figure
9 and Figure 9a, Figure 10, Figure 11).

In this Sequence, the same as in the previous one,
selection and application of the theoretical means or
rules for geometric transformations enabled creation
of new functional and aesthetically and perceptually
improved areas along the water. The existing ambient values were preserved and overview of the cultural legacy tradition was also made emphasizing, in
the foreground, improved visual- aesthetic- perceptive quality of the part of the river Miljacka with its
banks enriched by new artifact facilities for pedestrians. The table with numeric indicators which show
the amount of water and urban structure elements
proved that functional and visual-aesthetic interventions in the referenced area by means of geometric
transformations did not distort the original contours
of the Sequence “B” (Table 2).
Sequence „C“(from - to: the Ćumurija bridge
- the Drvenija bridge)

Figure 9. and Figure 9a. Layout of the Sequence”
B” before and following the redesign by application of the theoretical methods- means or rules
of geometric transformations of the urban water
context

On the right bank of the Miljacka river, by means
of the Insert and Compression theoretical rules, we
continue with landscaping the flood walls, in the
same manner as mentioned in the previous two Sequences. The Insert rule is applied in terms of planter boxes with trees being fixed to the flood walls,
whereas the Compression rule enabled achievement of the functional and aesthetic-perceptual harmony of the water and these embedded elements.
The line of trees and walking zone, which starts
at the At-mejdan Park, continues on the left bank of
Miljacka, again by means of the Insert rule, that is, by
adding new plants along the edge of the stone fence.
Selection and application of the theoretical
means or rules of geometric transformations, more

Figure 10 and Figure 11. Three-dimensional computer simulation of Sequence “B” following the application of the theoretical methods- means or rules of geometric transformations of urban water contexts
Volume 7 / Number 1 / 2012
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Table 2. Numeric indicators of the water presence and of the urban structure elements in the area referred to as Sequence “B”, before and after the geometric transformations

SEQUENCE „B“

Surface
Water
Covered by buildings
Covered by roads
Pedestrian zones
Grass plots
Planter boxes
Paved surface
Σ

Existing condition
[m² and %]
5175
26,75
7411
38,30
4157
21,48
729
3,77
875
4,52
0
0
1003
5,18
19350m²
100%

precisely application of the Transfer rule, caused
the change in the appearance of the street on the
left bank of the river, near the Čobanija Bridge. The
applied rule refers to removal of several existing
buildings and construction of a new administrativeresidential block of buildings, and expansion of the
parterre and transfer of the walking zone line – line
of trees, to the internal courtyard of the buildings,
by which a smaller continuous and open public
space was obtained. On the remaining free surface
of the Sequence we used the Insert rule to introduce
a modern theatre – the Arena Stage, which is the
space used for experimental arts. Implementation
of the Compression rule is achieved by lowering
the referenced structure by one storey, which is dug
into the ground, which prevented it from disturbing
the existing vertical line of the continuous line of
front facades from the neighboring Sequences. Furthermore, there is an underground connection with
the existing Academy of Fine Arts on the right bank
of Miljacka, and their over-ground communication
by means of the pedestrian bridge.
Combination of all geometric transformation
theoretical methods – Insert, Compression, Transfer
and Rotation, contribute to the playfulness of the entire Sequence, in which we inserted a fountain on the
very river, but only with a small arc of water because
of the nearness of the river banks. Having embedded
this decoration, we achieved a perceptive harmony
between water and structures along the entire area of
the Sequence C. Furthermore, the line of the open
space in front of the Arena Stage was perceptively
moved towards the right bank of Miljacka. In such
manner, we inserted an approach square to the theater, which, due to lack of space, cannot be constructed in any different way. Finally, the spatial and visu440

Transformation proposal
[m² and %]
5007
25,86
8400
43,41
3066
15,85
1135
5,87
1027
5,31
168
0,87
547
2,83
19350m²
100%

Difference
[m² and %]
– 168
– 0,89
+ 989
+ 5,11
– 1091
– 5,63
+ 406
+ 2,10
+ 152
+ 0,79
+ 168
+ 0,87
– 456
– 2,35
19350m²
100%

al-aesthetic composition of the fountain was created
by means of the Rotation theoretical rule, whereby
we achieved a symbolic and perceptive rotation of
the static element around the playful water activity
(Figure 12 and Figure 12a, Figure 13, Figure 14).

Figure 12. and Figure 12a. Layout of the Sequence “C” before and after redesign performed
by means of the geometric transformation rules
in the urban water context
Volume 7 / Number 1 / 2012
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Figure 13 and Figure 14. Three-dimensional computer simulation showing geometric transformations
carried out on the territory of the Sequence “C”
The same as in the previous two Sequences,
the table showing numeric indicators of the relation of water and urban structure elements, before
and after the implementation of the transformation theoretical rules, proved that all interventions have been carried out within the initially set
boundaries of the referenced space in Sequence
“C”. Functional and visual-aesthetic zones were
created along the water, preserving the values of
the existing surroundings and, possibly more than
in previous sequences, by the described functional
aesthetic interventions in water, we emphasized
visual perceptive quality and beauty of the river,
and the importance of the Miljacka river as a determinant of spiritual identity of the central part of
Sarajevo was underlined (Table 3).
Sequence „D“(from - to: the Čobanija bridge
– the Skenderija bridge)
Sequence “D” is the final point of the process
of continuous landscaping of the river flood walls
and formation of the pedestrian promenade – line

of trees referred to in Sequence “A”. This does not
exclude the possibility of their connection with
the Vilsonovo šetalište further downstream and
Bentbaša upstream, but these end points only constitute the boundaries of the area relevant for this
case study. By using the geometric transformation theoretical rules in the redesign of this urban
water context, more precisely by using the Insert
and Compression rules in the same manner as in
the previous three cases described above, we redesigned the right bank of the river by inserting
planter boxes with trees and fixing them onto the
flood walls, whereas the continuous walking zone
– line of trees reaches its end on the left bank. Besides the line of trees, the left bank has also been
enriched with planter boxes with decorative trees,
fixed in a cascade manner into the inclined grass
wall of the Miljacka river. Both of the mentioned
theoretical rules of geometric transformations
have been applied here, by which we achieved
perceptive harmony between the embedded elements and water.

Table 3. Numeric indicators of the water presence and of the urban structure elements at the area referred to as Sequence “C”, before and after the geometric transformations
SEQUENCE „C“

Surface
Water
Covered by buildings
Covered by roads
Pedestrian zones
Planter boxes
Paved surface
Σ

Volume 7 / Number 1 / 2012

Existing condition
[m² and %]
6227
46,93
2619
19,74
1980
14,92
632
4,76
73
0,55
1739
13,11
13270m²
100%

Transformation proposal
[m² and %]
6154
46,38
3143
23,69
1456
10,98
956
7,21
219
1,65
1342
10,12
13270m²
100%

Difference
[m² and %]
– 73
– 0,55
+ 524
+ 3,95
– 524
– 3,94
+ 324
+ 2,45
+ 146
+ 1,10
– 397
– 2,99
13270m²
100%
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The biggest intervention in this area is construction of a bridge heading the Radićeva street,
with appropriate selection and combined application of all theoretical methods of geometric transformations – Insert, Compression, Rotation and
Transfer. The bridge is inserted here as an entrance
to the Academy of Fine Arts. This intervention demanded application of the Compression theoretical method, which is seen in two ways: functional
and visual-perceptive: a) connection between the
bridge and open space and b) harmony of the water and embedded urban structure elements. The
bridge design is imagined to serve as an amphitheater, and it is covered by a semi-transparent movable roof-like projection. This roof is the result of
the selection and application of the Rotation theoretical rule, because the possibility of opening and
closing it (when required) emphasizes the perceptive dynamism of the massive static form of the
bridge – square. By means of the Transfer theo-

retical rule, that is, by expanding the external lines
of the bridge we came up with two expansions for
pedestrians who are just crossing the bridge, without spending any time at the square. The results
of such expansion are two openings (one opening
at each bank), which lightened the heavy bridge
structure, but also established a metaphoric connection: man-water-ground (Figure 15 and Figure
15a, Figure16, Figure17).
The table of numeric indicators of the representation of water and urban structure elements
before and after the geometric transformations
shows that the interventions conducted in the area
referred to as Sequence “D” did not cross the lines
of the initially set action limits. Therefore, spatial
recomposition of the basic elements has been carried out: of water and part of the urban context,
which did not disturb any of the existing values of
the surroundings, and still resulted in the design
of a functional and visual aesthetic perception of

Figure 15. and Figure 15a. Sequence “D” – layout of the referenced area before and following the
redesign by the application of the theoretical methods- means or rules of geometric transformations of
urban water context

Figure 16. and Figure 17. Sequence “D” – three-dimensional computer simulation of the conducted
geometric transformations (The bridge presented on this figures was our proposal for an open architectural competition.)
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Table 4. Sequence „D” – Numeric indicators showing the relation between the water amount and presence of urban structure elements before and after the geometric transformations
SEQUENCE „D“

Surface
Water
Covered by buildings
Covered by roads
Pedestrian zones
Grass plots
Planter boxes
Σ

Existing condition
[m² and %]
15569
61,84
4206
16,71
2101
8,35
1420
5,64
1791
7,12
92
0,37
25179m²
100%

one part of the urban water context in Sarajevo.
By that, the initial idea and the goal of the applied geometric transformations have been carried out: the visual aesthetic perceptive expression
of the part of the River Miljacka is significantly
emphasized and improved in quality. Added new
artificial elements essentially improved functional
context which is the use of the river and its banks
that proves that our main aim is the benefit of a
human-visitor (Table 4).
Research findings – Comments
A precondition for a successful implementation
of geometric transformations of urban water contexts and creation of new spaces appealing to man
is based on the scientific and theoretic analyses on
spatial relations between water and urban structure elements, and on the practical application of
those findings in realization of the redesign ideas.
In this study, we created methods – means or rules
of geometric transformations: Compression, Rotation, Insert and Transfer to be used as a basis for
scientific-theoretical analyses of spatial relations
of urban water context elements. Upon the conducted case study, which tested possible ways of
their practical application in the design project
documentation, we concluded that it is possible to
define two strategies which urban designers can
use to create spaces near water that would be realistically and perceptively appealing to man. We
saw that the first strategy begins with theoretical
research on spatial relations of water and urban
structure elements in order to come up with appropriate directions for selection of the methods
- means or rules of geometric transformations as
starting points in the future programs of redesign
Volume 7 / Number 1 / 2012

Transformation proposal
[m² and %]
14873
59,07
5582
22,17
1728
6,86
1047
4,16
1327
5,27
622
2,47
25179m²
100%

Difference
[m² and %]
– 696
– 2,77
+ 1376
+ 5,46
– 373
– 1,49
– 373
– 1,48
– 464
– 1,85
+ 530
+ 2,10
25179m²
100%

of urban water contexts. Based on the order of
the activities presented in such a manner, another
strategy was created, that will be available to urban designers in the process of design of transformation ideas. This strategy refers to the analysis
of finalized programs of geometric transformations of the urban water contexts and proposed
relations of water and urban structure elements as
starting points in creation of scientific-theoretical
methods for the purpose of future transformation
designs. In the first case, scientific-theoretical
methodology frame constitutes a starting point
of the program for realization of the ideas regarding geometric transformation of the urban water
contexts, whereas in the second case it is its result
that matters. We believe that this final conclusion
constitutes a significant scientific contribution to
this research. Our conclusion is that both strategies regarding geometric transformations of the
urban water contexts, regardless whether they are
a starting point or results of the scientific-theoretical analyses, lead to many program transformations (sequences) of the urban water contexts and
slowly towards the constructed reality.
The case study analysis established that urban
designers, by carefully selecting theoretical methods of geometric transformations and applying
them in redesign projects can improve the overall
quality of the city areas near water. This conclusion is based on the tables of numeric indicators
showing how much water is represented in relation to the urban structure elements before and
after the application of the geometric transformation rules in all four Sequences of the urban water context. Based on this overall overview of the
indicators we can conclude that implementation of
the theoretical methods in realization of redesign
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ideas does not disturb the frames of the initially
set action limits. Thereby we proved that by using these new methods of geometric transformations it is possible to improve the functional and
visual-perceptive quality of the areas along the
water without changing their existing contours
and values, and that it is possible to significantly
improve aesthetic component of (the part of) the
water corridor in the city core even without radical
interventions in urban water context transformations. We can freely say that this is the only way
to accentuate the undisturbed context of individual
sequences and preserve their own standards and
compositional values within a unit governed by
expediency and aesthetic-perceptual harmony of
functionally consistent structural forms. Therefore, we feel entitled to claim that four proposed
examples are motivating and should be a solid
contribution for an open architectural competition
in future, related to advance development of the
central area of Sarajevo (Figure 18 and Table 5).

Conclusion
Analysis of the existing arrangement of water
and urban structure elements provides urban designers with a possibility to make decisions on selection and application of appropriate theoretical
methods - means or rules of geometric transformations for the purpose of creation of preliminary
and final design documentation for the redesign
of urban water contexts. Therefore, the entire research strategy in this paper is based on formation
of these methods and verification of the quality of
their application on specific locations in Sarajevo.
Based on the analysis of the findings regarding application of the means or rules of geometric transformations applied on the referenced example, it
has been concluded that the urban water sequences were affirmed as adequately redesigned in the
sphere of positive human perceptions. Therefore,
an urban designer is expected to show a remarkable spiritual-creative sensibility when selecting

Figure 18. Layout of all four Sequences – redesign performed by means of the geometric transformation rules in the urban water context

Four sequences of he urban
water context

Table 5. Overall overview of numeric indicators of the representation of water and urban structure
elements in all four sequences of the urban water context in Sarajevo before and after the application of
the theoretical methods-means or rules of geometric transformations
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Existing condition
[m² and %]
Water
31879
37,84
Covered by buildings
21323
25,30
Covered by roads
12661
15,02
Pedestrian zones
4970
5,90
Grass plots
10453
12,40
Planter boxes
262
0,31
Paved surface
2742
3,26
Σ 84290m² 100%
Surface

Transformation proposal
[m² and %]
30679
36,40
24587
29,17
9262
10,99
6017
7,14
10422
12,37
1434
1,70
1889
2,24
84290m²
100%

Difference
[m² and %]
– 1200
– 1,44
+ 3264
+ 3,87
– 3399
– 4,03
+ 1047
+ 1,24
– 31
– 0,03
+ 1172
+ 1,39
– 853
– 1,02
84290m²
100%
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adequate transformation rules, because he/she is
a creator of the final outlook (sequences) of the
urban water context, where all functional and aesthetic-perceptual objectives of the redesign idea
become visible.
The fact that there is no to many books which
comprises both scientific and theoretical analysis
of samples and consequences of the water-induced
geometric transformations of (parts of) the city
indicates that this research has a particular contribution to science. Therefore, we believe that
the overall findings obtained upon the conducted
research constitute a contribution to the theory
of urban design regarding application of the new
scientific methods in urban-architectural planning
and quality of design of new city units, but also in
the redesign of the existing urban water contexts.

Corresponding author
Jasenka Cakaric,
University of Sarajevo,
Faculty of Architecture,
Bosnia and Herzegovina,
E-mail: cjasenka@af.unsa.ba

References
1. Hamidović, M. (2000), Gramatika toposa Bosne,
Muzej grada Zenice, Zenica
2. Merlau-Ponty, M. (1990), Fenomenologija percepcije, Veselin Masleša–Svjetlost, Sarajevo
3. Tschumi, B. (2004), Arhitektura i disjunkcija, AGM,
Zagreb
4. Prstojević, M. (1999), Zaboravljeno Sarajevo, Autor,
Jukićeva 136, Sarajevo
5. Skarić, V. (1937), Sarajevo i njegova okolina od
najstarijih vremena do austrougarske okupacije, Izdanje opštine grada Sarajeva, Štamparija „Bosanska
pošta“, Josip Bretler, Sarajevo
6. Elin, N. (2002), Postmoderni urbanizam, Orion art,
Beograd
7. Rowe, C. (1996), As I was saying: Recollections and
Miscellaneous Essays (Volume three: Urbanistics),
Massachusetts Institute of Technology
8. Panić, V. (1999), Aksiologika ili Logička argumentacija vrednosti, Zavod za udžbenike i nastavna
sredstva-Beograd, Belgrade
9. Low, S. M. (2006), Promišljanje grada. Studije iz
nove urbane antropologije, Naklada Jesenski i Turk,
Zagreb
10. Caune, J. (2001), Estetika komunikacije, Clio, Belgrade
11. Cook, P. (2003), The City, Seen as a Garden of Ideas,
Peter Cook and The Monacelli Press, Inc. New York
Volume 7 / Number 1 / 2012

445

technics technologies education management

Strategic Management and Crisis PR
relationship
Nenad Peric, Milica Vasiljevic Blagojevic
Metropolitan University, Belgrade, Serbia

Abstract
In period of last two decades PR have become
one of essential elements of every organization
that is in deeper relationship of the basic organizational and functional elements of every organization integrated within society are the public
relations-PR. The scope of the work is the public
relations role in strategic management and it is
based on the idea that crisis PR is one of the most
important elements for resolving crisis in positive
manner. The work presents organisational models
and implementation of crisis PR. The public relations system and well positioned crisis PR platform are requirements for normal functioning of
every socialy responsible organization. Building
up those two are therefore irreplacable.
Key words: crisis PR, strategic managemet,
audience, communications, medias
1. Introduction
There is a multitude of public relations definitions, and British Institute of Public Relations offers one of the most accepted: “Public relations
represent a deliberate, planned, and sustained effort to establish and maintain mutual understanding between and organization and its public”. In
analysis of this definition, the first word – deliberate, implies that a goal exists – to influence and
direct the course of crisis, in case of communication in the time of crisis. The word “planning” follows – telling us that it is an organized activity,
which requires research and analysis – by predicting, analysing and construing public opinion, attitudes and issues which might influence, in a positive or a negative manner, business activities and
plans of an organization, to cause crisis, as well
as through preparation of crisis plans. Counselling
of management at all levels of the organization
regarding decisions on policies, course of activities and communications, taking the influence on
446

wider public, social and civic responsibility of an
organization and evasion of potential crises into
consideration. Descriptions end with the word
“sustained” – which suggests duration (potentially
unlimited) of activities.
2. Crisis PR and its place in strategic management
“Good news travels far, but bad news even
farther” – Serbian proverb
Crisis is a serious obstruction of regular functions which responsible persons cannot overcome
alone, and its nature, scale or consequences make
it a matter of public interest.
Every crisis, however large or dramatic it may
be, essentially has a small number of participants.
As in every common drama, we have protagonists
(responsible persons), antagonists (persons who
oppose them), then there are innocent victims of
someone’s sin (consumers, citizens), absent gods
of crucial importance (higher justice, that is, public interest) and finally the choir – (today it is the
media). If we would observe every crisis in this
manner, many elements would become clearer
and more predictable.
“According to certain estimates, 90 per cent
of crisis situations in organizations are caused by
internal operation problems, instead of sudden
natural disasters. By means of research it is often
possible to discover crisis focal points before they
appear as headlines on newspaper covers or breaking television news. Crises are not always unexpected. On the contrary – research of the Institute
for Crisis Management revealed that only 14%
of crises in business world worldwide are unexpected. Remaining 86% are so-called low burning
crises, which the organization is aware of, but it
does nothing (or does not do enough) to resolve
the issue. The research also showed that management causes 78% of crises.” [7]
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Prediction and detection of potential crises are
main tasks of crisis PR within strategic management, and the manner in which media interpret
crises can significantly influence their course,
resolution or wider effects.
The aforesaid leads us to a conclusion that crisis PR should anticipate crises and prepare plans
in case of crises which are expected in relation
to organization’s area of activities. Crisis plans
should include measures, list of behavioural directions for an organization and its key individuals
in a given situation. The better this is done, the
greater the chances are to control such crisis in
its early phase. Besides, existence of crisis plans
implies training individuals holding positions
which may be connected to potential crises first.
In most cases, this refers to the management of an
organization, but also to performers of organization’s working processes themselves. Hence, improvement of crisis communication is becoming
an unavoidable activity of every organization and
its strategic management, particularly if it is connected to the society to a large extent, that is, if
it has great social responsibility. When crisis occurs, a need appears for a large quantity of different information. Investors, buyers, suppliers,
employees, media and other stakeholders wish to
learn why such crisis has occurred, how will the
system deal with such crisis situation and whether
business activity would be successfully continued
after crisis situation is over.
Planning procedure in complex systems, in accordance with actual influence of all kinds of hazards, includes:
–– planning in normal conditions (strategic
planning), and
–– planning in extreme conditions (operative
planning).
Strategic planning defines pre-emptive activities, and it is implemented primarily through analytic and logistic processes (threat analysis, regulations, protection, maintenance, inspection, education), and operative planning defines concrete
activities in conditions of occurrence and development of an extraordinary situation.
A full planning process in the basis of crisis PR
represents a large number of processes: determination of crisis PR resources, risk identification,
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risk valuation, communication planning, response
mapping-out, implementation plan mappingout, staffing, budgeting, creation of a network of
“friendly” media, editors and journalists, procurement planning, preparation of terms and determination of success criteria.
Basic function of crisis PR is pre-emptive planning. The load centre of pre-emptive planning is
on recognition of the cause of occurrence of extraordinary situations, instead of rectification of its
consequences. Within pre-emptive planning (risk
planning) extraordinary-crisis situations are analysed and interpreted and scenarios of their development are formed. Top management / Board of
Directors is then informed of potential crises, and
manners of organization’s response are elaborated.
2. Organization of crisis PR within strategic management
A system, a crisis PR network should be initially formed as a list of potential hazards, with the
following basic determinants:
–– most probable ways of development of a
certain extraordinary situation,
–– responsible persons from the organization
are to be appointed in order to be accountable
for crisis resolution-management.
–– detailed description of a communication
model applied by all employees, as well as
specific elements for responsible individuals
and divisions in a given situation.
Considering the specificity of operation of crisis public relations systems, it is necessary to form
the following pre-emptive public relations plans
within the whole strategic management:
1. a plan to be implemented in the stationary
regime of management,
2. a plan to be implemented in case of increased
awareness situation,
3. a plan as a starting version in a crisis
situation;
A plan to be implemented in the stationary regime is most commonly formed as a long-term
plan, or a programme which includes a package of
measures and terms for implementation of tasks
of persons or organizations responsible for their
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implementation and necessary resources. Generally, typical programmes are:
–– PR programme of creation and development
of a system for monitoring and forecasting of
occurrence and development of hazardous
conditions in organization and society, as
well as natural phenomena and
–– training programme for implementation of
pre-emptive measures.
Creation and implementation of such programmes
requires time, organizational and other investments.
In conditions where resources are limited, it is necessary to select a group of basic ones from a group of
programmes and to provide resources for their implementation. Basic programmes are created based
on most probable scenarios of crisis situation development. The goal of strategic PR is to define them
and assist crisis PR to analyse them sufficiently well,
primarily from the communicative point of view.
Pre-emptive strategic plan is implemented in
an increased awareness situation and it should
represent implementation of already existing plan:
–– increased awareness plan and means for
implementation of necessary pre-emptive
measures and
–– plan for informing media and public.
On grounds of these plans and information regarding possible occurrence and most probable
course of a certain extraordinary-crisis situation,
operative plans of measures in increased awareness regime are formed. Preparation of operative
plans, their compliance and coordination enable
limitation of the area influenced by hazard factors,
and therefore consequences of a specific extraordinary situation.
Pre-emptive strategic plan for risk regime is
formed on grounds of basic scenarios of crisis situation development and it contains a package of
measures for mitigation or prevention its presumed
development. This plan represents a response to a
specific situation and is therefore subject to operative corrections, depending on situation development. Crisis plan practice is one of most important
tasks of crisis public relations. The plan defines
strategic and operative measures.
Strategic measures include: reorganization of
public relations system, reorganization of existing
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and creation of new communication system, creation of teams with special tasks.
Tasks of these teams are:
–– identification of conditions, preparation
of description – “map” of risks, studying
causes of extraordinary situation from the
points of view of organization, public and
the media,
–– forecast of the course of extraordinary
situation, development dynamics modelling
and estimates of resources necessary for
relations with the media,
–– preparation and analysis of the development
obstruction strategy and consequences of
such extraordinary situation from public
relations and strategic management point of
view,
–– planning and operative management of work
organization of PR department or division,
defining priority activities and responsible
persons, distribution of resources and
–– implementation of necessary measures
(reporting to the public, contacts with the
media, scheduling conferences, contacts
with relevant subjects and government
representatives etc.).
Crisis PR (within strategic management) is
based on knowledge about crises in the context
of contemporary political, economical, business,
safety and other risks, as well as on adoption of
competences of individuals and teams regarding
identification, analysis and evaluation of risks,
choice and application of appropriate strategies in
the crisis risks related decision-making and management process.
Before a decision is made regarding application of an appropriate model for dealing with
crisis, most commonly so-called crisis management is introduced as a strategic element, which
does not necessarily imply a change of existing
management and engagement of a new one, but
establishing a specific environment within the organization which needs swift and directed activity
of all system levels. Crisis management (within
strategic management) identifies a situation and
provides a diagnosis of the condition, analyses
wider characteristics of the organization and crisis
itself first, and afterwards it undertakes measures
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in order to deal with crisis or a strategy of changed
activity. A situation in which management allows
for possible crisis influence and it has sufficient
time and ability to adapt is optimal.
Nevertheless, existing management is often
changed due to its role in untimely identification of appearance and growth of crisis, due to its
own mistakes made due to negligence and ignorance, and often only because the public expects it
(which does not mean that such step is justified).
Sometimes it is difficult to expect that the same
management is able to find a solution in order to
exit crisis. Crisis signals, even weak ones, should
not be ignored. If crisis has already started, and
meanwhile no appropriate actions were taken,
strategic management bears all responsibility. One
of the main tasks of public relations, general as
well as crisis related is counselling of management. Therefore, pre-emptive role of public relations is very important, since many crises are conditioned by changes in society, and at the level of
most organization it is PR that has most intensive
contacts with society, and is able to anticipate such
changes and to deliver its analysis to the strategic
management.
3. Application of crisis PR as a part of strategic management
Response of crisis PR to a certain event (crisis)
may vary from offensive to defensive, within the
scope of activities of organization’s strategic management. Directions of responses are different and
should depend on several factors below:
–– nature and timing of crisis itself, as well as
its course,
–– general preparedness of the organization
and strategic management to respond to
a crisis (existence of a crisis plan, public
relations expert, their availability if they are
not existing within an organization etc.),
–– readiness of an organization to control
the course and consequences of a crisis,
internally and externally: organization, staff
(ability of management to cope with crises)
and finances (ability to transfer operative/
other funds for crisis resolution purposes or
existence of provisions for such crisis needs,
funds for potential social responsibility etc.)
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–– general and current favouritism in the media
and their “levers” for the organization,
which is in most cases in correlation with
the following factor,
–– general and current public opinion favouritism for the organization,
–– existence of similar organization’s crisis
situations which became known to public,
–– existence of similar crisis situations in general, and their resolutions-consequences for
society (positive, negative, their severity
and long-term implications),
–– other local and/or global factors relevant for
the said situation (often some elements or
actions of strategic management that appear
less important, may represent a “needle on a
scale” of public opinion)
In accordance with these factors and the structure of organization, directions of organization’s
responses to a crisis vary from offensive to defensive application of crisis PR [7]:
–– Attack the accusing party. Opposing the
party which claims that a crisis exists, by
stating that its logic and provided facts are
incorrect.
–– Denial. Organization explains that no crisis
exists.
–– Excuse. Organization minimizes its responsibility for the crisis. Any intention to create
damages is denied, and the organization
states that it had no control over the events
which caused crisis. This strategy is
commonly used in case of natural disasters.
–– Justification. Crisis is minimized by stating
that no significant damage or injury exists.
Sometimes the victims are blamed. This
strategy is often applied in case of an accident at work or in case of misuse of the
product, service or an idea.
–– Pleasing. An attempt is made to soothe the
interested public. The victims are indemnified / compensated for the subject of the
dispute or a donation is made to a certain
fund, non-governmental organization which
is involved in crisis related issues.
–– Corrective action. Measures are taken to
repair damages made in the crisis and to
prevent its repetition.
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–– Apology. Organizations accept responsibility
and ask for forgiveness. This often includes
a combination of previous two actions.
There are many lists with advices what should
be done, how should crisis PR communicate in the
time of crisis. We shall present some of them and
analyse their application:
Check if crisis exist. A check should be performed in order to learn if an event actually occurred or if crisis actually exists. If crisis situation
was confirmed, public statements should be made
and necessary contacts with stakeholders as well,
questions should be answered regarding why certain event occurred and what measures are taken
(activation of crisis activity plan – demonstration of preparedness), parts of crisis and strategic
management should be organized for information
gathering, information should be prepared and
approval for their provision should be obtained,
detailed information are to be provided to the public by means of selected networks and channels,
information should be continuously gathered and
processed, public should be informed, the event is
to be summarized.
Public must come first. This means immediate initiation of a dialogue with public, especially
with its part which may influence the course of
crisis. One should not wait for the public to take a
negative position, that is, even more negative if it
already made a stand or if an opponent attacks (for
the second time). In order to enable trust to exist, it
is essential to ensure timely contact with everyone
who can be influenced by the organization or is
concerned for it. Besides, one must be aware that
crisis PR should address internal public first, and
inform it about the crisis, its causes and characteristics-consequences, in order to achieve coherence
of the organization and avoid inconsistent actions
which could be initiated by the media contacting
the organization formally and informally.
Situation control. It is very important for a
business system to show it is in control by communicating in crisis situations. Establishing control is of key importance for correction of consequences, avoidance of panic and undesired reactions, and the most efficient way to achieve that
is to apply already adopted standards of crisis
public relations.
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Always disclose everything known to the public. Failure to disclose any relevant fact is very
dangerous, since certain crisis, interesting to the
media, will be interesting for research, and in
case discoveries are made, media could publish
it in their own way, which is most commonly the
opposite of organization’s interests. If this would
occur, organization would be labelled as someone who hides information (that is, someone who
is partially or fully responsible). In certain cases,
it is better for the organization to disclose certain
information to the public later, but such strategy
bears the said risk, even if it may be useful if strategic management has a good final idea, and crisis PR could elegantly present such information
to the public.
Organization should take active interest and
recognize concerns of people-public. In evaluation of issues and recognition of factors which
might cause anger and concerns, it is best to use
informal discussions, polls, interviews and focus
groups. Expression “No comment” should not be
used in any case – several researches discovered
that approximately two thirds of public identifies
use of this expression with existence of guilt.
Organize a main information centre and appoint a spokesman. They must gather or own all
relevant data (events, participants, victims, damages, witnesses, officials, participation/level of
organization’s responsibility etc.) and constantly
provide information to the media and the public.
In crisis situations, it is necessary to consider the
fact that the act of withholding information itself
becomes news.
Forecasting and preparation for opposed/hostile attitudes. In order to fulfil this condition, twoway communication with relevant public groups
is necessary, and key leaders in public opinion
should be included in such communication. In order to soothe the situation, the conflict resolutionrecognition of areas of agreement and disagreement approach, with aim to reach joint interests of
organization and public.
Respecting needs of the media. Correct, timely
information, response to media requests without
delay – in case of crisis, the spokesman and information centre need to be at disposal to the media which most commonly have tight information
transfer deadlines.
Volume 7 / Number 1 / 2012

technics technologies education management

Always tell the truth. Lies are utterly unproductive in work with the media – if a rule applies
that one should be honest and completely truthoriented applies anywhere, then it applies to the
statements for the media and press and to crisis
public relations. The problem with the public is
that there will always be someone who to deny the
statement, whether it is completely correct or not.
Reactions of always the critics (chronic critics), if
they actually find something of interest, shall be
merciless or at least malicious. Previous part of
this paper started with a proverb and it ends with
a similar idea: “Lies are short-lived.”- it is almost
impossible to keep a secret from public and to
evade the truth.
4. Conclusion
Main task of crisis public relations within strategic management is forecasting crises and counselling of organization’s management regarding
that issue, as well as preparing crisis plans in case
of crisis appearance. These plans should be realistic, widely set for the area of activity of the whole
strategic management of the organization, and sufficiently detailed in all possible aspects of mutual
relations of crisis, society, media and the organization. Detail comprehension and evaluation of all
factors which create the public opinion, especially
the less “visible” ones, socially and psychologically
more difficult to measure, are the greatest challenge
for crisis PR. Therefore, crisis PR should have exceptional analytical abilities for the whole spectrum
of social changes and it should be fast and efficient
in analysis itself, but also in application if crisis occurs. A characteristic complementary to this one
is also resourcefulness, since beside existence of
plans; most crises have certain specificities which
are not covered by them.
Aside from anticipation, strategic management
and crisis public relations should apply crisis simulations so that the participants may experience
necessary steps, how the crisis team behaves and
manages such crisis situations by means of public
relations. Managers need to apply strategic planning and to address potential crisis situations, to
define the problem, to have a team approach, etc.
Management’s requests for information in crisis situations are prerequisite for decision making
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which moves from historical data towards estimates, projections, forecasts and innovative planning. Strategic and top management in crisis situations request processed summarized data from
different sources, one of which, if not the best one,
is data obtained from public relations.
Aside from forecasting of crisis situations,
preparation of crisis plans and trainings, one of the
main tasks of crisis PR is a sustained follow-up of
popular media, alternative press, Internet forums
and websites, info-promotional materials of relevant non-governmental organizations and activist
groups, along with maintaining positive relationship with important editors and journalists which
would, as needed, launch and represent certain
messages and attitudes. Crisis PR should never
forget the power of the media and media “leverage” since it is directly dependent on them.
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