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Abstract
Development of various industries and technologies accompanied by the consumerism habits
around the world has led to a global pollution crisis.
The issue of global warming is now more critical
than the previous century. While in the eyes of general public industries and governments should take
the main responsibility in environmental endeavours, the current environmental crisis throughout
the world takes more than a stand alone effort and
requires a global responsibility by all citizens of the
planet. Therefore it is important to raise awareness
among people in order to encourage such a responsibility by all individuals. To this end, the current
research aims to tackle this issue further by investigating the perception of world citizens on environmental problems and protection. This study applies secondary data and includes a total sample of
5640 respondents across 4 countries namely China,
Spain, Thailand and Turkey.
Key words: Environment, environmental protection, environmental problem, cross-cultural
Introduction
As environmental pollution has turned into a
world crisis accompanied by public concern for
global warming and its adverse consequences,
it is essential for all citizens of the planet to take
environmental preservation seriously. Climate
changes, the ozone layer depletion, changes in the
water reserves, land degradation, and loss of biodiversity, among others, are accurate indications
of changes which can have unpredictable consequences on the planet (de Faria et al., 2009). At
this point every individual is responsible for enVolume 6 / Number 2 / 2011

vironmental preservation more than ever. Such a
global effort and awareness is required to ensure
a sustainable planet for our future generations.
However, environmental preservation derives
from environmental perception. According to
Bechtel (1997), environmental perception shapes
our knowledge of the environment and involves
interpretation of events or information. Because
environmental issues have reached the status of a
global problem since the last quarter of the twentieth century (de Faria et al., 2009), it is important
to conduct a study at a global scale and investigate
the perception of individuals as global citizens on
environmental issues and problems. The purpose
of the present study is to investigate the perception
of world citizens on environmental problems and
protection.
Data Sources, Variables and Scales
This study applied secondary data for its analysis. The required data was downloaded from
World Values Survey (2009) publicly available
for researchers. The variables examined in this research include “perception of environmental problems in the world”, “perception on the responsible
organization to protect the environment”, and “environmental beliefs”.
The first variable (perception of environmental
problems in the world) consisted of three constructs
namely global warming, loss of plants or animals,
and pollution of rivers, lakes and oceans. For each
of these items, respondents were supposed to select
their perception on the seriousness of each of these
environmental problems using a scale of 4 categories namely very serious, somewhat serious, not
very serious, and not serious at all.
235
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The second variable (perception on the responsible organization to protect the environment)
investigated about the perception of respondents
on the organization which is responsible to play
the key role in environmental preservation. A list
of three items (national governments, United Nations, and regional organization) was suggested
to respondents and they were supposed to select
among these organizations.
Finally, the last variable (environmental beliefs) was composed of three environmental statements and respondents were supposed to choose
their selection using a five-point scale coded as
‘-1’ for “don’t know”, ‘1’ for “strongly agree”, ‘2’
for “agree”, ‘3’ for “disagree” and ‘4’ for “strongly
disagree”.
Findings
Findings of the study shows that unlike respondents from investigated European countries who
find global warming and loss of plants and animals as the most serious environmental problem,
respondents from investigated Asian countries believe pollution of rivers, lakes and oceans to be the

most serious environmental problem. Table 1 summarizes the perception of respondents on the major environmental problems of the world namely
“global warming or the greenhouse effect”, “loss
of plant or animal species or biodiversity”, and
“pollution of rivers, lakes and oceans”. As it can
be observed, majority of respondents in all four
countries believe these three problems as serious
environmental problems. Interestingly, respondents from Europe (Spain and Turkey) consider
global warming and loss of plants or animals as
the most serious problem while Asian participants
(China and Turkey) consider pollution of rivers,
lakes and oceans as the most serious environmental problem. While among Spanish and Turkish
respondents, a small proportion do not consider
global warming and loss of plants and animals as
a serious problem (below 3 percent), a relatively
large percentage of respondents from China and
Thailand (approximately 18% for China and over
22% for Thailand) don not consider global warming and loss of plants and animals as a serious
problem. Compared to a similar study conducted
in the context of USA (Burger et al., 2004), this
study revealed that European respondents tend
to consider global-scale environmental problems

Table 1. Perception of environmental problems in the world
Item

Global warming or the
greenhouse effect

Loss of plant or animal
species or biodiversity

Pollution of rivers, lakes and
oceans

Spain

China

Turkey

Thailand

Very serious

74.9%

38.0%

88.8%

21.8%

Somewhat serious

22.2%

43.5%

8.3%

55.8%

Not very serious

2.5%

16.2%

2.3%

20.7%

Not serious at all

0.3%

2.2%

0.7%

1.8%

Total

1156
(100%)

1246
(100%)

1251
(100%)

1529
(100%)

Very serious

75.3%

41.4%

82.1%

17.8%

Somewhat serious

21.3%

41.4%

14.3%

55.7%

Not very serious

3.0%

14.8%

2.5%

23.0%

Not serious at all

0.3%

2.4%

1.1%

3.5%

Total

1166
(100%)

1298
(100%)

1268
(100%)

1524
(100%)

Very serious

81.5%

45.5%

86.8%

20.2%

Somewhat serious

16.0%

36.0%

11.1%

55.6%

Not very serious

2.4%

14.6%

1.5%

21.7%

Not serious at all

0.2%
1169
(100%)

3.9%
1335
(100%)

0.6%
1276
(100%)

2.4%
1521
(100%)

Total
236
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as more serious, while Asian respondents considered global environmental problems as less
serious compared to more local problems (pollution of rivers and lakes). However, they study by
Burger et al. (2004) respondents ranked ecological (habitat) problems higher than contamination
problems, and they ranked more global problems
lowest. In their study, Burger et al. (2004) interviewed 356 people attending a gun show in Albuquerque, New Mexico, on the issue of major
concerns about the US Department of Energy’s
Los Alamos National Laboratory (LANL). Due to
application of secondary data, the current study,
however, was limited in the number of items included as environmental problems and only three
items were examined.
Table 2 summarizes the answer to the second
question about the organization which plays the
key role in protecting the environment. While
Asian respondents mainly consider national government as responsible for environmental protec-

tion, respondents from European countries have
a broader perspective in this regard and consider
United Nations or regional organizations as the
key responsible organization for this purpose.
This research also investigated environmental
beliefs of respondents by examining three environmental statements across nations and found
that there is a significant difference among studied
nations in all the three statements. Table 3 shows
the descriptive analysis of the studied countries
on the three statements and table 4 summarizes
the results of one-way ANOVA test. As it can be
observed in table 3, on average respondents of all
countries agree to the statements (mean below
2.50) except Spain whose respondents are not
in favour of statement 1 and 2 which deal with
spending one’s money for environmental protection through income or tax and China whose
respondents are marginally not in favour of statement 3, which deals with government role for pollution reduction.

Table 2. Survey on perception of the responsible organization to protect the environment
National Governments

United Nations

Regional Organizations

Total

China

684 (57.4 %)

323 (27.1 %)

185 (15.5 %)

1192 (100 %)

Spain

330 (31.6 %)

477 (45.7 %)

236 (22.6)

1043 (100 %)

Thailand

941 (61.5 %)

85 (5.6 %)

504 (32.9 %)

1530 (100 %)

Turkey

454 (36.6 %)

236 (19.0 %)

549 (44.3 %)

1239 (100 %)

Table 3. Descriptive analysis
Statement

Would give part of my income for
the environment

Increase in taxes if used to prevent
environmental pollution

Government should reduce
environmental pollution

Volume 6 / Number 2 / 2011

China
Spain
Thailand
Turkey
Total
China
Spain
Thailand
Turkey
Total
China
Spain
Thailand
Turkey
Total

Total Sample

Mean

Std. Deviation

1718
1093
1532
1291
5634
1684
1099
1530
1291
5604
1705
1127
1530
1278
5640

2.00
2.67
2.03
2.00
2.14
2.14
2.68
2.17
2.11
2.25
2.56
1.59
2.21
2.05
2.15

0.64
0.89
0.54
0.68
0.73
0.68
0.88
0.62
0.72
0.75
0.78
0.74
0.74
0.89
0.86
237
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Table 4. The results of one-way ANOVA test
Statement

Total Sample

Mean Square

F

Would give part of my income for the
environment (Statement 1)

5633

126.92

273.74**

Increase in taxes if used to prevent environmental
pollution (Statement 2)

5603

85.27

164.65**

Government should reduce environmental
pollution (Statement 3)

5639

218.67

353.76**

Significant at *p<0.05 and **p<0.01.

One by one comparison of the studied countries
through t-test also revealed that China is significantly different from Spain in all the three statements, while it is significantly different from Thailand and Turkey only in the third statement. Furthermore, Spanish respondents’ perception about
the three environmental statements is shown to be
significantly different from all other investigated
countries. This is justified by the cultural differences which exist between this European country

and the other three investigated countries. Finally,
Thailand is also significantly different from Turkey and Spain in all three statements. However,
due to cultural vicinity of Thailand and China and
their existence in the same income level ranked by
World Bank, the perception of the respondents in
both of these Asian countries are only significantly
different in statement 3 which deals with government role for pollution reduction.

Table 5. The results of t-test for comparison of China and Spain
Statement

Statement 1
Statement 2
Statement 3

Equal variances assumed

Levene’s Test
t-test for Equality
Equality of Variances
of Means
F

Sig.

df

t

Sig. (2-tailed)

445.97

0.00

2809

-23.15**

0.00

1816.43

-21.60

0.00

2781

-18.11**

0.00

1926.79

-17.17

0.00

2830

33.19**

0.00

2498.02

33.55

0.00

Equal variances not assumed
Equal variances assumed

240.10

0.00

Equal variances not assumed
Equal variances assumed

6.40

0.01

Equal variances not assumed

Significant at *p<0.05 and **p<0.01.

Table 6. The results of t-test for comparison of China and Thailand
Statement

Statement 1
Statement 2
Statement 3

Equal variances assumed

F

Sig.

df

t

Sig. (2-tailed)

32.556

0.00

3248

-1.68

0.09

3233.07

-1.70

0.09

3212

-1.46

0.15

3211.99

-1.47

0.14

3233

12.94**

0.00

3218.60

12.97

0.00

Equal variances not assumed
Equal variances assumed

6.391

0.01

Equal variances not assumed
Equal variances assumed
Equal variances not assumed

Significant at *p<0.05 and **p<0.01.
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Levene’s Test
t-test for Equality
Equality of Variances
of Means

19.943

0.00
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Table 7. The results of t-test for comparison of China and Turkey
Statement
Statement 1
Statement 2
Statement 3

Equal variances assumed

Levene’s Test
Equality of Variances
F
Sig.
0.36

0.55

Equal variances not assumed
Equal variances assumed

0.22
0.00

-0.24

0.81

2692.99

-0.24

0.81

2973

1.02

0.31

2690.93

1.01

0.31

2981

16.69

0.00

2536.14

16.38**

0.00

0.97

Equal variances not assumed

Significant at *p<0.05 and **p<0.01.

Sig. (2-tailed)

3007

0.64

Equal variances not assumed
Equal variances assumed

t-test for Equality
of Means
df
t

Table 8. The results of t-test for comparison of Spain and Thailand
Statement
Statement 1
Statement 2
Statement 3

Equal variances assumed

Levene’s Test
Equality of Variances
F
Sig.
793.40

0.00

Equal variances not assumed
Equal variances assumed

346.85

0.00

Equal variances not assumed
Equal variances assumed

2.88

0.09

Equal variances not assumed

t-test for Equality
of Means
df
t

Sig. (2-tailed)

2623

22.77**

0.00

1654.85

21.07

0.00

2627

17.24**

0.00

1845.14

16.30

0.00

2655

-21.38

0.00

2441.86

-21.42**

0.00

Significant at *p<0.05 and **p<0.01.

Table 9. The results of t-test for comparison of Spain and Turkey
Statement
Statement 1
Statement 2
Statement 3

Equal variances assumed

Levene’s Test
Equality of Variances
F
Sig.
348.83

0.00

Equal variances not assumed
Equal variances assumed

195.55

0.00

Equal variances not assumed
Equal variances assumed

3.31

0.07

Equal variances not assumed

t-test for Equality
of Means
df
t

Sig. (2-tailed)

2382

20.65**

0.00

2025.61

20.21

0.00

2388

17.21**

0.00

2119.07

16.94

0.00

2403

-13.70

0.00

2394.08

-13.86**

0.00

Significant at *p<0.05 and **p<0.01.

Table 10. The results of t-test for comparison of Thailand and Turkey
Statement
Statement 1
Statement 2
Statement 3

Equal variances assumed

Levene’s Test
Equality of Variances
F
Sig.
33.40

0.00

Equal variances not assumed
Equal variances assumed

2.98

0.08

Equal variances not assumed
Equal variances assumed
Equal variances not assumed

11.22

0.00

t-test for Equality
of Means
df
t

Sig. (2-tailed)

2821

1.28*

0.20

2431.37

1.25

0.21

2819

2.38

0.02

2557.06

2.35*

0.02

2806

5.29**

0.00

2498.67

5.21

0.00

Significant at *p<0.05 and **p<0.01.
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Conclusions
This study confirmed people’s concern regarding global warming with over 96% of Spanish and
Turkish respondents and over 75% of Chinese and
Thai respondents considering it as a serious environmental problem. According to research by
Schwartz and Randall (2003), there is a possibility
that human-caused global warming leads to a relatively abrupt slowing of the ocean’s thermohaline
circulation which might result in harsher winter
weather conditions, greatly diminished rainfall and
more intense winds in many important agricultural regions that will cause consequent disruptions
in energy supply and diminished world’s energy
production. Such phenomena which we have been
observing increasingly around the world, seem
to have shaped people’s mindset and raised their
awareness on the seriousness of global warming
as an environmental crisis.
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Abstract
Multi-modal transport – intermodality is essential for the development of alternatives that will be
able to compete with road transport. There were
several palpable achievements in the area excluding some big ports well connected to the railway or
waterways (e.g. Port of Bar, Montenegro). Therefore, actions should be undertaken aimed at securing a more complete integration of those types of
transport which potentially offer a large transport
capacity so that they could be efficiently managed
links in the transportation chain that would link individual transport services. The priorities must be
technical compatibility and interoperability of the
system, especially of the container system. Apart
from that, new EC support programs (Marco Polo)
having as their objectives innovative initiatives,
especially promotion of marine highways will
tend to make intermodality not merely a slogan,
but that it should become a competitive and economic living reality.
The industrialization processes of today, inevitable contemporary global tendencies of markettrade that has been significantly increased recently, found their only gradual solution in application
of modern transportation (integral, intermodal,
multimodal and combined) integral systems.
The first part of this thesis is about some basic
concepts, aims and terms of application of multimodal transportation systems. The second and
third parts are about classifications and definitions
of multi-modal integral transportation systems.
The second part puts an emphasis mainly on specific types of integral transportation systems (land
Volume 6 / Number 2 / 2011

transport, railways, marine transport, river transport and air transport), while the fourth part contains final considerations and conclusion.
Key words: Transport of goods, multi-modal
transportation systems, information system, integration of processes.
Introduction
During the first phase, i.e. in the 60s and 70s of
the twentieth century, the most basic form of large
transport units – the palletization was the fastest developing one, it was followed by relatively
faster developing containerization, and then huckepack and Ro-Ro technology.
The containerization firstly developed more
intensively on land, and after several years thigs
were changed, i.e. the containerization was developing more intensively on the sea. These developments were caused by two reasons:
1. Transport of goods by any type of
contemporary transportation on land
and marine roads requires an uniform,
technologically uninterrupted chain of
transport of goods ’’from one door to
another’’,
2. Highly developed maritime trade which,
apart from being combined with land
transport, is largely conducted exclusively
between certain maritime trade centers.
The fact is, namely, that almost 80% of
total international trade is transported over
the seas of the world, that is, about 70%
according to the value of the goods.
241
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1. Objectives of application of multi-modal
transportation systems
New technologies of multi-modal transportation systems within the overall transport chain consisting of transportation of goods from producers
to consumers set a necessity of rationalization of
the overall economy and have a direct impact on
a competitive capacity for integration of national
economies into the international division of labor.
Upon research of development of modern transport
technologies in our country, it is necessary to start
with the most acute problems. These are as follows:
–– Obsolete infrastructure of roads, buildings and
assets, i.e. transport equipment and technology,
with shortcomings related to quantity, structure
and quality of trans-portation facilities in all
forms of transport;
–– Slow growth and insufficient use of modern
forms of manipulation and transport of goods
(palletization, containerization, hu-ckepack,
Ro-Ro);
–– Insufficient involvement of all transport processes’
participants into a multi-modal transport system,
where, generally, organizational, technicaltechnological and economic benefits of all forms
of manipulation and transport of goods become
apparent;
–– Non-existence of a modern and compre-hensive
information system which should and must be
included into the European, and therefore into
the information system of the world so that it
could successfully and effectively keep up with
all flows of goods, stock market trends, supply
and demand of goods and, consequently, the
structure of transport services in purpose of
more adequate integration of our external trade
into the international market, which would
have a positive impact on a much higher degree
of foreign exchange inflow on basis of export
of goods and services.
2. Basic conditions for development of
multi-modal transport systems
An efficient integration of transport economy
into international flows requires fulfillment of the
following conditions:
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–– a contemporary (up-to date) infrastructure:
railway, road, port, reloading...
–– an appropriate quality, structure and volume
of new transport and reload technologies
that have to be adjusted in a best possible
way between all subjects in transportation
chain in accordance with common system
’’door-to-door’’, that is, technically, technologically, in view of tariffs, etc.
Meeting all these conditions will ensure: It is
evident that in spite of all efforts by our society
and inception of implementation of new technologies, we still have not succeeded to meet these
conditions. Hence, we still have not made use of
the comparative advantageous geo-traffic position
of our country as a ’’bridge’’ between Europe and
Asia, or Africa and other continents.
Rationalization as a part of system analysis and
synthesis becomes an inherent interest both for users and organizers of transport, as well as for the
implementers (carriers) across the whole path of
transport of goods, taking into account all phases
and operations with the freight unit from place of
shipment to place of arrival.
By finding the most appropriate relationships in
the organization and technology of transportation,
along with implementation of modern transportation means and machinery, there will be created
conditions for rationalization of transport processes.
3.  Benefits from integration of transport
processes and operations
Each type of transportation has its geographical, technological and economic domains with
their specific advantages that in certain circumstances may be turned into a monopoly. The existence of several types of transport necessarily
leads to competition, which, in certain conditions,
can have a positive impact on development of
technology and increase of productivity.
Domains of certain transportation types are not
unbreakable frames; however, they are pervaded
by technical-technological progress. Some of
those types are inevitably connected through cooperation and coordination in their operation and
development.
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The simplest operations related to goods are
those dealing with the liquid goods, which enabled
faster development of manipulative technologies,
even the automatization of processes. Somewhat
more complex are the reload operations of handling bulky goods that is massive by its nature,
and by application of an appropriate technique
it provides a high level of productivity, even the
automatization of manipulative operations. Development of technique and technology of piece
goods reload was significantly slower, due to nonhomogeneity and fragmentation of products of
various dimensions, shapes and masses.
In the theory of transport, generally, there are
two forms of transportation: direct (uninterrupted)
and indirect (interrupted) transport. The basic elements of integration of processes and operations
in transport are freight units, or logistical units.
–– Freight units are as follows:
–– Pallets;
–– Small containers;
–– Medium containers;
–– Large containers and
–– Entire road and railway vehicles and
barges of maritime cargo transport or just
specific parts of the vehicles (changeable
transportation vessels).
The aim of modern transport technologies is
not only cost-effectiveness and acceleration of
transport, but also the rationalization, simplification and economic organization of the whole transport cycle of goods, from producers to consumers.
These technologies will meet the expectations, in
case that each participant in transport sees his own
interest and comes to a conclusion that rationalization in transport is a prerequisite for his integration
as well as a milestone of his activities.
4. Some success cases of pilot action
in combined transport Intermodal
connections
Combined connection of railway/sea between
Sweden and Italy, across Germany and Austria,
’’cuts off’’ the transport routes around 500 000
tones of freight and significantly shortens time of
travel – for about 48 hours.
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Connection railway/air transport between airport Schipol in Amsterdam, Netherlands and airport in Milan, Italy was taking from those airports
45 airplane pallets per week during the first year
of operation.
Connection railway/sea between Spain and
Germany replaces around 6 500 truck loads per
year from congested roads.
Information systems for determining the location of the cargo, accessible by the PC and Internet
translate the messages in various languages into a
common language.
5.  Categorization and definitions of
integral transport systems
Integral transport systems are just one of several possible titles that are usually used in local
and foreign literature. Other titles are: combined
transport, new transport technologies, means of
modern transport technologies, integral transport
etc. Since none of these titles is standardized, neither in the world nor in our country (except the
Convention on multi-modal transport, adopted by
UNCTAD in 1980), each author has the discretion
to use the title he/she considers as appropriate one.
Integral transport systems, from its aspect as a
whole, can be divided into three main systems:
1. Integral transport – palletization, containerization;
2. Multi-modal transport – Huckepack, Ro-Ro,
Ro-Lo, Ro-Ro-OBO, barge system (LASH,
SEABEE, BACAT) and
3. Combined transport-modern transport including participation of at least two transport
branches.
6. Multi-modal transportation systems
Multi-modal transport is a technology that
implies simultaneous use of two modern and appropriate transportation means, from two different
transport branches, upon which the first transportation means has become, together with its cargo,
a cargo for another transportation means from another transport branch, provided that the transport
process is conducted between at least two countries.
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Transport technologies, regardless of degree of
their modernization, are divided into:
–– Land transport technology;
–– Land-water technology (seas, rivers, lakes);
–– Land-air transport technology and
–– Pipelines technology (mostly underground)
Main contemporary land transport technologies are:
–– Transport of goods in pallets;
–– Transport of goods in containers (railway or
road);
–– Transport of goods in trailers, semi-trailers
in road transport on railway freight cars, so
called cargo carriers (huckepack technology);
–– Transport of goods in railway cars on
vehicles of road transport and
–– Transport of goods in changeable transport
vessels.
This group of modern technologies in land
transport may also include a complete loading and
transportation of road trucks with trailers on railway cars-carriers, where the horizontal loading is
done through railway barriers. In a specific manner, the land transport technologies, in a modern
way, include also pipelines (oil pipelines etc.).
The means that form the system of modern
transport technologies are:
–– Means of transportation of goods that
are referred to as transport infrastructure:
roads, railways, waterways, airports with air
corridors, pipelines ...;
–– Means of transport of goods (various vehicles of all types);
–– Means for reload, storage and keeping of
goods: ports (sea or river ports), warehouses,
cargo-transport centers (RTC), export processing zones (CZ), terminals etc.;
–– Means for transport or transshipment of
goods: hoists, cranes, conveyors, forklifts,
trucks etc. and
–– Organization of work: preparation of work,
operational sector, management, control,
information
system,
documentation,
accounting, and so on.

–– Transport of pack units for Ro-Ro transport
or in combinations: Ro-Ro, Lo-Lo, Lo-RoOBO and
–– Transport of barges. (The same applies for
the land-river transport technology).
Main land-air transport technologies are:
–– Transport of goods in pallets;
–– Transport of goods by ISO containers;
–– Transport of goods by special containers
(LD-2, LD-3, LD-6, LD-7, LD-8, LD-9,
LD-11 etc.) and
–– Transport of goods by pallets and containers
on cargo and combined airplanes.

Image 1. Distribution of containers and pallets
in airplane DC-10
A well-established work organization in integral transport systems, during the inception phase,
increases the productivity for about 1000% on average, while in the second, more developed phase;
it is increased for up to 2000%, compared to the
period of use of the classical transport methods
and technologies. Due to such high level of performance, savings and rationalization, modern
transport systems are justifiably included in the III
technological revolution (of transport).
On the basis of a special resolution by General
Assembly of the United Nations, UNCTAD convened an International conference in Genoa, Italy.
On that occasion, in May 1980, 86 countries adopted the Convention of United Nation on International Multi-modal Transport.

Main land-sea transport technologies are:
–– Transport of goods by ISO containers;
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7. Technical-technological characteristics of
integral transport systems in road traffic
In recent years, significant changes occurred in
the technology of road transport of goods and cargo.
In that view, it is necessary to mention increasing
application of palletization, then use of containers
as well as of changeable truck boxes (truck bodies).
New technology had a direct impact on development of those constructions of cargo motor vehicles
and trailers which would be able, by their dimensions, potential capacity and simplified loading,
discharge and reloading of pallets, containers and
changeable boxes, to adjust to increasing demand
for more intense application of integral and multimodal transport of goods and freight.
Nowadays there are three types of heavy cargo
motor vehicles in use for road transport of goods
and freight:
–– Trucks without trailers;
–– Trucks with trailers;
–– Haul trucks with semi-trailers.
Each of these types of cargo vehicles has its
specific advantages as well as shortcomings. Maximum allowed gross capacity in our country is 40
tons, while in EU countries it is 38 tons.
Upon selection of transportation means, the
technical-technological characteristics must be predefined on basis of the following requirements:
–– Reliability of transport means and suitability
for their maintenance;
–– Availability of transport means for operation
and their safety while operating;
–– Purpose of transport means, i.e. Area and
regime of their exploitation;
–– Capacity of transport means, spatial and
burden capacity;
–– Velocity: technical, economical and profitable;
–– Choice of driving beam engines according
to their characteristics and amount of fuel
consumption, etc.
Road vehicles in multi-modal transport
Road vehicles are of a special importance in
multi-modal transport technology, due to the fact that
they are most common in this transport technology
Volume 6 / Number 2 / 2011

compared to number of carriers and barges in multimodal technology of river-maritime transport. Since
the first means of transport is mostly the means of
land transport, ie. means of transport on wheels, that
technology is often called ’’cargo on wheels’’.
Another important feature of multi-modal
transport is that in the second operation, that is,
upon loading of the first means of transport (with
already loaded cargo) into the second means of
transport (a ship or a railway car) the cargo remains untouched.
Road-railway transport
In this type of technology the first means of
transport are road vehicles and the second are railway cars. These are actually ’’truck trains’’, and in
that case the road vehicles enable the railway to
transport the cargo ’’from door to door’’.
In the world of today there are three different
road-railway technologies in multi-modal transport which have significant special features:
1. Piggy-back, used in the USA and Canada for
transport of all types of road cargo vehicles;
2. Kangaroo, used in France only for transport
of cargo semi-trailers;
3. Huckepack, used in Central Europe.
Railway-road transport
This technology was developed in Germany between the two World Wars and we may consider it
to be the oldest multi-modal land technology. The
railway cars are the first means of transport and
especially constructed truck trailers are the second
means of transport. This is actually the transport
of cargo railway cars on the road vehicles that allows a discharge of cars directly in machinery or
a warehouse that are not equipped with industrial
railway gauges.
Road-maritime and road-river transport
This system is also known as Ro-Ro transport.
The transport of road vehicles and their cargo is performed by specially constructed ships. The manipu245
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lation is conducted horizontally, i.e. the vehicles go
self-propelled, on their own wheels, or the wheels
of their trailers or semi-trailers, and they board the
Ro-Ro ship and disembark from the ships.
The main objective of containerization as a
process of container use is improvement and acceleration of the transport process, in particular
the reload process (in places of confrontation of
transport systems), which is mainly organized by
modern technologies and provision of the complex transport services ‘’from door to door’’.
Apart from that, the containerization provides an
opportunity for realization of coordination and
cooperation among various types of transport. All
these benefits have a direct impact on reduction of
transport costs and acceleration of transport process, which is of a crucial importance for both carriers and users of transport services.
Accordingly, the containerization represents a
set of certain types of technical resources, equipment and infrastructure elements intended for purposes of mechanization container handling from
sender to recipient. And these are the following:
containers, means of transport, various types of
cranes, forklifts, container manipulators, engaging and supporting tools and equipment, container
terminals (of ports and railways) and so on.
Containerization, in a manner it is applied today, was almost simultaneously started by two
American innovative companies (the Pan Atlantic
Steamship Co and the Matson Navigation).
April 26, 1956 is often considered as a beginning of containerization. On that day the container ship IDEAL X (rearranged T-2 tanker) of the
Pan Atlantic Steamship Co was sailing from Port
Newark, New Jersey to Houston, Texas, with 58
containers 33 feet long on board.
Another maritime company which was strongly involved into the early containerization is the
Matson Navigation, the main player in the California-Hawaii trade. The Hawaiian Merchant, a
cargo ship of the C-3 class, with board capacity of
seventy 24-feet containers (84 TEU), was sailing
on August 31, 1958 from San Francisco to Hawaii
with 20 boxes on board. The size of the Matson
containers was determined by the road regulations.
In 1960, the first Matson cellular container ship
Hawaiian Citizen, with a capacity of 436 containers of 24 feet, was put into operation (523 TEU).
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8. Conclusion
Shifting the balance from one type of transport
onto another requires seeing beyond where the certain types of transport are now and achieving real
development of the multi-modal transport system
with inter-modality elements. The weakest link in
this chain is lack of connection between the sea,
internal waterways and railway. For centuries the
transport of goods by the sea and rivers was dominating one in Europe. Big cities were built on rivers or their estuaries, and great sale fairs were organized in river or sea ports. Today, in spite of a mild
recovery, the waterway transport is in poor condition, although it is not expensive and less harmful
for the environment compared to road transport.
Work on this topic particularly emphasizes and
suggests an urgent action on promoting the intermodal initiative by introduction of whole range of
technical measures, from containers, loading units
and profession of a cargo integrator.
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Abstract
The approach to the transformation and restructuring of introverted systems characteristic
of the coalmining sector was based on the idea of
a gradual contraction of the core business activity coupled with ongoing cost reduction, which
included traditional outsourcing. Cost containment naturally led to a steady elimination of all
non-core services i.e. services not essential to the
core business. This was accomplished by setting
up proprietary limited subsidiaries (spin-off companies), which were fully owned by the coalmine.
Consequently we believe that while the approach adopted by Slovenian coalmines holds a
certain appeal, it is however in desperate need of
improvement. Undoubtedly, Slovenian coalmining companies have achieved significant results
in terms of increasing their competitiveness. From
that perspective the restructuring of the coalmining sector certainly deserves a nod of approval.
When it comes to the spin-off companies, however, the situation is very different. The key question here is how to ensure the survival of these
subsidiaries and minimise their dependence on the
core business activity of the parent entity. In this
context the remaining time available for the completion of the restructuring process can be identified as a key factor since the process requires decisive and goal-oriented measures. Experience has
shown that waiting for these companies to gradually attain their independence of their own accord
does not lead to the desired outcome. Accordingly,
the above phase should be followed by a redefinition of company strategies and a strategic shift
towards crucial financial, organisational and portfolio restructuring. This should be accompanied
Volume 6 / Number 2 / 2011

by ownership restructuring coupled with the withdrawal of passive owners and the entry of active,
strategic owners. It naturally follows that the key
question here is not whether business restructuring
should precede ownership restructuring. Both processes should be undertaken concurrently whereby ownership restructuring constitutes an essential
and integral part of business restructuring.
Introduction
The process of enterprise restructuring in Slovenia peaked in the period 1993 – 1996. During
that time Slovenian businesses were facing huge
challenges, which required their rapid adjustment
to radically different conditions. This new environment was primarily the result of Slovenia’s secession and ultimate independence, the upshot of which
was a loss of a large part of the former Yugoslav
markets and a war breaking out in the territories of
the previously common homeland. The conditions
in which Slovenian enterprises subsequently found
themselves were typical of transition economies.
Due to the above factors, similar problems could be
observed in numerous other countries, which like
Slovenia have since acceded to the European Union
or are waiting for an invitation to join.
Studies have demonstrated that the strategies
most frequently adopted by state-owned enterprises in the process of restructuring were as follows
(Pučko, 2001, p. 23):
–– Seeking state subsidies;
–– Maximising profits by way of – retrenchment
strategy; turnaround strategy (by means of
[initial] divestment, reduction of employee
numbers, exiting economically unviable
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strategic business lines, cost reduction…); or
diversification into unrelated business sectors.
–– Offering better executive contracts for the
purpose of increasing motivation and improving the transparency of business operations;
–– Resource and capability development, or
development of long-term partnerships.
The transition from planned to market economy required many large Slovenian companies to
abandon their earlier targets as previously dictated
by the government and its strategic goals and objectives, which had not been founded on market
principles. This triggered a process of dramatic
market change.
The metamorphosis of formerly state-owned
(or socialist) enterprises required a broader approach. In this context Schendel believes that enterprise restructuring in market economies should
be (at least) three-dimensional (Schendel, 1993, p.
1), i.e.:
1. Financial restructuring: in the period of
transition this is often tied to the restructuring
of both ownership and capital;
2. Products & Services portfolio restructuring:
implies huge portfolio changes; and
3. Organisational restructuring: translates into
changes of the organisational structure as
well as management methods.
However, it also needs to be stressed that in order to find a permanent exit from the crisis, the
enterprise must develop a competitive advantage.
According to Savitt, enterprise restructuring in
transition economies can be described as a threepart process (Savitt, 1998, p. 340), as follows:
–– Part one – changes in the ownership structure;
–– Part two – financial changes: a transformation
of financial resources in terms of the balance
sheet;
–– Part three – operating changes: the latter
include changes in the enterprise structure
and operating methods.
Slovenia opted for a decentralisation and autonomous privatisation model, which promoted an
active involvement of employees in the process of
ownership restructuring. However, a conclusion
common to all countries in transition is that (for
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the most part) by 2000 privatisation had not yet
been fully completed (Peng, 2000, p. 81).
The percentage of total GDP generated by the
private sector in the transition economies under
consideration posted a constant and significant
growth. Specifically, in the period under consideration in the Czech Republic and Hungary the
private sector accounted for no less than 80 %
of GDP; in Slovakia, the figure was only slightly
lower. In Poland and Croatia, where the process
was a little less dynamic, the share of the private
sector was between 60 % and 65 %. Slovenia recorded the lowest contribution of private enterprises to total GDP (by 1999), i.e. 55 %. By 1999,
over 1,380 businesses in Slovenia had been privatised (Mramor, 1996, p. 12). In the process, a
considerable number of enterprises (no less than
141 [mainly large] businesses), which had found
themselves in huge distress i.e. a state of crisis,
were taken over by the Slovene Development
Corporation (SDC), while 82 companies were
liquidated. Enterprises were given the option to
select their privatisation method. The Ownership
Transformation of Companies Act provided for
seven different privatisation methods, as follows:
–– Transfer of ordinary shares to trusts,
–– Internal share distribution,
–– Internal buyout,
–– Public share issue,
–– Sale of company assets,
–– Increasing owners equity, and
–– Transfer of shares to the RS development
fund.
The actual level of profitability was analysed
using a sample of 1,208 privatised businesses in
Slovenia. The analysis of results does not provide
a clear answer whether privatisation might have
contributed to the improvement of financial performance. No less than two thirds of formerly
state-owned enterprises had been privatised by
1992, which might have slightly contributed to
improved financial performance.
That said, it has also been established that the
privatisation of large corporations was conducted a bit more cautiously than was the case with
smaller companies. In the course of privatisation,
monopoly sectors posted poorer results in many
transition economies. It might be concluded that
Volume 6 / Number 2 / 2011
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privatisation is a complex process, which as a rule
The model of enterprise revitalisation/recovery
takes more than ten years to be completed. Given in the transition period in Slovenia is based on the
the analyses carried out, the question remains as established model originally developed by Slatto whether ownership restructuring should take ter. The model features numerous modifications
precedence over ensuring the company’s survival reflecting the specifics of the Slovenian environor vice versa. In numerous Slovenian enterprises ment. The monitoring of key strategic objectives
the aforementioned factors necessitated a redefini- (ranked by importance) in each revitalisation/retion of corporate strategy with a particular focus covery phase corroborates the change in priorities.
on formulating a turnaround strategy.
Table 1. A model of the enterprise revitalisation/recovery process
Phase 1

Phase 2

Phase 3

Phase 4

Latent or acute
crisis

Revitalisation/
recovery

Strategic changes

Growth

Quality of products /
services
Creativity &
innovation

Reliability of
supply

Quality of products / Quality of products
services
/ services
Cost reduction

Cost reduction

Productivity

Liquidity

Cost reduction

Quality of products
/ services

Liquidity

Productivity

Professional
development of
employees

Professional
development of
employees

Profit

Profit

Productivity

Creativity &
innovation

Creativity &
innovation

Profit

Output reduction

Core business focus

Key strategic
objectives (in order
of importance)

Key strategies
(in the order of
importance)

Reduction of
Divestment of nonemployee numbers
core assets
Search for new
Product
markets
improvements
Sub-contracting to
Improving the
western partners marketing function
MBO (management
Outsourcing to
buyout)
subcontractors

Financial situation
Duration (years)

Source: Pučko, 2001, p. 19
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New jobs

Loss
Up to 2

Training

Quality of
management
Creativity &
innovation

Product
improvements
Improving the
marketing function
Product/service
development

Product/service
development
Selection of
partners

Growth

Diversification

Stabilization &
consolidation
External quality
development

Organisational
changes

TQM

Getting ready
for privatisation;
privatisation

Generic business
strategies

Loss
1-3

Flexibility

(Subsequent)
ownership
restructuring
Low profit
2-4

Growth

Acquisitions
Human resource
management

Acceptable profit
?
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An empirical analysis of strategic factors in
Slovenian enterprise restructuring
The following summary of an analysis of strategic factors in enterprise restructuring in Slovenia
is based on a series of studies conducted in the period 1993 –1998. We are talking about extensive
and detailed analyses, which are presented in a
summarised form and as concisely as possible. In
this context the focus in on the studies involving
small and medium-sized business; there are two
reasons for this, namely:
–– While the restructuring of introverted
systems is based on large, multidivisional
enterprises (coalmines), a key factor in this
process involves the formation of subsidiary
(i.e. spin-off) companies for the purpose of
reducing the burden on the core business (in
order to make the core business competitive)
using socially acceptable (“soft”) measures
and creating alternative jobs. As a rule, such
spin-off companies take the form of small
or medium-sized businesses (Malenković,
2005, str. 86).
–– The research into strategic factors relevant
to small and medium-sized business in
Slovenia mostly involves companies
established in the early 1990s. This
means that we are talking about “startup”
companies whose inception coincides with
the formation of first subsidiaries by large,
multidivisional coalmining corporations.
The results of the empirical analysis of strategic factors in enterprise restructuring in Slovenia
at the start and end of the restructuring process
indicate significant changes in the consciousness
and mindset when it comes to the operation of
economic entities. Despite a comparatively short
period of time (roughly five years) changes are
staggering (Malenković, 2005, str. 78). This is
understandable in the light of the fact that most
businesses had found themselves in distress where
drastic, urgent action was a necessary prerequisite
for their survival. Major changes are evident not
only in terms of portfolio structures, strategic priorities… but also in the mindset, which had been
forced to undergo a radical and swift transformation. The companies, which had successfully ac250

complished that feat, managed to survive and remained in business; the ones, which had failed, are
no longer around.
Characteristics of enterprise restructuring
in the coalmining sector in Slovenia
Coalmining companies in Slovenia are characterised by their huge size, multidivisional structure
and large number of highly specialised employees.
In the coalmining regions we typically find a predominance of large enterprises and a sub-average
percentage of medium-sized and small businesses.
In the light of the above we can recognize a certain
conflict with general trends stressing the importance
of free enterprise and highlighting the flexibility of
small and medium-sized economic entities.
Emphasising the role of entrepreneurship can be
identified as a key approach to the restructuring of
multidivisional coalmining companies in Slovenia.
In the case of large multidivisional enterprises we
are talking about corporate (internal) entrepreneurship (Možina, 2002, p. 128). This implies different
forms of entrepreneurship, as follows:
–– Enterprise decentralisation into e.g. profit
centres;
–– Development of new ideas advanced
by employees as “companies within the
company”;
–– Development of new business units and/or
teaming up with entrepreneurs outside the
company;
–– Divestment of certain product/service lines
and setting up spin-off companies.
The idea was to blend together two positive
principles, i.e.:
–– The spirit of free enterprise (relaxed corporate
culture, informality, flexibility), and
–– The organisation and discipline characteristic
of large enterprises.
According to theory, when it comes to the success or failure of corporate entrepreneurship, decisive factors involve ideas, people and their loyalties (Možina, 2002, p. 129).
It should be stressed that the greater the enterprising spirit, the more adaptable, flexible and
Volume 6 / Number 2 / 2011
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decentralised the corporation becomes. Such a
corporation is characterised by a shared vision,
development concept, and core benchmarks and
values. In any case, however, the successful implementation of any corporate entrepreneurship
project requires the identification of key positive
and negative factors.
This concept is illustrated in Figures 1 and 2.

Figure 1. Blending the characteristics of spin-off
companies and parent corporations
Source: Možina et al., 2002, p. 129

A comprehensive restructuring of the coalmining sector and enterprises in the coalmining industry in Slovenia commenced in the early 1990s i.e.
at the time of intensive enterprise restructuring in
other sectors of economy. The process started with
a systematic assessment of coalmines in terms of
their economic viability i.e. competitiveness. Consequently, and in order to avoid drastic measures
(layoffs…), all non-core business activities were
being identified and eliminated. As a rule, this
approach generally involved setting up spin-off
companies and subsequent transfers of employees
to these subsidiaries from the core business. The
concept of setting up spin-off companies highlighted the question as to how to ensure their survival and development.
Despite clearly identified goals and objectives,
a huge gap had formed as early as 1993 – 1996,
which was the period of intensive transformation of enterprise ownership in Slovenia and
Volume 6 / Number 2 / 2011

during which the majority of other businesses in
the country were also undergoing a comprehensive organisational restructuring. Both processes
(more or less) bypassed the aforementioned spinoff companies whose inner fabric and operation
was modelled on the core activities of the parent
companies which had founded them. Accordingly,
the level of rigidity of such companies remained
high and their competitiveness in the free market
was a highly doubtful proposition.
Key premises in setting up spin-off companies
in the coalmining sector were as follows:
–– The approach adopted in relation to the
inception of spin-off companies was based
on the logical assumption and understanding
that such newly established companies
would initially face enormous difficulties
in ensuring normal business operation.
Accordingly, the plan was that in the initial
stages of their operation the majority of their
revenues would be generated by providing
products/services to the parent company i.e.
the coalmine.
–– Later on, such subsidiaries would expand
their business activities to other markets and
(gradually) lessen their dependence on the
parent entity. In the transition period the spinoff companies were expected to overcome
“teething problems”, clearly define their
product/service portfolios, set-up efficient
business- and management functions, and
develop the requisite skills and capabilities
essential to normal operation in free market
conditions.
–– Eventually, the anticipated growth of spinoff companies would enable the creation
of new jobs and a gradual transfer of the
redundant workforce from the coalmine.
–– The proliferation and expansion of spin-off
companies would facilitate the transformation
of large multidivisional corporations in
the region into medium-sized and small
businesses. Moreover, the fact that such spinoff companies would operate in different
sectors than the parent company would
additionally further a transformation of the
education system in the region. Concurrently,
the focus would shift to the creation of new
skills and occupational profiles, in particular
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at the expense of traditional, coalmining
related courses, which would be gradually
phased out.
–– This approach was expected to facilitate an
effective transformation of multidivisional
coalmining corporations and regions in the
transition period while minimising negative
impacts of the termination of traditional
activities.

Figure 2. A simple interface model between the
parent and a spin-off company
Source: Adapted from Možina et al., 2002, p. 132

Almost fifteen years into the process (i.e. divestment of support business activities and formation of spin-off companies) we can establish the
following:
–– Virtually all spin-off companies continue
to struggle. As a result, they are only partly
competitive. Minor exceptions are the
companies established after 2002 under
the umbrella of the Premogovnik Velenje
coalmining company (and in which the
parent entity has retained a minority share) in
response to identified market opportunities.
–– Dependency on the core business remains
high.
–– Competitiveness in key markets is limited.
–– Employees continue to strongly identify
with the core business (coalmining).
–– The companies are incapable of intensive
growth and thereby of creating new jobs,
which would facilitate the transfer of
employees from the core business…
A lack of resources for attaining a sustainable
competitive advantage has been identified as the
main problem in the operation of spin-off compa252

nies. The identification of core capabilities as the
basis of sustainable competitive advantage has
proven particularly challenging. Consequently, in
numerous instances the operation of spin-off companies has been characterised by an almost “cyclical” recurrence of crisis conditions (see Figure 3).
A closer look at Figure 3 reveals the following:
–– Numerous spin-off companies inside
introverted systems (e.g. the coalmining
sector) display signs of a decline in performance followed by short bursts of temporary
improvement.
–– A virtually cyclical recurrence of this
phenomenon can be observed.
–– Given the aforementioned process we can
establish a frequent occurrence of individual
signs of crisis conditions (usually)
followed by centrally coordinated activities
manifesting as a temporary improvement of
the situation. In such cases we can in fact
speak of artificial interventions undertaken
by the parent company, which deliver a
short-term relief but fail to have a lasting
effect since the company facing the crisis
is unable to attain a sustainable competitive
advantage.
–– Due to the factors outlined above it would
be unrealistic to expect an improvement in
the operation of spin-off companies without
a radical strategic turnabout; strategically,
they are “stuck in the middle”, which we all
know is a very poor position to be in (Porter,
1980, p. 41-44).
It clearly follows that what indisputably seemed
a very appealing model in theory (the formation of
spin-off companies, their gradual repositioning in
other markets and diminishing dependence on the
parent company…) has dismally failed in practice.
The main reasons for this are as follows:
Following the initial phase (setting-up independent legal entities), during which the spin-off companies were deriving the majority of their revenues
from sales to the parent company (the coalmine),
these subsidiaries not only failed to clearly reposition themselves: they also failed to make effective
use of the available time, which should have been
spent on intensive restructuring designed to enable
them to adjust to market conditions.
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Figure 3. Degree of success in managing and
overcoming a crisis
Source: Adapted from Slatter and Lovett, 1999, p. 115

–– Both the parent entity and the spinoff companies missed the period of
organisational and ownership restructuring
taking place everywhere in the country
(1993 – 1996). The main reason for
this could be certain doubts cast on the
necessity of applying these processes to the
coalmining and energy sectors given their
specific situation and role in the economy.
–– The continued reliance of spin-off
companies on the parent entity, however,
led to the atrophy of essential activities
and poorly developed core business- and
management functions.
–– Contrary to established entrepreneurial
principles, which lead to the implementation
of individual business ideas, the inception
of spin-off companies in the coalmining
sector was generally not prompted by actual
opportunities identified in the market. It
was all about eliminating non-core business
activities while the real potential of these
subsidiaries to gain a firm foothold in the
open market remains doubtful.
Comparing the premises with the situation in
the coalmining sector in Slovenia, we can draw
the following conclusions:
–– In the case of coalmining companies
in Slovenia the first set of measures
characteristic of successful business
turnarounds could not be applied as the
companies were unable to expand their
operations to other markets. As a rule, such
Volume 6 / Number 2 / 2011

multidivisional corporations had but a single
customer each: a nearby thermal power
plant. Looking at the sources of finance,
coalmining companies would generally
adopt a conservative policy whereby the
majority of assets were funded from equity
capital; debt financing played a lesser role.
While this is clearly a safe policy, it is also
less enterprising. Given the characteristics
of the industry and its situation, however,
such an approach is both understandable
and sensible.
–– In terms of measures implemented in
coalmining companies we can identify a
combination of measures characteristic of
the second and third group of companies
in terms of the degree of success in
managing and overcoming the crisis. In
this context, the following factors have
proven crucial: controlled downsizing of
operations; continued (at least indirect) state
interference (regulation) – tied to budgetary
allocations; operations have continued to
generate more or less massive losses; the
process of restructuring continues to unfold.
Compared to coalmining companies, the situation in the spin-off companies in a direct/indirect
relationship with the core business is very different. As a rule, a combination of all three types of
measures can be identified. The key measures implemented have been as follows:
–– An intensive search for new markets. The
idea is to compensate for the loss of revenue
formerly generated by sales to the coalmine
or the group (the coalmine plus other spinoff companies) as well as come to grips with
the realisation that intensive prospecting for
business in new markets is the only way to
ensure long-term survival.
–– The competitiveness of these companies is
being radically diminished by the presence
of numerous factors, which have been
interfering with their ability to enter other
markets. Those factors are also the main
reason for a lack of their export orientation
and explain why such companies continue
to confine their search for opportunities
(mainly) to their local environment. There
253

technics technologies education management

––

––

––

––

254

is no doubt that this poses a great danger to
these companies.
The sources of finance in the spin-off
companies are similar to those deployed
by coalmines. Once again we can identify
a predominantly conservative approach
operating on the assumption of an absolute
dominance of equity capital. Nevertheless,
the extent of debt financing is slightly higher
than in coalmines.
The spin-off companies earlier presence
in the open market has given rise to the
adopted human resource policy. While the
latter continues to stress the importance
of social security, layoffs are increasingly
perceived as a viable measure in response
to market conditions. This said, it should
be stressed that such companies continue to
make every effort to identify solutions with
less drastic consequences for the employees
(redeployment, redundancy packages…).
The presence of certain factors characteristic
of crisis conditions can be detected in virtually
all spin-off companies and has led to a variety
of measures designed to manage the situation.
In addition to the aforementioned workforce
reductions, measures have included disposal
of non-core assets, a massive emphasis on
cost effectiveness, downsizing of individual
operations, optimisation of product & service
portfolios…
As a rule, such measures would ensure the
companies survival in the short term, however
due to the general lack of competitive
advantages their long-term viability remains
in doubt. It is therefore imperative for their
intensive restructuring to not only continue,
but to proceed at a much higher pace than the
restructuring of the coalmines. Precisely this
“time gap” poses a big danger for the spin-off
companies, as in their case the pace of change
as dictated by the coalmines is proving fatal.
The situation is further exacerbated by the
fact that the spin-off companies are largely
owned by the coalmines, which has been
slowing down their restructuring. This is
another reason why a change in the ownership
structure is essential to successful enterprise
transformation.

Conclusions
The process of enterprise restructuring, which
unfolded in Slovenia in the 1990s, had all the hallmarks of restructuring processes in similar transition economies. Virtually overnight, numerous
enterprises would find themselves in distress i.e.
in a state of crisis. It was precisely due to the lack
of an incubation period preceding the onset of crisis conditions that the restructuring processes had
such destructive consequences.
While the restructuring process resulted in a demise of numerous businesses, the majority of them
succeeded in adapting themselves to the new order.
It should be stressed that only the companies which
had attained a sustainable competitive advantage
managed to extricate themselves from the crisis and
create a sound basis for successful operation.
Some large multidivisional corporations have
successfully transformed themselves from former
socialist giants into flexible and thriving marketoriented businesses. As a rule, in such cases a successful transformation of ownership has also been
carried out, which facilitated the comprehensive restructuring. Such companies have distinct competitive advantages and can be realistically expected to
continue to thrive and prosper.
In contrast, the approach to the transformation
and restructuring of introverted systems characteristic of the coalmining sector was based on
the idea of a gradual contraction of the core business activity coupled with ongoing cost reduction,
which included traditional outsourcing. Cost containment naturally led to a steady elimination of all
non-core services i.e. services not essential to the
core business. This was accomplished by setting
up proprietary limited subsidiaries (spin-off companies), which were fully owned by the coalmine.
The idea was to blend together two positive principles, i.e.:
–– The spirit of free enterprise (relaxed corporate
culture, informality, flexibility), and
–– The organisation and discipline characteristic
of large enterprises.
The abovementioned restructuring in the
coalmining sector, however, was not unfolding as
a continuous process (in contrast to other industries) and grinded to a halt in mid-1990s due to –
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–– A failure to complete the process of
ownership restructuring;
–– The state’s failure to clearly define its policy
in the energy sector;
–– The (resulting) ambiguous policy of the
coalmines in relation to their spin-off
companies.
Undoubtedly, Slovenian coalmining companies
have achieved significant results in terms of increasing their competitiveness. At the spin-off companies, however, the situation is very different. The
key question here is how to ensure the survival of
these subsidiaries and minimise their dependence
on the core business activity of the parent entity.
In this context the remaining time available for the
completion of the restructuring process can be identified as a key factor since the process requires decisive and goal-oriented measures.
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Abstract
Information and communication technologies
(ICT) have become an essential element of the
educational system both as a support to teachers in realization of traditional class work and as
a replacement of the traditional class work with
new methods of realization of the teaching process. This work focuses on multimedia and multimedia presentations as the most frequently used
ICT in education. Some basic recommendations
for creating a “good” multimedia presentation are
given to secure that a presentation will not have
a negative effect on students. The results of the
experiment dealing with application of multimedia presentations in class work are also explained.
Second part of the work shows the methodology
of the research, experimental conditions and the
results. Suggestions from the students who took
part in the survey are given as a part of the analysis
of the survey results. The conclusion summarizes
the results and gives recommendations for improvement of the teaching process.
Key words: modernization, teaching process,
multimedia, informatics, e-learning
Sažetak
Informaciono-komunikacione tehnologije (IKT)
su postale sastavni deo sistema obrazovanja i to kao
256

podrška nastavniku u realizaciji tradicionalne nastave ili kao zamena takvoj nastavi jednom od brojnih
novih metoda i načina realizacije nastavnog procesa, procesa učenja i podučavanja. U radu je, kao najčešće primenjivana IKT u obrazovanju, razmatrana
multimedija, odnosno multimedijalne prezentacije.
Da prikazane prezentacije ne bi imale negativan
efekat na polaznike, izložene su neke osnovne preporuke za kreiranje „dobre“ multimedijalne prezentacije i prikazni su konkretni rezultati eksperimenta
o primeni tih prezentacija u nastavi. U drugom delu
rada dati su prikaz metodologije istraživanja, uslovi izvođenja eksperimenta i rezultati testiranja. U
okviru analize rezultata sprovedene anonimne ankete izložene su neke sugestije anketiranih studenata.
U okviru zaključka izvršena je rekapitulacija postignutih rezultata i date su preporuke za poboljšanje
nastavnog procesa.
Ključne reči: modernizacija, obrazovni proces, multimedija, informatika, E-obrazovanje
1. Introduction
Information and communication technology,
being a synthesis of development of computer,
telecommunication and television technology, can
be used in the teaching process in various ways,
creating the possibilities for application of different strategies and methods in realization of the
teaching and learning process (Anđelić, 2007).
Volume 6 / Number 2 / 2011

technics technologies education management

One of the forms of application of ICT in teaching and learning processes is distance learning.
Although heavily popularized in plans and analysis, this method has not yet been fully utilized in
Serbia. There are several reasons for this, some
of them being inadequate infrastructure, insufficient number of e-books, lack of trust in diplomas
earned by distance learning and the problem of
grading of student work.
There are various multimedia courses today,
usually on CD or DVD. There are a large number
of titles: from language courses, physics and history to work with text processors and so on. Multimedia courses are also becoming available from
the Internet, which provides the users with up-todate data (Čekerevac, 2009).
Application of information and communication technologies is a very significant, useful and
creative didactic device which can successfully
be applied in education. This work will analyze
the application of ICT in the field of utilization of
multimedia presentations in the teaching process.
2. The concept of modernization of the
education process
In order to make the education process as efficient as possible, it is necessary to have an overview of all participants in the process and their
characteristics. In this case, those are students,
participants in courses, as well as former and older students having in mind the importance of lifelong learning. This analysis focuses on students
born after 1982. It was used the experimental
method, and the analysis covered 200 students of
the second year of studies. There was used twostage stratified sampling method. According to the
results of the analysis, some of the common characteristics of these groups of students are:
–– They have been using computers since the
age of five, 72% of students;
–– Computer games are considered the favorite
form of entertainment and recreation, 82%
of students;
–– 86% have their own computer, and 25%
own more than one computer;
–– They use Internet:
○○ In the past month, 96%
Volume 6 / Number 2 / 2011

○○ 16 hours per week on average;
○○ 91% communicate with their teachers by
e-mail;
○○ 95% use email to communicate with
their friends;
○○ 100% have Internet access from faculty/
college, and 18% use it;
○○ 59% like Internet more than telephone;
–– They feel they use Internet more easily than
their teachers;
–– They feel that technology is not adequately
used in teaching process.
In Serbia, in the year 2010, 50.4% of the households have at least one computer (in EU 71%).
89.3% of the Serbian households own one computer, and 8.2% two computers. 39% of households is
connected to Internet (in EU 65%). 45.9% of the
population use Internet, and 72.3% of this number
use Internet every day. These numbers are similar
to those in other countries of the region. The only
country that significantly differs in percentage of
Internet users is Slovenia, with 62% in both categories (Vukmirović&Pavlović&Šutić, 2010).
In order to make the education process as efficient as possible, it is necessary to have an overview of all participants in the process and their
characteristics. In this case, those are students,
participants in courses, as well as former and
older students having in mind the importance of
life-long learning. This analysis focuses on students born after 1988. It was used the experimental method, and the analysis covered 200 students
of the second year of study.
The role of teacher in traditional teaching
process is reduced to lecturing (presenting information), and control of knowledge through tests
and exams. In such a system, the teacher is the
main subject of the learning process, and the participants are the objects (Branković, 2003). The
teaching process is focused on memorizing the information, which is one of the simplest and least
requiring mind functions. This position makes the
students feel passive and slows down their progress and development. One of the main reasons
for poor efficiency of the learning process is poor
communication in the process. During 4/5 of the
class the information flows from the teacher towards the students, and there is very little commu257
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nication in the opposite direction. There is almost
no horizontal communication, where students exchange information among themselves.
In traditional teaching, the frontal model of
work where equal content is presented to, by the
level of prior knowledge, unequal participants
prevails. This kind of teaching is not differentiated
and individualized. It does not take in consideration capabilities, interests and needs of different students. It aims towards the average student,
and it is usually too dynamic for those with little
prior knowledge and too slow for the ones with
prior knowledge, which makes it unsuitable for
both groups. Since the feedback is usually left out,
sporadic testing of student’s work is the basis for
the evaluation of knowledge. This kind of testing
however is not reliable when it comes to evaluation of student’s progress, evaluation of teacher’s
work and improvement of the teaching process.
The new teaching paradigm is learner-centered, and its scheme is given on picture 1. The
student is “positioned” in the center, while the
teaching resources (covering place, time and the
way of learning) are around them. Everything is
focused on the student, and all the relevant factors are covered by a single term – the teaching
resources (people, knowledge, technology, media,
organizations…).

Picture 1. The shift from a traditional teaching paradigm to the newly advanced one (Anđelić, 2007)
The student is the central subject of the process, which means that the methods of work and
teaching, communication, evaluation, feedback
and whole interaction are designed according to
student’s interests and capabilities.
The teacher is becoming an adviser, guide and
motivator of the students in the process of acquiring knowledge and developing the ability to think
critically, act creatively, understand and solve
problems and apply their knowledge. The main
goal of education is not only to have students
258

memorize the facts, but to prepare students for
further education and development. Modernized
approach to high education is realized through
technological means such as Internet and intranet,
along with technological control of the educational process itself.
This way of work has enabled interactive
learning during the lectures. Instead of listening
to traditional lectures and do standard class work,
the students are given opportunity to prepare for
lectures and mutually discuss everything that they
find unclear. This approach results in student’s
switching from passive to interactive learning.
Interactive (cooperative) learning is realized in
different models(Vlahović, 2000):
–– Student-student
–– Student-teacher
–– In small or big groups, as well as in plenary
work with all course participants
–– On different levels of complexity
–– In exemplary teaching, programmed
teaching, and different kinds of developing
teaching (discovering, problem teaching,
interactive teaching student-computer)
One of the characteristics of cooperative teaching is that everybody teaches everybody and that
the roles of the participants change during work.
The teacher acts from background, guiding and
motivating the students to be active, efficient and
effective. The goals of this type of learning is development of communication and cooperation, tolerance and democratic relations, responsibility, free
speech, mutual trust, team work and socialization.
Efficiency of the teaching process is measured
by the use of time and energy of teacher and students on working on a subject. The teaching that
enables the maximum of reliable and long lasting
knowledge with minimal use of time and energy is
the most efficient. (Vilotijević, 2001)
3. Multimedia in teaching process
3.1. Dale’s pyramid
Dale (Dale, 1946, 1954, 1969.) and some other
researchers (J.D., 2006) found that people remember:
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––
––
––
––

only 10% of what they read
20% of what they hear
30% of what they see
50% of what they simultaneously see
and hear (watching pictures, acts or
demonstrations)
–– 70% of what they say (drama, role playing,
reading/writing about an issue)
–– 90% of what they do (doing something for
real, accomplishing specific goals, searching
for a solution)

Picture 2. Dale’s pyramid of experience (Hartopp,
2000)
These data show that students can remember
only 20% of what they hear. Therefore, we come
to a logical conclusion that the traditional way of
lecturing is not adequate. The lectures should be
organized in a way that will simultaneously activate different senses for perception of new data
and information.
3.2 Multimedia and E-learning
The word multimedia is often used inadequately. Many believe that it means the use of
electronic media in the educational process. The
correct use of the word multimedia is use of the
word when speaking about information that has
multiple meanings. This kind of information uses
Volume 6 / Number 2 / 2011

different media, and simultaneous use of different
senses is necessary for its perception. Multimedia
is a method of presentation of information through
application of digital media.
Multimedia elements are various forms of
monomedial writing and they have their place in
many fields, from web pages to program packages
for playing and studying. Modern technologies
use human visual and hearing capabilities to establish interaction.
Multimedial flow of information is intensive
and in terms of manifestation and transmission
routes diverse and simultaneous flow of information between the performer and the participants in
the event. Multimedial informational system in
interactive communication with the user simultaneously uses various forms of information: text,
graphics, animation, still or motion pictures, music and speech.(J.D., 2006)
Multimedial technology covers input/output
units for automatic gathering of data from the environment, such as video camera, microphone,
scanner etc. They generate multimedia entities:
video, audio, pictures and so on.
One of the main goals of the application of
multimedia is to give the opportunity for interaction with the source of information in a manner
that is most suitable for the consumer.(J.D., 2006)
Multimedial teaching requires dynamic, active
and direct teaching concepts. Video technology
offers many advantages: it increases the productivity of the teacher, encourages participative style
of teaching, promotes and optimizes the highest
ideals for improvement of education. In global and
open virtual space, the teacher passes on his main
role to the students, and becomes a guide through
the teaching process and a navigator in the ocean
of information.
Materials with visual, audio, audio-visual, and
multimedia content can be used very efficiently in
E-learning. Visual content can be in form of text,
drawing, graphics, models, scale models etc. Audio
content can be oral lecturing, musical background,
different sounds and sound effects. Audio-visual
content combines the named elements, most frequently in form of TV show, film, or video. Multimedial content combines all these and computers,
CD, DVD and the Internet are used for reproduction and storage.
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In order to successfully use the multimedia elements in education it is necessary to know what
kinds of those elements are suitable for individual
students. Each student has specifically developed
intelligence and unique experience, and the type
of learning that is most suitable for him/her is also
specific. (Anđelić, 2007)
It is neither recommended nor necessary for
textbooks made for traditional lecturing to be
merely reproduced on the computer screen. Success of the multimedia class work requires a new
digital language that combines technology and
pedagogy, mutually enriching dynamic synthesis
that evolves in favor of new ways of teaching and
lecturing. The teacher has to master the level of
knowledge that will allow them to design the multimedial material in the best possible way and at
the same time be the support to the students so that
they can overcome the technological barriers.
3.3 Recommendations for design of
multimedia presentations
Educational content for multimedia presentations should be prepared according to the following principles(J.D., 2010):
–– Interesting and useful text with examples,
short exercises and quizzes;
–– Comprehensible content with adequate
explanations of less familiar and new
elements
–– Visualization of content of complex nature
through graphs, schemes, models etc.
–– Dividing content into “chunks” that are
most suitable for presentation on computer
screen
–– Interactive work with “chunks” and other
pedagogical elements for adoption of
educational content
–– Content should be well organized and
presented clearly
–– Use of animation, simulation, sound and
video and video recording of the lecture
when possible
Attractiveness and understandability of the
course are the main indicators of its quality. The way
of expression during a course needs to be adapted to
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specific conditions of the educational environment
and the capabilities of the student. Having in mind
that every science has its own signs and symbols
and its own language, the author of the course has
to adapt the language of science to the student. A
text is understandable if the language it is written
on is adapted to the user (vocabulary, new and abstract terminology, the length and structure of the
sentences), if the idea of the text is clear, if the text
is well structured and divided into smaller, easily
read parts and if it is concise.
The basic principles for creating multimedia
presentations are(Svetlana Anđelić, 2008):
–– Clear colors have advantage over mixed
colors
–– Use of three colors is optimal
–– HTML documents should not be too long
or too short (user can “get lost” in a large
number of small documents)
–– A balance between text and other elements
should be found when working on
development of hypermedia application
–– A presentation that looks perfect from the
esthetic side, but is empty in content and
does not
Characteristics of good and bad design are
shown in Table 1.
Table 1. Characteristics of good and bad design
(Anđelić, 2007)
Good design

Bad design

Interactive

Passive

Non linear

Linear

Easy to use graphic
interface

Confusing interface

Structured lectures

No structure

Use of multimedia

Text prevails

Pays attention to
educational details

Does not pay attention
on details

Pays attention to
technical details

Does not pay attention
to details

The following recommendations can help create a presentation that is easy to read (J.D., 2008):
–– Font – clear and simple fonts should be
used; some of the suitable fonts are Ariel,
Vedrana and Tahoma; Italic font should be
Volume 6 / Number 2 / 2011
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––

––
––

––
––

––
––

used instead of Bold or Underline options;
long texts and scrolling are not desirable
Font size – the recommended font size is 18
to 36. The font size is adequate if a printed
slide set on the floor can be read by a person
standing above it.
Big letters – Big and small letters should be
combined; text written only in caps can be
hard to read
Colors – It is a good idea to use blue color as
the background color and yellow and white
for the text. Red is too strong and black is
hard to read on a dark background. If a video
projector is used, it should be checked how
the colors look on the projected presentation,
since the projected picture can differ from
the original
Page layout – use of horizontal (landscape)
layout is recommended
Amount of content – each page should
contain only the minimum of information.
Usual structure is up to 6 lines of text with
five words in each line. If the slide is too
complicated and complex, the student will
pay too much attention to the slide and not
listen to the lecturer.
Special effects – sound effects and animation
should be avoided for the reasons mentioned
above
A good presentation does not change slides
automatically! There is a simple reason for
his – it is almost impossible to synchronize
the automatic change of slides with the
communication between the lecturer and
different students

No presentation can match the taste of every
student, but the guidelines should be followed in
order to keep the students focused and to enable
the transfer of the message.
4. Research results
4.1 Experiment overview
The experiment was conducted at the Railway
College in Belgrade, Serbia. Two hundred participants in the experiment were students of the secVolume 6 / Number 2 / 2011

ond year of studies at the Informatics departments
of Railway College, who attend the class Object
programming – C++. The sample was divided in
two groups: the experimental group and the control group. Students were divided in the groups by
the index number, and the size of the sample was
conditioned by the overall number of the students
attending the class.
Before the beginning of the experiment, students were introduced to the procedure and the
purpose of the experiment. Students were also
given a brief description of the experiment in written form.
There are three parts of the experiment:
1. In the first part of the experiment a lesson
titled “Use of programs for detection of
logical errors” was presented to the groups.
The experimental group was presented the
lecture through multimedia presentation,
while the control group attended the
traditional model of the lecture. The
multimedia presentations were created
in Macromedia Flash and presents an
animation of the computer screen where the
programs for error detection were started,
along with adequate voice comments. Both
lectures were around 30 minutes long.
2. Second part of the class consisted of:
○○ Test of knowledge (with goal to evaluate
the amount of content learned) and
○○ Filling the survey form (with goal to
get feedback from the students and
recommendations for application of
multimedia presentations in teaching)
3. Third part consisted of doing the same
test from the second part, but 15 days
later. Students were not informed about
the second testing, which was supposed to
prevent them from preparing for it.
4.2 Test results
Test of knowledge aims to measure the level of
knowledge from the field of object oriented programming (C++). The test is anonymous and consists of 14 questions regarding the content taught
in class under the name “Use of computers for
detection of logical errors”. At the beginning of
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the test the students were informed that the results
of the test would not affect their grades. Students
were given 30 minutes to do the test. Both groups
had to answer the same questions.
The test consisted of different types of questions. Students were expected to answer each
question in a certain manner:
–– Fill-in-the-blank (6 questions)
–– Multiple choice – one correct answer (6
questions)
–– Multiple choice – multiple correct answers
(1 question)
–– Connect the functional symbols from left
column with matching meanings in right
column
The questions that were answered correctly
by the biggest number of students were the multiple choice questions with one correct answer
(71.67%). The questions with smallest number of
correct responses were fill-in-the-blank questions
(64.17%). This outcome is understandable, since
recognition of learned content is the first level of
knowledge adoption. The questions where students were expected to fill in the blanks required a
higher level of knowledge. (Table 2)
Table 2. Percentage of correct responses to different types of questions
Content presentation
Traditional
Multimedia
Types of questions
way
Multiple choice – one
correct answer

77.78%

62.50%

Fill-in-the-blank

61.11%

68.75%

Visual memorizing
(questions 5 and 11)

95.83%

70.83%

It is interesting that with multiple choice questions such as:
–– “The red dot before a line of code marks
Break Point?“ and
–– “Line of code where program execution is
stopped is marked with one of the following
arrows:“
Where visual memorizing is required, the experimental group gave a bigger number of correct answers (95.83%) than the control group
(70.83%). (Table 2)
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Each test was evaluated individually, and the
percentage of adopted knowledge was evaluated
for each student. Average values were calculated for
each group, in order to determine the differences.
Positive effect of application of multimedia
can be seen in the fact that the level of adopted
knowledge in the group that used multimedia presentation during the lecture was 71.00%, while the
group of students who listened to the traditional
style lecture had 66.67%. (Table 3)
Table 3. Percentage of adopted content
Content presentation
Traditional
Multimedia
Test Results
way
First testing after the lecture -

71.00%

66.67%

Second testing after 15 days -

67.33%

66.67%

The test was repeated after 15 days, and the
results were slightly different. The percentage of
memorized content decreased in the group that used
multimedia (67.33%), while it remained on the same
level in the other group (66.67%). (Chart 3)
It can be seen that the students who used multimedia presentation in class work showed significantly better results in the first testing (Graph
3.), and that they still performed better on the repeated test. The decrease in percentage of memorized content demonstrated in the second test
just proves the Latin saying: Repetitio est mater
studiorum. The impression from the presentation
has been covered by other impressions during the
following days and the knowledge stocked in the
cache memory of the brain has gone away due to
the lack of use. It can be expected that it would
require less effort to maintain the knowledge for
a student from the experimental group than for a
control group student to expand the knowledge.
Therefore, the overall results of the work would be
better with the students from the group that used
the multimedia presentation. Besides the mentioned, it should be kept in mind that the students
are more used to the traditional way of learning
due to their prior experience in education, and that
learning with use of multimedia is still a relatively
new thing for many of them. It is possible that
the results will improve as students are becoming
more familiar with the new learning conditions.
Volume 6 / Number 2 / 2011
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Figure 3. The adoption of materials exhibited
4.3 Results of the survey on application of
multimedia in class work
After the first test, the students anonymously
filled in a questionnaire. The questions in the
questionnaire dealt with the use of multimedia
presentations in class work. The questions were
supposed to give an insight in thoughts and suggestions of the students. Both groups filled in the
questionnaire. Students were told that the questionnaire was anonymous. The students were given 10 minutes to fill in the questionnaire.
The questionnaire consisted of six questions,
four of them being essay questions. First two questions were general, and regarded the overall number of courses taken and the number of courses
that used multimedia presentations in class work.

timedia presentations in only 8 courses, which is
29.63% of all courses taken up to that point (Graph
4). In 85.00% cases (of the number of classes that
used multimedia presentations), MS Power Point
presentations with text, animations and graphics
were used.
When asked whether they liked the presentations that were used in their courses, 80.00% of
the student answered that they did, as shown on
graph 5. Students explained their answers as follows:
–– The presentations draw their attention, and
they help them maintain focus on lecture;
–– They are dynamic, and not monotonous;
–– They are concise and focused on the most
important elements of the lecture;
–– They address different senses, which results
in the better picture of the presented content;
–– The content of the lecture is easier to
memorize, especially when pictures
associated with the text are included;
–– Presentations contain material that is needed
for the preparation of the exam.

Picture 5. Answers to the question: “Do you like
shown multimedia presentations?”

Picture 4. Ways of organization of teaching in
Railway College - Belgrade
The students had taken 27 courses at the time of
survey. They responded that professors used mulVolume 6 / Number 2 / 2011

Students who said they did not like the presentations gave the following explanations:
–– Insufficient participation of the students
–– Professor reads the text from the presentation,
often very fast, the lecture is monotonous,
students cannot focus on the lecture and the
information is hard to memorize.
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In the last question of the questionnaire, the
students were supposed to write their suggestions
for improvement of the class and lab work. Some
of the suggestions were:
–– More multimedia presentations with
animation should be used
–– Students should be engaged in group
projects in order to practice team work
–– More lab work and more practical experience
–– Tests of knowledge should be more frequent
5. Conclusions
Present time, so called the age of information,
is characterized by a high pace of changes and big
speed of everyday life. With estimation that around
85% of today’s jobs requires additional education,
the need for permanent learning is emphasized. One
of the possibilities suitable for the new environment
is E-learning as a new concept of education.
Information and communication technologies
have become a part of the educational system as
support to the lecturers, as well as a replacement
for the traditional way of lecturing. There is constant progress in the field of multimedia, computer
networking and program engineering. This has enabled development of a new generation of learning systems based on use of computers.
The results of the survey show that less than
30% of lecturers use multimedia in their lectures,
which is a low percentage for XXI century and the
age of information. Unfortunately, even the lecturers who use multimedia presentations mostly use
them inadequately, and further education in this
field is necessary.
The sample is relative, since the experiment
was conducted in a school that ranks high by the
amount of computers and related equipment.
The survey has determined that the level of
adoption of knowledge is temporarily increased
when multimedia presentations are used (71.00%),
but that repetition is needed to prevent the reduction of adopted material (67.33% after 15 days).
This experiment and the results of similar experiments lead to conclusion that advantages of
proper use of multimedia are undeniable, both
from the aspect of motivation of students and the
aspect of knowledge adoption.
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The goal of this work to contribute to the quality of realization of the learning process in educational institutions is fulfilled because the work
shows lecturers, pedagogues, psychologists and
all other participants in the educational process
in what direction programs of realization of the
teaching process should be developed and corrected in order to make the best use of the information
and communication technologies.
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Abstract
Production processes of truck material loading by dredgers, emits a remarkable noise levels
which distort the optimal working conditions of
employees, and they have a negative influence to
the health in working and living environment.
Concerning the evident excessive noise of
dredge operations, it is necessary to apply a series
of organizational, interdisciplinary measures with
tendency to decrease the noisy events on to normatively allowed levels.
In this elaborate, we have done an ergonomic
optimization of workers’ conditions by decrease
of noise levels of dredgers’ capacities in order to
determine the material gradation composition by
the system of mining.
Key words: Truck transportation, dredge, noise,
optimization, ergonomic
Sažetak
Proizvodni procesi utovara materijala bagerom
u kamion emituju značajne nivoe buke koji
narušavaju optimalne uvjete rada zaposlenika, te
negativno djeluju na zdravlje u radnoj i životnoj
sredini.
Obzirom na evidentiranu prekomjernu buku
rada bagera, neobhodno je primijeniti niz organizacionih, interdisciplinarnih mjera sa tendencijom smanjenja zvučnih događaja na normativno
dozvoljene nivoe.
U ovom radu urađena je optimizacija ergonomskih uvjeta zaposlenika smanjenjem nivoa buke
bagerskih kapaciteta u funkciji određivanja granulometrijskog sastava materijala sistemom miniranja.
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Ključne riječi: kamionski transport, bager,
buka, optimizacija, ergonomija
Introduction
Production processes of material loading by the
sample dredger “Terex RH120-E” on open pit is
based on functional operation of dredge elements
which during the production work represents a
dredge system based on electro-motors operation,
power transmission from electro motors to pumps
by two-grade reducer connected to an electro motor by flexible coupling, then four piston axial
main pumps of versatile flow up to 552 (L/min)
and transformable pressure up to 31 (Mpa) for a
dredger’s bucket operation.
Exploitation of the mineral raw material by
dredging is composed of production processes of
digging and loading of the material into dredger’s
bucket, turning of bucket towards the place of unloading, material unloading from dredge onto a
truck and turning the dredge bucket towards the
place of digging. In a phase of actual operation the
process emits a significant noise levels.
The sum of all emitted noise levels in production processes represents a cumulative spectrum
which, by its negative features, distorts ergonomic
conditions of employees.
In order to achieve satisfying dredger operation productivity and optimizing of ergonomic
employees’ conditions, it is necessary to adjust a
system of production processes on open pit.
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Influence of dredging systems noise emitting
to ergonomic conditions of employees
Direct measurements of noise levels in a dredge
cabin and on a platform of sample dredger “Terex
RH 120-E” have been performed in order to analyze the influence of cumulative dredger noise to
working environment in the exploiting process of
raw material.
Affect of physical dredging noise characteristics
of Terex RH 120-E to ergonomic conditions of handlers was defined by referent, equivalent noise level,
LAeq = 80, 6 dB (A). In referred area of noise, a
dredge handler does not have optimal working conditions; hence he/she is in a manifesting zone of serious psychological and neurrovegetative disturbance.
In addition, in these referred conditions of production processes, an employer was obligated to inform
about risks of noise, provide protection noise equipment to employees’ disposal and to perform a training of employers for usage of protective equipment.
Execution of work operations by employees
on open pit, near by dredger’s platform, in operation of material loading, is performed in the area
of noise emitting of measured equivalent level of
LAeq = 100 dB (A).

In these above referred conditions, the employees do not have optimal conditions for performance of production processes; they are in an area
of possible hearing damage and serious psychological and neurovegetative disturbance.
Also, in the referred noise area, employer is responsible to inform employees of noise risks, to
provide personal protection equipment and make
sure it is used by employees, to conduct training
for usage of the protection equipment, to provide
a regular health control as well as to mark out and
fence the working space.
Analyzing the noise physical characteristics
on dredger’s platform, we note significant levels
of equivalent over loudness LAeq. Towards a full
scale diagnosing of referred noise influence to ergonomic employees’ conditions, we performed an
octave noise illustration by referent curve N-55;
N-85 i N-115, and it is shown in table1.
In table above, we note that a handler inside
the dredger’s cabin Terex RH 120-E, in frequency
range of 62, 5 and 8000 (Hz) is bellow the standardized curve N-55 with noise influence to psychological interference, within frequency domain
of 125; 250; 500; 1000; 2000 and 4000 (Hz) the
employees are exposed to noise affect within mar-

Table 1
Frequency (Hz)
Noise in dredger’s cabin Terex RH 120-E
dB(A) (M4-7)
Noise on dredger’s platform Terex RH 120-E in
function of material loading dB(A)(M4-8)
Marginal level curve N-55
Noise area of selfpsychological effect
dB(A)

Noise area of serious
psychological and
neuro-vegetative
interference dB(A)

Noise area of hearing
impairment dB(A)

Excessive noise level in
dredger’s cabin
Excessive noise level on
dredger’s platform
Marginal level curve N-85
Excessive noise level in
dredger’s cabin
Excessive noise level on
dredger’s platform
Marginal level curve N-115
Excessive noise level in
dredger’s cabin
Excessive noise level on
dredger’s platform
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62,5

125

250

500 1000 2000 4000 8000

72,9 70,8 76,2 68,3 66,1 65,8 53,2 46,8
82,4 87,1 95,3 88,8

87

82,1 77,1

78,9 69,8 63,1 58,4

55

52,3 50,3 48,6

-6
3,5

1

13,1

9,9

17,3 32,2 30,4

102,6 95,9

91

87,6

11,1

13,5

2,9

78

-1,8

32

29,8 26,8 29,4

85

82,8

81

79,5

-29,7 -25,1 -14,8 -19,3 -18,9

-17 -27,8 -32,7

-20,2 -8,8

-0,7

4,3

1,2

2

-3,9

-1,5

126,3 122 118,9 116,8 115 113,2 111,8 110,4
-53,4 -51,2 -42,7 -48,5 -48,9 -47,4 -58,6 -63,6
-43,9 -34,9 -23,6 -28

-28

-31,1 -34,7 -32,4
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gins of standardized noise curves between N-55
and N-85. In the referred area, during a conduction of production processes of material loading,
the noise affect to ergonomic employees’ conditions is manifested through serious psychological
and neurovegetative interferences, and in allowed,
standardized limits of hearing impairment.
Conduction of employees’ production processes
in a direct proximity of dredger’s platform, in material loading operation, is performed in area of noise
exposure with domain of standardized curves N-55
to N-85 for frequency analysis 62,5; 125; 2000;
4000 and 8000 (Hz), and domain of standardized
curves N-85 to N-115 for frequency range of 250;
500 and 1000 (Hz). In the referred work conditions
on open pit, the employees are in the area of hearing
impairment and manifesting serious psychological
and neurovegetative interferences.
With a view to illustrate a full scale standardizing and influence of the referred noise to ergonomic employees’ conditions, diagram 1 shows
analysis of spreading of equivalent, frequent levels within domain of standardized values marked
by N-curves.

nical features, adapted to known rock conditions
and transporting parameters.
With a view to reaching a higher work productivity manifested to claimed economic parameters,
it is necessary to provide a maximum material
loading capacity for bucket dredger represented
by mathematic model:
Q ot (b) =

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

where:
nk- number of buckets for truck loading
qe- material mass in dredger’s bucket (t)
kč(b) - coefficient of dredger’s waiting to load
material
tc(b)- dredger’s time cycle (s)
tzam- time of trucks swap at dredging area (s)
In the expression set forth, we note that material mass in dredger’s bucket qe has primarily role
for capacity of dredger, which is in functional correlation to a decrease of loading time of certain
material quantity, and at the same time in noise
dose for employees.
Material mass in dredger’s bucket is calculated
by model:
q e = E ⋅ k pu ⋅

Diagram 1, Octave noise analysis in dredger’s
cabin and on platform of Terex RH 120-E
–– Noise on platform of dredger Terex RH 120E at material loading operation in trucks
–– Noise in cabin of Terex RH 120-E at material
loading operation in trucks
Optimization of ergonomic employees’
conditions by decreasing levels of dredge
capacity noise in function of determining of
material gradations by blasting system
Production processes of material loading in
open pit are conducted by dredgers of certain tech268

[t/h]

ρ c.m.
kr

[t]

where:
ρč.m. – material cubage [t/m3 c.m.]
E – bucket volume [m3]
kpu- bucket loading coefficient
k p u = 1,18 ⋅ e

6 , 5⋅ a s r

−

E

1, 2

where:
e- base of natural logarithm
asr- diameter of average material piece (m)
Kr- coefficient of material incompactness in
dredger’s bucket
2

1−

kr =

a

2
sr

⋅e

a sr
0,56⋅ E

0 , 7 5⋅ E

2
3

2
3

+ 1, 35
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Based on models above, we conclude that diameter of an average material piece - asr, beside selected technical elements of dredger and handler’s
skillfulness, has a dominant role in dredger’s capacity, which decreases loading time of certain
material quantity and at the same time decreases
time intervals of noise.
Size of material pieces is defined in adequate
rock blasting prior to dredge loading.
On open pit, where loading of blasted material
is conducted by bucket dredger, it’s necessary that
the largest piece of blasted material meet the following condition:
d ≤ 0 , 7 5 3 V k = 1, 8 5 ( m 3 )

where:
d – largest piece of blasted material (m3)
Vk = 15 (m3)- cubage of dredger’s bucket Terex
RH 120-E
Allowed pieces size, depending on truck’s
haulage space size is calculated by ratio:
d ≤ 0 , 5 3 V t = 2 ,19 ( m 3 )

where:
Vt = 84 (m3) - cubage of truck’s haulage box
of Terex
Working environment in which drilling and
blasting works are conducted, is heterogeneous and
very complex, and rock crushing can be most efficiently conducted by explosives, which technical-

blasting and physical-mechanical characteristics
can be changed in very short time intervals, and
they can be adjusted to conditioned characteristics
of working environment for each blasting field.
Diameter of blasting drill hole is a parameter
which significantly affects the rock triturating degree whereof, the efficiency directly depends of
loading and transporting mechanization and at the
same time the noise dose for employees.
Based on optimal method of blasting, depending on type of explosives, features of blasted rocks
and loading-transporting system, and diameter of
drill bit of analyzed drilling machines, the maximum size of material pieces is calculated by ratio:

D = K ⋅d ( m m)
where:
d- maximum size of material piece (mm)
D- diameter of blasting drill hole (mm)
K – proportion coefficient depending on the
rock crushing degree:
K=0, 1 – for hard crushing rocks
K=0, 2 – for medium crushing rocks
K=0, 3 – easy crushing rocks
Participation of certain fractions of granulometric composition occurs in adequate rate to overall
blasted mass. Intensity and linearity of attrition is
determined by gradations of overall blasted mass:

a sr =

Σ L i ⋅ Pi
10 0

(cm)

where:
Li- middle linear piece size of certain fraction
(cm)
Pi- weight participation of fractions (%)

Table 2
Coefficient
Bucket
Material
Affect of material
Piece size of material
loading
mass in
gradations to noise
asr (m) incompactness coefficient         bucket
dose
in bucket Kr
Kpu
qe(t)

Capacity of
Noise
Loading
dredgerQb
doseD
time t(h)
(t/h)
(%)

Analysis I
LAeq = 80,6 dB(A)

0,8

1,67

0,96

19,19

881

8

36,2

Analysis II
LAeq = 80,6 dB(A)

0,5

1,49

1,04

23,17

1101

6,4

28,9

Analysis III
LAeq = 80,6 dB(A)

0,25

1,39

1,11

26,49

1280

5,51

24,9
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Analysis of gradations affect of blasted rock asr
to noise level for employees, has been performed
on open pit „Turija“ of Coal mine company in
Banovici, at loading and transport of marl mass
which was classified as medium hard rocks.
Loading of certain material quantity Q = 7048
(t) was conducted by dredger Terex RH 120-E,
with bucket volume of Vk = 15 (m3) and recorded
equivalent noise level in handler’s cabin LAeq =
80,6 dB (A) into truck of volume Vt = 84 (m3).
The analysis above is shown in table 2.
In the table above we note significance of blasted rock gradations for level of noise, and we see
that decrease of material piece diameter increases
the dredger’s capacity. It also decreases the loading time of certain material quantity which results
in work productivity increase as well as positive
economic parameters of production processes on
open pit with evident, targeted decrease of noise
dose for employees.
Referred affect of blasted material gradations
asr to noise level is shown in diagram 2.

Diagram 2. Affect of gradation asr to noise dose
for dredge handler

In regard to recorded significance of rock gradation to productive work conditions and noise dose
in dredge cabin, we have conducted an optimization of affect for medium size piece asr of blasted
material, in area of excessive noise at distance of
r2 = 39, 36 (m) from spot of noise source, Terex
RH 120-E with emitted, equivalent level LA2eq =
85 dB (A). The optimization has been done based
on loading time shortening for certain quantity of
material Q = 7048 (t), increase of dredge capacity
in function of adaptation of blasted rock gradation,
which results in decrease of noise level in direct
surrounding of dredger, and is shown in table 3.
In table 3, we note that the loading of certain
material quantity Q = 7048 (t) by dredger Terex
RH 120-E with size of medium piece asr = 0, 8 (m)
and capacity Qt1 = 881 (t/h) is performed through
entire working 8 hour shift, emitting, limiting
standardized allowed dose of noise D = 100 (%) at
distance of r2 = 39, 36 (m).
Optimizing the rock gradation by blasting
with size of medium piece asr = 0, 5 (m) at same
distance r2 = 39, 36 (m) and noise exposure time
due to increased capacity Qt2 = 1101 (t/h), was decreased to 6, 4 hours, which results in decrease of
noise dose D = 80 (%).
Decreasing the medium piece diameter of
blasted material to asr = 0, 25 (m) increase the
dredger’s capacity up to Qt3 = 1280 (t/h), and at
distance r2 = 39, 36 (m) the noise level is decreased
at D = 68, 9 (%).
The above optimization of noise dose to employees of open pit, by affect of gradation asr at
distance of 39, 36 (m) is shown in diagram 3.

Table 3
Coefficient
Affect of material
Piece size
of material
gradations to noise
asr (m) incompactness
dose r2 = 39,36 (m)
in bucket Kr

Bucket
Material
Capacity Loading Noise
loading
mass in
of dredger
time
dose
coefficient         bucket
Qb (t/h)
t (h)
D(%)
Kpu
qe (t)

Analysis I
LAeq = 85 dB (A)

0,8

1,67

0,96

19,19

881

8

100

Analysis II
LAeq = 85 dB (A)

0,5

1,49

1,04

23,17

1101

6,4

80

Analysis III
LAeq = 85 dB (A)

0,25

1,39

1,11

26,49

1280

5,51

68,9
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Diagram 3. The affect of gradation asr to noise
level for employees in a direct proximity of dredger’s operation
Conclusion
Exploitation of mineral raw material on open
pit in function of loading material on trucks, emits
significant noise levels which distort ergonomic
conditions of employees
With a view to optimize the working environment of employees, we have identified affective
factors of noise level due to dredging production
processes, and performed danger evaluation in
working environment.
Regarding that in handler’s cabin we recorded
equivalent noise levels LAeq = 80, 6 dB (A) in
direct proximity of dredger LAeq = 100 dB (A),
which substantially impair the ergonomic conditions, it’s necessary to apply an organizational
measures for noise protection.
In this paper, we performed the optimizing of
material gradation with aim to increase capacity of
dredger, which is manifested in decrease of noise
exposure time and noise dose.
By measures above, it’s noted that by optimization of material gradation from 0, 8 (m) to 0, 25
(m) the noise dosage inside the truck’s cabin has
decreased from D = 36, 2 (%) down to D = 24, 9
dB (A). Also, it’s been observed that at same optimization of material gradation in direct proximity
of dredger, the noise dosage of D = 100 (%) had
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Based on information supplied, we conclude
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Abstract
This paper describes one approach to optimization of a batch size in industrial production.
The paper focuses on the formation of a generally applicable optimization model that allows
finding of the most economical size of production batch. Determining of the optimal size of the
batch was done by analyzing the cost structure
with the requirement for minimizing production
costs reduced to a product. The paper illustrates
a concrete example of this approach by using the
cutting tools production as an example. It demonstrates the importance of the influence of size on
the batch production costs reduced to a piece as a
product unit. It discusses and explains variations
that can occur in these calculations. In addition,
it demonstrates the importance of determining the
optimal batch size, both in theory and in practice,
and then the impact on cost.
Key words: Production batch, economic option, minimizing of production costs, cost price
Sažetak
U ovom radu prikazan je jedan pristup optimizaciji veličine serije u industrijskoj proizvodnji. Težište
rada predstavlja formiranje opšte primenljivog
modela optimizacije koji omogućava iznalaženje
ekonomski najpovoljnie varijante veličine proizvodne serije. Utvrđivanje optimalne veličine serije
vršeno je analizom strukture troškova sa zahtevom
za minimizacijom troškova proizvodnje svedenih na
proizvod. Rad je ilustrovan konkretnom primenom
ovakvog pristupa na primeru izrade reznih alata i
pokazan je značaj uticaja veličine serije na troškove
proizvodnje svedene na jedinični proizvod, na ko272

mad. Razmatrane su i objašnjene varijante koje se
mogu pojaviti pri ovim izračunavanjima i pokazan
je značaj određivanja optimalne veličine serije,
kako u teorijskom tako i u praktičnom smislu, a zatim i uticaj na cenu koštanja.
Ključne reči: Proizvodna serija, ekonomska varijanta, minimizacija troškova proizvodnje,
cena koštanja.
1. Introduction
Determining of the optimal production size is
one of the key elements in the organization and
preparation of industrial production. These calculations can be performed from different optimization aspects and criteria. Economic approach,
based on production demand at minimum cost,
is one of the most important elements in such an
analysis. Production batch size has a direct impact
on other production costs. That is why this issue
is given great importance, as one of the key elements in industrial production. Problem of minimizing the cost of production is, undoubtedly, one
of the main goals of business policy. Accordingly,
determining of the optimal batch size is one of the
most important activities of operational planning
in the industrial enterprise.
The cost of production is one of many influential factors in determining the size of batch. At
production planning, a great importance is given
to demands of the market, production possibilities,
problems in the delivery of parts in the required
time etc. Production batch size has certain implications in the organization of production and business operations.
Due to the great importance of the organization,
planning and managing of production in an indusVolume 6 / Number 2 / 2011

technics technologies education management

trial company, this issue is given a great attention
by many authors [1]. When considering the design
of robust tactical production plans in multi-stage
production systems, if the periodic requirements of
finished products are uncertain, authors [2] develop
additional robust optimization models of production plans. On the other hand, predictive iterative
approaches, based on the estimated behaviour of
the system, are still applied successfully [3] - [5].
For solving the problem of production planning, Multi-criteria optimization methods are often applied, taking into account a number of different heterogeneous criteria. Method of fuzzy
multi-objective linear programming (FMOLP) is
often used for this purpose and, in this sense, analyzed by many authors [6] - [9]. Since multi-criteria optimization methods represent the application of mathematical models for decision-making,
hereby the mathematical models are implemented
in production planning problems. However, the
importance of production planning imposes the
formation of algorithms specifically for this purpose, taking into account the size of the production, the cost of production and other [10].
Taking into account the importance of defining
optimal batch size in the production planning, this
segment needs to be given a great attention. Therefore, methods designed exclusively for definition
of the optimal size of batch experience a constant
expansion. Specifics of industrial production impose consideration of the batch size optimization
from different aspects:
–– deterministic time-varying demand process
[11]
–– a production system with rework option
[12], [13]
–– manufacturing system with periodic
delivery [14]
–– multi item integrated production [15]
In this paper, emphasis is placed primarily on
the economic component in determining the optimal production batch size. The importance of
this factor is particularly important because of the
appearance of financial crisis, which now has a
global character [16].
It should be noted that consideration of batch
size optimization, from different aspects contributes to creation of a comprehensive picture, due to
Volume 6 / Number 2 / 2011

many specifics in industrial production. Formation and role of management systems integration
are important for achieving these goals [17]. As
a support for this process, the role of information
and communication technology is indispensable
nowadays. “The aim of organizational system
can be defined as continuity of efficacy and effectiveness. One of the ways by which this goal
is achieved is effective management of business
system that is achieving good decisions.” [18].
2. Theoretical considerations of the
proposed model
Batch size, i.e. number of pieces in production
batch (q), as the adequate part of the annual plan
for physical production volume (Q), may be higher or lower, which also means that the number of
sets per year (n) can be lower or higher because of:
n= Q : q (batch/year) ...................... (1)
On the other hand, the number of pieces in the
batch is important from economic, technological, organizational and other aspects (available
resources, capacities of machines, the available
capacity of workers, the dynamic adjustment of
technological processes, delivery time, etc.) It is
therefore necessary, in most cases, to make appropriate calculations, and since there are conflicting requirements in these calculations, it all
comes down to the matter of optimization. In other
words, it is necessary to find economically advantageous variant, i.e. optimal variant which will be
in accordance with the established criteria (objective function), system limitations and conditions.
In this is paper the economic model for optimizing batch size in industrial production was
formed, related to parts, i.e. solely to individual
components.
One can also get an optimal batch size of a
structure or a finished product (by other methods, of course), but it then refers to the assembly
(mounting). We should point out that we shall here
describe an applicative model of batch optimization, based on economic criteria, with the requirement of generating a minimum cost of production
per unit, per piece.
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The aim of this paper is to highlight the real economic significance of the size of batch in production, i.e. to demonstrate the significance of the influence of number of pieces in a batch on the total cost
price, and to provide adequate budgets and increase
the quality of decision making, operational planning
and scheduling. This opens the further possibility for
learning about acceptable tolerance limits, in relation to the calculated optimum in specific situations
arising from some other externally or internally imposed reasons (due to delivery schedules, capacity,
or the effects of some stochastic phenomena).
Defining of the cost structure in batch production and defining of the influence of the number of
pieces within launched batch on their variability,
is displayed in a simple way.
For each batch production, it is necessary to perform technical and operational preparation. Technical preparation includes: machinery and work
places preparation, learning about the task and possible special requirements. Operational preparation
consists of completing construction, technology and
operational documentation (work order, work lists,
requisition, etc.). Each work has its price, i.e. it represents a certain cost. It is easy to determine that this
part of the work, linked to a single batch, has characteristics of fixed costs, relative to the number of
pieces in the batch. It is important to note that these
fixed costs (P) may even be very large in some kinds
of production (e.g., work on large presses). In other
(numerous) cases, regarding the duration of the cycle time, preparation costs of batch are very small.
In order to find optimal variants and corresponding budget, the total fixed costs (P) should
be distributed onto the number of units included
by a batch (q); in this way fixed costs are obtained,
reduced to a unit of product (p), a unit of production i.e. the piece.
p = P/q [pieces] . ........................ (2)
This type of expenditures (p), in dependence on
the number of pieces in the batch, changes by the
law (line) of hyperbole, so the cost of one piece is
even smaller if the number of pieces in the batch
is larger, and vice versa. It means that the principles of rationality, in terms of cost according to
the company, require launching a large number of
pieces in the batch. (Figure 1)
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On the other hand, the increase in the number
of pieces in the batch leads to the increase of the
interest costs for working capital. In this way if the
material is preserved in production facilities for a
long time, the number of pieces in a batch will be
higher (which will immobilize working capital).
Since firms use working capital loans through
banks, they must pay interest. The amount of interest, which represents the expense for the company related to holding a batch in production, is
calculated as follows:
I=

A ⋅T ⋅ i
[€] ........................... (3)
10 0

where:
I - total amount of interest that is calculated for
the entire period of use of funds (A),
A - employed assets, i.e. funds that are used as
a bank loan,
T - total time of funds commitment, i.e. time of
material retention in production.
i - interest rate, as a percentage, determined by
the Bank.
In our case, involved financial assets (A) represent the value of directly processed materials of
the whole batch, which means:
A = wm . q [€/batch] ...................... (4)
With remark that the wm is marked value of direct material for one piece, it can be seen that the
size of engaged funds depends on the number of
pieces in the batch (q).
As for the time of engagement (T), one can
show that it depends on the number of pieces in
the batch, as follows:
T=

1
t n ⋅ q ...................... (5)
6 0⋅250⋅r

where:
r = 7 for work in one shift
r = 14 for work in two shifts, and
r = 21 for work in three shifts, since the standard
processing time tn is expressed in minutes
per piece, and unit of time for interest rate
applies to one year.
250 - average number of working days per year.
Volume 6 / Number 2 / 2011
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Now, this variable part of costs can be calculated (variable when reduced to a piece in the batch),
which we will mark with Cvu, if it is a whole batch,
or with cvu if it is reduced to one piece:
C vu =

w m ⋅ q ⋅t n ⋅ q ⋅i
6 0 ⋅ 2 5 0 ⋅ r ⋅1 0 0

= k ⋅ q 2 .............. (6)

where k is constant value:
k=

w m ⋅t n ⋅i
6 0 ⋅ 2 5 0 ⋅ r ⋅1 0 0

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

This cost reduced to unit of production, ie. cvu,
is interesting for our calculation,:
c vu =

C vu
q

=

2

k ⋅q
= k ⋅ q . ................. (8)
q

This includes costs related to the size of the
batch, so we can write that all costs (as a function
of the number of pieces in the batch) are reduced
to one piece, on average equal to the sum of:

Figure 1. The I characteristic variation
The Figure 1 shows the production which is
very expensive to prepare (P), time for production is long and direct materials are very expensive. Any deviation of ±(10-15)% considerably
increases the cost of the batch.

wsr = pcu + cvu = P/q + kq .................. (9)
In order to reach the number of pieces in the
batch where the costs per piece (wsr) are minimal,
i.e. to obtain the optimum number of pieces qopt, one
should find the first derivative of this function and
equal it to zero, and calculate qopt from there. So:
d wsr
dq

= − P + k q 2 = 0, .................. (10)

Where:
q o pt =

P
............................ (11)
k

Illustrative display of optimal batch size is given for characteristic varieties, which are explained
with each image (Figure 1 to Figure 4)
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Figure 2. The II characteristic variation
This is the case where the preparation for a
batch manufacture is very expensive and time of
technological operation is very short. In addition,
material being processed is not expensive. Figure
2 shows the unacceptable costs in terms of reducing the number of pieces in the batch below the
optimum, but increasing has no significant influence on costs.
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3. Presentation of the application of the
projected model

Figure 3. The III characteristic variation
In this case, it is a preparation for making the
batch, which is small and less expensive in scope
and duration, and the operation takes a long time
(large standard processing time). In addition, the
materials that are processed are every expensive.
Figure 3 shows that it is unacceptable to increase the number of pieces in the batch over the
calculated optimum, and that a smaller number of
pieces can be launched if requested, because it has
little impact on increasing costs.

The developed model and its possible application in industrial production are shown on the
example of the cutting tool factory in Cacak. Calculation of optimal batch size was performed for
three alternative options of the company: a) work
in one shift (r1 = 7 h), in two shifts (r2= 14h) and in
three shifts (r3= 21h). In doing so, in this example,
the costs of preparation included the so-called total fixed costs P = 1600 (€ / Ser), the time of making the standard piece tn = 44 (min / pc), the cost
of materials per unit wm = 31 (€ / pc), interest rate
i = 14%.
Costs of production of the batch, reduced to a
unit of a product, can be expressed as follows:
wsr =

p
+ k ⋅ q . ....................... (12)
q

Fixed costs per unit (per piece):
p cu =

P 16 0 0
=
( € / p i e c e) . ........... (13)
q
q

Unit variable costs per piece:

c v u = k ⋅ q ( € / p i e c e) .................. (14)
If a company operates in one shift (r1=7 h):
k1 =

w m ⋅t n ⋅i

31⋅ 4 4 ⋅1 4
= 0 , 0 01818
2 5 0 ⋅ r1 ⋅ 6 0 ⋅1 0 0 2 5 0 ⋅ 7 ⋅ 6 0 ⋅1 0 0
=

...................................... (15)
Figure 4. The IV characteristic variation
This variant includes practically all those cases
where the number of pieces in the batch has very
little impact on those costs that depend on the size
of the batch.
Figure 4 clearly shows this fact, which means
that in such cases we will measure the number of
pieces in the batch based on other criteria (needs),
not on this, economic criterion.

276

cvu 1 = k1 ⋅ q = 0,001818 ⋅ q

( € / piece) ... (16)

If a company operates in two shifts (r2=14 h):
k2 =

wmd ⋅t n ⋅i
2 5 0 ⋅ r 2 ⋅ 6 0 ⋅10 0

=

31 ⋅ 4 4 ⋅14
=0,000909
2 5 0 ⋅14 ⋅ 6 0 ⋅10 0

...................................... (17)
cvu 2 = k 2 ⋅ q = 0,000909 ⋅ q

(€ / piece) . ....

(18)
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If a company operates in three shifts (r3=21 h):
wm ⋅t m ⋅i

31 ⋅ 4 4 ⋅14
k3 =
=
=0,000606
2 5 0 ⋅ r 3 ⋅ 6 0 ⋅10 0 2 5 0 ⋅ 21 ⋅ 6 0 ⋅10 0

...................................... (19)
c vu3 = k 3 ⋅ q = 0 , 0 0 0 6 0 6⋅ q

( € / p i e c e ) ... (20)

Cost of batch:
w s r1 =

16 0 0
+ 0 , 0 018 2 ⋅ q
q

w s r2 =

w s r3 =

- z a r1 = 7 h .... (21)

16 0 0
+ 0 , 0 0 0 9 ⋅ q - z a r 2 = 14 h . . (22)
q
16 0 0
+ 0 , 0 0 0 6 ⋅ q - z a r 3 = 21h ... (23)
q

The optimal batch size when the company operates: in one (qopt1), two (qopt2) and three (qopt3)
shifts:
q o pt1 =

P
16 0 0
=
≈940
k1
0 , 0 018 2

(

pieces / ser

)

Table 1. The Company operates in one shift (r1=7h)
q

p1 =

16 0 0
c v u = 0 , 0 018 2 ⋅ q
q
1

wsr 1

pieces/
batch

€/piece

€/ piece

€/ piece

100

16

0,18

16,18

200

8

0,36

8,36

300

5,3

0,55

5,85

500

3,2

0,9

4,1

800

2

1,46

3,46

940

1,7

1,7

3,4

1000

1,6

1,82

3,42

1200

1,33

2,18

3,51

1500

1,07

2,73

3,8

2000

0,80

3,64

4,44

2500

0,64

4,54

5,18

3000

0,53

5,46

5,99

3500

0,46

6,37

6,83

4000

0,40

7.28

7,68

Table 2. The company works in two shifts (r2=14h)
q

p2 =

16 0 0
c vu 2 = 0 , 0 0 0 9⋅ q
q

wsr 2

pieces/
batch

€/piece

€/ piece

€/ piece

100

16

0,09

16,09

200

8

0,18

8,18

300

5,3

0,27

5,57

500

3,2

0,45

3,65

800

2

0,78

2,78

930

1,7

0,84

2,54

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

1000

1,6

0,9

2,5

1200

1,33

1,08

2,41

The optimum number of pieces is the largest if
the company works in three shifts:

1330

1,2

1,2

2,4

1500

1,07

1,35

2,42

2000

0,80

1,8

2,6

2500

0,64

2,25

2,89

3000

0,53

2,7

3,23

3500

0,46

3,15

3,61

4000

0,40

3,6

4

...................................... (24)
q o pt 2 =

P
16 0 0
=
≈ 133 0
k2
0,0009

(

pieces / ser

)

...................................... (25)
q o pt3 =

P
=
k3

16 0 0
≈ 16 3 0
0,0006

(

pieces / ser

)

q o p t 3 > q o p t 2 > q o p t1
In order to draw a diagram and determine graphically the optimum size of the batch, it is necessary
to make a spreadsheet. The results are shown in
Tables 1 - 7 and graphically in Figures 5-7.
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Table 3. The company operates in three shifts (r3=21h)
q

Figure 5. Graphic presentation of the results of
work in one shift (r1 = 7 h)

p3 =

16 0 0
c vu3 = 0 , 0 0 0 6⋅ q
q

wsr 3

pieces/
batch

€/ piece

€/ piece

€/ piece

100

16

0,06

16,06

200

8

0,12

8,12

300

5,3

0,18

5,48

500

3,2

0,3

3,5

800

2

0,48

2,48

930

1,7

0,56

2,26

1000

1,6

0,6

2,2

1200

1,33

0,72

2,05

1330

1,2

0,8

2

1500

1,07

0,9

1,97

1630

0,98

0,98

1,96

2000

0,80

1,2

2

2500

0,64

1,5

2,14

3000

0,53

1,8

2,33

3500

0,46

2,1

2,56

4000

0,40

2,4

2,8

All three versions (when the company is active
in one, two or three shifts) are presented in a common diagram in Figure 8
Figure 6. Graphic presentation of the results of
work in two shifts (r2 = 14 h)

Figure 7. Graphic presentation of the results of
work in three shifts (r3 = 21 h)
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Figure 8. Unified representation of performance
in all three shifts
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Graphical display shows how the introduction
of the second, and then the third shift, reduces production costs per unit. The lowest level of costs
per item (€ / piece) can be achieved if the production is organized in three shifts, somewhat higher
at work in two shifts, and the highest level of costs
if you work in one shift.
4. Conclusion
In this paper, one possible way of determining
the optimal size of production batch in industrial
production is shown. The starting point in this approach is the size of the proposed economic model
of batch. Considering the specific nature of industrial production, an overview of other directions of
such as analysis is given (capacity, delivery time,
etc...). The paper highlights the characteristics and
possibilities of optimization by the utilization of
the designed model.
The designed economic model undoubtedly
represents one of the most important approaches
in determining the optimal batch size in industrial
production. Optimization model presented in this
paper is based on the exact parameters and calculating of the cost in a function of the number
of pieces in the batch. The analysis includes the
costs of production, reduced per unit of production. In this way, conditions are made in which the
subjective human influence on the adoption of the
final solution is reduced to a minimum, in order to
improve the quality of decision-making, planning
and production preparation.
The article gives a detailed theoretical view of
the proposed model of optimization. Possibilities
for the designed model application are demonstrated on the example of the cutting tool factory
in Cacak, Serbia. The calculation is done with the
concrete data for conditions in one, two and three
shifts work. On the basis of calculation and graphical display, it can be seen that a deviation from
the calculated optimum has a significant impact on
increase of the production costs. In doing so, the
unit costs per product are the lowest in the conditions when companies work in three shifts.
This paper demonstrates the importance and
relevance of economic batch size in industrial
production in terms of reducing product costs. The
Volume 6 / Number 2 / 2011

developed optimization model can be widely used
in the planning and preparation of production in
industrial enterprises.
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Abstract
Unlike the recent past when it was thought that
the world we live is consists of energy and matter,
today we are witnessing in the 21 century prevailing awareness that the world consists from energy,
matter and information.
In this paper is presented the use of information in managing the optimal inspection interval
for mechatronic system. As a tool for information
processing is used artificial intelligence and presented a model of multilayer forward neural network (feed forward neural networks).
In relation to regular methods which are in used
to determine the optimal inspection interval for a
system, this method gave more accurate, precise
and optimal inspection intervals for. mechatronic
systems.
Key words: Information, artificial intelligence,
neural networks, optimal inspection interval, mechatronic system.
Sažetak
Za razliku od skorije prošlosti kada se smatralo
da se svijet u kome živimo sastoji od energije i
materije, danas smo svjedoci da u 21. vijeku preovladava svijest kako se svijet sastoji od energije,
materije i informacije.
Obrađena materija u ovom radu upravo predstavlja korištenje informacije u upravljanju optimalnog intervala inspekcije mehatroničkog sistema, a kao alat za obradu informacija primjenjena
Volume 6 / Number 2 / 2011

je vještačka inteligencija odnosno predstavljen
je model višeslojne unaprijedne neuralne mreže
(feedforward neural networks).
U odnosu na do sada korištene metode, za
određivanje optimalnog intervala inspekcije nekog sistema, navedena metoda dala je tačnije, preciznije i optimalnije intervale inspekcije stanja
mehatroničkog sistema.
Ključne riječi: Informacija, vještačka inteligencija, neuralne mreže, optimalalan interval inspekcije, mehatronički sistem.
Introduction
In designing the matter of this paper, authors
used their own experience in the using mechanization for the mining industry (in this case for coal
mine “RMU” Banovići).
Permanent requests for higher production on
surface mines resulted using of highly productive plants, such as continuous conveyor systems
Čubrić - Draganja. Improving continuous conveyor system had a long development time associated
with the development of production technologies,
equipment and the general technological development in the world, which was characterized by the
development of systems for control.
Experiences in operation have shown that most
of the working equipment not losing their functional characteristics at once; it is a process which
is continuous. Damages and failures effects are
slight wear during operation and works, but a hint
of damage and failure occurs much earlier.
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Due to that is necessary to develop appropriate methods and procedures to predict the possible
cause of failure or damage and to take into account
of maintenance costs and system reliability.
1. Analysis of current methods of
maintaining
For the former way of maintenance is mainly
used a corrective maintenance. During use of corrective maintenance methods, an integral part of
the system remains in the system until the time
of failure. After the failure, damage part replaced
with new or repairs the same part. If integral part
of the system used until the final damage, as result has damage of other components, so the total
damage increases considerably.
Corrective maintenance for the continuous
conveyor system and other technical systems what
is needed is less use and apply and mainly to cases
when damage of integral part of the system can
lead to serious breakdowns and failures, long-time
state “in failure”, the high cost of maintenance and
endangering the safety of workers.
In continuous conveyor systems, failure of any
element of the system which causes failure of the
entire system with working link.
Maintaining the system should be organized
so that reaches maximum efficiency. One way of
maintaining system is that it works until the failure, followed by repair. Such a method of treatment systems can be very expensive, particularly
due to losses in production caused by failures. To
avoid such a way of problems, especially in expensive and complex systems is necessary to select preventive maintenance, which consists of
a planned intervention in certain periods of time
based on the technical condition of component
parts or systems.
2. Determination of the optimal interval
for system inspection
Preventive maintenance in practice often use
not by the classical way as a planned activity, but
on principle of “condition based maintenance”. It
is a form of maintenance which is using continu282

ously, depending on the state of technical systems
at a given moment and whether or not a certain
value is out of the desired limits. The method of
“condition based maintenance” as a form of preventive maintenance is now widely used. By essence, this is a preventative maintenance mode.
Maintenance work by using the method of “condition based maintenance“ are performed before the
failure, but not planned, but as periodically carried
out inspections and controls to determine the right
balance for technical systems.
It is useful to point out that this method of
maintaining does not mean just run checks on the
equipment without the intervention of maintenance, it means to have available certain information about the state of the system, if system is reliable enough, knowing the state of the system as
effects have reduced the number of interventions
for maintain. The validity of the system is based
on the validity of information and frequency of inspection. On the basis of the parameter collected
through inspections, it gets an adequate picture of
the given system [1].
2.1 “Baldini” Model and statistics estimate
Preventive maintenance consists in determining the technical condition of components or systems. A problem that could be imposed, it consists
in the proper selection of the optimal inspection
interval for mechatronic systems, because in practice, during the operation of a system, rather than
use preventive intervention is necessary, varies
considerably in different situations for different
conditions of activity and behavior of different
system components.
In real conditions of use the system, the process between the two border states (“in work” and
“the failure”) passes through many “intermediate
state”. Therefore it is necessary to gain most important information about state of the system, and
therefore in the necessity of implementation of
maintenance procedures on the basis of occasional
diagnostic status.
The problem is reducing down to the calculation
of the probability that one of the integral element
will fault during the interval between two consecutive state diagnostics, minimizing overall mainteVolume 6 / Number 2 / 2011
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nance costs. Strategy for implementation of system
diagnostics is in determining the optimal inspection
interval t1, t2 ......... ti ........ tn, for diagnostic control
of the system, to achieve the lowest cost value.
In practice is in using a various number of
models for determining the optimal interval for
diagnostic control of system status, such as; model
Barlov-Prochan-Hunter, Baldini model based on
“minimal cost”, model Baldini for the “accidental” cancellations, Baldini model for the “late”
layoffs, Govoruščenka model, model-Krivenka
Harz Mountain, etc.
To determine the optimal interval control diagnostic for the system was used model Baldini
for the “accidental” cancellations. Model is based
on the assumption that the time between diagnosis
condition state is ti, ti+1 = const.
Applying the model Baldini for minimizing
maintenance costs (670,000.00 KM) continuous
conveyors system Čubrić - Draganja, has determined the optimal interval inspection for system
state t1 @ 20 days, which means that the first inspections carried out 20 days after an intervention
or replacement, and the next inspection will be
done in constant intervals of every 20 days to predict failure of the system [1].
Statistical estimation (Gaussian distribution) of
cost allocation of maintenance and inspection intervals for the system (processed using a software
tool “Data Analysis” to analyze the data contained
within Microsoft Excel), is determined by the mean
value of maintenance costs (562,885.00 ± 80038.00
KM) for continuous conveyor system Čubrić - Draganja, as well as state of the system for inspection
interval t1 @ 19 ± 4 days, which means that the first
inspections carried out 19 days after an intervention
or replacement. The results obtained statistical estimates are given in Table 1 [2].
Here it is necessary to emphasize that the computation of the optimal inspection interval systems

using model Baldini for the random “failures”, and
statistical estimates (Gaussian distribution), it gets
mean time interval for inspection. Therefore, in this
paper is describes the application of neural networks,
as intelligent tool in determining more accurate and
precise inspection intervals for the technical system,
which affects directly on the cost reduction.
2.2 Neural networks model
Artificial neural networks have an extremely
wide range of applications in process as: optimization, linear programming, robotics, identification of
complex dynamical systems, control and management systems, signal classification, communication, translation from one language to another, etc.
Serious application of artificial neural networks
is in medicine for diagnostic purposes and in the
robotic process. The main characteristic of neural
networks is that it must have ability to learn quickly
and structure should be as simple as possible. When
it comes to the implementation of neural networks,
then we have high hopes in the development of
optical neural networks in which communications
take place with lightning speed, with automatic
modification (adaptation) parameters through computers networks and liquid crystals [3].
Depending on the set criteria can be obtained
different categorization of artificial neural networks. Artificial neural networks can be a single
layer and multilayer. Typically for a multi-layer
network is that have input and output layer, and
between them are so called hidden layers. If the
layers of neural network link so that the signals
travel in one direction only from input to output
network, then we talk about forward neural networks (feed forward neural networks).
If there is at least one loop (the opposite direction of the signal) it is a feedback neural networks

Table 1.
The name of the data
obtained

Continuous conveyor system “Čubrić - Draganja” in  “RMU” Banovići
Maintenance costs

Inspection Interval

Mean Value

562.884,55 KM

Standard deviation

± 80.038,43KM

± 4,1 days @ ± 4 days

6406151059,5

19,41

Variance
Volume 6 / Number 2 / 2011
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(or feedback recurrent neural networks) [3]. In
principle, there is different supervision (under
supervision) and not supervision (unsupervised)
learning neural network. Supervision learning requires an external „teacher“ for neural network,
which observes the behavior and correcting the
same network until it gets the desired behavior of
the network.
Not supervision learning neural network does
not use an external teacher. Here, the neural network
itself organized, so the network learned using this
method is called self-organizing neural network. At
the entrance to the network leads to a set of input
variables, a self-organizing network is adjusting its
parameters (weight) by a defined algorithm.
Here it is necessary to emphasize that the application of neural networks in this work (through
learning and testing) is aimed to accurate and precise determination of the optimal inspection interval for the conveyor system Čubrić - Draganja.
Based on the above, in order to choose appropriate neural network model, it is necessary to adopt
and define the basic parameters that make up the
structure of the network, like as input layer, the
number of neurons (distributed in the hidden layer
- between input and output layer), the output layer,
the initial weight of network value (neurons).
As it has previously shown, in order to make the
choice for adequate models of neural networks, it
is necessary to adopted and determine the basic
parameters that form the structure of networks as:
–– For the input layer of the network is adopted
a technical inspection interval for system
which is given in days (Table 1),
–– Ten neurons are distributed between the
input and output layer in a so-called two
hidden layers of five neurons,
–– For the output layer of the network is adopts
the cost of maintenance for technical systems
(Table 1), corresponding to the input range
for technical inspection systems,
–– Baseline value of the neural network, which
are usually determined by a random number
generator.
For the purposes of simulating the real process,
was performed evaluation of distribution system
maintenance costs from failure to an inspection,
as well as simulations of real systems for differ284

ent inspections, from 19 days ± to 4 days, in order
to determine the costs of maintaining conveyor
systems ‘’Čubrić – Draganja’’, which confirmed
the applicability of the results and taking statistical evaluation into account the standard deviation
(Table 1).
Therefore, the inspection interval (19 days ± 4
days, Table 1) for a simulation will represent the
input value and the cost of maintenance (562,884.5
± 80038.4 KM KM Table 1) the desired output of
neural networks, which may be compared with the
calculated output value of neural network.
Based on the foregoing, it can adopt the model
of feed forward neural networks, which will be
through learning and testing giving more accurately and precisely determine the optimal inspection
interval for minimizing the cost of maintaining
conveyor systems Čubrić - Draganja. For translate
summation (sum of products of input neurons and
associated value factors) to the output neurons via
non-linear gain for this model of neural networks,
commonly is in used sigmoid nonlinear activation
function “tansig”. On the basis of the adopted and
certain parameters, it follows that the neural network needs to have input and output layer, and between them two hidden layers, which means that it
is a multilayered feed forward neural network. For
learning and testing these neural networks were
used supervision learning, which requires an external “teacher” for neural networks, which observes
the behavior and correcting the same network until it gets the desired behavior of the network. At
the beginning of the learning network, parameters
(network value) are set as small random numbers
and then used supervision learning, whereby on
the basis of a network error after the signal first
pass from input to output (first iteration), it first
adjust the parameters (value) for output layer, and
then set up a hidden layer of the network. Information which a neural network produces for set of
output variables is compared with the desired set
of output variables, a difference from desired and
actual network outputs (error) network, is used to
calculate the value of new networks.
The process of “learning” neural network (Figure 1 and Figure 2) was repeated 4000 times for
above system, until the network error is minimized.
Volume 6 / Number 2 / 2011
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To have an insight into the state system, it is
necessary to have insight into its components,
or it is necessary to determine the expected time
failure of all components, to determine is interval
obtained by the inspection system is less than the
expected time failure of components of the system
(Figure 3).
Figure 1. The process of “learning” neural
network for the transportation system “ČubrićDraganja. “

Detail - Figure 1.

Figure 3. Time expected for cancel the components
of the conveyor system “Čubrić - Draganja»

Figure 2. The optimal inspection interval for the
transportation system “Čubrić-Draganja» was
16 days, which is identical to 81 simulations.
Learning and testing this feed forward neural network was obtained the optimal inspection
interval for continuous conveyor system Čubrić
- Draganja, which is 16 days with maintenance
costs of 586,000.00 KM.
The results obtained for optimal inspection interval for continuous conveyor systems “ČubrićDraganja, “ and cost of maintaining the system,
are shown in Table 2 [2].

By interaction optimal inspection interval (t =
16 days) for state of mechatronic systems obtained
by learning and testing these feed forward neural
network and frequency failures for system components, are determined the expected time for failure
of system components:
Rotary crushers		
ta = 18 days,
A four chain-raker		
tb = 20 days,
Belt conveyor GT-2		
tc = 21 days,
Belt conveyor GT-1 and GT-3 td = 23 dan,
Collecting conveyor
te = 24 days.
Based on the presented, it is seen that the failure
of system components is greater than the optimal

Table 2.
The optimal interval inspection and maintenance systems
Model Baldini for the
“accidental” cancellations

Statistical evaluation
(Gaussian)

Model - feed forward
neural network

670.000,00 KM

562.885,00 ± 80.038,00 KM

586.000,00 KM

20 days

19 days ± 4 days

16days

Maintenance costs
Interval for inspection
system
Volume 6 / Number 2 / 2011
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interval inspection for system (Figure 3), which fully provides insight into the state of system before
the failure of system components or systems [2].
3. Conclusion
In the coming years an increasing number of
research teams will work on the issue of artificial
neural networks and artificial intelligence in general. In this sense, will intensify research of biopsychology and mental processes of human brain
by researchers from the relevant medical disciplines. These results will take technical and other
sciences with the aim of improving the performance of artificial neural networks and artificial
intelligence systems.
An interdisciplinary approach to this issue becomes an imperative of our time, and it is expected that the degree of interdisciplinary will increase
in further. The present trend for development of
mechatronic systems is directed toward adaptive
processing of information, which belongs to the
artificial neural networks, which have the ability
to be incorporated into systems of exceptional
ability to learn.
Knowing that the cost of maintaining the system depend on the inspection interval, or increasing the frequency of inspections, fall maintenance
costs due to reduction in the number of failures,
thus increasing the probability for being able to
predict failure of the system, enabling intervention
planning, and thereby increase stability and economic efficiency.
In contrast, more frequent inspections cause
greater direct costs of inspection. Based on the
presented, determining the optimal inspection
intervals for technical systems using neural networks as intelligent tools in the maintenance of
mechatronic systems, demonstrates the possibility
and full validity for implementation of neural networks in this field.
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Abstract
Quantifying and minimizing the risks associated
with schedule and cost in hydropower construction
are the main challenges for all parties involved. Under the impact of uncertain factors such as meteorological factor, there is a great uncertainty in the construction schedule of hydropower construction, accompanying with the occurrence of cost risk. Based
on the definition of construction cost risk, this paper
establishes the cost risk analysis model under fixed
schedule risk probability, discusses the uncertainty
and distribution of construction cost and the calculation method of crashing cost. By use of the probability theory and Monte Carlo simulation method,
a scientific calculation method and procedure were
worked out for construction cost under the schedule
risk probability given. The 95th percentile project
schedule value, its corresponding cost value, and the
percentile ranking of the cost were recorded, and the
conditional percentile ranking of the cost values were
determined. Finally, in order to quantify the relationship existing between the percentile ranking of the
cost and its corresponding cost value, the regression
analysis models about them were founded and compared, and the high confidence percentile estimating
values for cost and schedule were required simultaneously. Having the ability to accurately quantify
this relationship enables the selection of high percentile level values for the hydropower construction cost
estimate and schedule simultaneously.
Key words: Cost and schedule; Risk management; Simulation; Monte Carlo; Construction management
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1. Introduction
In hydropower construction, the objective of
project management is to complete a prescribed
amount of work on time, within a previously estimated cost and deliver a quality product in specified standards. However, hydropower construction
projects are normally executed in an environment
characterized by varying degrees of uncertainties.
Factors such as weather conditions, labor skills,
site conditions, materials, equipment are all influence the duration of hydropower construction actives. Researches (Cox 1995; Ben-Haim and Laufer
1998; Ayman 2000) are studied have indicated that
construction usually failed to complete on time
due the influence of factors. In general, late project
completion can have negative effects for the company such as penalty cost, budget overruns, compromised project performance, owners’ dissatisfaction, lose market share, or lost revenue. Construction projects participants are becoming more aware
of the risks associated with delays. But the lack of
appropriate tools to assess the impact of delays in
hydropower construction projects increases makes
it harder for the contractor to foresee and mitigate
the disruptive effects of delays.
Historically, the critical path method (CPM)
has been used to plan for large project scheduling;
many models have been presented to cope with
the uncertainties in the project planning. There are
two basic network techniques: program evaluation and review technique (PERT) and CPM. In a
typical CPM, the total duration of project is determined based on the assumption that the duration
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of activities are deterministic, thus, the starting and
finishing dates of remaining tasks are deterministically calculated according to the precedence relations and the original estimates of individual task
durations. However, due to the influence of factors
such as weather conditions, labor skills, site conditions, materials, equipment and so on, the durations of various activities are not precise. Total
float is a by-product of the CPM calculations. One
major drawback of the deterministic CPM is that
it cannot quantify the influence of the within float
delays of the noncritical activities on the project
duration. The shortcomings inherent to classic
CPM have been criticized since the early 1960s
(Cottrell 1999; Lu and AbouRizk 2000).
In calculating the critical path of the project,
CPM considers that the duration of each activity
is known, whereas PERT which considers uncertainty in activity duration uses an estimate of the
expected duration of each activity. PERT deals
with uncertainty by considering three estimates of
the activity duration, and assuming that the distribution of the activity duration follows a beta
distribution (Haga and Marold, 2005). Although
PERT considers the mean and variance of each
activity to describe its duration and uncertainty,
only estimates of the expected duration are considered to calculate the critical path, ignoring the
variances, thus making a deterministic analysis
(Ahuja et al., 1994). A drawback of PERT stated
by MacCrimmon and Ryavec (1964) is that when
multiple paths can be followed to complete a
project, the calculated project duration “is always
less than, and never greater than, the true project
mean.” This bias is identified as the “merge event
bias” and is most evident when the path durations
are similar to each other. Conducting a stochastic
simulation study where the true properties of the
distribution of activity duration are considered can
provide a better estimate of the expected completion time of the project (Ahuja et al., 1994).
Simulation of project networks has been used to
improve the effectiveness of the traditional PERT
analysis. Williams (2004) indicates that Monte
Carlo Simulation of project networks is now a
common tool used by project managers. Simulating a project network involves sampling an activity time from the probability distribution representing the duration of each activity, and using
288

the sampled activity duration to the critical path.
Lu and AbouRizk (2000) present a CPM/PERT
simulation model that incorporate the discrete
event modeling approach and a simplified critical activity identification method. Dong-Eun Lee
(2005) presents a software tool, which can be used
to determine the probability associated with the
completion of the project by a target date specified
by the user of the software. Lee and Arditi (2006)
describe a new simulation system, called Stochastic Simulation-based Scheduling (S3), which is an
improvement over SPSS. Simmons (2002) also
describes simulation models that evaluate project
networks. These simulations provide a histogram
of the project completion time distribution, which
can be used to perform risk analysis.
It is known that consuming the float causes to
increase the project risk (Gong and Hugsted 1993;
Gong 1997; Gong and Rowings 1995).In concern with the path float, Householder and Rutland
(1990) raised the issue of float ownership. Garza
et al. (1991) recommend having a trade-in value
for float. Gong and Hugsted (1993) developed a
merge event time estimation technique to combine
the uncertainties of both critical and noncritical
path activities into the time-risk analysis of a project network. Gong and James (1995) presented a
safe float use range concept on activity to solve
the joint influence of float use and the uncertainty
of noncritical activities on the project time. Zhong
and Zhang (2003) presented a new method to calculate the path float in the PERT to cope with the
uncertainties and reduce misleading information.
A great deal of good project management involves good project risk management. Project risk
management can be defined as the implications of
the existence of significant uncertainty about the
level of project achievement (Chapman et.al, 1997).
A risk situation is often regarded as the existence
of potentially very high and unacceptable costs or
threats due to events assumed to be more or less
likely to happen. This negative approach to risk
leads to the idea that risk management essentially
deals with removing or reducing the possibility of
under-achievement. Risk analysis is not a ‘throwing
a dice’ situation, but rather an area of study in which
a pro-active, creative, and intelligent prior-planning
approach is used, as opposed to entrenching in a defensive position. Zafer and Sameh (2007) presented
Volume 6 / Number 2 / 2011

technics technologies education management

a method to control the risks associated with float
loss in construction projects.
In this paper, a risk estimating method is available that provides more accurate estimates of
hydropower construction total project cost under fixed schedule risk probability. The multiple
simulation analysis technique MSAT (Isidore and
Back 2001, 2002), is used and expanded to generate reliable project costs and durations at different
values in concerned activities. It helps gain better
information than traditional methods because it
recognizes that project schedule and cost are uncertain. Monte Carlo simulation, as implemented
in Crystal Ball, is used to generate these sets of
durations and costs.
2.  Definition of the Risk of Construction
Scheduling and Cost
Construction project scheduling risk refers to
the provisions in the construction project within
the time schedule network simulation network
project construction plan completion than the
probability of completion, the mathematical expression of schedule risk probability RT as shown
in equation (1).
RT = P ( TC > T P )

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

Where TC denotes the duration of construction
TP represents the contract planned project duration. Usually, the value of TC can be acquired according to the method of CPM, but due to the uncertainty, it often acquired by using Monte Carlo
simulation method.
Engineering project cost also has great uncertainty. Engineering, network plan is due to various
risk factors of comprehensive effect caused by the
network planning process cost of uncertainty and,
eventually, to the total cost of the project plan is
uncertain about network plan. The risk analysis
can also similarly using type (1), only then request
is network plan than the total cost of simulation
calculation of total cost plan, namely cost risk
probability RF as shown in equation (2).
R = P ( C s > C j ) ............................ (2)
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Where Cs denotes the cost of construction, Cj
represents the contract planned project cost. Usually, the value of Cs can be acquired by using Monte Carlo simulation method.
3.  Definition of the Risk of Construction
Cost under Uncertain Schedule
Assuming that the probability density function
of the actual cost Cs is defined as f ( Cs ) , then the
cost risk R can be calculated by
R = P( Cs >C j

)=∫

∞
c

j

f

( C ) d C .............. (3)
s

s

In fact, it is difficult to calculate the cost risk
R , based on equation (3), because both of Cs and
Cj are related to the schedule. However, it can be
estimated indirectly by using probabilistic composite method. According to the Bayes conditional probability formula of Cs and the duration,

the probability density distribution f ( Cs , T ) can be
given by equation (4).
f ( Cs , T ) = f ( Cs | T ) f 0 ( T )

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

Where f ( Cs | T ) is the conditional probability
density function of Cs under a given duration T
and f0 (T ) being the probability density function of
duration (T). By using total probability formula,
we can get the result below:
f ( Cs ) =

∫

∞

−∞

f ( Cs | T ) f 0 ( T ) dT

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

Based on equation (5), equation (3) can be
transformed to
∞
∞
R = P ( Cs > C j ) = ∫  ∫ f ( Cs | T ) f 0 (T ) dT  dCs
 −∞
cj 

∞
∞
= ∫  ∫ f ( Cs | T ) dCs  f 0 (T ) dT

0 
 Cj

....... (6)

∞

Let F (T ) = ∫ f ( Cs | T ) dCs then,
C
j

∞

Tmax

0

Tp

R = ∫ F (T ) f 0 (T ) dT ≈ ∫

F (T ) f 0 (T ) dT

. ....... (7)
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Where Tp and Tmax mean that planned duration and
maximum duration respectively under the most
adverse conditions.
4. The uncertainty and distribution of
project schedule and cost
4.1. The uncertainty and distribution of
project duration
Hydropower construction process usually is
subject to the influence of many uncertain factors such as the weather condition, construction
organization, scheme, machinery, labors and so
on. The existence of which brings about the uncertainty of project duration (or the duration of activities). Malcolm et al. (1959) proposed the classic PERT theory, which has been widely accepted
after the practice of more than a half century. This
theory thinks that project duration is just a random
variable, to which an exact value cannot be given.
However, Malcolm et al. gave three types of time
estimations as follows: optimistic time estimation
(a), pessimistic time estimation (b) and the most
possible time estimation (m). In addition, this theory further assumes that the duration of activities
obey β distribution.
Based on the research of Malcolm et al., Littlefield et al. argued that the duration of activities
also obeys other random distributions (1987), including triangular distribution, Gamma distribution and so on, among which, triangular distribution is only decided by the three types of time estimations. In this article, we propose to replace β
distribution with normally distribution. However,
in real life projects, any other probability function
can be used based on the historical data and the
best fit function.
4.2. Uncertainty analysis on construction cost
A. The classification of uncertainty factors
influencing construction cost
There are many uncertainty factors that affect
hydropower construction cost. According to the
influence mode, these factors can be divided into
290

two types: one is the direct factors, such as price
changes of materials, engineering quantity and so
on. The other type is indirect factors, such as the
weather condition, construction scheme and organization, etc., which will make the effects on the
cost indirectly through affecting the schedule. As
to the former, uncertainty factors has some objectivity, so it is hard to control for the construction
side, but their changes can be reflected directly on
construction cost while as for the latter, the construction side can control the degree of their influence in the construction cost through reasonable
construction organization and scheme, but the impact cannot be reflected in the calculation formula.
Factually, when the engineering quantity is not
so certain, the unit price contract is usually adopted, which can transfer the increased cost risk
due to engineering quantity changes to the owner.
When the project duration is comparatively long
and the market price changes greatly, the contract
price usually can be adjusted, thus transferring the
risk of market price fluctuation to the owner too.
From the above point of view, cost risk caused by
direct factors including engineering quantity and
resource price can be neglected by the construction side, who should mainly focus on those uncertainty factors such as the weather condition,
construction scheme and organization, work efficiency, etc., which will affect the cost indirectly
through direct influence to the schedule.
B. Uncertainty distribution of construction
cost
Project cost includes labor cost, material cost
and machinery cost. Without taking into account
the changes of resources(labor, material and machinery) price and engineering quantity, the left
factors influencing the construction cost include
the nature forces such as the weather condition,
etc., the construction schedules, organization, and
coordination, the workers’ initiative, and so on.
However, for one given project, it is not certain
whether every factor would appear. Even if some
a factor will appear, its influence degree is still uncertain. According to probability theory, the random variable that accords with the feature above
obeys normally distribution.
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5. Method
5.1 Advantages of Monte Carlo Simulation
Method
Nobody should assume that a schedule risk
could be accomplished without gathering more
data. Gathering these data can be a difficult task
but the rewards are valuable. Gathering this information is the most important value that the risk
analyst can add to the project. The Monte Carlo
method is accepted and simple to describe. The
software, Crystal Ball, “works” in the sense that it
combines probability distributions correctly.
Monte Carlo Simulation Method can overcome
the shortcomings of PERT, it is suitable for all
kinds of distribution of activities, and β distribution is not a must. When the number of simulation
is big enough, the calculation result has high accuracy. When a project has large scale or many activities, the computing quantity is large under a certain requirement of calculation accuracy. What’s
more, when the accuracy requirement increases
one magnitude, the calculation quantity should
increase two magnitudes, which can be realized
by computer. Clearly, with the development of
computer technology, using MC method to assess
schedule risk of a project has obvious advantage.
5.2 Basic principle to evaluate schedule risk
with Monte Carlo Simulation Method
Monte Carlo Simulation Method assumes that
each activity is randomly independent. It is a computer simulation method suitable for all kinds of
distribution of activities. The basic principle is
to do plenty of tests and statistical analysis on
computer, firstly, the probability models of each
random variance are constructed, which are done
sampling and then each activity’s duration will be
determined, this process is equivalent to simulation for one time. Every time when doing an experiment, we use sampling technique first and get
the random data of activity durations, then can
acquire the random project duration with CPM.
After simulating for N times, we can get random duration serialization, and then we make on
Volume 6 / Number 2 / 2011

the random values of project duration, and get its
expected value and variance as well as the schedule risk under required duration. Zafer and Sameh
(2007) developed multiple simulation analysis
technique and used a lest-squares nonlinear regression statistical analysis on the simulation results of total duration and cost obtained the corresponding histogram, which was approximately
regarded as the probability density function curve
of total duration.
5.3 Steps of schedule risk assessment using
Monte Carlo Simulation Method
The proposed method enables contractors and
owners to quantify the impact of float loss on
project duration. The suggested analysis method
consists of nine main stages. These stages are as
follows:
1. Determine the critical path using the
deterministic CPM and the total float for all
the activities in the project.
2. Determine the distribution type of activities,
such as β distribution, and determine the
simulation times N.
3. Calculate the three time and cost estimations
of activity, denoted as a, b and m.
4. According to the distribution of durations
and costs each activity, get the sampling time
ui and ci of each activity by sampling, namely
the random time ui and random cost ci .
5. Calculate the project duration with CPM
according to the sampling time of each
activity ui , acquired the total cost value
correspondingly.
6. Repeat steps 4 and 5 and achieve {Ti }(i = 1,2,, N )
7. Make statistical analysis on {T } and get the
expected value and standard deviation of
duration.
8. Calculate the schedule risk using equation
(8) and equation (9) according to the known
or assumed required duration.
i

P (T ≤

Ts − Te

σn

)=∫

Ts −Te

σn

−∞

Pr = 1 − P

2

T
−
1
e 2 dT
2π

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

................................ (9)
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Where Ts is required duration, Te is the

expected duration on the critical path, σ n is
the standard deviation on the critical path,
P is completion probability while Pr is the
schedule risk.
9. Adjust the value of float for the activity and
repeat the step (2) to (8), and corresponding
numerical values of schedule risk are given.
6. Case Study
For the purpose of demonstrating this approach,
a hydro-junction project in Dong-shen project as
an example is implemented here. The hydropower
construction project data are listed in table 1. In this
example, variability is assumed in both schedule
and cost to be normally distributed. However, in
real life projects, any other probability function can

be used based on the historical data and the best fit
function. The precedence diagram of the example
project is show in Fig 1. In this example, the total
project cost is made of two primary cost items: the
direction cost and the indirect cost. The direct cost
represents the cost of all labor, equipment, and material required to complete the entire project. The
direct cost is estimated to be $ 150,000/week.
The deterministic CPM showed that path ABCJ
is the only critical path in the project with a total
duration of 44 days. The total float for all the activities in the project is listed in Table 2. And the
total cost is 2471 ten thousand dollars through the
deterministic method.
Monte Carlo simulation, using the software,
Crystal Ball, was run on the baseline schedule
with no delays in any activity. The simulation was
run with 10,000 iterations. The results of simulated 10,000 iterations are shown in Fig. 2 and Fig.3.

Table 1. Activities, Predecessors, Durations and Costs of Example Project
Activity Predecessor
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

A
B
D
E,H
G
H
C,F,I
K
H,L
M,P
K
O

Mean
Duration Standard
duration(weeks) deviation (weeks)
8
1.5
12
2.5
14
3
12
2
12
1.5
8
3.5
9
3
8
2.5
9
3
10
4.5
12
5
9
3.6
11
4.2
6
1.8
13
4.8
12
4

Cost($×10000)
80
115
250
100
200
170
85
240
175
135
120
150
145
105
160
175

Cost Standard
deviation ($×10000)
20
25
60
15
35
50
18
60
40
35
20
45
50
30
80
45

Table 2. Activities, Predecessors and Durations of Example Project
Activity
A
B
C
D
E
F
G
H
292

Total float (weeks)
0
0
0
2
2
2
8
8

Critical index (%)
33.59
33.59
33.59
18.20
18.20
18.84
5.06
5.06

Activity
I
J
K
L
M
N
O
P

Total float (weeks)
8
0
1
6
6
1
1
1

Critical index (%)
2.30
54.73
43.15
9.6
11.72
45.27
33.55
33.55
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Fig. 1. Precedence diagram for the example project
The simulation results for the baseline project
show that the mean project duration is 48.8231
weeks with a standard deviation of 5.4535 weeks.
The project average total cost is 2475.90 ten thousand dollars with a standard deviation of 170.82
ten thousand dollars. The simulation output frequency histogram of schedule and cost is shown
in Fig.4 and Fig.5.
In these two frequency distribution of normally
goodness-of-fit testing, through observation, the
10,000 discrete points are very near tilt straight, the
graphics are linear, which can be concluded that
the hydropower project schedule and cost are also
normally distribution. The normality tests of project
duration and cost are shown in Fig.6 and Fig.7.

Fig. 3. The line of chart total cost simulated
10000 times

Fig. 4. Frequency histogram for total schedule

Fig. 2. The line of chart total duration simulated
10000 times
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Fig. 5. Frequency histogram for total cost

Fig. 6. The normality tests of project duration

Fig. 7. The normality tests of project cost
Given a required time limit, the probability of
completion and the project schedule and cost risks
are all can be calculated accordingly. For example, when the regulated duration of schedule is 44
days, the completion probability is 18.85%, and
that is to say, the risk of project cannot be completed on time is 81.15%, the project schedule
risk is very high; when the regulated duration of
schedule is 2471 ten thousand dollars, the completion probability is 48.20%, and that is to say, the
cost risk of project cannot be completed on time
is 52.80%, the project cost risk is very high. Respectively using the estimate method on cost and
294

schedule statistical cannot simultaneously obtain
high confidence of the cost and schedule, as a matter of fact project cost and schedule risk estimate
is very high.
The critical index CI for each activity can be
calculated from the simulation analysis results.
The CI is defined as the probability of an activity
to be on the critical path. Table 2 lists the CI values
for all activities in the example project. The CIs
indicate that the path ABCJ has the highest probability of being the critical path. Table 2 shows
that Activity A has a 33.59% probability of having zero float which means that there is a 66.41%
probability of being noncritical. Noting that the
probability of A not being the initial activity is a
matter of technical possibility. This applies to all
activities and suggests that the methodology recognize the importance of evaluating calculations
against reality.
The simulation run for the baseline project resulted in a set of different durations and their associated total costs. Directly relating these durations
with their corresponding costs produced Fig. 8.
Fig. 8 shows that, for any project duration, there is
a set of possible costs. Also, there is a considerable
overlap of cost values signifying that the selection
of particular project schedule duration does not
have mutually exclusive cost values. Thus, a particular cost value may be acceptable for a range of
possible project durations and vice versa. However, although cost value is valid for several possible
project durations, the confidence level associated
with it varies considerably, depending on which
duration is considered.
To estimating the new cost associated with
any float loss in Activity B, the MSAT (Isidore
and Back 2001, 2002) is applied. This technique
is used to relate the results of range estimating
and probabilistic scheduling such that high confidence level values can be selected for a project
and schedule. In this paper, the application of this
technique is extended to quantify the project cost
and schedule risks. Using Monte Carlo Simulation
technology establish cost and schedule of random
distribution network planning simulation model,
and repeated m times independent simulation, every time simulation operation n times. In this case,
m = 20, n = 500.
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technics technologies education management

Fig. 8. Project duration versus total cost generated by Monte Carlo simulation using Crystal Ball
Using the example hydropower construction
project, the first step in this procedure requires fixing the percentile level of either the cost estimate
or the project schedule. Fixing either the project
schedule or the cost estimate at a predetermined
percentile allows the analysis to proceed in a systematic way, such that the other can be determined.
In this particular case, the percentile ranking of the
project schedule was fixed at the 95% probability
level, in other word there was only a 5% chance
that the observed value would be exceeded.
The next step involves simulating the project
using the traditional simulation and sorting the resulting data based on the project schedule values.
With respect to the example project, the 95th percentile value was then located and recorded along
with its corresponding cost estimate. The data were
then used to determine the percentile ranking of this
cost estimate value, which was also recorded. The
project was simulated 20 times using 500 runs per
simulation, and for each simulation, the 95th percentile project schedule value, its corresponding
cost estimate value, and the percentile ranking of
the cost estimate value were recorded. Once these
data were recorded, the mean cost estimate and its
standard deviation were then used to determine the
conditional percentile ranking of the cost estimate
values. A list of these data is presented in Table 3,
along with the relevant summary statistics. Note
that the results from each of the respective simulation runs are independent from each other.
Once the simulation run was completed, the data
generated were first summarized in the traditional
way in order to enable the selection of the schedule
Volume 6 / Number 2 / 2011

estimate values that had a high probability of not
being exceeded. In this hydropower construction
project, the third simulation operation of 500 simulation output data, the 95th percentile schedule estimating value is 57.65 weeks. In the 500 iterations
simulation output to find out the corresponding cost
estimate value is 2630.88 ten thousand dollars, and
find out the corresponding confidence percentile is
81.80%. For each simulation, the 95th percentile
project schedule value, its corresponding cost estimate value, and the percentile ranking of the cost
estimate value were recorded, and are shown in columns 2, 3 and 4 of Table 3.
The project cost estimate values and the probabilistic cost percentile is listed in Table 3 and are
fitted the polynomial regression relationship in the
following equation:
CE=250.968CP2+240.3689CP+2280.8772 .... (10)
Where CE denotes the hydropower construction project cost estimate, CP represents the value
of confidence percentile.
This regression relationship is shown graphically in Fig. 9. Meanwhile, it can be seen from the
Fig. 10, the fitting curve overlapped almost with
the predictive value curves of confidence interval.
This indicates that the fitting degree is very high.

Fig. 9. Polynomial regression relationship of
project cost estimate and confidence percentile
Since the percentile level for the project schedule values had been pre-established at 95% and
the observed values do not vary significantly
about the mean value of 57.9925 weeks, this value
was used as the best estimate of the actual project
schedule at the 95th percentile.
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Table 3. Cost Estimate and 95th Percentile Level Project Schedule Data Obtained from 20 Project
Simulations
Simulation
number
1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Mean
Standard
deviation

Project
schedule
(weeks)
1
57.66
57.34
57.65
57.84
58.76
57.61
57.84
58.98
58.83
57.33
57.74
58.23
57.49
57.75
58.65
56.57
58.5
58.38
57.22
59.48
57.9925

Cost
estimate
($×10000)
3
2539.88
2479.05
2630.88
2641.31
2579.8
2536.11
2316.16
2595.81
2770.18
2430.85
2650.46
2464.89
2630.28
2696.92
2760.57
2343.03
2340.09
2579.71
2616.03
2754.65
2567.80

0.7129

137.2514

Probabilistic
cost
percentile
4
0.63
0.51
0.818
0.802
0.8598
0.618
0.182
0.754
0.942
0.412
0.816
0.446
0.8
0.894
0.956
0.236
0.19
0.714
0.796
0.95

Fig. 10. Interactive fitting curves of project cost
estimate
Once the hydropower construction project
schedule value was fixed in this way, the impor296

Corresponding
project cost
($×10000)
5
2531.92
2468.74
2645.43
2635.08
2673.08
2525.28
2332.94
2604.79
2730.00
2422.51
2644.13
2438.00
2633.79
2696.35
2740.04
2351.58
2335.61
2580.44
2631.23
2735.73
2567.80
134.7040

Conditional
project cost
percentile
6
0.3974
0.2358
0.7157
0.6879
0.7794
0.3783
0.0436
0.6064
0.8810
0.1146
0.7123
0.1711
0.6844
0.8264
0.8944
0.0570
0.0455
0.5359
0.6772
0.8888

Conditional
project cost
($×10000)
7
2519.22
2448.25
2654.35
2642.80
2680.66
2510.91
2361.77
2608.64
2722.10
2393.98
2652.94
2419.39
2641.34
2699.91
2727.52
2367.87
2362.64
2578.78
2638.34
2725.26
2567.80
132.4821

tant issue became finding a way to select the cost
estimate value that would also have a high percentile level and was related to this project schedule
value in a meaningful way.
According to the equation (10), calculate corresponding project cost estimates in the light of
the probabilistic cost percentile, and the corresponding project cost results are shown in column
5 of Table 3. For example, when the cost estimate
percentile confidence CP equals 0.6, the cost estimates predicted CE equals 2515.4470 ten thousand dollars. Though observing the 20 values of
the 95th percentile level project schedule in the
second column of Table 3, the minimum estimated
value of the progress of 56.57 weeks, the maximum
is 59.48 weeks, the mean value is 57.9925 weeks,
and standard deviation is 0.7129 weeks. Therefore,
take the mean 57.9925 weeks as the 95th percentile
level project schedule confidence estimation.
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There is a common feature of the 20 values in
the column of Table 3, namely that they are 500
iterations simulation output in the progress of
95th percentile confidence estimation conditions
the corresponding cost estimates. Using equations
from (3) to (7) calculating the estimated cost of
this data set of 20 cost estimates for each percentile of confidence, result is listed tied in the column
of Table 3. Cost of establishing the third column of
Table 3 estimates the first 95 and the sixth column
of the schedule estimate percentile confidence under the corresponding estimated percentile confidence between the quadratic regression models, it
is shown as equation (11).

Fig. 11. Polynomial regression relationship of
conditional project cost estimate and confidence
percentile

CE*=-30.4287CP2+458.4314CP+2341.8413
...................................... (11)
Where CE* denotes the hydropower construction conditional project cost, CP represents the
value of confidence percentile. This regression
relationship is shown graphically in Fig.11. Meanwhile, it can be seen from the Fig. 102, the fitting
curve overlapped almost with the predictive value
curves of confidence interval. This indicates that
the fitting degree is very high.
According to the equation (11), calculate the
conditional project cost values in the light of the
conditional project cost percentile, and the results
are shown in the column 7 of Table 3. For example, when the conditional project cost percentile
confidence CP equals 0.6, the conditional project
cost estimates predicted CE* is 2605.9458 ten
thousand dollars. Through observing the 20 values in column 7 of Table 3, the minimum value
is 23.6177 ten thousand dollars, the maximum
is 27,275,200 ten thousand dollars, the mean is
2567.80 ten thousand dollars, and the standard deviation is132.4821 ten thousand dollars.
Comparing the two sets of scattered points and
the corresponding fitting curves in Figure 9 and
Figure 11, it is can be found that the same percentile confidence cost estimate request, the schedule of the condition is estimated that the value is
higher than estimated under the condition of the
estimated results. At the same time, the estimated
cost of the request, the value obtained under conditions of confidence is estimated to be less than
the unconditional percentile estimation results.
Volume 6 / Number 2 / 2011

Fig. 12. Interactive fitting curves of conditional
project cost estimate
Therefore, the estimated costs of the two estimates are different, and this difference become bigger more and more as the value increase of percentile confidence. From the point of view for statistics,
the condition estimate is more effective from theoretical and practical significance. In consequence,
in the condition of the 95th percentile confidence
level the schedule is 57.9925 weeks, according to
the equation (11) calculating the estimated cost of
the estimated confidence value is 2749.89 ten thousand dollars. Therefore, the schedule and cost for
the first 95 percentile of the joint estimation of confidence is (57.9925, 2749.89). Estimated percentile
confidence in the other available estimates of equation (11) calculated. The entire analysis just presented was predicated on fixing the project schedule at the 95th percentile level. If instead of fixing
the project schedule value, the cost estimate value
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was fixed at the 95th percentile, an analysis similar
to that undertaken in the previous section could be
performed.
7. Conclusion
In real life hydropower construction projects,
the schedule and cost targets are need to be considered by all construction project stakeholders.
By use of the probability theory and Monte Carlo
simulation method, a scientific calculation method
and procedure were worked out for construction
cost under the schedule risk probability given.
The 95th percentile project schedule value, its
corresponding cost value, and the percentile ranking of the cost were recorded, and the conditional
percentile ranking of the cost values were determined. Finally, in order to quantify the relationship existing between the percentile ranking of the
cost and its corresponding cost value, the regression analysis models about them were founded
and compared, and the high confidence percentile
estimating values for cost and schedule were required simultaneously.
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Abstract
This paper presents a selected repair technology
for different types of electro-contacts by replacing
the contact plates on the brass body of the electrocontacts and connecting the elements by process of
brazing with silver solder. Quality assessment of
the soldered connection was performed by metallographic examining of the structure soldered connection of the contact plates, hard brazing, and the body
of the electro-contacts carrier. Determination of the
exploitation period of the repaired electro-contacts
is derived by comparison with new electro-contacts
in industrial conditions. Analysis of economic and
financial data is derived by comparing the costs of
reparations and the cost of purchasing new electrocontacts annually in production conditions in the
manufacturing Steel Plant - Smederevo.
On the basis of investigation of the structure of
the soldered connection, the exploitation period
and analysis of economic and financial indicators,
a feasibility assessment was given of the applied
technology of repair of electro-contacts in industrial conditions of the Steel Plant - Smederevo.
Key words: Electro-contacts, repair, brazing,
microstructure
Sažetak
U ovom radu je prikazana odabrana tehnologija
reparacije različitih tipova elektrokontakata za300

menom kontaktne pločice na mesinganom telu
elektrokontakta i spajanjem elemenata primenom
postupka tvrdog lemljenja srebrnim lemom. Ocena kvaliteta zalemljenog spoja je izvedena metalografskim ispitivanjem strukture zalemljenog spoja
kontaktne pločice, tvrdog lema i tela-nosača elektrokontakta. Određivanje veka eksploatacije repariranih elektrokontakata je izvedeno metodom komparacije sa novim elektrokontaktom u industrijskim
uslovima. Analiza ekonomsko-finansijskih pokazatelja je izvedena na osnovu poređenja troškova
reparacije i cene nabavke novih elektrokontakata
na godišnjem nivou u proizvodnim uslovima proizvodnog pogona železare-Smederevo.
Na osnovu rezultata ispitivanja strukture zalemljenog spoja, veka eksploatacije, i analize ekonomsko-finansijskih pokazatelja data je ocena
opravdanosti primenjene tehnologje reparacije
elektrokontakata u industrijskim uslovima železare-Smederevo.
Ključne reči: elektrokontakti, reparacija, tvrdo
lemljenje, mikrostruktura
Introduction
Contact material should have specific metallurgical properties that ensure the transmission of
electric current without loss, and full-current interruption of current in a short period of time. However, the electrical conductors do not have such
Volume 6 / Number 2 / 2011
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qualities to simultaneously satisfy both conditions
at the same time. Silver with low sensitivity to
oxidation and high conductivity (63MS / m) is an
important material for making contact elements.
Especially the improvement of hardness and arc
suppression was achieved by the development of
alloys based on silver (AgCu, AgSn, AgCd, AgPb)
but the electrical conductivity was reduced. Further improvement was achieved with the development of alloys AgNi whose components in the
solid state with each other are slightly soluble. The
compact silver matrix structure remains clean and
retains high conductivity, and isolated inclusions
of fireproof nickel enable complete cessation of
the electric arc [1]. Significant progress in the development of contact materials is made through
the development of powder metallurgy, where mechanically embedded in the silver matrix are stable oxides (CdO, SnO2, CuO, ZnO, MgO, CrO2).
In addition to choosing the right quality of contact plates, of particular importance is the selection
of appropriate technology of its connecting with
the carrier body of the electro-contacts. Manufacturers of electrical contacts resolve the connecting
technology from the aspects of quality assurance
of metal connections and productivity of series
production of the product. The most common is
use is the technology of connecting the contact
plates and carrier body using the electro resistance
welding process where you get a compact metal
connection at low cost of production. Since it is
a connection of different materials with unfavorable characteristics in regard to the resistance spot
welding process, very controlled and precise parameters for maintaining a uniform level of quality are required.
However, despite all the good qualities and low
cost of production, the above listed connecting
technology of the repair process, because of high
capital investment and low flexibility of the technological parameters, is not acceptable for practical and economic reasons.
Electrical contacts are working elements of the
switches of electrical devices consisting of two
parts: an electo-contacts carrier body and contact
plates. The electro-contacts carrier body is made
of brass grade Zn33. The contact plate is an important part of the switch and should have very
good characteristics of electricity transmission
Volume 6 / Number 2 / 2011

without loss and to enable rapid and complete cessation of the electric current (electric arc) at a certain point [2].
For performing repair of electro-contacts the
selected technology is to connect the contact plates
and the carrier body using brazing procedure and
applying appropriate metallurgical quality silver
solder and flux that provides good conductivity in
the connection area and tolerates a certain degree
of error in terms of homogeneity of the soldered
contact surface, and at the same time does not affect the reduction the life of the electrical contact
in operational conditions.
1. Review of damaged switches for repair
Production equipment such as cranes in the
steel plant Smederevo, because of continuous
work in very difficult conditions is often requires
turning switches on and off, which causes damage to the contacts in switches of different shapes
and types: K25, K30, K40, K63 , K85, K110,
K160, K250, CN00, CN10, CN16, CN25, CN30,
CN40, CN63, CN80, CN110, CN170, CN250,
KS100, KS160, KS250, KS400, KS650, CNM36,
CNM45, CNM60, CNM75, CNM110 , CNM140,
CNM170, CNM250, CNM400.
The most common damage is caused on the
contact switch plate due to electric arc interruption, and in some cases deformation appears in
the carrier body made of brass. The appearance of
characteristic damage to the contact plate can be
seen in Figure 1

Figure 1. The appearance of characteristic damage to switches type: a) CN63 and b) CN250
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Tracking the level of consumption of electrocontacts in the steel plant Smederevo and doing a
cost analysis of replacing damaged switches with
new ones, indicates very significant financial costs
and the reduction of which can be made by introducing the technology of electro-contacts repair.
Statistics show that the average annual volume
of consumption of electro-contacts on cranes in
all production sections of the steel plant Smederevo (sections: agglomeration, blast furnaces, steel
mills, cold and hot rolling mills) is 12,500 pieces
(for the annual production level of 45%). A view
of the volume ratio of certain types electro-contacts in total consumption is given in Table 1.
Table 1. View of volume of annual consumption
of certain types of electro-contacts
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Switch
type
K25
K30
K40
K63
K85
K110
K160
K250
CN00
CN10
CN16
CN25
CN30
CN40
CN63
CN80
CN110
CN170

pcs/
year
442
151
410
547
192
163
126
118
47
670
843
1934
22
607
1219
1033
600
577

No.
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Switch
type
CN250
KS100
KS160
KS250
KS400
KS630
CNM36
CNM45
CNM60
CNM75
CNM110
CNM140
CNM170
CNM250
CNM400

pcs/
year
509
274
246
353
463
39
86
77
115
144
77
96
173
115
88

2. Repair procedures
Electro-contact repairs include replacing the
damaged contact plate on the electro-contact carrier. The appearance of brass electro-contact carrier and the position of the soldered contact plate
can be seen in the drawings, Figure 2 (a, b) for two
types of switches selected from 33 types (Table 1)
for which the repair technology was mastered.
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Figure 2. Drawing of switches:
a) Working contact CN80
b) Idle contact K100.
Repair of damaged plates on electro-contacts
consists of a number of technological operations
of which the main procedure is high temperature
brazing. The chosen procedure was gas soldering
which meets the technological requirements. The
technological process of repairing of electro-contacts is done by performing of necessary technological operations according to the technological
scheme given in Figure 3.
Checking of damaged electro-contacts is done
in order to separate those which can successfully
be repaired leading to a functional state, of a quality which is identical to new electro-contacts. The
first technological operation involves activity of
separating the soldered connection of the contact
plate from the body of the brass carrier using a gas
burner. After removing the damaged contact plates
it is necessary to clean the surface of the carrier
by grinding, and then perform leaching in sulfuric
Volume 6 / Number 2 / 2011
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acid and rinsing in water. The electro-contact carrier is prepared for soldering a new contact plate.
A silver based (AgNi10) contact plate it is cut out
from a cold rolled sheet with thickness determined
by the dimensions of a particular type of switch.
Soldering of the new cut plate to the carrier is performed using a gas burner, implementing silver
solder and an appropriate flux in the specially designed tools for holding and centering parts.

Table 2. Chemical composition and main characteristics of the selected low melting silver hard
solder
Grade
DIN8513

Composition (%)
Ag

Cu

Zn

Cd

L-Ag40Cd
40,0
Melting interval, °C
Working temp. °C
Thickness g/cm3
Electr. cond. m/Wmm2

19,0

21,0
20,0
595-630
610
9,3
14,0

After cutting hard solder foil in the shape identical to the contact plate, it is necessary to perform
degreasing in trichloroethylene or alcohol. For
brazing with selected silver solder applied was a
flux in paste form tag TES-III (Eling-Loznica), the
standard DIN8511 tag F-SH1[1-8].

Figure 3. Scheme of technological operations for
repairing of electro-contacts
Selection of hard solder and flux. Depending
on the type and shape of the electro-contact applied is solder in the form of a thin strip or wire.
Soldering was carried out with silver solder grade
L-Ag40Cd (manufacturer IHIS Electrocontacts
Ltd.) according to standard DIN8513, thickness
0.2 mm, Table 2. Silver based solders are characterized by low temperature melting intervals and
excellent capillarity during soldering, enabling
connecting various metals and alloys (copper,
copper alloys, new silver and steel) [1-8].
Purchased ready-made contact plates, rectangular and circular shaped of different sizes for repairing of electro-contacts were made by the manufacturer “Sokoelektra” - Soko Banja and Institute
ITNMS - Belgrade.
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Performing brazing. Prepared parts of the contact plates, carrier body, hard silver solder and flux
are placed in a tool in a strictly defined order. First,
the carrier body is set, then the connecting point is
coated with flux, silver solder foil is placed and
again coated with flux paste after which the contact
plate is set into the prepared bearing. Thus assembled
components are heated simultaneously with multiple
cross-burners directing heat to the contact plate and
the carrier from which heat is transferred to the flux
which melts first, then hard silver solder melts and in
capillary form fills the gap between the plates and the
carrier body. After welding the joint is cleaned with a
metal brush and then sanded and cleaned by leaching
in a solution of nitric and sulfuric acid. In the end it
is necessary to qualitatively polish the surface of the
soldered contact plate. Soldered electrical contacts
can be seen in Figures 4 and 5

Figure 4. Layout of switches with repaired electro-contacts
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tion of surfaces before soldering or trapped gas inclusions due to improper execution of the process
of brazing, Figure 7 .

Figure 5. Appearance of repaired electro-contacts switch type: CN63 CN100 and CN80
Testing of structure of soldered connection.
A sample was taken from the soldered connection
of the contact plates and of the electro-contact carrier body. After preparing the cross-section area
by grinding and polishing the sample and in order to develop microstructure it was etched twice,
the first time with a solution of 50 ml ammonium
hydroxide and 50 ml of 3% solution of hydrogen
peroxide and water, for a period of 2-3 seconds [18] which etched away the carrier body Zn33 well,
and AgNi10 not that well.
For these reasons it was necessary to further
etch the AgNi10 with a solution of 10 ml of sulfuric acid (ρ = 1.84 gcm-3), 100 cm3 of saturated
solution of potassium bicarbonate, 2 cm3 of saturated sodium chloride and 900 cm3 of distilled water, for a period of 20 to 30 seconds [1-8].
In figure 6a shown is the microstructure of the
soldered connection CuZn33 and AgNi10.
The microstructure of brass CuZn33 consists of
α-solid solution crystals, figure 6b, and in figure
6c visible is the microstructure of the contact plate
AgNi10
To indicate the possible occurrence of errors during soldering a characteristic sample was
taken, with errors made due to poor performance
during the experimental soldering. If the soldering
technological procedure has not been done well
in the soldered joints different kinds of inclusions
may appear such as dirt because of poor prepara304

Figure 6.(a,b,c) Microstructure of soldered connection of brass and silver alloy: Ms33-Ag10Ni
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To analyze the inclusions in the soldered joints
the sample was etched with ferric chloride. The
microstructure of brass is composed of crystal
α-solid solution, (for brasses it is significant if
they contain certain impurities such as lead or
sulfur). Inhomogeneities in the microstructure of
the soldered joint of brass and silver alloy (Ms33Ag10Ni) can be seen in Figure 7 (a, b, c).

3. Economic effects of repairing
To evaluate the economic effects electro-contacts repair a comparison was made between the
purchase price of a new switch with the price of repairing the damaged contact plates. A full analysis
was performed of purchasing new electro-contacts
at the steel plant Smederevo at an annual level at a
time when production was about 600,000 t/yr. (1/4
compared to the designed capacity) [3]. An overview of the quantity of electro-contacts for repair
by type of switch is shown in the diagram, Figure
8. In the diagram Figure 9, shown is a clear comparison of prices, costs and benefits of repairing
by type of switch that has revitalized by repairing.
To understand the costs of repairing and benefits
for specific types and quantities of switches in the
diagram, Figure 10 the obtained results are presented comparatively where the perceived repair costs
are the lowest for switch type K at an average of
18%, while for the switch type CN they average at
38% and for the switch type K they amount to an
average of 39%. However, low costs of repairing for
the most used type of switches indicates that there
is considerable benefit in introducing electro-contacts repairing. The total financial value of the purchase of new switches at an annual basis amounts
to approximately € 985,254 (the total number of
new switches that were purchased for installation
in the plant per year was 12,551 units at an average
price of 78.5 €). Comparison of individual benefit
for certain types and quantity of switches is given
in the diagram, Figure 11.

Figure 7. (a,b,c) Inhomogeneities in the microstructure of the soldered joint of brass and silver
alloy (Ms33-Ag10Ni)
In the micro-image (a, b and c) errors in the soldered joint can be seen, which include incomplete
fusion of the material due to captured gas bubbles.
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Figure 8. View of the quantity of electro-contacts
for repair by type of switch
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4. Analysis and conclusion

Figure 9. Comparison of prices, costs and benefits of repairs by type of switch

Figure 10. Comparison of costs and benefits for
certain types and quantity of switches

Figure 11. Comparison of individual benefit for
certain types and quantity of switches
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Quality evaluation of repaired electro-contacts
was made on the basis of metallographic examination of width of the soldering zone, solder layer
thickness, homogeneity and structure of the soldered connection. The paper also presents possible errors in the connection if the brazing technology is performed incorrectly. Shown are results
of metallographic analysis of the soldered connection where found were trapped air inclusions
and other inhomogeneities that result from poorly
prepared parts prior to soldering and improperly
carried out of gas soldering. Shown are the results
of microstructure testing in which there were no
errors such as inclusions, which confirms that the
process of preparing the surface to connect the
brass body and the contact plates and the brazing
parameters were fully respected and using given
technology performed well.
Rating of the working lifetime of repaired electro-contacts in industrial conditions in a steel mill
in relation to new electro-contacts was tested by
installing into a switch, in turns, the repaired and
new electro-contacts to be exposed to the same operating mode of exploitation. Obtained results of
testing of the exploitation lifetime of the repaired
electro-contacts compared to the new ones demonstrated good reliability and lifetime that is at the
level of new electro-contacts, and thus fully confirmed the justification for introducing repairing
in industrial conditions of the steel mills in terms
of savings, quality, reliability and the exploitation
lifetime.
Reliability and quality of repaired electro-contacts confirmed by testing has provided encouragement for the introduction of repairing of electro-contacts for which the main and only motive
and objective was a very high level of financial
savings, which on an annual basis is very significant.
Based on the indicators in the techno-economic
study [3] which are very encouraging, it can be
concluded that the technological process of repairing is economically feasible with low risk in
business, and is enforceable for a large number of
used electrical switches (over 90%) while the rest
of the switches must be replaced by new ones, this
mostly relates to the type K switch.
Volume 6 / Number 2 / 2011
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Abstract
The study examines the impact of strategic
factors on quality management in industrial companies. Basically, it was hypothesized that QM
concept is not universally applicable, but strategydependent. Research comprised the sample of 111
Serbian industrial companies. A model is assumed
for relation between strategy and QM critical factors; it is assumed that it is mediated through management style and employees behavior. Research
instrument was developed, and preliminary data
analysis was carried out to arrive at final model
of relation between strategic, management style,
employees behavior and QM factors. Final model data were subjected for reliability and validity
analysis, so as to perform structural equation modeling, by means of which pathway and path coefficients in the model were determined. Context-dependent nature of QM concept has been proved by
confirming direct impact of employees behavior,
and by confirming accessory hypotheses for indirect impact of strategic and management style factors in the model. Adequate model of statistically
significant relations was obtained, which, being a
newly developed theoretical framework, provides
inferring a range of new and practically checkable conclusions, as well as recommendations for
applying QM in Serbian industrial companies.
Strategy with risk taking elements is not appropriate for QM practice, while appropriate strategy
elements include innovations, cost minimization
308

and analytical elements, that exert influence on
proactivity, long term planning and motivating
as dimensions of management style. Employees
behavior with its dimensions such as proactivity,
good interpersonal relations and spirit of collectivism is dependant on management style and exerts
influence on concept of QM.
Key words: strategy, quality management factors, structural equations modeling
Sažetak
U radu je istražen utjecaj strategije na koncept
upravljanja kvalitetom u industrijskim poduzećima
Srbije. Osnovna hipoteza rada je da koncept upravljanja kvalitetom nije univerzalno primjenjiv, već da
ovisi od strategije poduzeća. Poznati utjecaji strategije na stil rukovođenja i ponašanje zaposlenih su
također uključeni u razmatranje, tako da model sadrži utjecaj strategije na stil rukovođenja, koji dalje
utječe na ponašanje zaposlenih, koje dalje utječe na
dvonivoiski opisan koncept upravljanja kvalitetom.
Model je testiran na uzorku 111 srpske industrijskih poduzeća. Konačni podaci prikupljeni na terenu putem ankete su testirani faktorskom analizom
i analizom pouzdanosti, koje su model redukovale.
Analiza pouzdanosti i faktorska analiza smanjile
su pretpostavljeni model, jer su sljedeće dimenzije
odbijene za daljnju analizu: elementi rizikovanja
unutar strategije, delegiranje, nivo detaljnosti u odlučivanju i sklonost za riskiranje, stupanj decentraVolume 6 / Number 2 / 2011

technics technologies education management

lizacije i udjela zaposlenih, kao i pojedine dimenzije upravljanja kvalitetom (označene sa L5, L6, L7,
OB1, SIST2, PROC4, ISP1 i PK2). Nakon toga model je bio testiran metodom modeliranja strukturalnim jednadžbama, putem koje su dobiveni smjerovi
i jačine veza. Adekvatan model statistički značajnih
veza je dobiven kao novi okvir za izvođenje zaključaka i preporuka za primjenu menadžmenta kvalitetom, ovoga puta zavisno od konteksta. Strategija sa
elementima rizikovanja ne pogoduje praksi upravljanja kvalitetom, dok elementi inoviranja, smanjenja troškova i analitičnosti pozitivno utječu na dimenzije stila rukovođenja kao što su proaktivnost,
dugoročno planiranje i motivacija zaposlenih, da bi
one dalje utjecale na dimenzije ponašanja uposlenih. Proaktivnost, dobri medjuljudski odnosi i duh
kolektivizma jačaju dimenzije menadžemt kvalitetom u srpskom industrijskim poduzećima. Zaključci rada ukazuju da je praksa upravljanja kvalitetom
bolja kada navedene dimenzije stila rukovođenja
imaju veće vrijednosti, jačina veze je 0.38, kada dimenzije ponašanja uposlenih imaju više vrijednosti,
jačina veze je 0.52, i kada su jači naprijed navedeni elementi strategije, s jačinom veze 0.50. Razina
značajnosti testiranih veza je manji od 0.01. Dakle,
može se zaključiti da se najbolje QM prakse mogu
naći u tvrtkama koje imaju jasno definiranu strategiju koja se oslanja na analizu troškova i inovacije,
gdje su menadžeri proaktivni, planiraju dugoročne i
motiviraju zaposlenike, koji su također proaktivni,
imaju dobre mejdusobne odnose, i gdje vlada duh
zajedništva i suradnje. Zaključak je da kompanije
mogu poboljšati praksu upravljanja kvalitetom pravilno definiranom strategijom, organičkim stilom
upravljanja i ponašanja zaposlenih. Proaktivno ponašanje zaposlenih sa jakim duhom kolektivizma
je tipična karakteristika organičkog tipa. Zapravo,
napori da se poboljša kvalitet mogu proizvesti bolje ili lošije rezultate, ovisno od djelovanja naprijed
navedenih utjecaja faktora. Ovaj rad daje višestruke
smjernice za daljnja istraživanja. Prvo, dobro bi u
predložen model uključiti i poslovne performanse.
Zatim, predložen model može biti proveren longitudinalno, kako bi bio proučen i uticaj menaxmenta
kvalitetom na strategiju, stil rukovodjenja i ponašanje zaposlenih, što će predstavljati početak primene
Donaldsonove teorije neokontingencije.
Key words: strategija, faktori upravljanja
kvalitetom, modeliranje strukturnih jednačina
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1. Introduction
Many QM programs have not led to a higher
organizational efficiency, effectiveness and higher
performances indicators. According to Nakayo,
Hikida and Sanada (1996), and Sila (2007) QM
program failure rate is higher than 30%. Over
the past years, many researchers (Germain and
Spears, 1999; Prajogo and Sohal, 2006; Saad and
Siha, 2000; Sousa and Voss, 2001) have associated
frequent QM program failures with contingency
or contextual factors, denying the assumption on
the concept universality.
Therefore the aim of the present paper is to
investigate context-dependent nature of QM concept, exploring the impact of the strategy, across
to management style and behavior of employees,
on the QM and. Selection of serbian industrial
companies as a field research results from the fact
that the ISO 9000 series was originally created for
manufacturing firms, so as to no particular state
of development of the TQM concept in Serbia so
there we can expect the first confirmation of research hypotheses.
2. Literature review
According Khandwall-a (1977) the basic idea
of contingency theory is that certain factors (technology, size, strategy, market, etc..) enable or
hinder the adaptation of the organization, most
frequantly through organizational structure, and to
achieve the objectives of the organization. Donaldson (2001) points out that the essence of contingency theory makes the concept of alignment
characteristic of the organization with a situation
where it is currently located. Particularly large
contribution to the contingency theory considers
the identification of contingency factors affecting
the formation and functioning of organizations,
among which are the more important: the environment, size, age and type of organization, strategy,
management style and leadership, technology,
organizational structure, motivation, conflict and
employee`s cooperation.
The QM concept critical factors are also the
subject of researches of scientific public. In their
writings published from 1989 to 2000 Sila and
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Ebrahimpour (2002) conclude that 25 TQM factors can be recognized. A majority of studies,
according to Sila and Ebrahimpour (2002), consider TQM factors within one country, most often
North America. A year later, the mentioned authors in their work in (2003) determine 18 TQM
critical factors, based on search for key words and
frequency of their use in 76 relevant works from
23 countries. In their work Karrupussami and
Gandhinathan (2006) using Pareto analysis categorize TQM critical factors from literature available in the period 1989-2003. On the basis of 37
works, they identify 56 factors, of which a significant minority is constituted of 12 factors.
In the works Ahire et al. (2000), Esenciano et al.
(2002), Germain et al. (1999), Kuei et al. (1997),
Moreno Luzon et al. (1998), Quazi et al. (1997),
Prajogo et al. (2001,2006), Saad and Siha (2000)
and Sousa and Voss (2001,2002) it is pointed to the
possibility of QM contingency-dependence. Studies were most commonly conducted on impact
of one or two factors from a single group of contingency factors, less commonly from the whole
group, and weaker or stronger dependence was
obtained. To that end, hypotheses testing, variance
and covariance analysis, regression analysis, and
post 2004, more often, structural equation modeling, were used, which enables positing the multiple relations of dependent and independent variables. The most commonly studied impacts are:
–– Impact of company size on QM,
–– Impact of organizational structure on QM,
–– Impact of environment on QM, and
–– Impact of technology on QM.
However, strategy is rarely analized. So it should
be noted that Projogo and Sohal (2001,2006)
show that the strategy of innovation is used in an
environment of high uncertainty and in order to
satisfy users, the strategy of cost is used with low
uncertainty and in order to eliminate waste and
treatment, and better quality management strategies is stronger when the costs. The connection
between business strategy and management style
say Burton and Obel (2000). The direct impact of
management style on the behavior of employees is
also expected to works according to Jovanovic et
al (2010) and Nikolic et al. (2009).
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3. Research framework
Research framework encompasses positing
an integration model of strategic factors exercising impact on QM through management style and
emploees behaviour, that will indicate the contextdependent nature of the concept.
In the present paper the following categories,
as groups of contingency factors, will be analyzed:
–– Strategy,
–– Management style, and
–– Employees behavior.
After the analysis of frequency incidence in
available literature such as Sila and Embrahimpour (2002,2003) and Karuppussami and Gandhinathan (2006) the following QM critical factors
can be segregated by frequency of appearance:
–– Leadership and management support for
quality program (17)
–– Training and involvement of employees (17)
–– Process approach (14)
–– Systemic approach and documentary evidence
for quality system (13)
–– Beneficial interactions with suppliers (11)
–– Permanent quality improvement (9), and
–– Product design according to user demands (7).
4. Research methodology and instruments
Research instrument developed in this work
consists of two basic parts. The first part contains
contingency factors constructs and dimensions
and the second part comprises QM as a construct
and its dimensions.
A majority of questions in the research instrument was taken over or designed using previous
researches (which is of critical importance in researches of this kind as stated by Madu,1998),
and considered in detail in the above sections.
The instrument consists of questions related to
contingency factors – strategy, management style
and employees behaviour and questions related
to QM. The instrument was developed based on
recommendations by Courage and Baxter (2005).
Questions with a five-level Likert scale were
mostly administered in questionnaire. Using recommendations by Grandzol and Gershon (1998)
Volume 6 / Number 2 / 2011
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to recode 25 – 50% of questions (posed in reverse
direction relative to other questions), 45.88% of
questions were recoded. Additionally, to make a
check one control question was posed.
4. 1 Contingency factors measures
4.1.1 Strategic variables
Most studies consider the subject of adequate
strategy selection through notorious strategy typologies. Miles and Snow propose categorization
into defensive, prospective, analysis and reactive
strategy (Ahire, Dreyfuss, 2000). Nicholson et al.
in Burton and Obel (2000) add the type of hybrid
typology that implies combination of defensive and
prospective strategies. Burton and Obel (1996) divide the analysis strategy into two types: analyzer,
with or without innovations. Lucas, Tan and Holt
(2001) define the following strategy types: 1. risk
strategy, 2, proactive strategy, 3. analysis strategy,
and 4. defensive strategy. Porter defines typology
that comprises differentiation strategy, cost-based
leadership strategy, and strategy of focusing (Miller et al., 1986). In 1986 Miller et al. check Porter’s
categorization using a large-scale sample of 102
USA companies and obtains the results indicating
that typological divisions are not that useful, for a
number of strategy types are encountered more or
less in a single company, although one being most
often dominant. He also defines the following
strategy dimensions: innovativeness, market differentiation, cost management and product, market and consumer analysis. Wu and Chen in their
study in 2007 conclude that strategy types must
be combined to achieve optimal results. Segars et
al. (1994) ascertain that IT users are not concentrated in a certain strategy type, but are found in
all strategy types, except in the reactive one according to Miles and Snow. Spasojevic Brkic et
al. (2009a) show that quality tools application depands on strategy. Fundamentally, all variables
respond to uncertainty, dynamism and heterogeneity in the environment by some pro-activity together with product innovation and risks, certainly
tending to reduce their costs, consequently it is inevitable to combine strategy types. Innovativeness
and market differentiation contain very many coVolume 6 / Number 2 / 2011

inciding elements, so they can be integrated, while
risk strategy is not included in Miller’s dimensions. Hence, the present work will consider the
following strategy elements: differentiation and
product innovation, cost minimization, analysis of
products, markets and consumers, and risking as a
strategy dimension. Studying dimensions, but not
strategy types, brings into question the likely relation between environment and strategy, because
all dimensions of company strategy are more or
less present irrespective of environmental impact
and due to this fact they will be left out in further
consideration.
4.1.2 Management style variables
Management style dimensions depict tendency
of management to micro-involvement, so that
manager with a low-level tendency to micro-involvement possesses the following characteristics
(Burton and Obel, 1996):
–– likes to delegate
–– gives general instructions for decisionmaking
–– is pro-active
–– focuses on long-term planning
–– risks if necessary, and
–– more often motivates than controls
employees.
4.1.3 Employees behavior variables
The essential aim of management is to make
employees, in its distinctive style, behave in a way
management thinks they should, which means
that desirable behavior of employees should derive from this. However, most often this is not the
case, so it is needed to determine the dimensions
of employees behavior and study the correlation
between management style and employees behavior. Fok et al. (2001) arrange employees behavior
parameters into the following groups:
–– pro-active/reactive culture (orientation to
quality, innovation, pro-active thinking)
–– soft/hard culture (describes employees
interpersonal relations: good, informal,
fellowship atmosphere)
311

technics technologies education management

–– collectivism/individualism (collective spirit
and good cooperation), and
–– power decentralization/centralization (power
participation and decentralization).
We are inclined most to accept employees
behavior dimensions as proposed by Fok et al.
(2001), because they are grouped by means of factor analysis, so the present work will consider the
following dimensions:
–– employees pro-activity and reactivity
respectively
–– employees interpersonal relations
–– employees collectivism versus individualism
–– power participation and decentralization
versus performing tasks by orders and
centralized power.
4.2 QM measures
The initial phase of Saraph et al.’s (in Karuppussami et al.,2006) experiment contained 78 dimensions. Anderson et al. propose an instrument
for seven QM factors that initially involved 43
dimensions to remain 39 after statistical analysis.
Motwani (2001) points out to the study by Powell who determines a 12-factor instrument with 47
QM dimensions, however, proposes a 7-critical
factor instrument on the basis of works by Saraph
et al., Andeson et al. and Powell.
Based on the above mentioned studies, the present work, by investigating coincidences, can offer
an instrument with considerably lower number of
dimensions, which will substantially facilitate the
procedure for field data collecting. The instrument
proposed herein will initially contain 31 dimensions (Table 1).

nance, warehousing etc., which accounts for nearly
30% of population. Of the 500 questionnaires distributed, 112 companies responded. One questionnaire was unusable due to lack of a data and error in
control question, so the response rate was 22.22%.
Response rate to personal delivery was 90 (36%)
of 250 research instruments, whereas response rate
to emailed questionnaires was significantly lower,
only 21 of 250 emailed (8.4%). Serbian industrial
companies operate within the following groups:
1. processing industry, 2. traffic, warehousing and
communications, 3. production and distribution of
electricity, gas and water, and 4. construction industry. Average number of employees per company is
586.07 in the sample, because there are enterprises
from 2 to 20857 emploees. Number of emloyees in
the sample is shown in Figure 1. The highest percent of companies is private-owned (83.78%), and
there are also state- and social-owned ones. Average
period of time certified to ISO 9000 is 2.69 years
with standard deviation 3.69 years, while maximal
period amounts 11 years. Distributed questionnaires were largely filled in by managers, directors
or supervisors functions. Persons responsible for
delivered responses have, on average, 14.6 years of
practical experience in the field and, for the most
part, have university qualifications. Geographically,
research instruments were delivered to industrial
companies in all Serbian districts.

4.3 Source of empirical data
4.3.1 Sample size and characteristics
The population of Serbian industrial companies
whose predominant activity is production totals
1699 companies. The initial size of the sample in
the present work is 500 randomly selected industrial companies operating in production, mainte312

Figure 1. Number of employees in enterpises in
the sample
Collected data show the following facts. Enterprises operate in a heterogeneous, dynamic, and reVolume 6 / Number 2 / 2011
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Table 1. QM dimensions (Spasojevic Brkic et al., 2009b)
QM critical factors
L: Leadership and
management support for
quality program

OB: Training and
involvement of employees
SIST: Systemic approach
and documentary evidence
for quality system

PROC: Process
management

ISP: Supplier quality
management

PK: Continuous quality
improvement

PP: Product design
according to user demands

Dimensions of QM critical factors
L1: Management assumes responsibility for quality
L2: Care of Department manager for quality
L3: Efforts of company management to improve quality
L4: Goal setting and quality policy
L5: Establishing regulation for quality
L6: Management encourages employees to independently make decisions and
introduce innovations
L7: Motivating the employees and rewarding them for high-level of job done
OB1: Responsibility of employees for quality
OB2: Employees training as priority of the company
OB3: Existence of financial resources for employees training
OB4: Employees training to apply quality tools
SIST1: Availability of data on quality to each employee
SIST2: Analysis of collected data on quality in order to improve it
SIST3: Existence of Department of quality
SIST4: Possession of documents for quality system
PROC1: Differentiation and description of each process in the company
PROC2: Continuous monitoring of key processes in the company and their
improvement
PROC3: Determination of quality measure for each process in the company
PROC4: Participation of machine operator in maintenance
ISP1: Relying upon a small number of reliable suppliers
ISP2: Selection of certified suppliers
ISP3: Participation of supplier in product development
ISP4: Participation in employees training in quality field at supplier’s firm
PK1: Permanent tendency to eliminate internal process leading to waste of time
or money
PK2: Innovating production program
PK3: Application of advanced IT to better analyze data and determining priorities
to improve quality
PK4: Revision of documents for quality system when necessary
PK5: Application of quality tools
PP1: Coordination of employees from different organizational units in product
development process
PP2: New product quality as priority in its design and manufacture
PP3: Analysis of possibility for manufacture and cooperation in product
development

strictive environment (as distinct environmental factors). Companies in the sample are characterized by a
solid application of information technology (highest
mean value in the concept of technology).The dominant element of the strategy is to achieve cost leadership and strategy-cost.The average number layers in
the organizational structure is 4.9, ranging from 2 to
more than 9 levels of hierarchy (though not recommended for more than 5-6 regardless of size). The
average span of the Director-General is 5.24 employVolume 6 / Number 2 / 2011

ees, and goes from 1 to 32 employees (such extreme
values are not suitable). Companies are characterized
by weak strategic decentralization (4.1 and 5 means
complete centralization of decision making), which
is inconvenient. Companies sre characterised by
solid proactive management level (a factor with the
highest mean value in the concept of management
style), and employees are characterized by solid
proactivity (factor with the highest mean value in the
concept of conduct for employees).
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5. Data analysis
Data analysis was performed through data reduction and structural equations modelling. The
aim of data reduction process was to reduce number of variables and parameters to a reasonable
number in respect of sample size and number of
estimated parameters. Structural equations were
used to examine simultaneous relations between
contingency factors and QM, i.e. direct and indirect impacts of contingency factors on QM.
5.1. Data reduction process
5.1.1 Data reliability and validity analysis
Reliability is a degree to which dimensions
participate in describing the concept and is estimated by calculating Cronbach α coefficient (Hair
et al. 2009). Cronbach α coefficient of reliability
is an indicator of random error number present
when using the quantity measuring scale (Kline
R., 2005).
Validity was investigated through the components as follows:
–– non-dimensionality (it is studied by
exploratory factor analysis)
–– content validity (degree to which research
problem is based on previous theoretical
works is provided)
–– criterion validity (degree of association
between means of exogenous and means of
endogenous concepts by correlation analysis
is provided)
–– convergent validity (study of bivariate
correlations per concept means to prove
affiliation of dimension to a certain concept
was carried out), and
–– discriminant validity (measures the degree
to which a construct and its indicators are
different from another construct and its
indicators, which was also carried out).
–– Validity boundary for significant values of
correlation coefficients is 0.30.
Factor loading is a correlation between construct and its describing factor, so for the sample
size in the present research and considered num314

ber of factors the 0.40 level can be thought to be
significant for the test power 0.80 and 0.50 level
of significance assuming that errors presuppose
double values of conventional correlation. Exploratory factor analysis was performed by principal
components method, and checking confirmed that
common factor method produces nearly identical
results. Missing data were considered by method
of pair wise deletion of missing values.
Reliability analysis and factor analysis reduce
the studied model because the following dimensions are rejected for further analysis:
–– Elements of risk strategy
–– Preference for delegation, level of detail in
decision making and risk preference
–– Power decentralization and participation of
employees, and
–– QM dimensions L5, L6, L7, OB1, SIST2,
PROC4, ISP1 and PK2.
5.2. Structural equation modeling
Analysis was performed by means of the module SEPATH of the program package Statistics for
Windows /w. 5.0/ . SEPATH has the capacity to
use correlation matrixes of input data owing to
M. Brown’s theory of limitations, so that a completely standardized network model of parameter
correct values, standard values and t statistics for
a certain probability level can be obtained. Parameter values obtained by completely standardized
network model are mutually comparable, because
they are always in standardized units, similar to β
coefficient in regression equations and they take
values [-1, 1] (Kline R., 2005). Higher parameter value indicates a stronger causality (Hair et
al. 2009). The program solves equations simultaneously through a series of iterations following
the discrepancy function, so that function is nonnegative and as small as possible (Steiger,1995).
Discrepancy function is estimated in the first five
iterations by least square method (which works
perfectly even when data normality is disturbed),
and in other iterations by high-credibility method
(which assumes data normality and produces the
most accurate estimates). Iteration step is determined by cubic interpolation method which is the
quickest and most robust.
Volume 6 / Number 2 / 2011
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Results obtained by model testing are presented in Figure 2.
Indicators of model adequacy for relationship
between organizational contingency factors and
QM obtained by structural equation modeling
have values in range of recommended values according to Hair et al., 2009. Joreskog GFI is 0.933,
Joreskog AGFI is 0.895, RMSEA is 0.76, PGI is
0.870, APGI is 0.884, while RMS standardized residual is 0.095. It can be concluded that model is
adequate.
6. Discussion of the research findings
Basic research hypotheses comprised by the
model posited in this work are confirmed and
shown in Table 2.
By confirming research hypotheses, through
direct impact of employees behavior and indirect
impacts of strategy and employees behaviour on
QM concept its context dependant nature has been
proved. The strongest impact exerts employees behaviour 0.52, after which comes strategy with indirect impact, while management style has lower

impact with path coefficient 0.38. But, strategy is
followed with management style, while emplpyees behaviour depends on style of management.
7. Conclusion
Conclusions on QM context-dependent nature
are as follows:
–– QM practice is better when management
style dimensions (proactivity, long-term
planning, motivating the employees) have
higher values, relation strength is 0.38;
–– QM practice is better when employees
behavior dimensions (proactivity, good
relationships, collectivism) have higher
values, relation strength is 0.52;
–– QM practice is better when strategy
elements (innovating, cost-based leadership
achievement and analyticity) have higher
values, relation strength is 0.50.
Therefore, it can be inferred that the best QM
practice is found in companies having clearly defined analyzing strategy relying upon cost-based

Figure 2. Structural model of the relationship between strategic factors and QM , with mediation of
management style and emploees behaviour
Volume 6 / Number 2 / 2011
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Table 2. Confirmation of research hypotheses
Hypothesis

Path
Level of
coefficient significance

H1. Strategy affects
directly and positively
management style.

0.859

P≤0.01

H2. Management style
affects directly and
positively employees
behavior.

0.730

P≤0.01

H3. Employees
behavior variables
affect directly and
positively qm critical
factors in the company.

0.520

P≤0.01

H4.Management
style affects indirectly
(through employees
behavior) and positively
QM critical factors in
the company.
H5.Strategy affects
indirectly (through
organizational structure
and employees
behavior) and positively
QM critical factors in
the company.

The guidelines for further research are multiple, because this paper arrives at a number of new
conclusions raising many questions to be considered. Firstly, the model proposed should comprise
business performances. Secondly, it would be useful to longitudinally check the conclusions of the
present and proposed researches, which would be
the start of experimental stage for Donaldson’s
neocontingency theory.
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leadership with a smaller-scale innovations and
good analitical capabilities, where managers are
proactive, plan long-term and motivate employees, who are also proactive, having good personal
relations, spirit of fellowship and cooperation.
Conclusion is that companies can improve their
QM practice by properly defined strategy, organic
management style and employees behavior. Proactive behavior of employees with a strong spirit
of collectivism is a typical feature of organic type.
Actually, efforts made to improve quality can produce better or worse results, depending on contingency factors impact.
Within the framework of practical research a
model of interdependence of QM on strategic,
managerial style and emplees behaviour factors
in Serbian industrial companies was posited. The
model leads to new theoretical knowledge that
further provides practical benefit to Serbian industrial companies.
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Abstract
β-lead azide was synthesized by slow diffusion
of ions from solutions of lead nitrate and sodium
azide. Investigation of polycrystalline sample illuminated by polarized light under the microscope
showed optically anisotropic crystals in the form
of prisms to 3 mm in length. Infrared spectrum
showed splitting of the fundamental frequencies
of asymmetric stretching and bending, especially
the tendency of the lowest frequency bending (608
cm-1) to moves towards lower values in comparison with symmetric N3 groups in the ionic azides.
Key words: β - lead azide, diffusion, infrared
spectroscopy, bending frequency
Sažetak
β-olovo azid je sintetiziran sporom difuzijom iona iz otopina olovo nitrata i natrij azida.
Istraživanje polikristalnog uzorka osvijetljenog
polariziranim svjetlom pod mikroskopom pokazalo je optički anizotropne kristale u obliku prizmi
dugih do 3 mm. Infracrveni spektar pokazao je cijepanje fundamentalnih frekvencija asimetričnog
istezanja i savijanja, posebno tendenciju frekvencije savijanja koja ima najnižu vrijednost (608
cm-1) da se pomjera prema nižim vrijednostima u
odnosu na simetrične N3 grupe u jonskim azidima.
Ključne riječi: β-olovni azid, difuzija, infracrvena spektroskopija, frekvencija savijanja
1. Introduction
Azides belong to a quite specific class of compounds containing a linear three-atomic N3 group
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that has no homologues in chemistry. Ionic and
covalent azides exhibit a significant difference in
stability. Inorganic azides are ionic or almost completely ionic in the case of very electropositive
metals that have no strong polarization ability e.g.
NaN3. Unlike to these stable compounds, azides of
some heavy metals, for example Ag, Cu, Pb, decompose by explosion. In such compounds MN
bond is shorter, spherical symmetry of the metal
ions and collinear cylindrical structure of azides
ions are distorted. Among these compounds, special place belongs to the lead (II) azide which has
been widely used, from initiators in military ordnance as an explosive of high drop and friction [1]
and fire sensitivity. Lead azide is recognized as an
unusual compound, even among explosive compounds, since its sensitivity toward decomposition
does not decrease with increasing moisture content;
moreover, it explodes under water. Special interest for lead azide, comes from the practical importance, since this compound is still used extensively
for the production of detonators, although Pb(N3)2
for this purpose, usually contains hydrophilic colloidal as additives e.g. dextrin or basic carbonates
[2]. Lead azide exists in four polymorphic forms.
Most stable and best-studied α- Pb(N3)2 is known
as powder, single crystals and thin films [3-6]. βPb(N3)2 has been poorly described as a very explosive compound, very sensitive to shock and
heat, even more sensitive and dangerous than the
α-form with different characteristics of initiation
[7]; the activation energy for the decomposition of
β-form is less of α-form and intensity of detonation
is about 20 times higher than α-form. Exothermic
decomposition of Pb(N3)2 can easily cause the process of deflagration, detonation or explosion. The
lack of basic information on this form comes from
Volume 6 / Number 2 / 2011
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the experimental difficulties related to the synthesis of this highly explosive substance and limited
use of instrumental methods due to the nature of
compound. Moreover, it can be argued that the
mechanism of explosive decomposition [8-14] and
thermal degradation [15], as well as the products of
decomposition are better investigated than Pb(N3)2.
Lead azide is also very interesting from the standpoint of environmental protection and a method
for determining the explosive azides in environmental samples has been developed [16]. Reports
about lead azide were limited to crystal structures,
some thermochemical values and spectroscopic
measurements. Crystal structure of β-Pb(N3)2 was
determined long ago as monoclinic with eight
molecules in the unit cell [17], and recent refinements of lattice parameters of both orthorhombic
and monoclinic Pb(N3)2 by high pressure x-ray
crystallography with diamond cell were reported in
2001[18]. Gray and Wadington [19], who have intensively studied thermochemistry of azides a few
decade ago reported that the enthalpy of formation
for α-and β-Pb(N3)2 differs slightly from 480.5 to
481.7 kJ / mol, respectively. Infrared spectroscopy
of many azides especially alkaline was studied as
a compatible method of crystallographic research.
Linear three-atomic N3 group shows three infrared
active fundamental modes of vibrations; double degenerated bending frequencies δ, and asymmetric
stretching nasym. Symmetrical stretching is infrared
inactive, although this rule can be mitigated by the
fields of neighboring ions. In ionic azides, δ and
nasym appear around 660 and 2100 cm-1 respectively
and usually differ weakly, mainly due to the nonharmonic vibrations of azide ions in different types
of crystal lattice. In the case of lead azide, asymmetric stretching frequencies can get different values for different samples of the same azide, which
is not exactly explained. Papazian suggested that
this variation depends on the type and perfection of
the crystal lattice and the method of crystal growth
[20]. This frequency is considered sensitive to the
history of crystal. A temperature-sensitive bending frequency appear at about 625 cm-1 and there
is no explanation of why the second deformation
remains temperature non sensitive. Polarized infrared spectrum of α-Pb(N3)2 showed that the bending
frequencies are grouped in four sets (654-605 cm-1),
each of which corresponds to four different places
Volume 6 / Number 2 / 2011

of azide groups in the crystal lattice. Symmetric
stretching, also grouped in four sets, was found in
the region 1353-1325 cm-1. Asymmetric stretching
occurs at 2030-1990 cm-1 while for a polycrystalline sample at 2050, 2030 and 2018 cm-1[21]. It
is interesting that one of the bending frequencies
of α-lead azide shows a significant shift towards
lower energies compared to the ionic alkali azides.
Iqbal and Garett reported that one of low-frequency
bending in some inorganic azides plotted versus
enthalpies of formation, correlates with the changing from ionic to semi-ionic character. Vibrational
spectra of β-lead azide are much less studied and
therefore νasym and νsym frequencies (2040 and 1352
cm-1, respectively) were only reported [22], while
the bending frequencies are not published. The task
of this work has been the synthesis of lead azide by
method of ion diffusion, assessment of the infrared
spectrum, particularly the frequencies of bending of
the polycrystalline samples, as well as some morphological observations of crystals, illuminated by
polarized light, under microscope.
2. Experimental
2.1 Materials and methods
All chemicals were purchased from commercial sources and used without further purification.
Sample of lead azide, carefully fragmented in paraffin oil, was recorded on a Perkin Elmer Spectrum BX FTIR in the region 4000-400 cm-1.
Crystals were examined and photographed
under polarizing microscope equipped with an
Olympus camera.
2.2 Preparation of lead azide
Lead azide was prepared by diffusion of ions
from sodium azide and lead nitrate solutions,
which were at the start separated by water middle
layer. All operations have been executed very cautiously. There are two reasons for that at least, prevention of uncontrolled explosions and best separation between solutions of reactants and water
middle layer. The diffusion has been carried out in
reaction tube (10x2 cm) previously washed twice
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with concentrated nitric acid and fixed to avoid
any wiggle. The synthesis was performed by following procedure: 5 mL of lead nitrate solution (c
= 0.035 mol / L) has been injected in the reaction
vessel wherein the vessel walls remained clean.
The following diffusion layer was formed by slow
addition of 5 mL of water down the wall in at least
two minutes. The upper layer was formed in the
same way, by adding 5 mL sodium azide solution
(c = 0.07 mol /L). The system was protected from
light and left without moving to provide a steady
diffusion of ions. The first crystals were observed
after 20 hours in the primary middle layer and
after two days long needle crystals have moved
down to the bottom standing upright. The crystals
were collected after five days, filtered under reduced pressure, washed with cold water and dried
in vacuum desiccators within one day. The filtrate
was treated and destroyed as appropriate explosive waste. The amount of 30 mg of needle fragile
crystals of 5-8 mm length was isolated. Due to the
very explosive nature of lead azide in all experiments the safety measures were fully respected,
including the preparation, storage of chemical solutions, removing copper-containing parts, electrical contact, the accumulation of static electricity,
destroying the traces of lead azide, and cleaning
work surfaces. The most important precaution is
related to the amount of lead azide in the system
which should not exceed several tens of milligrams.

and NaN3 in stoichiometric ratio. The solutions were
separated with a layer of water where crystal formation began. Investigations of polycrystalline sample
illuminated by polarized light under the microscope
showed optically anisotropic crystals, prismatic in
shape (Figure 1.) to 3 mm in length. The crystals
extended in the direction of the c-axis showed the
oblique shading (Figure 2.). Twin crystals were identified on the basis of synchronized shading and golden-yellow interfering color in the crystals (Figure 3).

Figure 1. Prismatic crystal of lead azide

2.3 Infrared spectroscopic measurements
The sample for infrared recording has been
prepared by mild crushing of polycrystalline lead
azide in paraffin oil to minimize the possibility of
detonation. Sample was placed between two KBr
pellets and recording was done in the region 4000400 cm-1.
3. Results and discussion
3.1 Synthesis and spectroscopic measurements
Lead azide was synthesized by slow diffusion
of Pb2+ and N3- ions from the solutions of Pb(NO3)2
320

Figure 2. Oblique shading of crystal
The infrared spectrum of lead azide, reported
in this paper, showed the characteristic frequencies of asymmetric stretching and bending (Table
Volume 6 / Number 2 / 2011
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1, Figure 4 and 5). The apparent splitting of the
fundamental frequencies in the spectrum might be
considered as a consequence of certain asymmetry
of the N3 groups and its different positions in the
monoclinic unit cell of lead azide.

Figure 3. Twin crystals
Tabela 1. Infrared frequencies of Pb(N3)
Frequencies
δ
νasym

Observed [cm-1]
608, 623, 532, 652
2014, 2025, 2042

Figure 4. Asymmetric stretching

Since the sample for infrared recording has
been prepared by crushing polycrystalline Pb(N3)2
in paraffin oil, a weak Christian effect [23] was observed in the region 2300-2200 cm-1 as a result of
size of particles. The appropriate frequencies α-and
polycrystalline forms of lead azide, as described
in this paper, differ slightly which is considered
typical in the case of polymorphism. Asymmetric
stretching frequencies tend to be smaller (Table 1)
in comparison with the α-form (2050, 2025, 2018
cm-1) [3] or harmonic and observed values of ionic
compounds presented in Table 2. [24].
Table 2. Frequencies of N3 group in ionic compound and harmonic values
Frequencies
νsym
δ
νasym

Observed in ionic
azides [cm-1]
1343
637.5
2048

Harmonic
[cm-1]
1347
642
2065

Figure 5. Bending frequencies

Based on thermochemical data for some inorganic azides, as proposed by Iqbal and Garett
(Table 3), a linear curve δ vs. DH f 0 is obtained
( Figure 6.) by showing low-frequency bending
(608 cm -1) shift towards lower values compared
to the alkali metal azides.
Volume 6 / Number 2 / 2011
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Table 3. DH f 0 [kJ/mol] and d [cm-1] for some inorganic azides
Azid

DH f 0 [kJ/mol]

d [cm-1]

KN3

-1.26

645

NaN3

21.35

639

NH4N3

112.20

635

CuN3

281.35

615

a - Pb(N3)2

483.57

605

b* - Pb(N3)2

484.83

608 *

Hg2(N3)2

587.83

584

* value refers to the lead azide, obtained in this work, corresponding DH f 0 for β-Pb(N3)2 from literature

Figure 6. d [cm-1] vs. DHf 0 [kJ/mol] for some
inorganic azides
4. Conclusion
Polycrystalline β-lead azide was synthesized
by slow diffusion of ions from solutions of lead
nitrate and sodium azide. Splitting the frequency
of asymmetric stretching and bending in the infrared spectrum was found, as well as the frequency divergence at 608 cm-1 from the apparent
linear dependence d [cm-1] vs. DHf 0 [kJ/mol] for
some other inorganic azides. Since the α-Pb(N3)2
showed the same trend (low frequency bending at
605 cm-1), it might be intriguing from the standpoint that spontaneous explosions does not depend on the polymorphic form of lead azide [25].
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nonenergetic lignite from
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Penal and Correctional Open Type Institution Tuzla, Economic Unit “Kozlovac”, Bosnia and Herzegovina

Abstract
This paper presented and evaluated the value of
small fractions of lignite from SM “Lukavac River“,
as organic fertilizers on the culture of barley. Extensive research for a term of two years (2008. and
2009.) was carried out. The obtained results suggest that these fractions have high fertilizing value
that is even better than conventional mineral (NPK)
and organic (manure) fertilizers. This conclusion
is fortified on the basis of laboratory research and
experiments in field conditions. In addition it was
established that this substrate is environmentally
friendly because it is not contaminated with heavy
metals and other pollutants that enter the food chain.
Key words: barley, small fractions of lignite,
fertilizer, conventional fertilizers, pollutants.
Sažetak
U ovom radu je prikazana i valorizirana vrijednost sitnih frakcija lignita iz PK „Lukavačka rijeka“, kao organskog fertilizatora na kulturu ječma.
Provedenim opsežnim istraživanjima u trajanju
od dvije godine (2008. i 2009.) dobijeni su rezultati koji upućuju na zaključak da ove frakcije imaju
visoku fertilizacijsku vrijednost koja je čak bolja
od konvencionalnih mineralnih (NPK) i organskih
(stajnjak) đubriva. Ova konstatacija je utvđena na
bazi labora-torijskih istraživanja i ogleda u poljskim uslovima. Osim toga je utvrđeno da je ovaj
supstrat ekološki prihvatljiv, jer nije kontaminiran
sa teškim metalima i drugim polutantima koji ulaze
u lanac ishrane.
Ključne riječi: ječam, sitne frakcije lignita,
fertilizator, konvencionalna đubriva, polutanti.
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Introduction
Although coal is used about 2,000 years ago,
it is still synonymous with the matter of getting
heat energy. For this entire period, until the seventeenth century, many researchers have claimed
that the coal has inorganic origin, or is condensed
oil. It was not until the early nineteenth century
that the exact evidence of vegetable origin of coal
has been provided by Hutton and Linek second.
It was not until the thirties of last century, according to the same source, that Kisel and Lieske
were the first researchers who attributed fertilizing
coal effect to its organic matter.
Indisputable vegetable origin of coal suggests
that its organic matter has a close relationship with
structural timber of humus. This insight points to
the many research building blocks of humus in
the organic matter of coal, both worldwide and at
home. Before World War II in the former Yugoslavia, the first one who started treating this problem was V. Vouk, who researched for more than
twenty years (1930-1953), the impact of brown
coal and bituminous coal on plant growth and development8.
However, almost all of these studies have remained in the lab frame and did not give answers
to the most relevant issues. Immediately after
the Second World War, the world agrobiocenosis comes to expansion of concentrated mineral
fertilizers with a high content of physiologically
active substances in fertilizers. This certainly
caused a global increase yield, but also implied
significant negative effects on soil fertility and
consequently on soil organisms. This situation indicated the search for solutions in the fabrication
of such fertilizers to maintain the high efficiency,
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and also temporarily remove the harmful effects
of pure mineral fertilizers. In many countries of
the Euro-Asian and American continents, the attentionwas rapidly brought on coal as possible the
most suitable raw material for this fertilizer. Besides laboratory research , the experiments taken
in field conditions clarified many questions. This
is to some extent trying to “reconcile” Thar “humus theory” with Liebig “mineral theory”.
In this study, in the former Yugoslavia, important
results were achieved by a group of EC-Sperati Croatian and Slovenia, who together worked on fertilizing values of Ivanečk lignite basin (North Croatia)8.
It has been shown that humic substances of various lands are not identical to each other. It is believed that there are 30 different types of humus. In
coal these differences in organic matter and humusare being made more complex.x. Therefore, the exact results of fertilizing value of one type of coal can
not be accepted for other coals of the same species.
Our research is related to the small fraction of
lignite inthe Tuzla coal mining basin,specifically
the overlying coal unenergetic series, which represent the ballast in getting energy of coal. In order
to estimate fertilizing value of these types of coal
laboratory research, and experiments in field conditions were carried out. Studies were performed
continuously for two years and pertained to:
–– Laboratory studies of basic physical and
chemical characteristics of the samples of
tiny fractions of lignite,
–– research on the soil surface at the
experimental field, and before the end of the
exact field trials,
–– research on the content of heavy metals in
the soil for the experiment and samples of
tiny fractions of lignite to the environmental
acceptability of lignite as fertilizers,
Research using the exact field trials with the
culture of barley (Hordeum sativum).
The results are elaborated in this paper.
Material and method of research
Accordingly to the set objectives and the specifics of the method, studies are analyzed in four
characteristic and specific groups.
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Soil studies in the experimental plot
This research was conducted on two occasions,
before and after establishing the exact experiment
with barley (two growing periods), with the aim
of comparative analysis of the impact-App of tiny
fraction of lignite and other fertilizers to the possible positive changes in soil plot. These are a
process samples from two levels of soil from 0-10
cm, 10-20 cm. For each variant two average samples were prepared one of 0-10 cm and 10-20 cm
from the second, so it was prepared a total of 10
average samples of 5 varieties. Average samples
were formulated with 4 replicates of one variant
with three pricks taken.
This means that for one variant there were 12
pricks or 5 variants of 60 pricks.
In these samples soil studies were carried out
and some physical and chemical properties of soil
were found out.
Out of physical characteristics there was only
granulation or texture soil structure examined by
pipet method B, sedimentation in water with a previous dispersion with the - pyrophosphate. This
method determines the relative three-member
composition of the soil particles as follows: sand,
2 to 0.02 mm, powder, from 0.02 to 0.002 mm,
clay, <0.002 mm.
Following chemical characteristics were studied:
–– soil reaction, active and substitution (pH
in H2O and KCl) on pehameter combined
electrode in the suspension of 1:2.5
–– humus percentage colorometrical with prior
oxidation with K2Cr2O7
–– content of organic components in the percentages, the ignition temperature of 5500C
–– content of CaCO3 in the percentages on
Scheibler kalcimetre
–– content of physiologically active P2O5 in
mg/100 g soil, colorometrical method
–– K2O content physiologically active in
mg/100 g soil, flame photometry
Laboratory studies of samples of tiny
fractions of lignite
The forming process of small fractions of lignite samples was carried out with unenergetic roof
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coal pit “Lukavačka river”. There were four m3 of
coal delivered to the site. After sifting and removal of larger pieces of coal, three average samples
were taken at random.
Laboratory studies on these samples were carried out in an identical manner and the same methodology as the soil samples.

Randomized blocks in two-storey
R = 1:300
Experimental farm area: 350 m2
Area elementary area: 10 m2

Studies of heavy metals in soil and tiny
fractions of lignite
Research on heavy metal content in soil were
carried out after two years of field trials and application of small fractions of lignite and other
fertilizers. The content of the following elements
was studied: As, Zn, Pb, Cd and Ni. The results are
expressed in mg/kg of substrate, and were investigated by flame atomic absorption spectometry
after extraction zlatotokpom (HNO3/HCl)..
Research using the exact field trials
The most rational verification of analytical laboratory results are obtained through experiments
in field conditions, outdoors and under the influence of several factors that may affect the accuracy of results. Therefore, this research is carried out
strictly according to predetermined methodology
that consists of two parts2:
–– research methods and setting up field trials,
–– data processing methods of quantitative
characteristics of the study results.
Methodology of the exact field trials
The methods of exact field experiment involve
the totality of the following elements: the number
of variants (treatments), size and shape of the elementary plot, repetition, and Posit their number
and distribution system of elementary parcels in
the area.
In the scheme of field trial all these elements
are vividly presented as well as other materials
used for this experiment.
System of random distribution of variants was applied by the method of block system in two levels..
Volume 6 / Number 2 / 2011

Repeats: I, II, III, IV
Variant:
A - control variant
B - fertilization (NPK-a - 700 kg / ha)
C - manure - 30 t / ha
D - dust lignite - 100 t / ha
E - dust lignite - 200 t / ha
Data processing methods of quantitative
characteristics of the obtained results
The data for the mathematical and statistical
processing relating to the quantitative changeability studied two characteristics, namely: total
above-ground and the majority of phytoplankton
mass of dry grain yields expressed in kg per hectare (calculated on a hectare).
Data analysis for the assessment of the significance of differences in the characteristics of compared variants was done on the “p” test over the “t”
test in which the “t”is empirical. The calculation
was performed for seven degrees of freedom for the
probability of 0.05 = 2.365, 0.01 = 3.449, and 0.001
= 5.405. In this way, three levels of statistical significance were identified as follows:
* statistically significant difference,
** statistically highly significant difference,
*** statistically very highly significant difference,
0
no statistically significant difference.
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Results and discussion
Soil studies in the experimental plot
Soil where the field trial with the culture of
barley (Hordeum sativum),was based belonged to
the class of soil humus accumulative soil - rendzina AC profile, in which like x. previous crop
vegetables were grown9;10.
By application of tiny fractions of lignite for
two years, there has been a positive pro-relevant
change in the soil, that can be seen from Table 1.
Comparing start data from the table above, with
the data obtained after two years we can conclude
the following:
In terms of soil textural class, there were almost
no significant changes in all variants, except variant “E” (treatment with 200 m3/ha tiny fraction
of lignite). All other variants in which there was a
negligible change, still stayed in texture class as
clays (G), while the variant “E” after two years of
treatment with a tiny fraction of lignite crossed the
sandy clays (PG), with quite sufficient colloidal
particles. In any case, this change is very positive
because it improves soil structure that can eventu-

ally turn into the most fertile land. It is interesting to note that in the variant “C” (with manure
application), there were no significant changes in
texture of the soil.
In terms of agrochemical soil changes there is
almost no significant differences at the end of the
experiment compared to the initial state. The only
significant change was the significant increase of
humus in the variant “E”, with 5.58 per cent to
9.43 or to 3.85%. This means that coal component
in tiny fractions of lignite strongly influenced Increased humus in the soil, due to the specific characteristics of coal as organic matter7. However, the
variant “D” (version with half the dose of small
fractions of lignite), though there was no significant accumulation of humus (only about 0.5%).
This means that only higher doses of applied lignite increased humus content in soil. It should be
noted that the coal is a high percentage of organic
matter in which his characteristic tendency to oxidation, or better said selfoxidation, which occurs
dueto absorption of oxygen from the air. This process is in fact the oxide hydrolitic decomposition
of coal. Under the influence of oxygen leads to different chemical processes, especially oxidation of

Table 1
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lignin as one of the basic constituents of organic
matter in coal. In further chemical process leads
to the formation of humic acid, and thus builds up
humus in the soil 6.
Thus in the content of humus should be sought
basic fertilizing value of tiny lignite fraction. .
Study of Physical and chemical
characteristics of small fractions of lignite
The focus of complex research in this paper are
tiny fractions of lignite, in order to evaluate their
impact on land and in general for its fertility. This
research included texture (mechanical composition) as well as some relevant agrochemical characteristics of the lignite.
Texture (mechanical composition of fine
fractions of lignite)
The average relative content ratio of particles of
different diameters in a tiny fraction of lignite is:
–– sand (2 to 0.02 mm), 56.6%, in the interval
from 51.9 to 59.19 (slight variation of
samples), Vc = 6%
–– powder (0.02 to 0.002 mm), 2.6%, the
interval from 0.1 to 6.6 (high variance of
one sample), Vc = 109%
–– clay (<0.002 mm), 40.8%, ranged from 39.7
to 41.5 (very little fluctuation), Vc = 2%.
According to texture mark, this substrate, if it
were soil would belong to”sandy clay” (PG), of
rather stable structure (the structure by Seker = 2).
In regard to the content of colloidal particles, the
five-Gračan classification, it belongs to a very colloid (20-40%) to very colloidal substrate (> 40%).
This means that the capacity of the lignitefrom absorption point of view is quite large.
After all, most experts whose work we consulted for our study, defined coal as a colloid - inelastic gel.
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Agrochemical characteristics of small
fractions of lignite
The reaction of the substrate is as follows:
–– pH in H2O = 5.2 - a slightly wavering
samples from 5.1 to 5.4, Vc = 2%
–– pH in nKCl = 4.6 - very little fluctuation
from 4.4 to 4.9, Vc = 4%.
This means that the lignite has a sour reaction.
However, by application to land in high quantities
(a variant of “E”), there has been no deterioration of soil reaction in the soil, which means that
they can be applied by indefinitely large amounts
of these fractions, and the soil reaction is not deteriorated.
In regard to the content of humus was determined that this substrate is about 14% humic
substances, although some studies from previous
years show that small fractions of the same lignite
mines have over 20% of humic substances8.
The contents of physiologically active substances in the lignite is enormously low and
amounts to:
–– P2O5, average 1.37 mg / g soil ranged from
1.0 to 1.9, Vc = 28%
–– K2O, an average of 23.6 mg/100 g ranged
from 23.1 to 23.6, Vc = 3%.
It is obvious that the content of physiologically active phosphorus is very low and according
to all classifications of the limit values of P2O5 in
the soil, the lignite would be classified if it were
land, with low phosphorus, as any soil which is
physiologically active P2O5 content of less than 10
mg / 100 g belong to the class of weakly provided
land in phosphorus. According Kuntzeovoj fiveclassification, this substrate would belong to the
lowest class with the content of physiologically
active phosphorus (4-6 mg/100 g)4.
With the content of physiologically active
potassium situation is somewhat better. When it
came to a soil as a medium for growing plants,
then it could be concluded that the content of this
was pretty good. However, we are studying the
lignite, as an organic fertilizer, so with this aspect,
it could be assessed that the small fraction of lignite are absolutely fertilizing worthless substance.
The results of our study, which is presented here,
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strongly indicate the relevant values of the lignite
as fertilizers.
This means that these values should be sought
in other physical and chemical properties, primarily in the content of organic matter and humus,
which certainly are stimulating and nourishing
ingredients for plant growth and development6;12.
Among other characteristics, values of the absorption complex in tiny fractions of lignite,have
been studied. That can be summarized as follows:
–– the total amount of adsorbed basic cations “S” (the sum of the base) is 59.1 cmola,
–– The maximum total capacity of adsorption “T” (total) is 75.46 cmola,
–– degree of saturation with bases - “V%” =
“S” / “T” and is 78.06%.
All parameter values of adsorbent complexes
that were almost identical in samples of lignite.
According to the total amount of adsorbed basic cations (“S” values in cmolu), Department of
Agropedology from Sarajevo made six member
classification,according to which all substrates, with
the content of “S” values > 50 cmola, fall into the
“very rich soil with changeable bases”4. The subject lignite has a much larger value “S”, so it can be
placed in a substrate rich in adsorbed basic cations.
The most relevant indicator of the value of the adsorption complex is the percentage of basic cations
in the total capacity of adsorption and it presents
the degree of saturation with bases. It is indicated
by capital letter (V%)and represents a quotient of
analytical data between S and T multiplied by 100.
The value of the tiny coal fractions approaching
number 100 , so it can be concluded that the bases
are saturated, which is very convenient.
Study of heavy metals
These studies were included in order to determine environmental acceptability of small fraction
of lignite, in the case of its wider application and
use as organic fertilizers. If the substrate, among
other things contained toxic elements entering the
food chain, in this case it would be unusable regardless of his best agro and agrochemical properties. It would not have any use value in agriculture. Therefore, the analysis selected five most
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important elements that have the greatest impact
on the environment (As, Zn, Pb, Cd and Ni). Analytical information content of these elements in
soil and fine fractions of lignite, from the ecological aspect is very encouraging. Almost all the analytical values obtained are not significantly high to
be able to talk about potential contamination with
these elements, especially if they are in the form
of carbonates, which are practically insoluble in
water.
The analytical content of these elements in mg
/ kg is shown in Table 2
Table 2.
As
Zn
Pb
Cd
Ni

Coal
17
32
2
<0,01
62

Soil in experiment
30
92
27
<0,01
67

M.P.S
30
300
150
2
60

The degree of pollution or contamination (So)
is the quotient between the established and the
maximum acceptable content (MPS) multiplied
by 1001. Accordingly, “So” in tiny fractions of
lignite is: As = 57, Zn = 11, Pb = 1, Cd = <5, Ni
= 103. If a degree of pollution is <100, then the
contamination is smaller and smaller if the “So is”
less than 100.
The results of research using the exact field
trials
Research using the exact field experiment tested the performance evaluation of individual-term
treatment on positive physical and chemical properties in laboratory studies. The most important
and the only relevant indicator of the success of
the test cultures was obtained yield of phytoplankton mass for which plants were being grown.
In our experiment, we studied the effect of certain treatments on the yield of crop barley (Hordeum sativum) and in two years during the growing
season (2008. and 2009.). Yields of these crops
have been translated into two basic characteristics of quantification (mass of dry grain and total above-ground mass), whose numerical values 
can be compared between different variants of the
Volume 6 / Number 2 / 2011
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experiment. The yields of these two features are
shown on Chart 1 and 2.

Biometric processing evaluation of the
significance of differences in average yield
of barley
Assessment of the significance of differences
for the two variants of compared quantification
characteristics (clean dry grain and total aboveground majority of phytoplankton mass) was tested by “t” test. The results are shown in Tables 3
and 4.

Chart 1.

Explanation of symbols
d = difference between the average absolute
values of the variants compared variants
Sd - average error difference, which is
Sx = average error of mean values
„T“ =

Chart 2.
Yields for both charts have the following descending order by year 2008; “B” > “E” > “C” >
“D” > “A“, 2009; “E” > “B” > “D” > “C” > “A”.

p% = test from the appropriate table for the
calculated “t”
ttab - 0.05 = 2.365, 0.01 = 3.449, = 5.405 to
0.001 (for 7 degrees of freedom)

Tables 3.
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Tables 4.

* Statistically significant difference
** Statistically highly significant difference
*** Very highly statistically significant difference
º no statistical significant difference
Conclusions
Conducted research on the culture of barley (Hordeum sativum), a term of two years, by using the
exact field experiments showed that this culture
responded to treatment with the use of small fractions of lignite, which was reflected in the yields
of both total overhead majority of phytoplankton
mass, and clean grain.
However, analytical data on the content of
physiologically active plant nutrient (P2O5 and
K2O),are indicating that this substrate is very poor
in these nutrients as fertilizer, according to this
chemical characteristics, it would have no value.
Our two-year research draw on extensive experimental material that already exists in the
world, in our neighborhood.
According to our research team, all the value
of the substrate feltirizer is quite a high content of
various humic substances in soil and stimulating
metabolic effect.
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Visual observation of the electron microscope,
their creation, and the research, coal can be defined as a colloid - inelastic gel which is rich in
humic substances (humic acid, lignin and humin).
Many researches confirm the stimulating effect of
these substances on plant growth and development
5;6;12;13
. According to this, coal should be valued as
a provider of continuing humus and plant growth
stimulators.
Humin substances affecting the adoption of increased CO2, ATP synthesis, increased respiratory
function of mitochondria, and thus generally the
photosynthesis12.
In this study, the most important results were
achieved by the Institute in Saint Petersburg,
which has developed a new method of extracting
coal from humic acid (concentrated humus product “leonardit”). It takes up to one liter of this concentrate to the value 7-8 tons of manure6.
Given the positive physical and chemical characteristics and in particular absense of contamination with heavy metals and other pollutants, especially using here highlighted achievements in the
world, tiny fraction of lignite could be a “black
gold agriculture”.
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Abstract
This paper deals with a new version of the derivative deconvolution of energy spectra from the
simulated pulse height distributions by using analytical approach. The modified derivative method
was tested with a few monoenergetic and continuous neutron sources (252Cf and 241Am-Be). It was
demonstrated that the analytical method based on
the first derivative of pulse height data and the
detector response matrix taking into account one
collision on hydrogen, can be rather successfully used for evaluation of discrete energy spectra
with a few neutron peaks. More complex spectra
continuous in energy, such as 252Cf and 241Am-Be
obtained by the analytical approach show significant oscillations although with the appropriate
smoothing procedure the unfolded results generally follow the trend of the reference data. The
more involved method as a reference unfolding
method is based on the maximum likelihood expectation-maximization method (MLEM) with
one-step-late (OSL) algorithm. The unfolding is
performed on pulse height distributions generated with the MCNP-PoliMi numerical code. This
code based on the Monte Carlo method is used to
simulate each neutron interaction in the scintillaton detector with high accuracy. The results of this
study have shown that the more involved unfolding method is superior to the analytical method for
both monoenergetic and continuous sources, but it
is more time consuming and computationally rather demanding. The analytical approach requires
less computer storage space, as well as it is simple
to implement and suitable for online applications.
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The results of the analytical approach show acceptable agreement with the results obtained by
the more involved method.
Key words: pulse height, neutron spectrum,
deconvolution, analytical approach.
Sažetak
Ovaj rad se odnosi na razvoj nove verzije derivativne dekonvolucije neutronskog spektra na
osnovu amplitudne raspodjele impulsa koristeći
analitički pristup. Unfolding metod je testiran na
nekoliko monoenergetskih i kontinualnih neutronskih izvora (252Cf and 241Am-Be). Pokazano je da
se analitički metod baziran na diferenciranju amplitudne raspodjele impulsa i matrici odziva detektora, koja uzima u obzir samo jedno rasijanje
na vodoniku, može uspješno koristiti za evaluaciju diskretnih energetskih spektara sa nekoliko neutronskih pikova. Kompleksniji spektri,
kontinualni po energiji, kao što su spektri 252Cf
and 241Am-Be, dobijeni primjenom analitičkog
metoda, pokazuju značajnije oscilacije, mada
primjenom odgovarajuće procedure izglađivanja
podataka, rezultati generalno slijede trend referentnih podataka. Kompleksniji unfolding metod
koji je korišten kao referetni, baziran je na metodu maksimalne vjerodostojnosti sa maksimalnim
očekivanjem (MLEM) i OSL algoritmu. Amplitudna raspodjela impulsa za testiranje unfolding
metoda je generisana primjenom MCNP-PoliMi
numeričkog koda. Ovaj program baziran na metodu Monte Karlo se koristi za simulaciju interakcije
neutrona u scintilacionm detektoru sa visokom
Volume 6 / Number 2 / 2011
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tačnošću. Rezultati naših ispitivanja su pokazli
da je kompleksniji unfolding metod superiorniji
u odnosu na analitički, u pogledu tačnosti energetskog spektra i za monoenergetske i kontinualne neutronske izvore, ali zahtjeva više vremena i
računarski je zahtjevniji.
Analitički pristup zahtjeva manje memorijskog prostora, može biti jednostavno implementiran i podesan je za online aplikacije. Rezultati analitičkog pristupa pokazuju prihvatljivu
saglasnost sa rezultatima dobijenim primjenom
složenijih unfolding metoda.
Ključne riječi: amplituda impulsa, neutronski
spektar, dekonvolucija, analitički pristup.
1. Introduction
Nuclear safeguards applications require fast
and robust methods to identify specific neutron
sources. Since energy spectrum is a distinctive
characteristic for each neutron source, the knowledge of the neutron energy distribution is of high
priority in the fields of nuclear nonproliferation
and homeland security [1]. Liquid organic scintillators are used to detect fast neutrons via scattering interactions with hydrogen and carbon, which
are the main constituents of the scintillator. The
pulse-height distribution measured with this type
of detector contains information on the neutron
energy spectrum. The relationship between the
pulse amplitude and the incident neutron energy is
uniquely described by the detector response matrix. Deconvolution or unfolding is the inversion
process for the determination of the energy distribution of the incident neutrons from the measurement data and the response functions of the detector. However, small statistical fluctuations of the
measured pulse height distribution or the detector
response matrix can cause large variations of the
unfolded spectral data. Over the years the unfolding methods have advanced considerably from
traditional least-squares algorithms with smoothing to artificial neural network algorithms which
were developed more recently. An overview of the
unfolding methods is given in Ref. [2]. However,
since there are no results of the comparative analysis of the developed numerical codes, it is not
known which unfolding method should be considVolume 6 / Number 2 / 2011

ered as the most reliable. In addition, the complex
deconvolution methods are time consuming and
computationally rather demanding. For online applications it is of interest to develop deconvolution technique which is simple to implement and
which is in acceptable agreement with more complicate methods. It was demonstrated in Ref. [3]
that the derivative unfolding method can be ruther
successfully used to unfold monoenergetic and
complex neutron spectra.
We have proposed a new version of derivative
unfolding method performing fairly well in the unfolding of neutron pulse-height distributions from
the Monte Carlo simulations. This purely computational study aims to assess the feasibility of using
the method previously mentioned to infere the energy spectrum of the incident neutron and to identify
neutron source for nuclear safeguards applications.
2. Simulation of the pulse height
distributions
The pulse height distributions (PHDs) from an
organic scintillator NE213 used as input data in
the derivative unfolding procedure were obtained
with the MCNP-PoliMi code [4] and its corresponding post-processing algorithm. Neutron detection in the liquid scintillation detector occurs
by scattering on hydrogen (H) and carbon (C), the
main constituents of the scintillation material. Every neutron interaction that occurs in the detector
volume, including interaction type, energy deposited, and collision nucleus can be simulated very
accurately by the MCNP-PoliMi numerical code.
A subsequent postprocessing of the simulation
results allows obtaining the neutron pulse height
distribution, while taking into account the conversion between deposited energy and light output.
The neutron deposits the energy in the scattering collisions which is then converted to scintillation light. Light generated is related both to
energy of incident neutrons and collision history.
The mechanism of the conversion was described
recently in detail through the statististics of the individual neutron histories [5].
The relationship between the energy transfered
(T, in MeV) and the light output (L, in MeVee) in
the case of scattering on H is:
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where a=0.035 MeVee/MeV2 and b= 0.141
MeVee/MeV for liquid scintillators [6]. The light
output is very small in the case of scattering on C
and the following relationship was used:

Φ( E )=−

d f 1H ( L , E
E
⋅
dT
ε( E )

)

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

where c=0.02 MeVee/MeV [7]. The relations
given by Eqs. (1) and (2) represent approximate
treatments based on the experimental results that
have been sufficient for most applications in the
past [8].
3. Evaluation of neutron energy spectra
3.1 Analytical approach
It was demonstrated by the Monte Carlo calculations that for the wide range of neutron energies, the most probable type of interaction is
single scattering on H in a liquid scintillator. It is
assumed an NE213 detector with an ideal energy
resolution and a single collision on H. Assuming
isotropic scattering in the centre of mass system,
the distribution of the transferred energy in the
case of scattering a neutron of energy E on H is
given in the following relationship [5]:
dT
. ..................... (2)
p( T , E ) d T =
E

where T ranges from 0 to E. The distribution of
the total light generated in a single collision on H
by using equations (1) and (2) is given as [5]:
f 1H ( L , E ) =

1
2

E⋅ b +4a L

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

2
where L ranges from 0 and L m a x = a E + b E .

L ( T ) = c T ............................. (4)
L = a T 2 + b T ≡ L ( T ) .................... (5)

Pulse-height spectra obtained from an organic
scintillator NE213 are in fact proton-recoil spec334

tra. Taking into account that the probability of
having a recoil nucleus with energy T is equal to
the probability of having the light output L, the
incident fast-neutron spectrum Φ(E) can be evaluated from the proton recoil distribution f1H(L,E) by
using the following relationship:
Where E is the neutron energy, ε(E) is the detector relative efficiency. This equation can be used to
determine spectrum of the incident neutrons.
In order to obtain the efficiency of the detector
in a simple way, the detector response matrix was
calculated taking into account one collision on H.
In the response matrix, each row corresponds to
a given neutron energy and each column corresponds to a given pulse height. The detector response matrix was calculated in the neutron energy range from 0 to 15 MeV with an energy bin of
0.1 MeV in 256 pulse height bins. Calculation was
performed for a 5 cm x 5 cm NE-213 cylinder with
a H:C ratio of 1.21 and a density of 0.96 g/cm3.
The pulse height distribution for each neutron energy bin for a single collision on H was calculated
by using equation (4) and then the detector efficiency was derived from the response matrix by
summing pulses for each neutron energy including normalization to unit.
3.2 Maximum likelihood approach
Maximum likelihood approach, i.e., the maximum-likelihood,
expectation-maximization
(MLEM) method [9] and one-step-late (OSL) method [10] was applied in this work for deconvolution
of neutron energy spectra from the simulated pulseheight distributions as a reference unfolding method.
It takes into account the Poisson nature of the noise
in the amplitude distribution data. The concept of
changing an ill-posed reconstruction problem into
a well-posed one is based on introducing an extra
control on what solutions are more favorable than
the others. The regularization parameter b controls
the degree to which the models of the prior are accentuated, and keeps constant during the iterations.
An appropriate value for the parameter b must be
empirically selected. If b = 0 , the OSL algorithm is
reduced to the usual MLEM algorithm.
Volume 6 / Number 2 / 2011
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4. The unfolded results
Fig. 1 shows the energy spectrum containing 2
neutron peaks at energies of 4 and 6 MeV obtained
by the analytical method in the case of a single
scattering on H. In the same figure the OSL results
with narrow neutron peaks are also presented. The
results of evaluation of energy spectra for neutrons incident on the liquid scintillators containing
4 peaks are given in Fig. 2. The spectra of 252Cf
and 241AmBe neutron sources have shown in Fig.
3 and Fig. 4., respectively.

Fig. 3. Energy spectrum of 252Cf neutron source

Fig. 1. Energy spectrum of two neutron peaks at
energies of 4 and 6 MeV

Fig. 4. Energy spectrum of 241AmBe neutron
source
The results of analytical unfolding for 241AmBe
source show significant oscillations, although they
generally follow the trend of the reference data.
Analytical approach is not good enough for complex neutron spectra such as 241AmBe spectrum,
but it could be useful in situations when fast spectral information is needed.
Fig. 2. Energy spectrum of four neutron peaks at
energies of 5, 7, 12 MeV
Volume 6 / Number 2 / 2011
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Conclusions
The results of this study have shown that a new
version of the derivative deconvolution method for
evalution of energy spectra in the case of monoenergetic sources can be used successfully to determine locations of the neutron peaks, while their
intensities cannot be evaluated correctly. Even for
continuous in energy 252Cf spectrum, the analytical results do not deviate too much from the reference values, especially after applying the smoothing procedure. However, the unfolded spectrum
of 241AmBe source shows larger deviations from
the reference data although they generally follow
the trend of the reference data. Application of the
MLEM method with OSL algorithm gives the results which are in very good agreement with the
reference ones in all cases. The results obtained
have shown that analytical method based on one
collision on hydrogen could be useful for online
applications when faster calculation and less computer storage space are desirable. The analytical
approach can be implemented when immediate
knowledge of the neutron spectrum is required.
The derivative unfolding method proposed in this
work performing fairly well in the unfolding of
neutron pulse-height distributions from the Monte
Carlo simulations. The future work is related to
investigation of the detector resolution and analytical treatment of two collisions on H and C.

6. Pozzi, S. A., Mullens, J. A., Mihalczo, J. T., Nucl.
Instr. and Meth. A 524 (2004) 92.
7. Schweda, K., Schmidt, D., Nucl. Instr. and Meth.
A 476 (2002) 155.
8. Klein, H., Neumann, S., Nucl. Instr. and Meth. A
476 (2002) 132.
9. Dempster, A. P., Laird, N. M., Rubin, D. B., Journal of the Royal Statistical Society. Series B (Methodological), Vol. 39, No.1, pp. 1-38, 1977.
10. Green, P., J.R. Statist. Soc., 52(3), pp.443-452,
1990.
Corresponding author
S. Avdic,
Department of Physics,
Faculty of Science,
University of Tuzla,
Bosnia and Herzegovina,
E-mail: aadeno@bih.net.ba

References
1. Mullens, J. A., Edwards, J. D., Pozzi, S. A., Institute of Nuclear Materials Management 45th Annual Meeting, Orlando, FL, July 18–22 (2004).
2. Avdic, S., Pozzi, S. A., Protopopescu, V., Nuclear
Instrum. and Meth. in Phys. Res. A, Vol. 565(2),
pp. 742-752.
3. Miller, W., Nuclear Instrum. and Meth. in Phys.
Res. A 153 (1978) 535-541.
4. Pozzi, S. A., Padovani, E., Marseguerra, M.,
Nuclear Instrum. and Meth. in Phys. Res. A, 513/3,
(2003) p.550.
5. Pozzi, S. A., Flaska, M., Enqvist, A., Pazsit, I.,
Nuclear Instrum. and Meth. in Phys. Res. A 582
(2007) 629–637
336

Volume 6 / Number 2 / 2011

technics technologies education management

The evaluation of using
mind maps in teaching
Nebojsa Stankovic, Carisa Besic, Milos Papic, Veljko Aleksic
University of Kragujevac, Technical faculty Cacak, Republic of Serbia,

Abstract
One of the most important problems in education is to achieve a greater degree of utilization of
mental abilities. One approach to this problem is
the use of so – called mind maps, whose founder
is Tony Buzan. This approach was given to the
importance by using appropriate computer programs. The paper includes the evaluation of the
implementation of mind maps in teaching and the
results of the research. We applied the method
with two parallel groups of students who attend
classes in subject E – business, on a sample of 189
students. One group of students learned the contents of E – business in the traditional way, while
the other group used mind maps. Their progress
in knowledge was measured by the knowledge
test. Students evaluated the use of mind maps in
teaching. The results of the research show that
students are more motivated to learn through the
mind maps. So, as mind maps allow visualization
of the content, students establish better integration
of theoretical and empirical knowledge.
Key words: Mind Map, creativity, education,
evaluation.
Sažetak
Jedan od najvažnijih problema u obrazovanju
predstavlja postizanje većeg stepena iskorišćenja
mentalnih sposobnosti čoveka. Jedan od pristupa
u rešavanju ovog problema predstavlja korišćenje
tzv. mapa uma, čiji je začetnik Tony Buzan. Ovaj
pristup dobio je na značaju korišćenjem odgovarajućih računarskih programa. U radu je izvršena
evaluacija primene mapa uma u nastavi i dati su
rezultati sprovedenog istraživanja. Primenjena je
metoda sa paralelnim grupama studenata, koji pohađaju nastavu iz predmeta Elektronsko poslovanVolume 6 / Number 2 / 2011

je, na uzorku od 189 studenata. Jedna grupa studenata savlađivala je sadržaje Elektronskog poslovanje na tradicionalan način, dok je druga grupa koristila mape uma. Njihovo napredovanje u
poznavanju obrađenog gradiva mereno je testom
znanja. Studenti su evaluirali primenu mapa uma
u nastavi. Rezultati istraživanja pokazuju da su
studenti motivisaniji da uče pomoću mapa uma.
Dakle, pošto mape uma omogućavaju vizualizaciju nastavnog sadržaja, studenti uspostavljaju bolju
integraciju teorijskih i iskustvenih znanja.
Ključne reči: Mapa uma, kreativnost, edukacija, evaluacija.
1. Introduction
„The human brain is a magical loom where millions of flashing neon weave pattern, a pattern that is always full of meaning, never before a permanent, variable pattern of minor harmony“ (Charles Sherrington, creator of neurophysiology). The brain contains about a million million
(100,000,000,000) of brain cells (neurons). Each
of these neurons may contain 10.000 neural connections with other neural cells. In the past 10
years, using new scientific techniques of scanning
the brain (Figure 1 and Figure 2), scientists have
learned more about how the brain works than in
the past 100 years [1].
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Figure 1. Brain showing technology CT – computerized tomography

Figure 2. Brain showing technology MRI – magnetic resonance imaging

nant for a different but equally powerful set of mental abilities: word, logic, numbers, strings, linearity,
analysis, and lists (“male” activities).
There are some accustomed beliefs (prejudices):
–– everything related to intellectuals has to
do with words, numbers and logic, not
imagination, color and rhythm;
–– work is the only place for the implementation
of the order;
–– men are rational beings, without emotions
–– women are irrational dreamers;
–– emotions are based on associative logic;
–– creativity and art are not “real” profession,
because there is no rationality or knowledge
behind them.
However, the creative mind is nowadays, the
entire mind. Our mind needs „practice“ in order
to make it more creative. Ease of creative thinking
are related mainly to the following:
–– how many ideas can you think of and
–– quickness in their creation.
Great creative geniuses have devised a number of ideas, and only some of them were great
(“quantity creates quality”). The largest creative
is a child. As we become more mature, we shoud
become more youthful, as we are getting older, we
should be getting younger!
2. Mind maps

Figure 3. Left and right brain hemisphere tasks
Our brain is amazingly powerful tool for learning,
the most powerful tool in the known universe and
making it more in use, works better and uses information. Man uses both the left and right side (hemisphere) of the brain (Figure 3). The right hemisphere
appears dominant in the following intellectual areas: rhythm, spatial perception, gestalt (wholeness),
imagination daydreaming, color and size (“female”
activities). The left hemisphere is, seems to be domi338

Tony Buzan is the author of the idea about radiant thinking and mental literacy. He was born
1942. in London and graduated on University of
British Colombia 1964. in psihology, english and
maths. He is best known in public because of his
book „Use your head“ and mnemonics promotion
known as Mind Maps® [2].
His work is based on results of the human brain
research by dr. Roger W. Sperry (Nobel prize winer for medicine, 1981. for research on principles of
left and right brain hemisphere functioning). His
mnemonics (Mind maps), Buzan invented during his University education. During his education, he noticed that he had troubles memorising
large amount of data, but he also noticed that other
Volume 6 / Number 2 / 2011
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students had the samo problems. Research shows
that human brain best responds to the key words,
pictures, colors, and the direct connection between
two or more concepts. Buzan has made a simple
set of rules that follow these principles. And so
they formed mind maps.
Mind map is a brilliant expression of thought
and therefore a natural function of the human
mind. It is a powerful graphical tool that provides a
universal key to unlocking the potential of the human brain. Mind maps can be used in every aspect
of life in which the improved learning and clearer
thinking may increasing human performance [3].
Mind map has four basic caracteristics:
–– object of attention is crystallized in the
central figure;
–– main subject topics branch out from central
topic;
–– branches contain a key figure or a key word
printed on the associated line. Topics of lesser
importance are also represented as branches
connected with the branches of a higher level;
–– branches form a connected “focal point”
structure.
Mind maps, in general, can be used to record
any ideas and concepts, because in addition to
words, can also contain images, structured data,
a shortcut between the individual elements and
links to outside resources such as files and Web
pages. And while history of mental maps reaches
back to ancient times, with rare exceptions which
prefer pen and paper (Figure 4), mind maps are
nowadays created almost exclusively by computer
(Figures 7, 8, 9, 10 and 11).

3. Mapping and brainstorming tools
There are several excellent softwares for creating mind maps. Some of them are commercial, like
Mindmanager (www.mindmanager.com) and free,
like Mindomo (www.mindomo.com). Mindomo
is Web – based tool, and its basic version is designed for individuals who can use it for free: create and share maps with others that are stored in a
particular database on Mindomo server. MindManager and Mindomo are the leading visual tools
for brainstorming and planing, which allow users,
individuals and teams, creating simple presentation of ideas, knowledge and informations, and
more efficient thinking, planing and cooperation.
Using these tools helps students, faculties and
administrators in transformating the ideas, strategic thinking and informations to actual action
plans. These versatile products are designed to
support all those involved in education:
–– to be more productive;
–– to improve learning conditions;
–– to improve management of administrative
and school projects.
These tools allow us:
–– quick and simple brainstorming;
–– using the map as a central portal for
connecting vital design information;
–– converting maps into action plans and creating
different views for the management needs;
–– quicker transition from conceptual level to
project realisation.
Documents created using these tools can be:
–– imported from MS Word;
–– exported to different file formats, such as:
PDF, HTML, MS PowerPoint, MS Word;
–– exported to graphic file format.
With these capabilities, Mind Manager and
Mindomo are powerful tools for making and processing structured information.
3.1 Using MindManager Pro and Mindomo

Figure 4. Traditional mind map [4]
Volume 6 / Number 2 / 2011

After starting MindManager application users
can see the main window and it is noticable that it
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has similar interface like MS Office 2007 or 2010
applications (Figure 5). In order to create a simple
map, you shoud know few simple things:
–– rectangle on the middle of the drawing area
is called Central Topic;
–– if you want to change the apperance of
the form, double klick on it and change its
appearance i the Shape and Color tab;
–– use the Enter key when you want to add a
topic (Main Topic);
–– use the Insert key when you want to add a
subtopic (Subtopic);
–– use the Delete key when you want to deleta
a topic/subtopic;
–– you can add samo notes to a topic by clicking
on the Notes icon on the Home ribbon or
you can use shortcut (Ctrl+T);
–– you can make a topic preferred by selecting
some of the Icon Markers on the Home
ribbon;
–– you can make a relation between topics by
choosing Relationship tool on the Insert
ribbon.
In order to use Mindomo, you should first register on their site www.mindomo.com. After the
registration, you can create your mind map in a
similar way like in MindManager Pro application.
Mindomo’s user interface (Figure 6) is almost the
same like in MindManager Pro (Figure 5).

different needs, such as: planing of conference,
showing computer structure, defining contents of
a book, ICT syllabus, etc. [5].

Figure 7. Mind map of conference plan

Figure 8. Mind map of computer structure

4. Examples of mind maps
On Figures 7, 8, 9, 10 and 11 are shown the
examples of mind maps which can be created for

Figure 9. Mind map of Windows 7

Figure 5. MindManager Pro main ribbon

Figure 6. Mindomo main ribbon
340
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Figure 10. Mind map of course program ICT

Figure 11. Mind map of religions in the world
5. Research
The Bologna Process requires motivationally effective teaching model in which the student clearly knows what is taught and what
are the criteria for winning points. Subject of
E- business is studied at the Technical Faculty in
Cacak (Serbia) is at four study programs (Table 1).
The subject of this paper is to measure the effectiveness of mind maps, for this subject, estimates made by students (student evaluation) and
teachers (knowledge test). The research was carried out in order to improve teaching efficiency
and achieve a higher quality of education.
We investigated the motivation of students under
the influence of different modes (independent variable), the traditional way and using the mind maps.
Dependent variables were student assessment studies and their approved level of knowledge.
Research hypotheses are: 1) students who
master the material with the help of mind maps
show a higher level of interest and motivation for
learning, 2) students who learn the material with
the help of mind maps achieve a higher level of
knowledge.
We used a descriptive method throughout the
research, which was applied to two groups of students. Testing and interviewing were the main reVolume 6 / Number 2 / 2011

search methods. At the end of the study the analysis of the contents and the comparative method
were carried out.
Data were collected using the evaluation questionnaire and knowledge tests and they were analyzed by descriptive statistics.
The sample on which the research was done
was the regular students of the Technical Faculty,
within all four study programs in which the subject of E-business is studied, during which the students were divided into two groups (189 students).
Course of study: The research was conducted
during the winter semester 2010/2011 academic
year. The basic idea was to interview and test the
students after the lectures and the collected data
were processed and analyzed. In the first half of
the study (November) the groups, respectively,
had lectures on: Models of E-commerce and Ebusiness strategies, group A, in the traditional way
(95 students) and group B, using mind maps (94
students). After the implementation of content, the
knowledge test determined the degree of adoption
of new knowledge and the evaluation questionnaire assessed the effectiveness of teaching by
students as well as their interest in similar content
listening using the mind maps.
The questionnaire consisted of two parts:
–– In the first part of the questionnaire,
which was completed by all students,
students assessed (on a scale of 1 to
5): their knowledge in the field of
E-business, their interest in the contents
of the E-business, what was the activity
in classes according to their needs, how
much they learned about certain things in
the field of E-business using this kind of
implementation of lessons (traditional or
using mind maps); assessment of the classes
which were held.
–– The second part of the questionnaire was
filled in only by students in group B, who
used mind maps during the lessons, and it
estimated how much the material was more
obvious using the mind maps and how much
they were interested in listening to similar
contents in the same way (using the mind
maps).
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Table 1. The number of students surveyed by groups
                                       Group
Department
Engineering Management
Entrepreneurial Management
Information Technology
Technics and Informatics

A
(mind maps)

B (traditional)

Total

14
37
16
28
95

14
36
15
29
94

28
73
31
57
189

Total

Table 2. The evaluation of students of both groups (A and B)
Evaluation on a scale from 1 to 5
What was your previous knowledge in the given fields of E-business?
How much are you interested in the contents or E-business?
Was the activity in class in accordance with your needs?
How much did this method help you learn?
How many marks out of 5 would you give to the lessons delivered?
Comprehensiveness of the materials with the aid of mind maps.
Would you like to study following materials with the aid of mind maps?

5.1 Results and disscusion
The study confirmed the first hypothesis, that
students who had classes using mind maps (group
A) were more interested and motivated to work
than their colleagues who have listened to the
same material in the traditional way (group B)
(Table 2, Figure 12).

Figure 12. The evaluation of students of both
groups
The second hypothesis has been confirmed:
students who adopted the contents of the given
field of E-business using mind maps (group A)
achieved a higher level of knowledge and had a
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Group A

Group B

M
2,35
3,62
4,09
4,38
4,50
4,76
4,85
N=95

M
2,37
3,58
4,15
3,89
4,05

N=94

better score on the test compared to the students
who listened to lectures in the traditional way
(group B). Students from Group A achieved an
average 8.5 points on the knowledge test, while
students in group B had an average of 7.7.
Figure 13 gives a graphical representation of
the average points achieved on the knowledge test
per directions and groups.

Figure 13. The average number of points per department and groups
Therefore, students who listened to the lessons
using mind maps assessed the lessons better, are
very positive about using mind maps in teaching
Volume 6 / Number 2 / 2011
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and are willing to deal with similar contents using
mind maps (Figure 14). Increased awareness of
innovation in teaching is the first step in changing
behavior and learning.
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Figure 14. The evaluation of students of group A
6. Conclusion
Mind map is a tool that helps us to properly
organize some knowledge, and his view allows us
to easily interpret. In any case, this means encouraging the creativity and the multi – faceted, comprehensive thinking. It is very simple and a good
roadmap for reolving various problems. Making
mind maps using easily available and very powerful computers with a wide range of software have
become very common way for students, managers
and many others. Applications for the development of mind maps are linked with other software,
which increases the range of appropriate options
for the mentally written computer users.
The idea of applying mind maps in teaching
has led the authors to conduct this research. With
one group of students, they worked in a traditional
way, while teaching within another group implemented the model of active teaching, using mind
maps. The results obtained in this study (the hypothesis) speak in favor of using mind maps to a
large extent, promote the level of acquired knowledge of students as well as their efficiency during
practical tasks.
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Abstract
Production of quality dynamic plans with optimum design of construction works and usage
of resources is very important. There are several
criteria of optimization, as well as several optimization methods, but one requirement is very frequent - finding the optimum construction time, for
which the total costs have the minimum value. For
the network planning methods: The critical path
method – CPM and Precedence diagram method
PDM, which include a variety of relationships between the activities, yield the different optimum
time and corresponding minimum total costs. In
this paper, the construction time optimization according to the cost criterion was presented, applying the Fondahl method as the most appropriate
for a small-size project. Work progress network
plan has been produced in three variants CPM,
PDM and PDM with sub-activities. The shortest
optimum time was obtained for the variant 3, and
the lowest total cost in the variant 1.
Key words: Optimization, costs, construction
time, network plan, relationship type
Sažetak
Izgradnja građevinskih objekata je veoma
skup i vremenski dug proces izložen različitim
rizicima. Uglavnom se objekti završavaju kasnije
i sa znatno većim ukupnim troškovima nego što
344

je prvobitno planirano. Upravo zato je vrlo važna
izrada kvalitetnih dinamičkih planova sa optimalnim rešenjem izvođenja radova i iskorišćenja
resursa. Prvoizrađeni planovi retko predstavljaju
najbolju opciju, pa je stoga potrebno vršiti njihovu
preradu u smislu dobijanja boljeg rešenja, tj. vršti
optimizaciju po nekom kriterijumu. Optimizacija
može da se vrši po različitim kriterijumima: rok
građenja, troškovi građenja, kvalitet izvedenog
objekta, iskorišćenje resursa u toku izgradnje objekta. Međutim, optimizacija je najčešće usmerena na iznalaženje roka građenja za koji ukupni
troškovi imaju minimalnu vrednost.
Ključne reči: Optimizacija, troškovi, rok
građenja, mrežni plan, tip veze
1. Introduction
Construction of civil engineering structures is
a very expensive and long process liable to various risks. In most cases, structures are completed
late and with significantly higher total costs than
planned. Exactly for this reason, production of
quality dynamic plans with optimum design of
construction works and usage of resources is very
important. The first plans produced seldom represent the best option, therefore it is necessary to improve them, in terms of obtaining a better solution,
that is to optimize them according to a criterion.
The optimization can be performed according to
various criteria: construction time, construction
Volume 6 / Number 2 / 2011
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costs, quality of constructed structure, usage of
resources in course of construction. However,
optimization is most often focused on finding the
construction time for which the total costs have
the minimum value.
2. Critical path method (CPM) and
precedence diagram method (PDM).
The most frequently applied deterministic network planning methods in civil engineering are
CPM (Critical Path Method) and PDM (Precedence Diagram Method).
The basis of the CPM method is a graph, with
arrowed lines and nodes. An activity is represented by an oriented graph, and an event by a circle.
Such concept of a network diagram is known as
Arrow Diagram Method.
PDM (Precedence Diagramming Method) network diagram is based on another concept, the
so called Activity on the Node. From the point of
view of computer application, this proved to be
a relatively better technique. This network planning method allows establishing more complex
relations between the activities in the diagram. In
PDM , apart from the basic relationship (Finish
to Start), three additional types of relationships
are formulated Start to Start, Finish to Finish and
Start to Finish.
3. The most frequently applied
construction time optimization methods
After the completed structure and time analysis, in network planning technique the cost analysis is performed, that is, optimization of the network plan which is the essence of the issue, and
only then this planning technique is completely
meaningful. This phase can be carried out in several ways, depending on the requirements (costs,
time, quality) but it is not possible to attain maximum results for all three requirements – maximum quality for lowest costs in shortest time. As
for the construction time, usually the shortest construction time with minimum increase of costs are
required, or such construction with the least total
costs.
Volume 6 / Number 2 / 2011

The optimization of the construction time (cost
analysis) can be performed according to various
criteria:
–– Shortening of project construction time with
minimum increase of total costs;
–– Finding of the project completion time with
minimum costs;
–– Minimization of project costs when its
duration time is given;
–– Optimization of construction time when the
cost is given;
–– Shortening of construction time without
increase of the cost;
–– Finding of the shortest project completion
time regardless of the costs.
In the majority of cases, the shortening of the
construction time usually entails increase of the
cost. However, at the same time, influence of the
inflation, intercalary interest, overhead expense
is reduced, whereas the profit is increased, due
to an earlier putting of a structure into service.
When optimizing the construction time the costtime analysis is performed. It is necessary to find
an optimum dependency of costs and completion
time of individual activities, as well as the entire
project.
The known methods for solution of this problem are heuristic and they frequently assume a
simplified reality. There is a number of approaches
in use, regarding cost analysis, which are considerably different in methodological terms. Some of
the methods for optimization of construction time
for the network plans created according to the
CPM are: time optimization by Beasley, time optimization by Fondahl. Cost analysis can be performed by linear and convex programming methods in cases when the project duration or project
costs are given. In those network plans, where
the time analysis is done according to the PERT
method, the cost analysis is done by PERT/COST
method. The goal of the PERT/COST method is
to establish a relationship between the costs and
project duration time, for which reason the cost of
every activity is evaluated in the function of duration time of that activity.
The cost analysis in the network planning technique is carried out through the following procedures:
345
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–– Determination of the cost of each activity;
–– Analysis of cost-time relation;
–– Optimization
of
cost-time
relation
(construction time organisation);
–– Production of a definitive network plan.
The starting point in this phase is the initial
network diagram for which the time analysis has
been performed, with the normal time of activity
duration and normal costs.
When determining cost-time dependency, the
starting point is the so-called normal time (tn) of
activity duration in the network diagram, which
has been calculated. This time refers to the normal
working conditions and the application of usual
(adopted) technology. Normal costs (Cn) correspond to this time.
Duration time of any activity in the network
diagram can be shortened or extended. Any shortening of project construction time most frequently
causes increase of costs Activity duration time can
be shortened to a certain limit, when no additional
investments can result in the further reduction of
activity duration time. This minimum duration of
activities is called the compressed time (tc) and the
costs occurring at such activity duration are called
the compressed costs (Cc).
The change of direct (variable) costs between
the intervals tn and ty is conducted according to a
certain curve. However, due to the complex calculations for each activity, with a sufficient accuracy,
the linear approximation is applied. On this basis,
the daily costs increment due to the shortening of
any activity duration is calculated.
DC =

Cc − C n
(din/unit of time)............... (1)		
t n − tc

Direct (variable) costs represent the technology
costs. In fact, these costs are those directly related to production (construction): costs of primary,
secondary material and fuels, machinery operation costs, employee wages, etc.
As the project realization time is shortened, a
certain increase of direct costs occurs, depending
on the undertaken measures. The indirect (constant, fixed) costs are building organization costs
and building company management costs. Those
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are the existing costs regardless of whether the construction is being carried out with full or reduced
capacity, or not at all. They are in a certain period
constant, unchangeable, regardless of the changes
in production volume. These costs include: one
time costs, overhead, maintenance, interest, insurance, inflation, rent, machinery, wear and tear, heating, lighting costs, etc. The value of one-time costs
(T1) is constant in respect to the quantity of works
and the value of other fixed costs (T2) is rising linearly. With the increase of the quantity of works, the
reduction of total fixed costs by unit occurs. Due
to the construction time shortening, the reduction
of fixed (indirect) costs by unit occurs. The costs
of preparatory works (temporary roads, temporary
living quarters, temporary building site) increase
when construction time is shortened.
With the extension of the construction, the total costs increases due to the contract penalties. In
case the works are finished prior to the contract
deadline, the total costs are reduced due to an earlier putting of the structure into service, by acquiring bonus.
Total costs of a project are the sum of all the
previously mentioned costs. direct, indirect, preparatory works and penalties and bonuses costs.
The function of total costs has its minimum,
which is the minimum cost of a project. The time
corresponding to this minimum is the optimum
construction duration time.
In optimization of construction time, the activity duration time should be shortened until the
compressed time, observing the following fundamental principles:
–– The time of activities on the critical path
should be shortened;
–– If it is possible to shorten duration time of
multiple activities, firstly the activities with
the lowest cost should be shortened;
–– At network plans with several critical paths,
the duration time of multiple activities is
shortened on each critical path for the same
number of time units, given that firstly the
activities with the lowest cost should are
shortened;
–– The shortening process is performed until the
desired project completion time is achieved,
or, eventually, until all the activities reach
the compressed duration time.
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For the purpose of activity duration shortening,
some of the following measures can be undertaken:
–– Introduction of work in multiple shifts (an
efficient measure, which better employs the
capacity of machinery without increasing
their number, with no new one-time costs);
–– Introduction of overtime work (causes
increase of employees wages);
–– Application of more productive methods
(which are, as a rule, more expensive);
–– Application of a greater number of assets
(the most efficient measure, but also the most
expensive, increasing the one-time costs).
Optimization of measures according to Beasley, is based on the analysis of activity duration time
between the compressed and normal values, iteratively, where after each iteration an analysis of obtained results is performed. This method is significant because it represents a good starting point used
for computer software dealing with optimization of
network plans according to the time criterion.
The proposed algorithm weakness is manifest
in the case that there are more than one critical
paths in the network, when there is a great number
of activities when the procedure lasts a long time.
Optimization of construction time according
to Fondahl is conducted only till the moment
when the increase of total costs of the projects occur. The initial point is a network plans with normal duration of activities and normal costs, which
is observed as a system of activities composed
of rigid parts (critical activities with no time reserve) and flexible parts (non-critical activities
with time reserve). These movable parts of a network diagram, that is, the non-critical activities,
can be moved inside its allowable time reserve in
the range from the earliest start to the latest completion. This method is also an iterative method.
Firstly the free floats of all the activities are identified and mutual effects of shortening of an activity on a non-critical path are determined. This is
monitored through a system of tables and matrices
for keeping records, without a direct observation
of the network after each step. After each iteration,
costs calculation is performed, and the procedure
is continued until there is a potential to shorten the
duration time of the activities affecting the conVolume 6 / Number 2 / 2011

struction time. This method is significant because
it represents a good starting point used for computer software dealing with optimization of network plans according to the time criterion.
The working algorithm according to this method is as follows:
–– The selection of critical activities on
all critical paths which have the lowest
increment of costs;
–– Determination of mutual dependencies
effects, that is, changes of the free float value;
–– Determination of the possible time of
shortening of the activities in an iteration;
–– Determination of the value of increment of
costs for the entire project;
–– Determination of the value of reduction of
costs for the entire project;
–– Determination of project costs and
construction time;
–– Assessment whether there is an optimum or
not.
Optimization according to Fondahl is easier
and simpler to use than the previous one, according to Beasley, though it can be long (in terms of
time) for a great number of activities.
Optimization by linear and convex programming can be used in the case of project cost minimization at the expense of the extension of duration
time of certain activities, if the project duration time
is predetermined, or in the case when the duration
time is minimized for the predetermined costs. In
both cases it is supposed that the direct costs decrease with the increase of time, that is, the linear
and convex relations between the duration and the
costs of the activities are comprised. In the case of
the predetermined time, determination of the least
costs is performed with the aid of λ-parametric minimization of projects costs, and in the case of predetermined costs, the time optimization is performed
with the aid of the Kelley’s method.
PERT/COST optimization comprises different
variants, of which the most widespread is the one
based on the cost optimization on the basis of the
same network plan that was used in the time analysis according to PERT method. Therefore the goal
of the PERT/COST method is to establish a relationship between the costs of any activity in the
function of the time of its duration, determined ac347
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cording to PERT method. The procedure is identical to optimization procedure by Fondahl, for the
network plans produced according to CPM.
Genetic algorithm relatively new heuristic
method for optimization (it has been used for 20
years), was proposed by Jahn H. Holland and is
based on the living creatures evolution. The basic
concept of this algorithm is copying of operation
of natural evolution process. During reproduction,
the chromosomes change their genetic code, and
mutations occur on the population which is in fact
the set of solutions in the domain of research. The
optimum solution is reached by the iterative modification of population, increasing the number of
possible solutions.
4. The construction time optimization
methods presentation
For the purpose of presentation of the construction time by the criterion of costs, a network plan
of construction works of a residential structures
storey was made. Three variants of the network
plan with the difference in relationship between
the activities were made:
The variant one was made according to the CPM
method comprising a classical type of relationships
between the activities, Finish to Start - End → Beginning (FS). By planning using this method, the
construction duration time was 122 days.
The variant 2 was made according to the PDM
method, where in addition to the FS relationship
type between the activities, also, Start to Start Beginning → Beginning (SS) type of relationships
was applied, with the necessary delay (SS+lag)
of the beginning of the following activity. In this
way, the planning of construction works is in better agreement with the actual practice, and the
construction duration time was 92 days.
The variant 3 was made according to the CPM
method, with the division to corresponding subactivities, in order to provide the FS relationships
between the activities. The same duration as in the
variant 2 was obtained, 92 days. For the planning
the software package MC Project 2007 has been
used, and for optimization of all three variants of
network dynamic plan, the Fondahl method was
applied as the most appropriate one. The optimum
348

construction times have been found, that is, construction times when the total construction costs
are minimal. Shortening of the activities was accomplished by introducing long hours, extension
of the shift time from 8 to 10 hours, with the appropriate increase of the labour costs. The increase of
the labour costs for the work in 10 hour shifts was
calculated according to the expression.
DCl = 1 +

TN − TC
TN

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

in which:
TN - normal time;
ТC - compressed time.
The shortening of the construction time reduces overhead costs, whose increase was calculated
according to:
DCo = − Co ( N ) (1 − a )

TN − TC
TN

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

in which:
Co(N) - are the overhead costs for normal time;
a - the factor depending on the company.
Value 0.6 is taken for the factor a - depending
on the company. Profit costs and inflation are calculated according to the expression:
− ÄC i p = C N





i+ p
10 0

 T N −TC
 365 (din) .............. (4)


in which:
CN - normal expenses:
i - inflation amount (%)
p - profit amount (% )
The calculation is taken with the estimated
amount of annual inflation of 10% and predicted
profit of 10% due to the early putting of the building in service. The influence of intercalary interest
is not taken into consideration because financing of
building construction is not always done via a loan.
Dynamic plans for the work in 8 hour shifts
have been made, from which the normal times –
TN by variants are obtained. The normal costs and
shortened time costs have been calculated in the
appropriate tables. At each step of optimization
Volume 6 / Number 2 / 2011
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the critical activity with the lowest increase of
costs was shortened, and the costs and total duration of the project were determined. The procedure was carried out in a certain number of steps
until the total costs increased, which then yielded
the optimum time and the lowest costs.
Normal construction time, normal costs, compressed time and compressed costs, as well as the
increase of the overhead costs, and the increase of
the inflation and profit, for each considered variant
are given in the Table 1:

ate increase of costs had effects on the total duration of the project (figure). Direct, indirect and
total costs (tables 2 and 3) for each step of optimization have been calculated. The optimum time of
93 days with the lowest total costs of 3.360.064.29
din has been calculated; the curve of total costs
has been presented in figure 2.

5. Optimization of the network plan made
according to CPM – variant 1
The network plan produced by variant 1, according to CPM, has 27 activities. All relationships between the activities are of the FS type,
which affects the long duration of the works. The
network plan has 16 critical and 11 non-critical activities, 4 of which having a free float. There are
two critical paths in the network.

Figure 2. Curve of total costs, variant 2
6. Optimization of the network plan made
according to PDM – variant 2
The network plan produced by variant 2, according to PDM, has 24 activities. Relationships
between the activities are of FS and SS+lag type.
Parallel course of works obtained by such relationships between the activities would result in
significant shortening of works.

Figure 1. Effects of shortening of critical activities with FS relationship on the total shortening
of the project
The optimization is carried out in 13 steps, by
shortening on activity at a time (except in the step
5, where two activities were shortened) with the
least increase of costs. The time for which the
activities have been shortened is a lower value
between the highest possible shortening of the
considered activity and free float of the activities
affecting the shortening of the time. At every step,
shortening of critical activities with the appropriVolume 6 / Number 2 / 2011

Figure 3. Effects of shortening of critical activities with FS relationship on the total shortening
of the project
The network plan has 16 critical and 8 non-critical activities, 4 of which having a free float. There
are two critical paths in the network. Optimiza349
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1
2

CPM
FS
122
PDM
SS+lag, FS 92
CPM
3
FS
92
(subact.)

Total daily increase of
inflation and profit costs
(din/day)

Increase of inflation and
profit costs (din)

Increase of overhead
costs

Compressed costs
(din)

Normal costs

Compressed duration
(day)

Normal duration (day)

Type of relationships in
ND

Method

Variant

Table 1. Time and costs of network plan variants

87
74

3,810,278.79 4,285,509.81 -265,921.25 -502,465.60 -21,953.91
3,810,278.79 4,285,509.81 -160,784.82 -258,410.88 -23,288.65

66

3,810,278.79 4,285,509.81 -260,395.62 -373,260.16 -24,371.38

Table 2. Increase of costs by optimization steps for variant 1
Activity
Increase of
with
Activity
Shortening
costs
Step minimum being
(days)
Per day
increase shortened
(din/day)
of costs
0
0
0.00
1
2
2
3
2,243.85
2
27
27
4
2,391.60
3
22
22
4
3,082.36
4
5
5
1
3,728.66
5
23
23,24
4
4,100.73
6
4
4
1
5,180.09
7
3
3
3
5,592.99
8
16
16
1
6,328.65
9
11
11
2
11866.22
10
13
13
1
12,486.83
11
1
1
3
13,846.56
12
12
12
2
15,821.63
13
25
25
6
33,861.60

Total
Cumulative
increase of
increase of
costs
costs
(din)

Total direct
costs
(din)

Total
project
duration
(days)

0.00
6,731.55
9,566.40
12,329.44
3,728.66
16,402.92
5,180.09
16,778.97
6,328.65
23,732.44
12,486.83
41,539.68
31,643.26
203,169.60

3,810,278.79
3,817,010.34
3,826,576.74
3,838,906.18
3,842,634.84
3,859,037.76
3,864,217.85
3,880,996.82
3,887,325.47
3,911,057.91
3,923,544.74
3,965,084.42
3,996,727.68
4,199,897.28

122
119
115
111
110
106
105
102
101
99
98
95
93
87

0.00
6,731.55
16,297.95
28,627.39
32,356.05
48,758.97
53,939.06
70,718.03
77,046.68
100,779.12
113,265.95
154,805.63
186,448.89
389,618.49

Table 3. Total shortening and costs for variant 1
Optimization
step
0
1
2
3
4
5
6
7
8
9
10
11
12
13
350

Project Shortening Direct costs
duration
(day)
(din)
122
119
115
111
110
106
105
102
101
99
98
95
93
87

0
3
7
11
12
16
17
20
21
23
24
27
29
35

3,810,278.79
3,817,010.34
3,826,576.74
3,838,906.18
3,842,634.84
3,859,037.76
3,864,217.85
3,880,996.82
3,887,325.47
3,911,057.91
3,923,544.74
3,965,084.42
3,996,727.68
4,199,897.28

Increase dCo
and dCip per
day (din/day)

Cumulative
increase dCo
and dCip (day)

Total project cost
of the project
(din)

0.00
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91
-21,953.91

0.00
-65,861.73
-153,677.37
-241,493.01
-263,446.92
-351,262.56
-373,216.47
-439,078.20
-461,032.11
-504,939.93
-526,893.84
-592,755.57
-636,663.39
-768,386.85

3,810,278.79
3,751,148.61
3,672,899.37
3,597,413.17
3,579,187.92
3,507,775.20
3,491,001.38
3,441,918.62
3,426,293.36
3,406,117.98
3,396,650.90
3,372,328.85
3,360,064.29
3,431,510.43
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Table 4. Increase of costs by optimization steps for variant 2
Activity
with
Step minimum
increase
of costs
0
1
2
3
4
5
6
7
8

Activity
Shortening
being
(days)
shortened

24
5
4
3
14
12
11
22

24
5
4
3
14
12
11
22

0
4
2
1
2
1
1
2
6

Increase of
Total
Total
Cumulative Total direct
costs
increase of
project
increase of
costs
per day
costs
duration
costs
(din)
(din/day)
(din)
(days)
0.00
2,391.60
3,728.66
5,180.09
5,592.99
6,328.65
12,486.83
15,821.63
33,861.60

0.00
9,566.40
7,457.32
5,180.09
11,185.98
6,328.65
12,486.83
31,643.26
203,169.60

0.00
9,566.40
17,023.72
22,203.81
33,389.79
39,718.44
52,205.27
83,848.53
287,018.13

3,810,278.79
3,819,845.19
3,827,302.51
3,832,482.60
3,843,668.58
3,849,997.23
3,862,484.06
3,894,127.32
4,097,296.92

92
88
87
86
84
83
82
80
74

Table 5. Total shortening and costs for variant 2
Optimization
step

Project
duration

Shortening
(day)

Direct costs
(din)

Increase dCo
and dCip per
day (din/day)

Cumulative
increase dCo
and dCip (day)

Total project
cost of the
project (din)

0
1
2
3
4
5
6
7
8

92
88
87
86
84
83
82
80
74

0
4
5
6
8
9
10
12
18

3,810,278.79
3,819,845.19
3,827,302.51
3,832,482.60
3,843,668.58
3,849,997.23
3,862,484.06
3,894,127.32
4,097,296.92

0.00
-23,288.65
-23,288.65
-23,288.65
-23,288.65
-23,288.65
-23,288.65
-23,288.65
-23,288.65

0.00
-93,154.60
-116,443.25
-139,731.90
-186,309.20
-209,597.85
-232,886.50
-279,463.80
-419,195.70

3,810,278.79
3,726,690.59
3,710,859.26
3,692,750.70
3,657,359.38
3,640,399.38
3,629,597.56
3,614,663.52
3,678,101.22

Table 6. Increase of costs by optimization steps for variant 3
Activity with
Total
Activity
Increase of
Cumulative
minimum
Shortening
increase of
Step
being
costs per day
increase of
increase
(days)
costs
shortened
(din/day)
costs
of costs
(din)
0
1
2
3
4
5
6
7
8
9
10
11
12
13

3
31
23
7
25
6
5
18
13
16
1
15
29

3
31
23
7
25,27
6
5
18
13
16
1
15
29
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0
1
4
2
1
2
1
2
1
1
1
1
2
6

0.00
2,243.85
2,391.60
3,082.36
3,728.66
4,100.73
5,180.09
5,592.99
6,328.65
11,866.22
12,486.83
13,846.56
15,821.63
33,861.60

0.00
0.00
2,243.85
2,243.85
9,566.40
11,810.25
6,164.72
17,974.97
3,728.66
21,703.63
8,201.46
29,905.09
5,180.09
35,085.18
11,185.98 46,271.16
6,328.65
52,599.81
11,866.22 64,466.03
12,486.83 76,952.86
13,846.56 90,799.42
31,643.26 122,442.68
203,169.60 325,612.28

Total direct
costs
(din)

Total
project
duration
(days)

3,810,278.79
3,812,522.64
3,822,089.04
3,828,253.76
3,831,982.42
3,840,183.88
3,845,363.97
3,856,549.95
3,862,878.60
3,874,744.82
3,887,231.65
3,901,078.21
3,932,721.47
4,135,891.07

92
91
87
85
84
82
81
79
78
77
76
75
73
67
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tion has been conducted in 8 steps. Shortening of
critical activities with the minimum increase of
costs did not have effects in each step on the total
shortening of the project (figure 3), due to SS relationship. The effects were such, that it was necessary to shorten the activities which affected the
total shortening of the time, but they had a higher
increase of costs. Direct, indirect and total costs
(tables 4 and 5) for each step of optimization have
been calculated, where the curve of total costs
(figure 4), with optimum duration of the project of
80 days and the total lowest cost of 3.614.663.52
din has been obtained.

Figure 5. Effects of shortening of critical activities with FS relationship on the total shortening
of the project

Figure 4. Curve of total costs, variant 2
7. Optimization of the network plan made
according to CPM – variant 3
In order to ensure that shortening of critical activities duration time with the minimum increase
of costs will have effects on the total shortening
of the project, the variant 3 of the network plan
has been made. In this variant, some activities
have been divided into subactivities, so their total
number is 31. Such division of activities enables
the FS type of relationship, and simultaneously
a more realistic presentation of and parallelization of the works, which results at the outset with
certain total duration shortening. As this variant
should present the same status of works as in variant 2, such relationships between the activities and
overlapping of activities have been established, so
as to obtain the same total duration of works.
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The network plan has 15 critical and 16 noncritical activities, 10 of which having a free float.
There are two critical paths in the network. Optimization has been conducted in 13 steps. At every step, shortening of critical activities generated
some effects on the total shortening of the project
duration. In figure 5, the effects of shortening of
subactivities on the construction time are presented. Direct, indirect and total costs for this variant
are given in the tables 6 and 7. In this case the optimum duration of the project is 73 days with the
lowest total costs of 3,469,665.25 din. (figure 6)
Figure 6. Curve of total costs, variant 3
8. Comparison of obtained results
The results obtained by optimization of construction time by the cost criterion, for three variants of the network plan are given in the Table 8.
Variant 1 – The normal time is the longest, because of the established relationships End – Start,
and for this reason the optimum time is the longest. On the other hand, the costs corresponding to
the optimum time are the lowest.
Variant 2 – The normal time, because of the esVolume 6 / Number 2 / 2011
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Table 7. Total shortening and costs for variant 3
Optimization Project Shortening
step
duration
(day)
0
1
2
3
4
5
6
7
8
9
10
11
12
13

92
91
87
85
84
82
81
79
78
77
76
75
73
67

0
1
5
7
8
10
11
13
14
15
16
17
19
25

Direct costs
(din)

Increase dCo
and dCip per
day (din/day)

Cumulative
increase dCo
and dCip (day)

Total project
cost of the
project (din)

3,810,278.79
3,812,522.64
3,822,089.04
3,828,253.76
3,831,982.42
3,840,183.88
3,845,363.97
3,856,549.95
3,862,878.60
3,874,744.82
3,887,231.65
3,901,078.21
3,932,721.47
4,135,891.07

0.00
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38
-24,371.38

0.00
-24,371.38
-121,856.90
-170,599.66
-194,971.04
-243,713.80
-268,085.18
-316,827.94
-341,199.32
-365,570.70
-389,942.08
-414,313.46
-463,056.22
-609,284.50

3,810,278.79
3,788,151.26
3,700,232.14
3,657,654.10
3,637,011.38
3,596,470.08
3,577,278.79
3,539,722.01
3,521,679.28
3,509,174.12
3,497,289.57
3,486,764.75
3,469,665.25
3,526,606.57
Number of
optimization
steps

122
92

93
80

3,810,278.79 3,360,064.29
3,810,278.79 3,614,663.52

14
8

29
12

13
8

92

73

3,810,278.79 3,469,665.25

14

19

13

tablished relationships Start – Start is fairly shorter, and for this reason the optimum time is shorter
than in the previous variant. The costs corresponding to optimum time are the highest, which is the
consequence of shortening of activities with the
higher increase of costs.
Variant 3 – The as the variant 2, the normal
time is shorter in respect to the variant 1, and the
optimum time is the shortest in this variant. The
costs corresponding to optimum time are higher
than the costs of the variant 1, and lower than the
costs in the variant 2.
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Optimum
costs (din)

Total
shortening
(days)

Normal costs
(din)

Number of
shortened
activities

CPM
FS
PDM SS+lag, FS
CPM
3
FS
(subact.)

Optimal
duration
(days)

1
2

Normal
duration
(days)

Type of
relationships
in NP

Method

Variant

Table 8. Comparative results

9. Conclusion
The optimum course of construction was attained after a relatively small number of steps,
which can be considered a short procedure. This
was influenced by the low value of increase of the
overhead costs, profit and inflation which lower
the total costs, in respect to the direct costs which
increase the total costs, but also by the small number of activities. The project with lower number of
activities was chosen for the purpose of an easier
monitoring of the effects of shortening of certain
activities on the total shortening of the project.
There is a large number of activities in the variant 2, with the small increase of costs, which were
not shortened because it did not result in shortening of the total duration of the project. Such phenomenon is the result of established relationships
353
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between the activities. If between two critical activities with different duration, there is an SS type
relationship (Start→Start), and if all the following
critical activities are dependent on the mentioned
activities with longer duration, shortening of the
activities which last shortly will not have effects
on the final shortening of project duration time.
It may be observed that the initial dynamic plan
in the variant 2, with the relationships between the
activities defined so as to accomplish as high as
possible overlapping between them (a partial or
complete parallelization of certain works) has
already been optimized in a certain way, according to the construction time criterion. Variant 2
provides the best possibilities for a more realistic
presentation of planning, using a small number of
activities.
If it is important to determine the least construction time duration with the minimum increase of
costs, the variant 3 is the most acceptable, where
as for determination of minimum total costs, variant 1 can be implemented.
It should be mentioned that the costs analysis
is very difficult in practice without application
of computers. Finding of the optimum solution
via such procedure can be a very tedious activity, especially if the project in question has a high
number of activities and if the optimum solution is
reached after a large number of steps.
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Stochastic modeling and
the application of Poisson
processes in the insurance
Fatih Destovic, Miralem Avdakovic
Faculty of Pedagogy, University of Sarajevo, Bosnia and Herzegovina

Abstract
The work is an example of the application of
stochastic modeling in insurance. It is a simple example which can be useful especially in case of
lack of quality of statistical samples, they face the
insurance companies that are small or just starting
to work.
Key words: stochastic process,aggregate,
claims, log-normal, adequacy of premium, distribution
Introduction
The aim is to show how it looks practically
modeling stochastic process that describes the
total aggregate losses incurred during the period
of cover short-term insurance (in this case we assume that the duration of one year).
1. Statistical data
In our modeling, we used a sample of 2000
claims incurred during the period of one year for
which data are presented in Table 1 In doing so
we are in the amount of damages included the
costs of its processing and liquidation (so called :
claim handling cost).
2. Model description
The following histogram shows the frequency
distribution of individual amounts of compensation required, where the values are grouped in 85
intervals of length 20:
Volume 6 / Number 2 / 2011

Table 1
The center of
the interval
amount
10 10
30 30
50 50
70 70
90 90
110 110
130 130
150 150
170 170
190 190
210 210
230 230
250 250
270 270
290 290
310 310
330 330
350 350
370 370
390 390
410 410
430 430
450 450
470 470
490 490
510 510
530 530
550 550
570 570
590 590
610 610
630 630
650 650
670 670
690 690
710 710
730 730
750 750
770 770
790 790
810 810
830 830
850 850

The center of
Number of
Number
the interval
claims
of claims
amount
22
870 870
33
29 29
890 890
55
58 58
910 910
33
125 125
930 930
33
124 124
950 950
33
130 130
970 970
33
126 126
990 990
66
131 131
1010 1010
44
117 117
1030 1030
22
117 117
1050 1050
00
116 116
1070 1070
33
97 97
1090 1090
22
78 78
1110 1110
33
66 66
1130 1130
11
67 67
1150 1150
33
52 52
1170 1170
00
49 49
1190 1190
11
42 42
1210 1210
00
48 48
1230 1230
11
40 40
1250 1250
00
40 40
1270 1270
22
27 27
1290 1290
11
26 26
1310 1310
11
27 27
1330 1330
00
24 24
1350 1350
00
16 16
1370 1370
00
21 21
1390 1390
00
12 12
1410 1410
00
17 17
1430 1430
11
12 12
1450 1450
11
11 11
1470 1470
00
88
1490 1490
00
11 11
1510 1510
00
11 11
1530 1530
11
66
1550 1550
00
15 15
1570 1570
11
10 10
1590 1590
00
99
1610 1610
00
99
1630 1630
00
33
1650 1650
11
66
1670 1670
11
77
1690 1690
00
22
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2. Model description
The following histogram shows the frequency
distribution of individual amounts of compensation required, where the values are grouped in 85
intervals of length 20:

the mean and standard deviation of the sample,
respectively, ie,
n

X=

∑

f i * xi

i =1

n

∑

fi

i =1



S 2 =



where xi

Fig. 1
Consider now the basic model that can describe
the aggregate losses,
N

Z= ∑ X i .............................. (1)
i =1

Where the random variable X i (i = 1 ... N)
individual claim amount, and N is the number of
claims.
Here we introduce the following assumptions:

{

}

∞

random variable X i
are independent
i =1
equally distributed random variable N is independent of

{X }
i

∞
i =1

Naked words, these assumptions imply:
1. Claim amount not affect the number of
losses
2. The amount of damage one does not affect
the amount of any other damage
3. Distribution of claim amount does not
change during the period
Suppose that N is Poisson distributed random
variable with parameter λ For which we will later
introduce additional assumptions. Determine now
appropriate theoretical distribution for individual
claim amount, using the aforementioned pattern.
As we have said values are grouped in 85 intervals of length 20th If the X and S 2 denote
356

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


f i * xi 2 
i =1
− X
n

fi
∑

i =1

n

∑

2

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

( i = 1...N ) values in the center

of the interval, and f i ( i = 1...N ) the number of
claims belonging to i-th interval.
Get values X = 2 7 2 and S 2 = 48298,42
(which is easily obtained on the basis of data from
Table 1).
Calculate the central moment of third order,
n

M3=

∑ (X
i =1

i

− X )3 * fi

n

∑

fi

i =1

and use it in the formula for the coefficient of
M3
skewness a 3 = 3 . Get a 3 = 2,07 , From which
S
it can conclude that the distribution is positively
asymmetric, which after all can see from the image above.
Suppose, for example, that a random variable
X i ( i = 1... N ) have a log-normal distribution

and applying the method of moments we find the
parameter values m and σ .
With the above assumptions about the theoretical distribution we have:
E( X )=e

1
2

m+ σ

2

2

,
2

V a r ( X ) = e 2 m + σ ( e σ − 1) .
If equal to this value amounts to the mean and
variance of the sample we get the system:
Volume 6 / Number 2 / 2011
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e

1
2

m+ σ

2

Using data from Table 1 come to value the
= 2 7 2 .......................... (*)

size of test χ 2 = 9 5 . Given that under the given

e 2 m + σ ( e σ − 1) = 4 8 2 9 8 , 4 2 ........... (**)

assumptions of the test size χ 2 is distribution
with 84 degrees of freedom, one can conclude that
the obtained value of test size falls in the area of
acceptance, where the probability of errors of the

2

2

Equation (*) is equivalent to the equation
2

e 2 m +σ = 2 7 2 2
Substituting the equation (**) we obtain the
equation
2

7 3.9 8 4 , 0 0*( e σ − 1) = 4 8 2 9 8 , 4 2 , or
2

( e σ − 1) = 0 , 6 5
2

e σ = 1, 6 5

σ 2 = l n1, 6 5
σ 2 =0,5
σ =0,707.
Inserting the obtained values for σ in equality
(*) gives m = 5 , 35 6 .

first kind a = 0 , 01 .
In this way we determine the accuracy of the
hypothesis H 0 .
We have, for simplicity, knowing that the theoretical distribution that fits the sample log-normal
assumed exactly that, while the practical work
currently difficult to determine the theoretical distribution in the above manner, without detailed
examination of various theoretical distribution of
benefits.
The next step, we generate random numbers
that belong to the log-normal (5.356, 0.707) distribution. To do this we must first generate random
numbers that belong standarnoj Normal Distribution. For this purpose, we use Box-Miller algorithm using the so-called. “Log-and-Trig” formula

So the solution of the system is m = 5 , 35 6 ,

σ =0,707.

Using suitable neparametarskog test shall
prove that the amount of claim is actually log-normal (5.356, 0.707) distribution.
So to that end we ask the following hypotheses:
The amount of the claim has a lognormal (5.356, 0.707) distribution.
H1:
The amount of the claim has no lognormal (5.356, 0.707) distribution.
H0 :

Perform the testing of hypotheses H 0 using,
for example, χ 2 - Test.
For this purpose, we assume that the hypothesis H 0 accurate, and formirajmo test size
n

χ 2 =∑
i =1

(f

i

− f ti
f ti

)

2

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

represent the frequency of
where f i , f t i
claims that match the i-th interval of the empirical
and theoretical distributions, respectively.
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( )

(

)

n1 =

− 2 l n r1 . c o s 2 π r 2
......................................... (5)

n2 =

− 2 l n r1

( ) . s i n ( 2π r )
2

for generating steam ( n1, n 2 ) are mutually independent normally distributed numbers with parameters m = 0, σ = 1 where r1, r2 pair of uniformly distributed random numbers that belong to the
interval (0,1).
Finally, an arbitrary random number
X = m X + σ X * n j is normally distributed with
mean value m X and standard deviation σ X ,
where n j ( j =1,2) random number from the unit
normal distribution was obtained as in (5).
As we have earlier proved the hypothesis that
the amounts of claims log-normal (5.356, 0.707)
distributed conclude that
X i =e

5 , 35 6 + 0 , 7 0 7 * n j

( i = 1... N , j = 1, 2 ) ...... (6)
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exactly same distributed random variables.
The reason why they are in the formula (6) take
different values for n j ( j = 1, 2 ) is that we want
to ensure the independence of certain values of the
amount of impressions compared to the previous
occurrence (easier, in generating a value of the

of insurance for many years, with no significant
deviation trend. If now we perform 1000 simulations with different assumptions about the value of
the parameter λ we get the following:

λ = 10 0

                                                                     

amount we use the value n1 in the second n 2 ).
So described using a generator of pseudorandom numbers we are able to simulate events e
claims, or generate an arbitrary number of random
samples ( x 1 , x 2 ,..., x N ) . To select the pseudorandom numbers suggest the title “Numerical examples book (Pascal), Cambridge University Press.
As we said earlier N is Poisson distributed random variable, whose parameter λ represents the
expected number of claims.
Simulator will now Poiss (λ ) distributed random numbers that will represent the value of random variable N. This is done through the following two steps:
generate normally distributed random number
r according to equation (5).
Calculate N = a ⋅ ( r + b ) 3 / 2 − c , where

a=

8
⋅
27

λ ; b=

3
2

λ−

1
24

λ

; c=

5
(7)
8 .

For this she was given a random variable is
valid aproximatly N ~ Poiss (λ ) .

Fig. 2
Arbitrary point on the graphic represents the
value of random variable Z .
Because of the complex Poisson process is
valid:
E ( Z ) = λ * E ( X ) ⇒ E (Z) = 100 * 272 = 27200
V a r ( Z ) = λ *V a r ( X )
Var (Z) = 100 * 48298.42 = 4829842 ......... (8)
With the given values for the expectation and
variance of the distribution of aggregate loss, we
can get that confidence interval, with 95% reliability, the arithmetic mean of the aggregate loss
(22,893, 31,508).
However, if it determines the arithmetic mean
and variance of the sample drawn from the results
of 1000 simulations, which are shown in graphic
points, we get the mean and variance of the sample:
10 0 0

3. Modeling results
After the initial assumptions and conclusions,
we are able, if you use a computer, perform process
simulation of aggregate losses described formula
(1). Here we present the used software codes, ie,
leaves every reader the freedom in defining software solutions. In practice, almost always raises
the problem of selecting the parameter λ values
And it is useful to observe the different scenarios
for different values of the aforementioned parameters. One method of determining the expected
number of claims is a time series analysis, if our
information is available on damage observed types
358

Zˆ =

S Z2ˆ

∑ zˆ
i =1

i

10 0 0

 10 0 0 2
 ∑ zˆ i
i =1
=
 10 0 0



= 26. 862,00



 − Zˆ 2 =11 .986. 465,00




Using the Student t distribution with degrees of
freedom n-1 = 999, we find that the confidence interval with 95%- th reliability of the expectation of
the aggregate amount of damage (21,167, 32,557).
Since the Student t distribution tends normal when
the number of degrees freedom increases we can
Volume 6 / Number 2 / 2011
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use the standard normal distribution. The process of
interval estimates will not explain in detail, because
it must know the aver The coefficient of variation
V Zˆ =

λ =2000

S Zˆ

3 4 6 2 ,15
=0,1289.
Zˆ = 2 6 8 6 2

λ =1000

Fig.4.                                                              
E ( Z ) = λ * E ( X ) ⇒ E(Z)= 2000*272=544000
V a r ( Z ) = λ *V a r ( X )
Var(Z)=2000*48298,42=96596840
Fig. 3
Also,
E ( Z ) = λ * E ( X ) ⇒ E(Z)=1000*272=272000
V a r ( Z ) = λ *V a r ( X )
Var(Z)=1000*48298,42=48298420
With the given values for the expectation and
variance of the distribution of aggregate losses to
get the confidence interval with 95% reliability, the
arithmetic mean of the aggregate loss (258,379,
285,621). If you determine the arithmetic mean
and variance of samples drawn from the results of
simulations of 1000 we have:
10 0 0

Zˆ =

S Z2ˆ

∑
i =1

zˆ i

10 0 0

 10 0 0 2
 ∑ zˆ i
i =1
=
 10 0 0



= 272170



 − Zˆ 2 =120833935




Interval estimate gives a confidence interval
(254 087, 290, 253), with 95% tnu reliability, the
expected amount of aggregate loss.
The coefficient of variation was
S Zˆ

10 9 9 2
V Zˆ =
=0,04.
Zˆ = 2 7 217 0
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With the given values for the expectation and
variance of the distribution of aggregate loss, we
can get that confidence interval, with 95% reliability, the arithmetic mean of the aggregate loss
(524,736, 563,264).
In particular, if it determines the arithmetic
mean and variance of the sample drawn from the
results of 1000 simulations we have:
10 0 0

Zˆ =

S Z2ˆ

 10 0 0 2
 ∑ zˆ i
i =1
=
 10 0 0



∑ zˆ
i =1

i

10 0 0

= 544 490



 − Zˆ 2
=237 688 362




We get that confidence interval, with 95% tnu
reliability, to expect the amount of aggregate loss
(519,129, 569,851).
The coefficient of variation is
V Zˆ =

S Zˆ
Zˆ

=

15 417 ,15
=0,028
544490

5. Conclusion
We note that the coefficient of variation decreases with increasing parameter λ , or the expected number of claims, which indicates increas359
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ing homogeneity of the sample resulting from
simulations. We can say that our simulations give
a sample of the aggregate amount of payments
which belongs to the compound Poisson distribution, whereby the variability of the sample decreases with increasing number of requests. Simply put, the average amount of aggregate loss obtained by simulation are closer to expected value
E (Z ) with the increased number of claims.

Taking into account said the front, right to use
such a model of aggregate damages in cases where
we assume a significant number of claims. This
finding is consistent with the fact that such modeling often is aimed at simulating aggregate loss in
the situation assumed expansion of business activities, and future reporting requirements more
claims and that until then we have experience with
a limited number of requests.
The formation of such a model we are able to
decide on the level of risk of short-term insurance
premiums in terms of small size and greater heterogeneity of the current portfolio losses. In such
circumstances the use of simulation is not only necessary but also indispensable to the possible changes of input assumptions about the distribution and
parameters of the distribution received a number of
scenarios of events total aggregate losses and provide higher level of security when deciding on the
amount of risk premium compared to standard statistical methods that show great uncertainty in the
above assumptions about portfolio.
To simplify the use of simulation results to define
the average size A follows, A = P − E i − E ( Z )
(9), where P gross premiums, Ei expected overhead expenses.
Form then the criterion of adequacy of premiums so that we will say that the premium is adequate if A ≥ 0 , while in case A < 0 unacceptable.
It usually takes the premiums that provides A = 0 .
If we want to provide maximum security level
then the final formula for the value E ( Z ) we can
put a value M A X ( Zˆ ) (The graphic is the highest point), which represents the maximum amount
of aggregate losses incurred as a result of the
simulation. However, in conditions of increased
competition will not be able to choose such a conservative approach. What should be noted here
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that the collapse of the insurer if it chooses a certain value M I N ( Zˆ ) (The graphic is the lowest
point) to replace E ( Z ) in the formula (9), unless
provided additional capital that will serve to cover
the loss. These issues have an important place in
conditions of increased need to obtain insurance
when the insurer threatened when the current liquidity and usually resorts to reducing premiums
or as an alternative to inadequate increase in commission agents. Often this is happening despite
the existence of stable and good quality data on
the damages clearly indicate the particular their
distribution, and high probability of occurrence of
losses in an amount corresponding to the statistical calculations. Many insurers ignore the fact
that the decrease or increase the premiums of insurance commissions influence on increasing the
number of concluded insurance that automatically,
if we add that the increased bed clients, increases
the number of claims. So, if you need to lower
your premium should be controlled to operate,
and the decision largely depends on the amount
capital that we are ready to cover the deficit that
appears as a negative difference between gross accrued premium on one side and the actual overhead costs and paid claims on the other side.
Thus generated samples of aggregate losses
provide a basis for further analysis of annual profitability of certain types of insurance and the related need to include the required level reinsurance
coverage, but it exceeds the scope of this paper.
References
1. IB Hossack: Introductory statistics with applications in general insurance;
2. David.CM Dickson, Howard R. Waters: Risk
Models, 1992., Pp. 5-6., 11-12.;
3. CD Daykin, T. Pentik ä inen, M. Pesonen: Practical Risk Theory for Actuaries, 1984., Str.142., 469;
4. E. Straub: Non-Life Insurance Mathematics;
5. B. Lucic: Statistika; 1996th, p. 302-306.
Corresponding author
Fatih Destovic,
Faculty of Pedagogy,
Bosnia and Herzegovina,
E-mail: fatih_d@msn.com
Volume 6 / Number 2 / 2011

technics technologies education management

Branding the State and
the Nation (the case of the
Republic of Serbia)
Nenad Peric
FIT-Metropolitan University, Accademia del Lusso, Vocational High School for Propaganda and
Public Relations, Belgrade, Serbia

Abstract
The paper deals with brands and branding at the
highest level-the level of countries and people. It
shows the parallels and differences that appear in
the classical marketing process of products branding or services and those related to the state, in this
case with the analysis of the potential of Serbia to
become a brand. The paper examines the strategy
of brand building of the state and its people, including politics and diplomacy, economy, culture,
sports, etc. In this regard, an example of the Republic of Serbia is very attractive for the analysis,
because of the actuality – it’s beginning now, as
well as the bad reputation and complicated heritage of Serbia and the entire Balkan region.
Key words: brand, branding, country, nation,
strategy.
Introduction – brand and branding (of state)
There are many definitions of brand product.
The problem with the older definitions is their preoccupation with the the physical element, that is
their orientation to the product, which physically
exists for itself, while the brand exists in the air. The
product comes first, and brand makes a little more
than explanation which a company has made the
product and where. “The brand thus becomes the
idea, attitude, emotion or concept that has become
an active part of the consciousness of consumers.”1
1 Presentation of the Agency Profile at the 1. international
conference on trade mark management – Branding of
Serbia.
Volume 6 / Number 2 / 2011

The idea that the most important marketing
feature is a brand-creation and branding is more
and more present. Even more, many of the world’s
leading marketing experts believe that the basic
function of a marketing is only brand creation. Today, if you want to be involved in marketing, you
will deal more with psychological terms than the
statistical formulas and charts. The most frequently used words in contemporary marketing literature are: positive reaction, emotion, feeling, rather
than: product, price, quality, etc. (Kostic: 2003,
84) One of the new concepts that are most associated with this change of paradigm in the field of
economics and marketing is a branding concept.
This situation should not bluff the marketer
and experts dealing with brand and branding: a
low quality brand, even with the best marketing
moves can not stay long on the market, or it would
require an enormous financial and organizational
investments (those that exceed the business logic).
Therefore, the process of branding could be defined as adding of non-physical attributes and values of products, services, ideas, people, etc. The
expanded definition is comprehensive, it applies to
the states and peoples. However, the quality is not,
by itself, sufficient for success. It is conditioned
by the fact whether the others perceive it that way
and do they know the substance/the truth about it.
In this sense, Serbia is a country with great potentials, in some areas with a high quality and success
expressed, talented people and indestructible spirit
but with a bad image, and it’s on the first place, its
own fault.
Often, the discussions about the brand stops at
basic level (definition, its popularity, image, etc.),
so the role of branding in creating additional value
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is forgotten. The more the brand is known better and satisfies more successfuly the needs and
motivations of ultimate consumers by its physical
and emotional attributes, the more its value is increased. This value is reflected in the continued
increase in consumption as well as branding opportunities to participate in the competitive market
(even with prices that are much higher than direct
competition). The research activities of companies which shares are traded on the world’s biggest stock exchanges show that the balance states
of most successful companies, the capital goods
participate only about 35% while 65% are untouchable goods which also include the value of
the brand. That creates the parallel with the brand
state: “all the elements that make up the country
unique-single products and service brands, business and technology solutions and processes,
institutions, state, culture, and sports, natural resources, festivals, events, people, customs and
morality, mentality, a clear value system, social
responsibility, national cuisine, architecture, art
creativity, cultural and historical monuments, information, ideas and all those elements that may
positively differentiate ...”.2
The brand creation is usually a long and difficult job. However, when the brand is set up and becomes sufficiently accepted, the great challenges
are ahead. A lot of people-consumers do not want
to change the brand, one part requires changes and
innovations, but there is always a large number of
people who don’t consider the brand important at
all until it changes. This is a big challenge and it is
therefore necessary to establish equilibrium.
There is a spread opinion that brand creation
involves establishing the emotional connections
with the consumer/audience, which over time develops and becomes more stable. “The process of
branding does not happen in the market of goods
or services, but only in the minds of consumers.”3
The future of the brand is not in the brand itself
but in turning into the “lovemark”-a mark that is
liked. One way to create and maintain this brand is
a constant struggle to be a step ahead of trends. It
2 Politika Magazin, No. 654, 2010., pg. 6
3 Presentation of the Agency Profile at the 1. international
conference on trade mark management – Branding of
Serbia.
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is necessary to follow the development of existing
and emerging trends.
In order to create a brand that will last, it is essential that there is a balance between its continuity and change, because some things must remain
the same, and some need to change over time.
The satisfaction of customers’ needs and then the
image always require refreshment but in a clever
way. It is also important that the innovations must
be introduced in a consistent manner, particularly
in terms of communication, so the changes would
not confuse the consumers. (Anholt: 2003)
The marketing is mostly valued by the experts
who have the analytical and strategic reflection,
and one of the most demanding fields of their involvement is brand architecture. Requirments are:
analitical thinking, adaptation on new situations
and constant inovation. Sometimes, the only possible way to do the refreshment is by introducing
a sub-brand. The states and nations have great resources creating sub-brands.
Nowadays the successful branding comprises the
understanding that today’s consumers are different
than they were in the past. This is especially true for
younger people who have different views and different values which sometimes are changed quickly.
This is one of the main brand chances of Serbia.
Index Brand Authenticity
Beside the quality and potential to succeed in
the market, one of the major characteristics related to the brand, is its authenticity. The index authenticity of the brand was developed to provide
the objective measurement criteria by which the
products will be ranked and services-brand with a
simultaneous comparison with other brands of the
same or other industries.
The first study dealing with measuring and understanding brand authenticity was conducted in
2006 in Australia by the renowned investigative
services and consulting company Synovate Principals.4
The research resulted in establishing the authenticity of the brand index (Authentic Brand Index –
ABI), which is objective and simple indicator that
4 http://www.authenticbrandindex.com/what1.htm
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can measure brand authenticity. According to the
results of qualitative and quantitative research, it
was found that there are seven main “drivers” of
authetincity, and they are: originality (the range in
which the brand comes to market with something
new and different), utility (the level in which the
brand offers a real benefit to consumers), declared
beliefs (brand needs to show that the purpose of
its existence is not just income), honesty (brand
should never let down its customers), familiarity
(a brand that is well known among consumers, is
immediately identified), imperishability (brand
has the potential to become more popular), and
finally the legacy (the brand has its own history).
The companies are becoming more aware that
the consumers will soon decide to buy a brand that
has its own history than the brand which has been
advertised over the past few years. The same goes
for the brand of the state in economics, tourism or
other terms.
Branding of Serbia
“Changing a country image is neither fast nor
easy task. That picture in some cases is formed for
centuries, shaping by wars, religion, and diplomacy, further by sport wins or looses, nation “famous
sons and daughters”, and ultimately the products
exported by this country.” 				
				
Simon Anholt5
Assuming the brand as unique idea or concept
in people’s mind, it seems very hard to measure
and evaluate something so abstract like the idea
or concept in human mind. The measurement of
people’s reaction on that idea or concept is the
best way to realize that issue. Consequently, there
are three possible reactions on a brand, providing
three basic guidelines:
1. If the reaction is posutive, or desirable, it
means tha brand is good and sane.
2. If there is no reaction, the conscious of brand
existing is poor.
3. If the reaction is negative, or not desirable,
the brand is in problem.
5 Sajmon Anholt, one of the most famous world experts for
branding a country. Source: Politika, 25. 01. 2009., pg. 15.
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The reaction of the people around the world
when the word Serbia is mentioned, is, unfortunately negative. Serbia and its citizens concerning
that fact have a serious problem, because, owing
to confirmed marketing postupales, it is more difficoult to change the existing perception in satured
conscious then to create the new one. It is easier
to achieve the positive from the yero than to start
from deep negative. Additionaly, it would be analized how we have reached this situation and which
model to apply in improveing Serbian image, and
its parity in global environment.
History Analysis and basis of Serbian brand
Analyzing the history of Serbian brand we will
not go deeper in history, because the Serbian statehood had been interrupted for a long period due
to Turkish onrush to Europe. Our starting point
will be the creation of modern state two centuries
ago. Since that period until now the word Serbia
always had the positive connotation. The world
perception of Serbia was a small freedom-loving
people who reached his freedom through great
trubles and suffering. Even under communism,
thanks to the skilful policy of juggling between
East and West, the reputation of Serbia, as greatest
Yugoslav republic was at a high level. The citizens
of Yugoslavia were accepted well everywhere,
and only four countries has visa regimen towards
SFRY (still world record).
Thanks to its excellent diplomacy (SFRY was
a cofounder of the Third Block – Non-aligned
countries), and more or less good relations with
the majority of countries, Yugoslav and Serbian
firms have had a lot of success on the world market. For example, the company Energoprojekt in
that time probably was not the best engineering
firm on the world, but thanks to the position of
brand of Yugoslavia was able to get very profitable works. The Ivan Milutinovic PIM, according to the English magazine The Economist was
ranked as the best construction firm in of hydroconstruction type. The SFRY Chamber of Commerce was very influencing and extended. The Yugoslav associated Standard – JUS (and the firms
– producers in accordance with it) was the quality
brand in many countries. The military industry (of
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which the major part was located in Serbia, due
to its military transition), at the end of last century had the annual export of more than one billion of dollars. When contracting a job, or looking
for an investment project in the country, the brand
Yugoslavia, in most cases concluded the business
on its own, tracing the way towards the business
achievements. With the high positioned brand it
was rather easy doing business.
Suddenly the turnover has come. During the
disintegration of SFRY, the brand of Serbia completely changed its connotations. Unfortunately,
the name of Serbia (and its brand) started being
associated to the war (although Serbia was not
directly included in it) thanks to the huge media
campaign and bloodshed, primitivism (of Balkan profile and provenience), and in general, to
a multitude of negative concepts. Serbs became
“bad guys” and that image was founded in world
public opinion6 because of a long lasted negative
media informing of leading news agencies (undeservedly). This trend has become so influent,
that is nowadays oblivious in film industry, video
games and criminogenic thematic, having comprehensive negative consequences. Serbia had not
defended itself or its brand by diplomatic or marketing and PR means, and consequently aligned
together with Rwanda, Iraq, Liberia, despite not
having any touch point with them.
Obliviously, the brand Serbia is in deep crisis
and something must be done to overcome this
situation. The problem of the brand of Serbia is
has been expressed for almost two decades, while
nothing noticeable has been done because there is
no strategy of Serbian policy which would give
the guidelines of brand development7.
However, the Ministry for Tourism and Services of the Republic of Serbia launched the program, and established the organizational unit for
this purpose, but it is not sufficient for starting to
create the serious brand of Serbia. Additionally,
neither this first step was thriving: the first two
Councils for promoting Serbia were dismissed,
6 Even in part of Serbian public opinion.
7 Indicative and delayed comprehansion of Serbian
businessman and government how important is to register
the trade or service marke on time. Some known examples
are essential national products from the cathegory of
spirits, like sliwowitza, and brandy Pelinkovac.
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important resources dedicated for two years period were not used, and both tenders for public
opinion polling were annulated8. Furthermore, the
cooperation with the other institutions and experts
is not satisfying as well; to a great extend because
of the bureaucratic organization models, and poor
comprehension of marketing and branding, which
are flexible and dynamic disciplines.
The branding Serbia project requires efforts on
highest levels and inclusion of most eminent professionals from a number of state and NGO organizations, experts, academic network, etc. Its realization
has to possess the continuous flow, while the real
results could be expected for some decades. (Anhold: 2007, 2009). This is natural and logic issue,
requiring solid basis and concrete ideas, which every Administration will implement firmly and consequently at the level of its maximal capabilities.
Branding Serbia
The core of creating a brand, particularly in
Serbia is to catch the spirit of time and space, and
to organize that all political, economic, academic,
cultural, sport and other options are allied in its
building up, as well as in its continuous improvement once it is created. The complex heritage, and
regional relationships, together with impulsive
emotions characteristics of Serbian people, as
well as the differences are certainly the annoying
factor. That all indicate one of essential requirements of branding Serbia: to create such a thriving
national and state project, it is necessary to influence on the social value system, on population and
their lifestyle. Each member of society contributes
in creating the image of Serbia in world; even he/
she is not actively involved in this process, even
when he/she left Serbia or getting in contact with
a foreigner. It is relevant that the image a people
create in intern planning is transferred on outside
world. The basis of identity is a work and behavior
of each individual that affect the creation of collective mind. Identity is a brand!
8 To mention, a few years earliyer was broken the
relationship with Moritz Hunzinger, one of the most
important world expert for PR and branding, whose
services used EU, Germany, Microsoft, BMW and many
other firms and institutions.
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It is oblivious that we live in times, when brands
are based on attitudes, emotions, motivation, and
the way of understanding the environment and
world, in general. This is the age when the essence
of every brand, nations partly, lies in their communications. This communication is referred on
intern level, as well as those directed towards the
external one. Addressing the world, the most important is to define oneself clearly, and then, to be
consistent in such a presentation.
The third millennium, together with many
changes and open issues, brought the one opened
in discussion lead by philosophers, political scientists, sociologists, marketing experts, and academic institutions. Do the globalization process
and extension of uniform values, world monopolization, and other processes loosen the need for
states being national unities and systems that divide by borders people, goods, services and ideas
exchange? One of basic starting points of this arguing is the European Union and its enlargement.
The main moment of different opinions is the impossibility to define with certainty the final exit
of both, the globalization, and EU enlargement.
Entering into EU is one of declared Serbian priority. In such event, the country and nation branding would be, undoubtedly, one of main, long-term
guarantee of preserving the country independence
and its population identity!9
Branding the country-state, and consequently
its population, is very complex matter, because the
image of every country is the result of a number
of factors, of which some are more, and some are
less, expressed. On the same way, the undertaken
activities of this process bear lower or greater value.
Nevertheless, all the undertaken activities have to
be coordinated which additionally make the whole
process more problematical. It is essential to understand that, at the beginning, the work is on inner
plan, while subsequently, are added activities directed towards the external world, like diplomacy
and politics, economy and tourism, culture and science, sport, etc.

9 This certianly reffered to all existing EU members, with
one exemption: the most of them, contrary to Serbia, its
identy based on elements and tradition which for decades,
and sometimes for centurieas had not been changes.
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Only then, the marketing promotional postulates10 will be presented to regional, continental,
and global public. The positive examples are Spain,
by engaging famous artist Miro for its logo, accompanied by the slogan Everything Under the Sun, or
New Zealand, promoted aggressively by the campaign 100% Pure New Zealand, achieving enormous increase of tourist traffic. In those campaigns,
in coordination, have participated government,
business, NGO’s, artists, marketing experts and big
part of population.
Thus, first and basic step, is achieving the consensus with Serbian public: all relevant political
parties, media, companies, academic network,
NGO sector, citizens, eminent experts of this field,
and scientists, artists, sportsmen…, in order to develop and extend the branding system in case of
(almost certain) social and political changes.
Progressively, the inclusion of a number of
Ministries, key players should be: the Ministry
of Foreign Affairs, Ministry of Economy and Regional Development, Ministry of Commerce and
Services, Ministry of Education11, Ministry of
Youth and Sport, and the Ministry of Culture. The
second step would incorporate all representative
institutions and companies of business, tourist,
cultural, sport and other provenience.
In this, the most important significance would
be a thriving well positioned organizations with
accumulated experience, or the ones, which according to some parameters entered the world or
European top – Serbian Chamber of Commerce,
Serbian Science and Art Academy, Military Academy – within ten best in world and the Military
Medical Academy – the leading medical institution in Balkan, military industry, a number of institutes (like Institute for Cardio-vascular diseases
Dedinje and Sremska Kamenica – among first ten
in world), sport societies Partizan and Crvena Zvezda (at their time European and world champions),
National Theatre, Belgrade, Belgrade Philharmonic
Orchestra, Faculty of Dramatical Arts (the best in
Balkan), National Library of Serbia (the biggest in
Balkan), some museums (Museum of Cinema-third
10		Integrated marketing communications – market
access like fair activities and advertisment as media
campaignes, accompanied by inevitable PR activities.
11 Its basic duty will be education on Serbian alues –
internal branding transferred towards aborad.
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of the world in the number of copies, Nikola Tesla
Museum, etc.), a number of tourist organizations12,
festivals such as: FEST, BITEF, BEMUS, October
Salon (once it was among the best on the European
level and slowly re-achiveing it position) and later:
FIAT, BelgradeDesignWeek (maybe a dozen world
capitals has such kind of festival), EXIT (the best
music festival of southeast of Europe), Guca Brass
Band Festival (a unique and known worldwide),
Hemofarm and ICN Galenika, Energoprojekt AD,
Tigar AD, etc.
Defining of targets would be the basic step upon
the forming of this organ (for example: certain EU
countries, Russia, the countries whit which Serbia
has good relationship on important fields, countries with great Serbian immigration population,
etc.), and serious researchings on these countries
of public opinion on Serbia.

Figure 1. Network responsible for branding Serbia
Interesting is to recall so many things that Serbia, as a small country, can be proud of. For example, the list will be large remembering the successful scientists, artists (Nobel Prize winner-Ivo
Andric), painters, singers, actors, sportsmen, not
forgetting the royal dynasty13.
Many other values and moments represent a
good basis for branding, but in general, require state
support. Such are: rural and mountain tourism, incredible hydro potentials (more than three hundred
springs of mineral and thermal water used by the
12		Among other, responsible for promotion of our national
monuments and monasteries, of which some present the
world cultural inheritance.
13		With its very close relationship with many European
dynasties.
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ancient Romans14, our and the European aristocracy, kings). Well known is the production of brandy
and wine, raspberries and other fruits, snails, a large
number of endemic, protected and rare species
of flora and fauna, Vinca and Lepenski vortex (,
Perućica - only European virgin forest, the Devil’s
town, many monasteries, Kalemegdan, Petrovaradin and Smederevo fortress (among the biggest in
Europe), thousands of churches and temples across
Balkans, to Greece and Jerusalim. Serbia is characterized by a very specific, long and rich history15.
Also, Serbia is the least ethnically homogeneous
European country, because it has the largest number of recognized national minorities. Unluckily, so
many things is unknown or unrecognized enough
in Serbia, so one of the initial steps should be the
education at the local level, which would resulted
in a long-term awareness of our values, and further
spreading them outside Serbia.
Unfortunately, in the situation of communication saturation, it is more and more difficult to
offer a message (slogan), advertising, or a brand.
There are multiple-choice model how to overrun
this situation, the two most logical are concentration and simplification of the messages. Under
current conditions it is impossible for Serbia to
begin to build a brand including all this issues, as
we clarifie before. Logically, Serbia needs to determine several things, products, institutions and
personalities that will be, in the first phase, the
promoters of the country and the nation. Furthermore, the axiom of modern marketing is: less is
more (better). Messages need to be sharpened up
to impress move the public consciousness. Most
logical way is to exhaust all possible contradiction in the message and simplified it to achieve a
lasting impression within the targeting group. The
success of the brand does not depend on what the
marketing team thinks about it, but rather what
about it thinks the audience, potential customers
or users.

14 To public it is not so known the fact that every fourth
Roman imperator was born on the territory of modern
Serbia.
15 Only the city of Belgrade was destroyed and rebuilt 45
times, leading over hundred battles, probably like no
other world capital.
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Conclusion
“All nations are competing for the share of
world wealth and recognition, that is a matter of
positioning in the perception of the people-consumers, the same as any business organization” 16
					
Simon Anholt
							
The products and services branding are greatly
comparable with the principles of branding organizations, great systems or countries and its citizens.
Certainly, there are some differences. Particularly
talking about states and nations, they are oblivious
and essential. The country and nations branding
is one of the most complex, most responsible and
regarding the time, the most permanent activity. It
should be present all along the existence of them.
The process of branding is confirmed in political
– diplomatic, economic cultural, sport and other
views. In that sense, the overall brand plan of Serbia has to be highly analyzed, built up on extended
and relevant researches, with precise and consistent implementation strategy based on uniformed
governmental and its sectors attitude, including
private business and whole nation.
One of core elements of this strategy is ultimately logic, but, concerning Serbian and Balkan
context, must be pointed out: it is essential to recognize good and positive elements and to focus
it, while all the negative not to reveal in public,
but work on its mending. The important limiting
factors are how to overcome political differences
and partys interests (which are often above the national), low awareness of population, poor knowledge of this matter, and generally, low marketing
educated stuff in state institutions. Evidently, this
strategy has a lot of mitigating obstacles. However, this situation could be seen from the eastern
point of view: if do not start towards the goal, certainly never will get it.
Branding of a country is long lasting action, so
the results cannot be expected quickly, and it requires the persistence presented at all levels. At the
beginning the project effects would be the enthusiasm, optimism and healthy national spirit strengthening, which would eventually be transferred to the
16 Source: Kostić, M., Emagazin, No. 46.
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political, economic, cultural and other instances.
Branding of Serbia project is one of the most important national projects requiring long-term commitment and investment that would certainly raise
the positive image of Serbia and its people on regional, European and global level. Considering its
position and potential, Serbia is likely to become a
regional leader, which is another incentive, but also
the challenge for implementing a serious branding
program at the national level.
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Summary
Quality of Service (QoS) is still one of the major challenges for emerging services based on the
Real-Time Transport Protocol (RTP) to deliver
multimedia content. In order to synchronize audio and video components of multimedia content,
RTP timestamps have to be related. Periodic RealTime Transport Control Protocol (RTCP) Sender
Report (SR) packets, which associate the RTP
timestamps in the stream with a common clock at
the transmitter, are associated with each stream.
Thus, the frequency and the timing of the RTCP
SR packets often contribute to the delay before
audio and video are rendered, not just to their synchronization, because many clients will not render
anything before the synchronization has been established. This paper investigates synchronization
delay problem for RTP multicast sessions caused
by link failure and packet losses before retained
by retransmission server (RS) which disables it to
continuously cache all RTP/RTCP packets as they
are sent in the session and to act as a feedback
target (FT) for the session. The concept of isolation of the RTCP from the RTP packets sent from
source to the RS by assigning them to higher priority class is evaluated. It ensures the synchronization delay of the multicast multimedia sessions
sufficient for lip-synchronization without excessive delay regardless of network congestion, with
accurate statistics measured by RTCP.
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Sažetak
Kvalitet usluge QoS (Quality of Service) i dalje
predstavlja jedan od najvećih izazova za nadolazeće
usluge isporuke multimedijalnog sadržaja bazirane
na protokolu za prenos u realnom vremenu RTP
(Real-Time Transport Protocol). Kako bi se audio
i video komponente multimedijalnog sadržaja sinhronizovale, RTP vremenske oznake moraju biti
usklađene. Periodični RTCP SR (Real-Time Transport Control Protocol Sender Report) paketi, koji
dovode u vezu RTP vremenske oznake toka sa
zajedničkim generatorom takta pošiljaoca, povezani su sa svakim tokom. Na taj način, frekvencija i
vrijeme pristizanja RTCP SR paketa često doprinose kašnjenju prije nego se audio i video komponente
prikažu, ne samo kao usklađene, jer mnogi klijenti
neće prikazati ništa prije nego se uspostavi sinhronizacija. Rad istražuje problem kašnjenja sinhronizacije RTP višeodredišnih sesija uzrokovan prekidom
linka i gubicima paketa prije pohranjivanja od strane retransmisijskog servera (RS) što onemogućava
da kontinuirano pohranjuje RTP/RTCP pakete
kako se šalju u sesiji i da se pri tome ponaša kao FT
(Feedback Target). Izvršena je evaluacija koncepta
izolacije RTCP od RTP paketa podataka poslanih
od izvora do RS pridružujući ih klasi višeg prioriVolume 6 / Number 2 / 2011
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teta. Na ovaj način se osigurava standardom definisani srednji umanjeni minimalni RTCP interval na
prijemnoj strani dovoljan za sinhronizaciju usana
između medija RTP višeodredišnih sesija nezavisno od zagušenja mreže sa tačnom statistikom koja
se mjeri s RTCP.
Ključne riječi: IP, QoS, RTP, RTCP, sinhronizacija, višeodredišna komunikacija.
1. Introduction
When using RTP to deliver multimedia content,
it is often necessary to synchronize playout of the
audio and video components of a presentation. This
is achieved by using the information contained in
the RTCP SR packets. These are sent periodically,
and the components of a multimedia session cannot
be synchronized until sufficient RTCP SR packets
have been received for each RTP flow to allow the
receiver to establish mappings between the media
clock used for each RTP flow, and the common
(Network Time Protocol (NTP) format) reference
clock used to establish synchronization. RTP flows
are identified by means of the canonical end-point
identifier (CNAME) item included in the RTCP
Source Description (SDES) packets generated by
the sender or signaled out of band [1].
According to [1], in the absence of any packet
loss, the RTCP SR intervals sufficient for lip-synchronization of the RTP multicast sessions without
excessive delay are well defined. Recently, concern
has been expressed that the synchronization delay
is problematic in case of network congestion [2].
In order to overcome problems concerning synchronization delay, prior proposals [3] were based
on idea to isolate RTCP SR packets from the RTP
data stream by assigning them to higher priority
class in Differentiated Services (DiffServ) architecture which ensures the average reduced minimum
RTCP SR interval according to IETF RFC 3550,
sufficient for inter-media lip-synchronization of
RTP multicast sessions regardless of network congestion. This is feasible when it is not possible to
offer an upstream channel of RTCP receiver reports
(RR). Accordingly, since RTP and RTCP packets
are sent using different ports, any flow classification
based upon port number that leads to a differentiation between RTP and RTCP flows could disrupt the
Volume 6 / Number 2 / 2011

statistics because RTCP flows (SR in conjunction
with RR) are used to measure, infer and convey information about the performance of an RTP media
stream. Another solution [4] proposes a higher priority assignment to RTCP than to RTP retransmission packets by using the DiffServ QoS techniques.
Accordingly, the RTCP retransmission packets with
a higher priority are less likely to be lost than the
packets with a lower priority. Since RS sends a relatively small number of RTP retransmission packets
before receiver starts to receive the primary multicast stream, statistics measured by RTCP cannot be
disrupted.
This paper investigates synchronization delay
problems for RTP multicast sessions caused by
link failure and packet losses before retained by RS
which disables it to continuously cache all RTP/
RTCP packets as they are sent in the session and to
act as a FT for the session. Extensive simulations
are performed using the Network Simulator version
2 (ns-2) to determine if intentional prioritization of
RTCP over RTP packets sent from source to the
RS can guarantee the average reduced minimum
RTCP SR interval according to IETF RFC 3550,
sufficient for inter-media lip-synchronization of the
RTP multicast sessions regardless of network congestion without disruption of statistics measured by
RTCP. This is the null hypothesis (H0). Statistical
calculations were carried out using Analyse-it addin software for Microsoft Excel.
Section II describes a simulation environment,
a used simulator and the simulation results. Statistical analysis is introduced in section III. Section
IV concludes this paper.
2. Model analysis and simulation results
The main objective of the following simulation
study is to provide recommendations concerning
how to implement an adequate RTP/RTCP packet
classification scheme based on the DiffServ QoS
techniques in order to avoid negative effects of link
failure and network congestion on synchronization
of RTP multicast sessions. Accordingly, the average reduced minimum RTCP SR interval according
to IETF RFC 3550, sufficient for inter-media lipsynchronization without excessive delay regardless
of network congestion, will be guaranteed.
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2.1 Simulation setup and protocols
The following simulations are performed using
Network Simulator version 2 (ns-2) with adaptations concerning RTP/RTCP protocols [5]. The
default implementation of RTP/RTCP in ns-2 is
very poor and it is not working according to [1]. In
order to achieve the expected timing rules, certain
changes are applied in session-rtp.tcl as presented
in Fig. 1. The minimum RTCP interval is set to
5 seconds, the fraction of the session bandwidth
added for RTCP is fixed at 5%, the timing rules
are updated according to [1] and the randomization option is turned on.

tached to routers E, F, G and H. The network topology is shown in Fig. 2.
Simulation time is session bandwidth dependent which is sufficiently long to include enough
packets of population of interest (RTCP SR packets), and sufficiently short to address the practical
aspects of measurement [6]. Simulation time of
200 seconds meets these requirements for 4 Mbps
session rate.
Network simulations are carried out in case of
A→D link failure which causes a total change in
network topology and congestion of bottleneck
link (C→D). All links except bottleneck link are
kept constant. Bottleneck link is dimensioned by
gradually reducing its capacity to achieve link
load of 50%, 80%, 90%, 100%, 110%, 120%,
150%, 200% and 300% (Table 1.).
Background traffic is generated by Pareto, Constant Bit Rate (CBR) and File Transfer Protocol
(FTP) traffic generators. FTP traffic generators are
attached to Transport Control Protocol (TCP), Pareto generators are attached to User Datagram Protocol (UDP) whereas CBR generators are attached
to RTP and UDP agents. The traffic pattern choice
is driven by the rapid emergence of next generation
multimedia services and based on the assumption
of video services growing trend [3], [7].
Pareto generator is chosen to simulate traffic of
Voice over Internet Protocol (VoIP) application. It
generates 160 byte packets at 100 kbps with burst
time of 2 seconds and idle time of 0.5 second.

Figure 1. Changes applied in session-rtp.tcl
The simulations are based on common network
topology consisting of eight routers (A, B, C, D,
E, F, G, H) with three user domains (D1, D2, D3)
attached to them. There are also four servers (A/V
streaming server, FTP server, VoD server, RS) at370

Figure 2. Network simulation topology
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Table 1. Bottleneck link capacity for specified
link load
Link load (%)
50
80
90
100
110
120
150
200
300

Bottleneck link capacity (Mbps)
35.00
21.88
19.44
17.50
15.91
14.58
11.67
8.75
5.83

Video on Demand (VoD) service is simulated
with CBR generator attached to UDP agent with
packet sizes of 1024 bytes at generation rate of
1024 kbps.
CBR generator attached to RTP agent is used
to simulate RTP multicast multimedia component
with packets of 512 bytes at 4 Mbps traffic rate
with 1 sender and 400 receivers. RTCP timing
rules are in compliance with RTCPTimer class.
Unicast RTP retransmission sessions are simulated with CBR generator attached to RTP agent as
well. It generates packets of 512 bytes at 4 Mbps.
RTCP retransmission packet interval is set to 360
divided by the session bandwidth in kilobits per
second [1].
Classification of the retransmission RTP/RTCP
packets based on a port number is accomplished
by creating two virtual servers and their associated routers (HRTP and HRTCP) to retransmit RTP and
RTCP packets from different sources. Accordingly, expected simulation results are not impaired.
All nodes are configured to contain multicast
protocol agents. The time duration for which a prune states are active is configured through the DM
class variable, PruneTimeout. It is set to be equal
to the simulation time since the number of group
members is constant. Additional effort to set up
the Protocol Independent Multicast - Source Specific Multicast (PIM-SSM) protocol is not required because it is beyond the scope of this study.
FTP traffic consists of 1000 bytes packets generated by Reno version of TCP sources. The average file size of TCP session is 2.5 · 105 bytes
with maximum window size of 10 packets. TCP
sessions are initialized randomly with an average
interval of 0.5 second.
Volume 6 / Number 2 / 2011

Buffer size for all nodes is set to 60 packets and
parameters minth and maxth are set to 25 and 50
respectively. The average queue size is measured
in packets. Maximum drop probability (maxp) is
set to 0.1 by default.
The following simulation study consists of 6
different scenarios. All 6 scenarios are applied for
the 4 Mbps RTP multicast session rate and bottleneck link capacity dimensioned as specified in
Table 1.
Scenario 1 is characterized by the absence of
QoS mechanisms, while the specific combinations
of them have been considered in scenarios 2, 3,
4, 5 and 6. The assumption is that in scenarios 2,
3, 4, 5 and 6 all routers adopt the same Weighted
Random Early Detection (WRED) queue management and the Priority (PRI) scheduling algorithm.
The simplest policer available in ns-2, Time Sliding Window (TSW2CM), is configured. A Committed Information Rate (CIR) is defined for Pareto, CBR and RTP with 2 Mbps, 6 Mbps and 4
Mbps, respectively. The null policy model is applied to the FTP and the RTCP packets [8]-[10].
In Scenario 2, priority class 1 is given to Pareto
packet flows, class 2 to RTP, RTCP and CBR and
class 3 to FTP flows.
Scenario 3 is characterized by the RTP/RTCP
assignment to a dedicated queue of priority class
2. Here, priority class 1 is given to Pareto packet
flows, class 3 to CBR and class 4 to FTP flows.
The highest priority class is given to RTP/RTCP
packets in scenario 4, class 2 to Pareto, class 3 to
CBR and class 4 to FTP flows.
In case of scenario 5, class 1 is assigned to Pareto, class 2 is assigned to the RTP/RTCP packets
sent from source to the RS, class 3 to the CBR and
all RTP/RTCP packets except those which are sent
from source to the RS, and class 4 to FTP flows.
In scenario 6 the highest priority class is assigned to Pareto packet flows and, since the importance of the concept of isolation of RTCP from
RTP packets has been recognized, dedicated queue
of priority class 2 is assigned to RTCP packets sent
from source to the RS. Class 3 is assigned to CBR,
all RTP/RTCP packets except those which are sent
from source to the RS and RTP packets sent from
source to the RS, and finally, class 4 is given to
FTP flows.
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2.2 Simulation results and discussion
Based on trace files obtained from 54 simulation runs, the results are collected regarding the
average interval of RTCP SR packets sent from
source to the RS, its standard deviation and loss
rate. By using standard deviation it is possible to
study distribution of the RTCP SR packet intervals around the average value measured before retained by RS. The simulation results are shown in
Fig. 3., Fig. 4. and Fig. 5.
As it has been expected, when packets are transmitted in the best effort mode as in scenario 1, it is
impossible to ensure the average reduced minimum
RTCP SR interval according to IETF RFC 3550
when bottleneck link load exceeds 80%. Therefore,
specific combinations of QoS techniques, which
have been considered in scenarios 2, 3, 4, 5 and 6,
are anticipated to lead to a solution.

Figure 3. RTCP SR loss rate

Figure 5. Standard deviation of RTCP SR interval
In scenario 2, the implementation of QoS
mechanisms where RTP/RTCP packets are sharing the common queue with CBR packet flows,
gives somewhat better results until bottleneck link
load exceeds 120%.
In scenario 3, advantages of RTP/RTCP assignment to a dedicated queue of priority class 2 are
evident.
In scenario 5, RTP and RTCP packets sent from
source to the RS are treated as priority class 2 in
DiffServ environment. The CBR packets are sharing the common queue of priority class 3 with all
RTP and RTCP packets except those which are
sent from source to the RS.
The obtained results from scenarios 3 and 5
show that RTCP SR packet loss occurs when bottleneck link load exceeds 200%.
Results from scenario 4 and scenario 6 are
promising and show that classification schemes
which have been considered in these scenarios ensure the average reduced minimum RTCP SR interval sufficient for lip-synchronization regardless
of network congestion with accurate statistics for
the measurements performed by RTCP.
However, since scenario 4 is not in compliance
with [10], scenario 6 is the recommended solution.
Accordingly, giving higher priority to the RTCP
SR packets than the RTP data packets sent from
source to the RS does not violate the recommendation in [10] to assign the highest priority class to
the real-time applications (VoIP).

Figure 4. Average RTCP SR interval
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3. Statistical analysis
In this section, statistical calculations were carried out using Analyse-it add-in software for Microsoft Excel to determine relationship between
average RTCP SR interval and link load, and to
perform a hypothesis test.
Regression analysis is performed between average RTCP SR interval and link load in form of
several available regression models. Based on
comparative analysis, linear regression model is
selected. The coefficients of determination were
found, along with the equations of the regression
lines.
The results of linear regression analysis (Table
2.) contribute to the recommended principle of
this paper – to isolate the RTCP SR packets from
the RTP data packets sent from source to the RS
by assigning them to higher priority class in DiffServ architecture, which ensures the average reduced minimum RTCP SR interval according to
IETF RFC 3550, sufficient for the inter-media
lip-synchronization of the RTP multicast sessions
regardless of network congestion.
Low determination coefficients (r2) in scenario
4 and scenario 6 are pointing to a very low correlation (r) between average RTCP SR interval and
link load in these scenarios, which is not statistically significant at the confidence interval of 95%
(p>0.05).

The two-tailed hypothesis test (z-test) of the
sample mean is conducted for 6 different scenarios
(Table 3). Since scenario 4 is not in compliance with
[10] and the computed p-value in case of scenario 6
is greater than the significance level α, one should
accept the null hypothesis (H0). The risk to reject
the null hypothesis (H0) while it is true is 65.64%.
4. Conclusion
This paper elaborates different RTP/RTCP
packet classification schemes based on the DiffServ QoS techniques in order to ensure the average reduced minimum RTCP SR interval sufficient for lip-synchronization without excessive
delay regardless of network congestion.
A retransmission method for rapid synchronization of RTP multicast sessions that uses the
fundamental tools offered by the existing RTP and
RTCP protocols [1] potentially reduces the synchronization delay.
Since RS sends relatively small number of RTP
retransmission packets before receiver starts to receive the primary multicast stream, statistics measured by RTCP cannot be disrupted. Furthermore,
RTCP SR packets in case of the reduced minimum
packet interval constitute about 0.24% of the RTP
session bandwidth and as such cannot cause congestion.

Table 2. Linear regression analysis
Scenario
Scenario 1
Scenario 2
Scenario 3
Scenario 4
Scenario 5
Scenario 6

Linear fit
0.04823 + 0.0004573 x
0.01344 + 0.0007669 x
0.0802 + 7.5723·10-5 x
0.0881 – 1.0964·10-6 x
0.0816 + 6.2743·10-5 x
0.0881 – 3.4130·10-7 x

r2
0.9436
0.8474
0.6416
0.0476
0.6801
0.0024

r
0.9714
0.9205
0.8010
0.2182
0.8247
0.0490

p
<0.05
<0.05
<0.05
>0.05
<0.05
>0.05

Table 3. Hypothesis test (z-test)
Scenario
Scenario 1
Scenario 2
Scenario 3
Scenario 4
Scenario 5
Scenario 6

n
17606
17875
20016
20450
20076
20448
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Mean (s)
0.10216
0.10067
0.08991
0.08800
0.08963
0.08800

SD (s)
0.06036
0.07081
0.02967
0.02544
0.02955
0.02538

a
0.05
0.05
0.05
0.05
0.05
0.05

two-tailed p
<0.0001
<0.0001
<0.0001
0.6853
<0.0001
0.6564
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In case of multimedia session with two RTP
components, the slower component affects the
session synchronization delay in so far as RTCP
SR packet loss occurs before retained by RS. As it
was expected, the only sensible approach to overcome problems regarding synchronization delay
caused by link failure and RTCP SR packet losses
before retained by RS was to introduce QoS guarantees for these packets. Based on the extensive
simulation analysis, a final conclusion is made that
the isolation of the RTCP from the RTP packets
sent from source to the RS by assigning them to
higher priority class ensures the average reduced
minimum RTCP SR interval defined with 360
divided by the session bandwidth in kilobits per
second, according to IETF RFC 3550, sufficient
for the inter-media lip-synchronization of the RTP
multicast sessions regardless of network congestion with accurate statistics for the measurements
performed by RTCP.
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Abstract
Corporate social responsibility (CRS - Corporate Social Responsibility) is a concept in which
the company to all its stakeholders related to ethical and responsible manner. Key stakeholders are
employees, clients, customers, suppliers, local
and federal governments and local communities.
Companies do not operate in isolation from the society around them, but they are an integral part of
their competitive ability depends on precisely the
conditions and circumstances in which they work.
By investing in the company, companies create
a healthy environment that will help him in his
growth and development. Many organizations realize that care about society and the environment,
if from the beginning fits in the business strategy,
leading to significant innovation and provide competitive advantage. Most companies in Serbia not
even aware of the importance of this way of doing
business and the benefits that it brings. However,
some companies that operate in the territory of
Serbia, could serve as an example to others.
Key words: Corporate Social Responsibility,
CRS in Serbia.
Sažetak
Korporativna društvena odgovornost (CRS Corporate Social Responsibility) je koncept u okVolume 6 / Number 2 / 2011

viru kojeg se kompanije prema svim svojim stejkholderima odnose na etički i odgovoran način..
Ključni stejkholderi su zaposleni, klijenti, mušterije,
dobavljači, lokalna i savezna vlada i lokalna zajednica. Kompanije ne funkcionišu izolovano od društva oko sebe, već su one njegov sastavni deo i njihova konkurentska sposobnost zavisi upravo od
uslova i okolnosti u kojima rade. Ulaganjem u društvo, preduzeća stvaraju jedno zdravo okruženje
koje će mu pomoći u svom rastu i razvoju. Mnoge
organizacije shvataju da briga o društvu i životnoj
sredini, ukoliko se od samog početka uklapa u poslovnu strategiju, dovode do značajnih inovacija i
obezbjedjuju konkurentsku prednost. Većina preduzeća u Sbiji nije ni svesna značaja ovakvog načina
poslovanja i prednosti koje ono donosi. Ipak, neka
preduzeća koja posluju na teritoriji Srbije mogu poslužiti kao primer ostalima.
Ključne reči: Korporativna društvena odgovornost, CRS u Srbiji
1. Introduction
Corporate social responsibility as a new concept, is increasingly becoming an integral part of
strategic documents, both globally and at the level
of national economies, companies and small and
medium enterprises.
Activity towards society organizations and
interested parties (stakeholders) can be named:
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corporate social responsibility (CRS - Corporate
Social Responsibility). It is a concept in which the
combined company to all its stakeholders concerning the ethical and responsibility way. Key stakeholders are employees, clients, customers, suppliers, local and federal government and the local
community. Companies are expected to overcome
the treatment which is characterized by a minimalist approach to respect the legal regulations,
but consider and actively implement the strategy
of investment in human capital, environment and
improvement of relations with stakeholders, often
in accordance with locally developed philosophy
of sustainable development.
Socially responsible companies to keep access
to “triple the results of” taking into account the
social, economic and impact on the environment
that is their business.
One way that companies recruit large numbers
of users and customers is to solve community
problems and to engage in it. Many companies
started to invest money to help to solve at least
some problems in the community. Most often,
aid targeted at education, health, culture, sports,
art. Companies can also integrate into the local community, and how they help the media. In
the world companies are aware that they make
these investments benefit, because by becoming more familiar with their clients and build a
positive self image. Therefore, the more money
invested in social responsibility, while advertising brings more earnings. Among local companies can be extracted a number of those who
successfully implemented the concept of CRS.
2. Term corporate social responsibility
One of the major principles of the modern
business is based on responsibility in the organization. Organizations need to take responsibility
for their role in society. Organizations based on
accountability [1] implies that all members of the
organization can a full to look at and think about
their match your achievements and your contributions and take responsibility for one and other.
According to Kotler [2, p. 8] under the corporate
social responsibility mean orientation of companies
to their business strategies, decisions and activities
376

directed towards improving the economic, social
and natural environment in which it operates.
Corporate social responsibility has evolved
from the idea that the obligation of the company
not only brings a profit, but have a positive impact
on the environment in which it operates. Corporate social responsibility [3, p. 14] has an economic liability companies, such as profitability, but
also the honest payment of employees, the quality of services and “fair” price products. Same so,
it is understood and legal business, in accordance
with existing laws and ethical obligations, which
exceed the legal framework and demand respect
for the rights of people involved in the business
environment and a just and fair treatment.
Corporate social responsibility is a concept
within which companies integrate social interests
and challenges related to the natural environment
and its business and Interac with all players (stakeholders) on a voluntary basis [4].
Corporate social responsibility is an ongoing
commitment to business to behave ethically and
contribute to economic growth, while at the same
time improving the lives of their employees, their
families, communities and society as a whole[5].
Issues of corporate social responsibility (Corporative Social Responsibility - CSR) attract
the attention of the world’s largest companies,
as well as the media and the general public. The
concept of corporate social responsibility is very
broad. There is no uniform understanding of corporate social responsibility, nor is there a list of
activities and areas which it contains. Generally,
corporate social responsibility implies that the
profit you earn, companies are responsible only
to shareholders but also to individuals and groups
to which they profit in any way reflect [6, p. 17].
Representatives of the European Union [3, p. 9]
in “Green Book” (2001) point out: “Being socially responsible means not only meet legal obligations, but go beyond mere compliance with
laws and invest more in human capital, environment and relationships with stakeholders.”
The basis of social responsibility is strong pressure
from nongovernmental organizations (groups associated free citizens) to corporate action becomes
transparent and open to criticism and dialogue with
all interested community groups, which far exceeds
the legal framework of corporate property bounded
Volume 6 / Number 2 / 2011
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in the traditional sense. Corporate social responsibility includes cultural and moral perspectives of
business activities, which are included in the assessment of overall success of the company with
the established financial parameters. This movement should not be underestimated as evidenced by
the fact that leading corporations set up department
for corporate social responsibility and invest in this
area, which used to be perceived as an unnecessary
expense. Moreover, a methodology for assessing
the success of implementation of the principles of
corporate social responsibility (CSR Audit) by an increasing number, especially, multinational corporations now, but willingly accepted, because it comes
to investing in reputational capital business. [7].
Corporate social responsibility in Central and Eastern Europe arrived with foreign investors who
strive to bring their own daily activities in their new
environment with the principles of corporate social
responsibility at home. The European integration
also helped the emergence of corporate social responsibility, encouraging domestic companies to
stand out in comparison to other such progressive
companies that are able to compete in the single
market, aimed at consumers conscious importance
of brands, and, often, responsibility towards society. In addition, some business leaders are beginning to invite companies to go beyond what the
law requires to promote social and environmental
goals. And some business leaders see corporate social responsibility a way to enhance public trust in
post-communist companies [8].
2.1 The importance of corporate social
responsibility
Companies are opting for a CSR strategy for
several reasons. The most important concern [18]:
people, regulations, public expectations, the need
to do good and reduce risk. Companies need to attract and retain competent and motivated people,
and they increasingly choose to work in socially
responsible companies that have a stable reputation and clearly proclaimed values. In this sense,
CSR gives companies a competitive advantage
over others that do not apply. An increasing number of regulatory bodies in developed economies
see CSR as an important guarantee to provide
Volume 6 / Number 2 / 2011

long-term license to operate an organization. In
addition, the public, media, environmental organizations and a growing number of members of
the public sphere automatically expect from medium and large companies to be socially responsible and community-return part of what they take
from it (resources, energy, water, etc.).. Modern
business leaders and employees are increasingly
realize CSR very seriously and position it high on
the scale of their personal and organizational values. Deal with CSR is the same as”doing good”.
Some of the reasons for the application and development of corporate social responsibility are as
follows [9]: to increase market share, strengthening the position of brands, enhance corporate image, improving the ability to attract and motivate
employees, reduce costs, increase attractiveness
for investors.
Corporate social responsibility has a wide range
of activities, because the concept is more and more
companies needed to improve business processes,
and working conditions of employees. The advantages of the construction and application of CRS
are as follows [10, p.5]:
–– Building a reputation of responsible
companies,
–– Achieving financial gain,
–– A good reputation makes it easier recruitment
of quality staff,
–– employees stay longer in the company,
–– Employees are more motivated,
–– Theorganization operates in accordance with
the regulations,
–– Improvement of marketing communications
activities,
–– Good relations with local authorities allow
easier management of business,
–– expansion,
–– Developing competitive position.
Corporate social responsibility ensures the efficiency of the company and his reputation, safety
and health of employees, care about the working
conditions of employees, environmental protection and natural resources, donations, motivation
and loyalty of employees and clients, as well as
other key players in the business.
The world is growing consensus on the connection between corporate social responsibility
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and business success of enterprise. World Business
Council for Social Responsibility believes that a
coherent strategy for corporate social responsibility based on integrity, strong values and longterm approach offers clear business benefits to
enterprises and participating in “social welfare”.
The company can now achieve the goal of business
excellence based on the application one by one, integrated management systems, based on respect for
the demands of international standards ISO 9001,
ISO 14001, ISO 18001 and SA 8000th In each of
these standards are some of the settings of corporate social responsibility, and the SA 8000 standard
is directly related to the development of this principle. Principles of SA 8000 can apply all companies regardless of size and its structure, but that they
want to have a socially responsible position anywhere in the world. Companies can certify all of its
locations, and may also choose specific plants for
specific certification. Thanks to the implementation
of SA 8000 company can maintain decent working
conditions throughout the supply chain.
SA 8000 is the international standard relating to
the improvement of working conditions. Organization of Social Accountability International [4, p.
3] has introduced this standard, which includes the
regulation of a number of standards and programs
of supervision in the field: forced labor, child labor, disciplinary measures, discrimination,salaries
and benefits, working hours, health and security,
freedom of association and collective bargaining. SA8000 is a voluntary standard and is applicable to organizations and enterprises of all sizes
and activities.
3. Analysis of corporate social
responsibility domestic companies
Corporate social responsibility as a new concept, is increasingly becoming an integral part of
strategic documents, both globally and at the level
of national economies, companies and small and
medium enterprises
Social engagement is usually conceived as the
central segment of the corporate social responsibility. Through providing support, mostly financial, different projects, organizations or individuals, companies contribute to building a healthier
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and more successful environment, building their
image of “good neighbors”. For most companies,
this aspect of engagement is the most common
and it is this segment is central to the inclusion of
the business community in the process of poverty
reduction in Serbia.
CSR in Serbia, like most countries in the region, generally understood as a voluntary addition to the basic business activities of companies
and is often associated solely with the sponsoring
and philanthropy, so the action is based primarily on donations. On the other hand, in a small
number of companies, primarily from among the
large multinational companies, there is awareness
of the importance of CSR to manage risk and unfolding quality relationships with stakeholders,
so that in just over a third of the company identified the existence of some kind of long-term
projects and programs, well-defined and clearly
defined goal. However, what is encouraging is the
impression that everything is tighter cooperation
with organizations from other sectors of society
and that three-quarters of the companies surveyed
have some form of long-term partnership or cooperation with them, with the largest number of
cooperating with civil society and social care, or
they providing ongoing support.
The most common fields of engagement of
local enterprises in the form of CRS areareas in
science and education, scholarships, humanitarian
activities, culture and arts, sports, religious institutions, environment, infrastructure ...
In the area of corporate social responsibility today, according to some [11, p.28], we can see six
social initiatives which operate as follows:
1. Promoting social goals
2. Marketing linked to social goals,
3. Corporate social marketing,
4. Corporate philanthropy,
5. Volunteer work for the community,
6. Socially responsible business practices.
Domestic companies in their business practices
of these six legal initiatives will be implemented
as corporate philanthropy, but in insufficient measure, which says a lot about the still under-developed concept in the domestic economy. In Serbia,
there has been a great tradition of endowment, but
it was eventually ignored.
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Basically, philanthropy is the desire to help
others without expecting personal gain. This desire is the result of various social motives that
drive human behavior and its expression is related
to the ancient beginnings of social zajednice.Brojni are examples of philanthropic-minded wealthy
Serbs in the nineteenth and early twentieth century [12], and blessings and endowments foremost of them dating back to the present day andrepresent the beginnings of CSR in our country.
In terms of the management CSR [13] observed
that a relatively small number of companies (one
fifth) works through funds or foundations, which
indicates the still low level of institutional access to philanthropic and social engagement with
companies in Serbia. Despite the relatively small
number, we observed diversity in mode of action
of these funds / foundations (on a project basis,
through grants, contests or otherwise), from which
it can be concluded that still can not speak of the
existence of a “mainstream”the endowment of
economic sectors in Serbia. Areas of activity covered by the work of these funds / foundations,
most of them devoted to social welfare, science
and education and culture and art, while in terms
of target groups, the main beneficiaries of primarily children and youth.
According to research presented in the report “Corporate social responsibility or social
responsibility of Serbian enterprise” [13] has
been accepted in modern relationships as a business that is viable and substantially integrated
with the community ... The modern philanthropy
broadly defined, includes all charitable giving for
the common good, and the term used to describe
not only the benefits, more extensive network of
donors. Thus, according to who gives mention
organized philanthropy - under which it often involves a network of non-profit organizations and
foundations (though the term is sometimes used
to describe any type of institutionalized philanthropy), and individual philanthropy - which refers to individual contributions made by citizens,
and corporate philanthropy, which includes benefits for charitable purposes by the private sector
... Research shows that there has been an overall
positive attitude toward charitable giving, but surprising result that the philanthropy primarily involve humanitarian actions. Only with the encourVolume 6 / Number 2 / 2011

agement, the respondents showed awareness of a
broader range of possible topics charities and then
referred to cultural and sporting events, preservation of cultural heritage, health, and areas such as
environmental protection, human rights and more.
According to some data from 2004. as much as
70% of citizens believe that philanthropy is less
developed than in the European Union. [14, p. 7]
The reason for this lack of activity of domestic enterprises located in the following factors
1. poor economic situation,
2. distrust of citizens,
3. lack of awareness and
4. legal environment unstimulated philanthropy.
In order to promote and stimulate the social initiatives launched in the domestic economy is the
choice for the annual award for corporate philanthropy “Virtus”. Prize consists of six categories as
follows [15, p.253]: award for his contribution to
the national level (prize RDP B92 AD), the award
for his contribution to local community in which the
company operates (Holcim ad Popovac), the award
for small and mediumCompany (ALFA-PLAST
doo Temecula), the prize for most innovative project was supported (Erste Bank ad Novi Sad for the
“Adventure cooltura”) and two special awards for
long-term partnership between business and nonprofit sectors (Hemofarm Vrsac ad) and a special
award for Media Contribution (RDP B92 ad). Most
local entrepreneurs has not yet succeeded in developing an appropriate relationship with other sectors
of society and to take responsibility in relation to
society and community.Also, we should not underestimate the fact that Serbian companies traditionally have no definite point of view with respect to
social issues and other areas of society. However,
one of the positive examples of the relationship of
domestic enterprises by the concept of corporate
social responsibility is a Delta Holding. The concept of corporate social responsibility company
Delta Holding is applied as a business principle is
realized through four elements: the quality of services and products, environment, employee care,
relationship with the community.
Annual award for corporate philanthropy “Virtus” for 2008 [18, p.15] has brought some recognition and new enterprises and thus proved that
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the concept of CSR is gaining momentum in the
domestic economy. The main prize for his contribution to the national level given the Telenor This
organization strategically and wisely provides support to young talents in the form of partnership with
the Research Center PSC; projects such as the Run
section, where nineteen cities in Serbia decorated
with murals, the first regional university center for
students with disabilities, the project “Social Club”.
In June 2009. , Smart Collective / Business
Leaders Forum organized by the “Our Belgrade”,
a day of volunteer activity throughout the capital. Hundreds of volunteers from member companies attended the Forum and implementation of
projects such as repairing buildings and grounds /
living painting workshop for children with Down
syndrome, or conduct of the Roma and other vulnerable children to the zoo. Others were driven by
boat to the Great War Island, where they cleaned
the garbage that has accumulated on the shore and
recycled plastic bottles.
Recently, the United Nations Industrial Development Organization (UNIDO) launched a project
for “Development of corporate social responsibility (CSR) in Central and Eastern Europe” [16], a
regional program that aims to spread the concept
of CSR and its practical application throughout
the region Central and Eastern Europe (focusing
on small and medium enterprises) and create a
regional network of partner institutions in public,
private and NGO sector that will support small
and medium enterprises and adopt CSR practices.
Open Society Fund, Smart Collective and Serbian Chamber of Commerce launched a project
called “Initiative for Responsible Business” (Responsible Business Initiative-RBI) in order to promote and institutionalize the concept of corporate
social responsibility in Serbia. In the RBI project
was established several goals [17, pp, 3,4]: the
standardization of corporate social responsibility
as a distinctive framework for the introduction of
generally accepted development through European / international standards of conduct, encourage
and develop cross-sectoral cooperation between
the public, for-profit and civil society, opening prospects for sustainable community development, civic initiatives of civil society through continuous self-sustaining program and collaboration
between the for-profit and nonprofit sectors.
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NGOs and international organizations are an
important factor for the development of CSR in
Serbia. Every day the number of those involved in
the promotion and affirmation of the CSR concept,
while an increasing number of organizations see a
clear interest in cooperation with enterprises. International organizations support the concept of CSR
or through special purpose funds and programs
for development of the area, either by transferring
knowledge about good practice in other developed
areas. Local NGOs [18, p.14] see that new sources
of funding, but also a means through which can be
solved serious social problems. In contrast to international, many domestic companies is not yet recognized the importance of NGOs for the development
of CSR concept in Serbia (NGOs at the bottom of
the scale factors that contribute to the strengthening
of the CSR). One reason is that a large number of
non-governmental organizations and international
companies facing orientation. This data shows that
we at the beginning of the development of CSR in
Serbia. At the same time, most respondents from the
companies believe that the civil / non-government
sector is not sufficiently prepared, and enterprising,
does not possess the expertise and creativity that, as
a reliable partner, a strategic penetrate the business
sector and to initiate CSR.
According to some analysis [13, p. 6], the largest companies in Serbia there is a high level of
awareness about the importance of corporate social responsibility, and strategic commitment to
responsible and constructive engagement in the
community. The implementation of CSR practices
are still leading foreign-owned companies, especially those that operate within multinacionanih
companies. With companies owned by domestic
capital still lacks a deeper understanding of all
aspects of CSR. Most companies have very good
results in the field of environmental protection
(which is understandable given the specificity of
this domain), as well as in employee relations and
creating a quality work environment. In the two
areas most prominent initiative and a proactive approach that is reflected not only in respect of legal
measures, but also an extra effort to go further in
improving these aspects. All indicators show that
the degree of incorporation of CSR into business
strategy and organizational structure increased,
though not much, compared to the previous year.
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4. Conclusion
Companies, if they want to survive in the global market and if they want to provide and maintain
a competitive position must follow the changes
and to improve their way of doing business. In addition to his interests must take care of their employees, their safety, education, social protection,
environmental protection and other aspects of social responsibility, young and promising in their
environment and their community.
Applying the concept of corporate social responsibility is one of the basic prerequisites for achieving business excellence national companies.
The concept of corporate social responsibility (CSR) is new in Serbia Given that Serbia has
started the political and socio-economic transition
later than most other countries, many companies
still have little awareness of the benefits of CSR, as
experience it as a non-profit and impractical experience. On the other hand, ordinary citizens do not
take into account whether the company from whom
they buy products apply the concept of CRS.
The corporate social responsibility relatively little is known, however, some examples and
knowledge emerge and interest in corporate social
responsibility is growing from year to year. Accession countries of Central and Eastern Europe Evopskoj Union, corporate social responsibility will
become more and more importance when it comes
to business, both small and large companies.
Domestic companies must adopt and implement corporate social responsibility as one of the
key lines of business enterprises, a state needs to
help them through laws, regulations that would
encourage the application of the concept of corporate social responsibility.
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Abstract
This research presents Moodle electronic
course analysis with the use of Olap and web-mining techniques. The goal of this research relates to
the information acquisition about electronic courses and acquisition of behaviour patterns of online
learners. This information is further to be used in
obtaining of better references that are going to be
used for creating a better teaching programme
that includes e-courses. Apart from that reason,
the goal of this research also relates to determination of possibilities of these techniques that can be
used in the analysis of pattern behaviours of users. The research was conducted at the Technical
faculty in Cacak, Serbia. The courses of different
structures regarding organisation and the form of
materials were included with this analysis. Results
present significance of using OLAP and web mining techniques in evaluation of electronic courses.
Besides, results also point towards preferred file
types being used by the user of the mentioned
system. They also point towards the activities on
which the users spend the most of their time. This
research realtes to detail information obtaining
about students’ patterns of behaviour on a learning
management system. Apart from techniques that
are being used in this research, a preparations are
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being made for descriptive algorithms (clustering
and association) usage along with the gathering
and analysis of student’s subjective experience
with gathered information from the group interview and questionnaire.
Key words: Olap, web mining, Moodle, ecourses, log file
Sažetak
U radu je predstavljena analiza Moodle elektronskih kurseva korišćenjem Olap-a i web mining tehnika. Cilj istraživanja odnosi se na dobijanje informacija o elektronskim kursevima i
obrascima ponašanja učesnika koje bi poslužile u
stvaranju preporuka za bolju organizaciju nastave
koja uključuje e-kurseve. Osim toga, cilj se odnosi
i na utvrđivanje mogućnosti pomenutih tehnika pri
analizi obrazaca ponašanja korisnika. Istraživanje
je sprovedeno na Tehničkom fakultetu u Čačku. U
analizu su uključeni kursevi različite strukture i organizacije nastavnih materijala. Rezultati ukazuju
na značaj primene Olap-a i web mining tehnika u
evaluaciji elektronskih kurseva. Osim toga, rezultati ukazuju na preferirane tipove fajlova korisnika
na tom sistemu. Rezultati ukazuju i na aktivnosti
na kursu na kojima učesnici provode najviše vreVolume 6 / Number 2 / 2011
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mena. Budući rad odnosi se na dobijanje detaljnih
informacija o obrascima ponašanja studenata na
sistemu za upravljanje učenjem. Pored tehnika
koje su korišćene u ovom radu, u planu je primena
deskriptivnih algoritama (klasterovanje i pravila
asocijacije) uz prikupljanje i analizu subjektivnog
doživljaja studenata primenom ankete i grupnog
intervjua.
Ključne reči: Olap, web mining, Moodle, ekursevi, log fajlovi
Introduction
The World Wide Web (WWW) is a vast resource
of multiple types of information in varied formats.
Need for discovering and analysis of new behaviour patterns of the users has increased since the
expansion of the web. Analysis of users’ patterns
of behaviour can be used for new model designing
that can be of high importance for understanding
of users’ behaviour in virtual environment. Online
learning (E-learning) systems accessible through
the Internet are intranets that represent self-contained versions of the data warehouses and human
behaviour found more broadly across the Internet.
(Ai and Laffey 2007) E-learning can be used on
all levels of education and are used just as well in
the combination with the traditional teaching as in
the distance learning. That is why the knowledge
about the users of electronic courses is essential
for understanding their ways of learning and their
learning approach. In order to obtain this, it is of
essential importance to discover and analyze their
patterns of behaviour.
The software applications used most frequently
to implement e-learning in higher education are
called course management systems (CMS). These
systems can be found on web servers where information about user’s access is being kept as well.
A large part of web data is represented in the
web log collected by web server. (Hu and Cercone,
2004) With the log analyses that are received from
the server, information is obtained. This information can be of big importance for:
–– server performance improvement
–– system performance improvement
–– learner behaviour in e-learning
Volume 6 / Number 2 / 2011

The processing of this initial data that originates from log files isn’t easy and it demands an
application of many of various techniques, so that
analysis could be more flexible and last as short as
possible. In this research, integration of OLAP and
web mining techniques has been used for log analysis. Web mining can be viewed as the extraction
of structure from an unlabeled, semi-structured
data set containing the characteristics of users/information respectively. (Joshi and Krishnapuram
1997). On-Line Analytical Processing (OLAP)
is a category of software technology that enables
analysts, managers and executives to gain insight
into data through fast, consistent, interactive access to a wide variety of possible views of information that has been transformed from raw data to
reflect the real dimensionality of the enterprise as
understood by the user. (Goyal 2007).
This research is organized in the following way:
In the next section is given related work. Then, purpose of the study and methodology, which includes
procedure and web mining analysis. Thereafter, the
results are reported an in the Results section, and
the study is critically discussed. Also, there is chapter which provide conclusion of the paper.
Related work
Research in distance education has recently become more significant. Studies that relate to the
problem of log file analysis by using web mining
techniques and OLAP application are described in
this chapter.
In the study of Cooley et al. (1997), web mining and the methods of using his techniques are described. The study provides us with the web-mining
taxonomy, Webminer’s description, and the system
that was used was Web usage mining system. One,
part of this study relates to the detection of patterns
that are recived from web transactions and for their
analysis. A general architecture for Web Usage
mining is developed and a part of that architecture
is being supported by the WebMiner. In this study,
the course of the process and data analysis that are
obtained from the mining are described.
Joshi et al. (1999) direct us towards the significance of informations obtained by the web log
analysis for site developers and administrators and
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in the creation of adaptive web sites. Relational
Olap approach for creating a web-log warehouse
is described. Apart from that, web log mining,
cluster techniques and the association rules are
presented. Discussion is based on criteria design
that has an impact on a choice of dimensions,
facts and data granularity. In this study, tool and
results of log mining are presented, as well as the
further study that relates to the preprocessor phase
improvement and maintaining of auto monitoring
supported by the system.
According to (Preidys and Sakalauskas 2009.)
Before planning a distance learning course, instructors have to pay attention to the fact that there
exist different study methods: some students start
reading learning materials from the very beginning to the end, some students look at unclear topics only, and some start with the discussions, etc.
That article deals with application of data mining
methods’ to analysis of learners’ behaviour using
the distance learning platform BlackBoard Vista
(BlackBoard 2008). After the analysis, the focus
of the study is learning style identification and the
preparation of the individual learning materials.
The goal of this study relates to improvement of
the learning style and trying to find different factors that influence final evaluation of students.
M. E. Zorrilla et al. (2005) apply OLAP and
data mining techniques in order to extract valuable
patterns that can be used to enhance the learning
system or help in the learning evaluation. The research was conducted with the goal of obtaining
information that allows monitoring and insight in
the student’s learning process. Hence, based on the
obtained information, evaluation and the improvement of the electronic courses are conducted.
According to (Jain et al. 2010) web logs are
emerged as huge data repository of page access
information which when mined properly can help
improve system design, better marketing decisions
etc. There is also a special overview that is made
on the On Line Analytical Mining (OLAM). Usage of OLAM during the web log analysis is presented. Web logs are firstly introduced in the form
of data warehouse (data cube). In that paper, they
present the low cost technique of Web log data
mining by multi-dimensional analysis of Web log
data. The attention is also directed towards the
possibility of the OLAM application on the web
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usage data, analysis of behaviour patterns, and to
the advantages and disadvantages of using OLAM
on web usage data warehouse.
Purpose of the study
A learning management system (LMS) is a
software application for the administration, documentation, tracking, and reporting of training programs, classroom and online events, e-learning
programs, and training content (Ellis 2009). However, LMS doesn’t allow detail monitoring of the
users’ activities nor the evaluation of the course
contents’ structure and its efficiency in the teaching process. In order to consider the complete
teaching process that includes the usage of electronic courses within a specific LMS, a thorough
analysis is a must. OLAP and web mining techniques are used in this study in the purposes of
analysis of users` patterns of behaviours. The figure 1 shows the procedure for processing log files
and extracting behavior patterns.

Figure 1. Extracting patterns from log files
The objectives of the research:
–– Data pre-processing: clean and prepare the
Web server log file
–– OLAP analysis: design a multidimensional
structure in which the main factors under
analysis:(year, month, day, time, minute,
course, and modul activity) will be taken as
dimensions and later build OLAP cube in
order to analyze the recorded data.
–– Application of log analysis through web
mining techniques
–– Preparation of report
–– Pattern evaluation: determination of behaviour patterns based on obtained reports and
their evaluation
Volume 6 / Number 2 / 2011
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The goals of the research:
–– Professors, that is the creators of the courses,
will have all the necessary information that
will allow that kind of electronic courses’
structural organisation. The result of these
electronic courses is supposed to be an
increased students’ activity.
–– Professors will have an insight in students’
patterns of behaviour and according to them
thy will have a chance to organise their
classes by using other concepts such as
concept of e-learning.
–– Determination of the appliance of OLAP
and web mining techniues in the analysis
and detection of the students’ patterns of
behaviour who are the participants in the
electronic courses.
Hypothesis 1: Users have „preferred” file types.
Hypothesis 2: The time that users spend on the
activities that provide interactivity, that is collaborating learning, is longer.
Hypothesis 3: The highest number of activities
relates to the interactive modules
When we write interactive modules, we imply
to those modules that allow collaborative learning.
Within Moodle electronic courses, those modules
are forum, wiki, and chat rooms.
Methodology
In order to detect and analyze behaviour patterns, OLAP (On Line Analytical Processing) and
web mining techniques have been used in this
study. OLAP is “the name given to the dynamic enterprise analysis required to create, manipulate, animate and synthesize information from exegetical,
contemplative and formulaic data analysis models.
This includes the ability to discern new or unanticipated relationships between variables, the ability to
identify the parameters necessary to handle large
amounts of data, to create an unlimited number of
dimensions, and to specify cross-dimensional conditions and expressions”. (Codd et al. 1993) OLAP
(On-Line Analytical Processing), According to
Beyer et al. (1999) OLAP is an important notion
in data analysis. OLAP technology relies on the
multidimensional database approach. Dimensions
Volume 6 / Number 2 / 2011

contain members. Other key concepts in OLAP
are: measures, facts and data cubes (Berson and
Smith 1997). The measures are the numerical attributes analyzed against the different dimensions
which can built-in functions such as sum, count and
average as well as complex, user-defined formulas.
(Beran1 et al. 2008). A set of measures aggregated
according to a set of dimensions comprise a data
cube. (Thomsen et al. 1999.).
According to Srivastava (2004) web mining
presents the usage of data mining techniques for extraction of useful informations from the web data.
Web data relate to:
–– the contents of a web text, pictures,...
–– the structure of a web links, tags,...
–– the usage of web-http logs, server logs…
Taxonomy of web mining is given in the
Figure 2.

Figure 2. Web mining taxonomy
The study was conducted at the Technical faculty in Cacak, Serbia. In this case, traditional method of teaching is being combined with e-learning
with the assistance of Moodle LMS (http://moodle.org). Courses within this system are being
used as a backup of blended learning (Alvarez,
2005). Moodle electronic courses (http://itlab.tfc.
kg.ac.rs/moodle) that are being used in Techniqual
faculty in Cacak are designed to provide teaching
material to students, and activities that provide
collaborative learning.
System registered 1789 active users. One hundred of courses have been created within the system, and these courses are being used by students
and/or teachers as well. There is a variety on each
of analysed courses in terms of a different types
and Moodle activities. The following types of
files are present: .pdf, .doc, .txt, .ppt. Apart from
that, different types of files that are provided in the
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course of a given system, there are other activities that are used: forums, quizzes, chat rooms, the
wikis... Those are interactive pages that contain
Moodle activities: forum, wiki, chat room. Pages
with materials that students downloading or just
browse are uninteractive pages.
The procedure
–– Data pre-processing: clean and prepare the
Web server log file
Web server log file requires preparing and rearranging, so that he can be used in the following
steps of the process.
Out of all gained log files selection was done,
because this research didn’t include log file analysis that points towards errors in the acess. Apart
from this, these data were seperated in a few columns in the Excell in so that the analysis could
be conducted according to precise time, hours and
minutes. Figure 3 presents the log before the process of preprocessing.

–– OLAP analysis: design a multidimensional
structure in which the main factors under
analysis: (year, month, day, hour, minute,
module, activity and course) will be taken
as dimensions and later build OLAP cubes
in order to analyze the recorded data.
The specific design of an OLAP cube ensures
report optimization. The design of many databases
is for online transaction processing and efficiency
in data storage, whereas OLAP cube design is for
efficiency in data retrieval. In other words, the
storage of OLAP cube data is in such a way as to
make easy and efficient reporting. The term cube
comes from the geometric object and implies three
dimensions, but in actual use, the cube may have
more than three dimensions. In this case there are
eight dimensions. In some of these dimensions, the
so-called aggregations are created. Aggregations
are made of later analysis. For example, aggregations that relate to a quartile of a year, are made
in a month dimension, and in an hour dimension,
aggregations that relate to before noon, and after
noon are made. Figure 5 shows an example of aggregation related to the months and quarters.

Figure 3. The overview of one part of log file before the procedure named data pre-processing
Figure 4 presents the log files after the process
of preprocessing.
Figure 5. The example of aggregation in a month
dimension

Figure 4. The overview of the log file part after
the data pre-processing
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Software Palo (http://www.jedox.com/en/
home/overview.html) was used for creating of the
cube. This software integrates in the Excel after
the installation process, and further work in being
conducted in that environment. Figure 6 shows a
cube with its dimensions in Palo environment.
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mon steps in the process of transformation are:
user identification, session identification, traversal
path completion, and learning activity mapping.

Figure 6. The overview of the cube and dimensions in Palo environment
After the creating of dimensions and cube, the
following step is report creation. The overview of
the report is given in the chapter Results.
Web mining analysis
Web mining includes more processes that are
taking place according to accurately determined
schedule.
Selection
Data written within log files relate to users’
profiles, data about activities and about structure.
Data from users’ profile point towards users
ID, state, residence, attended courses as well as
towards the last access. Those data are being introduced within blog and forum.
The usage of data refers to the access to web pages. These data include IP addresses, access time...
Data about structure describes connection of
contents through links.
Preprocessing
Preprocessing includes the process of all records related to pictures since these records
weren’t included in pattern behaviour detection.
Moreover, all http requests labeled as 404 (it indicates that the resource wasn’t found on the server)
should be removed.
Transformation
Data are transformed into formats that can be
used within different applications. The most comVolume 6 / Number 2 / 2011

Mining
Mining process includes data mining techniques such as: statistics, classification and association rules. After completing the process of
mining, obtained information subjects to further
analysis.
For log analysis, program AlterWindLogAnalyzer was used (given on the sait http://www.alterwind.com). The tool gives us the possibility of log
files to be imported in different formats. In this case,
log files are given within textual program files.
Results
Results obtain a throughout web mining techniques application
Table 1. Description of the most frequently downloaded files by visitors (first 10)
Rank
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

File
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf
Name_of_the_file.pdf

Hits
2385
1299
94
88
66
60
58
52
49
30

The most frequently downloaded files were
displayed within table 1. The specific file name
was replaced with The_name_of_the_file. The
table was organized in a way that a sequence was
given in the first column, in the second the name
of the specific file, and in the third the number of
hits. Files given within this table come from different electronic courses. Files contain material
from which some are obligatory and some optional. According to the second column in the table 1,
where the name of the file is given, one can notice
format of the first ten downloaded files. All files
are written in .pdf file type.
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Testing of hypothesis 1: Hypothesis 1 confirms
itself with the data given in the Table 1. Namely,
the users have preferred file types, and with the
conducted research it was determined that it is .pdf
file type.
Table 2. The description of the most often downloaded file tipes by visitors.
Rank
1.
2.
3.
4.
5.

File type
pdf
doc
txt
ppt
htm

Hits
4077
3837
1337
1146
965

The description of the most often downloaded
file types was given in the table 2. The table was
organized in a way that a sequence was given in
the first column, in the second the type of downloaded files, and in the third the number of hits.
Considering the sequence of the given file types
and the number of hits related to the type it can
be concluded that the most often downloaded file
type is .pdf. The table 2 also favors hypothesis 1.
Table 3. The description of the first 5 pages on
which the users spend the most of their time
Rank
1.
2.
3.
4.
5.

Page

Figure 7. The overview of the activities and modules diveded by months
Figure 7 presents the view of the modules and activities within Moodle electronic courses. The values
that are given in the chart present the total number
of users’ activities within certain modules. The view
can be done by selecting the month in the upper part
of the chart. The selection of the all months, quartals
and the year is given. Based on this table, a graphical
overview that is presentes in the Figure8 is created.
Figure 8 gives us the more clearer overview of the
most frequently used activities.

Average time

/moodle/mod/wiki/view.ph
p?id=2574&page=proba&t 71582788:15
hankyou=1
/moodle/mod/quiz/review.
php?attempt=9786
/moodle/mod/chat/gui_
header_js/chatinput.php?
/moodle/mod/quiz/review.
php?attempt=9786

71582788:15
71582788:15
71582788:15

/moodle/mod/wiki/view.ph
p?id=2574&page=prva&th 71582788:15
ankyou=1

Due to retention time, the description of the
first five pages was given in the table 3. The names
of pages were shown in the Page column. It can
be noticed that the first five pages are interactive.
Those pages contain interactive activities such as:
wiki, chat, quiz, and wiki, retrospectivly.
Testing of hypothesis 2: Hypothesis 2 confirms
itself with data given in the table 3. Namely, first
five pages on which users spend most of their time
are pages with interactive activities.
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Results obtained through OLAP techniques
application

Figure 8. Overview of the activities’ representations within Moodle e-courses
Figure 8 provides us with the representation of
the certain activities with Moodle e-courses. Based
on this picture it can be concluded that the most
frequently used activity relates to the the view of
the dicussions within forums, then the overview
of the courses, while the third place belongs to
the overview of the created forums. According to
given results it can be concluded that the most frequently used activities relate to interactive modules, that is forum.
Testing of the hypothesis 3: Based of the conclusions that induce from the overview of the chart
that is given in the Figure 6, hypothesis 3 can be
confirmed. The biggest number of students’ activities is achieved through interactive modules.
Volume 6 / Number 2 / 2011

technics technologies education management

techniques in the process of electronic courses promotion and at the same time for “ideal” creation of
electronic course, that is the course in which the
participants’ activities will be increased.
Discussion

Figure 9. Overview of the activities on certain
courses
Figure 9 presents the overview of the activities
in certain courses that are found within Moodle
system for learning management. This figure presents the first 16 courses where the biggest number
of activities is recorded because of the high number of courses. The name of each course consists
with the name of the subject, and has its number
given to every course. In this research numbers are
used, and later, a report is given to the professors
with the names of the courses which is used for
certain rearrangements.

Figure 10. Overview of the courses based on the
number of activities
In the Figure 10, the overview of the courses
based on the number of activities that the students
and teacher have conducted is presented. This
courses are coded and reports and results and courses’ names are given to the creators for the insight.
It is determined that the courses with the highest
number of activities give advantage to interactive
modules, while the smaller number of students’
activities is recorded on materials without modules
that provide interaction. These results lead to the
possibility of the usage of OLAP and web-mining
Volume 6 / Number 2 / 2011

The constant increase of the Internet technology
usage affects the need for e-learning concepts in the
modern teaching. In that way, systems for learning
management within which e-courses are created are
being used. According to Afaneh et all. an essential
aspect of an e-learning course or curriculum is the
evaluation of e-learning. There are a vast number of
techniques used for evaluation of e-courses based
on their dependency of the goal we want to achieve
with the analysis of electronic courses.
This work proposes the access of analysis
based on the usage of OLAP and web mining
techniques. Results that are obtained with the intergration of the mentioned techniques confirm the
starting hypothesis. With the usage of web mining techniques one can reach significant results in
the evaluation of electronic courses. They can be
used for structure promotion and organisation of
courses. The advantages of OLAP and web mining techniques can be seen in their variety that they
have, and that can be used for log file analysis and
electronic courses analysis in general. The disadvantage of OLAP and web mining techniques is
that it is still affected by the limitation of log files.
In the current scenario these log files have very
high data volumes which require implementation
of such a Web access analysis engine that can support the high data volumes.
Compared to (Zorilla et al. 2005) emphasis is
placed on the structure of the course, and not on
the time organisation, that is, in the mentioned work
the researche relates to the distribution learner over
time and user course distribution over time. Bearing in mind the professors’ need for the creation of
course that would have increased students’ activities, it is very important for both dimensions in the
research, structure and time as well.
Unlike (Jain et al 2010) where the possibilities of
working with OLAP cubes relate to slicing, dicing
cubes and applyed rules of sociation and clusstering, the results of this research relate to specific ex389
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ample of analysis of OLAP cubes on log files with
Moodle systems for learning management.
The future work relates to the obtainment of
detail information about students’ behaviour in the
system for learning management. Apart from the
techniques that are used in this research, we also
intend to apply descriptive algorithms (clustering and association) along with the gathering and
analysis of sujective experince of students by using questionaires and group interviews.
Conclusion
With the constant of the improvement of Internet technology, there is a need for their introduction in the modern educational process. In order to
evaluate and improve electronic courses organized
within the learning management system conducted research involving a combination of OLAP and
web mining techniques.
The importance of research is an innovative approach to evaluate and detect behaviour patterns
of online learner’s application of these techniques.
Advantages of this research are the possibility to
obtain detailed information about users of Moodle
learning management system.
Results confirm the initial hypothesis and indicate the need to adjust the structure and types
of teaching materials. In addition, it was found
that online learners spend the most of their time
on interactive activities, which points to the need
to include these activities to a greater extent in the
learning process.
The future work relates to the obtainment of
detail information about students’ behaviour in the
system for learning management. The plan is to
include the subjective experience of online learner
by applying the questionaires and group interviews, and descriptive algorithms (clustering and
association).
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Abstract
In a modern mining when there is an increasing
need for construction of shafts premises and underground facilities, other works under the ground and
on the surface, drilling- sapper works, the speed of
mining hole building is gaining importance.
Depending on the size of underground facilities, today we have the mine in which drill holes are
drilled yearly in the total length of several hundreds
of thousands of meters up to a million or more.
Thus a great length of boreholes is justified by
research focused to drilling speed and all those elements that have the same impact
In the framework of this research is a character of relations between the speed of drilling and
changes of the observed technical parameters in
various working environment.
Drilling was performed in ores and rocks of the
Kopaonik Massif by different drilling hummers,
different length of drilling chisel, different diameter of drilling chisel and different pressure of composed air. Drilling was done in massif where coefficient of strength is f (5-16).
Analyzing the obtained results, the graphical
and analytical dependence were established. The
graphic dependence is shown on the diagram Figure, while the analytical ones were given in the formulas.
These researches are based on great number
of data which made it possible for the obtained
392

results to be analyzed from wider aspect and not
only from aspect of one narrow locality.
Introduction
When drilling the holes in the rock by strikingturn method, regardless of the constructive characteristics of drilling machine and improvement
in this area, and even today a dominant place is
taken by drilling hummer run by compressed air.
This is the reason for why an attention will be paid
to striking-turn machine (drilling hammer) run
by compressed air. As drilling tool, drilling chisel
(steel bar of different length and diameter) with
different types and forms of drilling crown is only
used. In this case we will take up only to one blade
grilling crown.
By its nature, striking-turn drilling belongs
to the group of mechanical drilling methods in
which the process of rock destruction ( at the head
of hole) is realized in that way that the grilling
chisel which blade is made in wedge-shaped, is
knocked so that blade of chisel penetrates deeply
into rock mass and makes disruption in forms of
incision with rectangular cross section.
After each knock (making the incision) the
chisel turns for an angle (ß) which enables the
blade of chisel to make a new incision by the
next knock in the undamaged part of head hole.
By continuous indentation and turning of drilling
Volume 6 / Number 2 / 2011
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chisel, the head of hole is devastated which creates
the drilling process. As it could be seen from description of striking-turn method, drilling process
is consisted of two operations: hitting to drilling
chisel where blades chisel penetrates to a depth
(Δh). In striking-turn drilling, when the speed of
drilling in question, length of drilling chisel (drilling bars), diameter of drilling chisel and pressure
of compressed air have important rule.
In this case we will study the changes in speed
with values of observed parameter within the different rock environment. This analysis was made
separately for all working environment and for
all drilling hammers. This research in our country
and our mines are rarely performed. Exceptions
are researches by Dr Miodrag Kovacevic and Dejan Bogdanovic which are made for ore and rocks
from the copper mine Bor. Research out of our
country had been carried out at the Institute Vugi
in former SSSR

On the basis of computed average values of the
exponent (e) for each hummer drill separately, depending on the coefficient of rock strength (f), are
graphically lustrated in picture 1.
The overview of the drilling speed with different drill hole length made by hummer drill RK21 on different kind of rocks and computed average exponent value (e) for each analyzed working
environment.
The overview of the drilling speed with different
drill hole length by hummer drill RK-24 on different kind of rocks and computed average exponent
value (e) for each analyzed working environment.
The overview of the drilling speed with different drill hole length by hummer drill RK-28
on different kind of rocks and computed average
exponent value (e) for each analyzed working environment.

1. Character of the correlation between
drilling speed and drill hole length change
When studying the character of these correlations it will be important to start with assumption
that the correlation between changes of speed,
depending on length change, has the exponential
nature, when the exponent (e) can have any value.
The basic relation on which basis the exponent (e)
will be computed, is given by the general form:
 l i −1
V i ( l ) = V i −1 
 li


e


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



Where it
Vi - known speed with drill hole li
Vi −1 - known speed with drill hole li −1
e - exponent computed by solving the equation (1)
The starting point for exponent computation (e)
was the data obtained by this research. The exponent is computed for each used hummer drill separately. In tables from 1 – 3 the results were shown
for each used hummer drill separately as well as
appropriate average value of the exponent for each
rock mass. (e)
Volume 6 / Number 2 / 2011

Picture 1. Graphical representation of the correlation between exponent (e) and strength coefficient for hummer drill used in this work .1- curve
of RK-21, 2- curve of VK-24, 3- curve of RK-28
By mathematical analysis, based on available
data, the dependence of exponent (e) is calculated
in relation to the rock strength coefficient (f).
This dependence is calculated for each of the
used hammer drill and is defined by the following
form to:
- the hummer drill RK-21: e= 0.070+0.0009 · f
- the hummer drill VK-24: e= 0.073+0.0011 · f
- the hummer drill RK-28: e= 0.070+0.0015 · f
.......................................... (2)
This process is undoubtedly of scientific importance and not only practical, because it defines closely relations between the drilling speed
in rocks with different strength and different drill
hole diameter.
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Table 1. RK 21
Chisel
length
(m)

Correlation coefficient    e
Working environment
12

10

11

13

1

4

2

6

9

0.8
1.2
1.6
2.4
3.2

0.0463
0.0198
0.0909
0.1117

0.0270
0.1165
0.0855
0.1462

0.0619
0.0296
0.0858
0.1094

0.0587
0.0351
0.0885
0.1645

0.0488
0.0349
0.0759
0.1479

0.0590
0.0281
0.0815
0.1264

0.0465
0.0500
0.0972
0.1064

0.0422
0.0605
0.0881
0.1124

0.0788
0.0454
0.0658
0.1439

ei (l)

0.0672

0.0938

0.0717

0.0662

0.0769

0.0738

0.0750

0.0758

0.0835

Continuation of table 1.
Correlation coefficient    e

Chisel
length
(m)

Working environment
7

5

3

16

15

17

14

8

0.8
1.2
1.6
2.4
3.2

0.0270
0.1067
0.0998
0.1147

0.0509
0.0547
0.0796
0.0768

0.0467
0.0897
0.0653
0.1429

0.0514
0.0460
0.0734
0.1165

0.0518
0.0317
0.1001
0.1011

-0.060
0.1872
0.0854
0.1888

0.0461
0.0263
0.0859
0.1682

0.0238
0.0846
0.1118
0.1464

ei (l)

0.0870

0.0655

0.0662

0.0718

0.0712

0.1002

0.0818

0.0916

Table 2. VK-24
Chisel
length
(m)

Correlation coefficient    e
Working environment
12

10

11

13

1

4

2

6

9

0.8
1.2
1.6
2.4
3.2

0.0366
0.0736
0.0844
0.1004

0.0705
0.0507
0.0736
0.1617

0.0536
0.0513
0.0745
0.1082

0.0305
0.0989
0.0641
0.1281

0.0576
0.0413
0.0698
0.1159

0.0534
0.0658
0.1043
0.1174

0.0270
0.0772
0.0750
0.1229

0.0328
0.0823
0.1035
0.0880

0.0401
0.0768
0.0841
0.1436

ei (l)

0.0738

0.0891

0.719

0.0804

0.0711

0.0852

0.0755

0.0767

0.0861

Continuation of table 2.
Chisel
length
(m)

Correlation coefficient    e
Working environment
7

5

3

16

15

17

14

8

0.8
1.2
1.6
2.4
3.2

0.0158
0.0903
0.0769
0.1119

0.0427
0.0535
0.0721
0.1294

0.0262
0.0655
0.1096
0.1411

0.0229
0.0408
0.1012
0.1398

0.0397
0.0188
0.0818
0.1192

0.0345
0.0493
0.0715
0.1568

0.0444
0.0531
0.1007
0.1363

0.0843
0.0764
0.1236
0.1664

ei (l)

0.0737

0.0744

0.0856

0.0762

0.0649

0.0780

0.0836

0.1127
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Table 3. RK-28
Chisel
length
(m)

Correlation coefficient    e
Working environment
12

10

11

13

1

4

2

6

9

0.8
1.2
1.6
2.4
3.2

0.0530
0.0380
0.0509
0.1132

0.0219
0.1024
0.0748
0.1173

0.0337
0.0785
0.0659
0.0506

0.0556
0.0744
0.0539
0.0959

0.0396
0.0711
0.0829
0.1363

0.0479
0.0688
0.0836
0.1098

0.0512
0.0535
0.1376
0.0865

0.0510
0.0858
0.0624
0.0513

0.0365
0.0964
0.0834
0.2477

ei (l)

0.0638

0.0791

0.572

0.0700

0.0825

0.0775

0.0822

0.0627

0.1160

Continuation of table 3.
Chisel
length
(m)

Correlation coefficient    e
Working environment
7

5

3

16

15

17

14

8

0.8
1.2
1.6
2.4
3.2

0.0453
0.0161
0.1055
0.1202

0.0427
0.0535
0.0721
0.1294

0.0262
0.0655
0.1096
0.1411

0.0229
0.0408
0.1012
0.1398

0.0397
0.0188
0.0818
0.1192

0.0345
0.0493
0.0715
0.1568

0.0444
0.0531
0.1007
0.1363

0.0843
0.0764
0.1236
0.1664

ei (l)

0.0718

0.0702

0.0895

0.0708

0.0659

0.1193

0.0722

0.0942

Table 4.
Kind of
hummer

Length of drilling chisel m
2.4

3.2

Data obtained by:

Drilling speed cm/min
51.0
49.8
49.3
47.6
RK-21
51.0
49.5
48.5
47.1
51.0
49.5
48.4
47.0
65.0
64.2
62.4
60.8
VK-24
65.0
63.0
61.7
59.8
65.0
63.1
61.7
60.0
62.8
61.4
60.1
58.8
RK-28
62.8
60.9
59.6
57.9
62.8
60.9
59.6
57.9
Initial conditions: l = 0.8 m; f = 3.

45.4
46.1
46.0
58.6
58.5
58.6
57.2
56.6
56.6

Experiment
Calculation
General law
Experiment
Calculation
General law
Experiment
Calculation
General law

0.8

1.2

1.8

From the form (2) can be seen that the differences between exponents (e) are very small,
which indicates that it is possible to determine the
average value of exponent (e) for the group of the
manual heavy hummer drill, where the analyzed
hummer drills ( RK-21,VK-24, RK-28) belong to.
In our case the average value of exponent (e), on
the basis of obtained values (equation 3), is defined in the following form:
Volume 6 / Number 2 / 2011

e = 71 + 0.0012 · f . ..................... (3)
In order to check the divergence values of the
average drilling speed in function of the drilling
chisel bit diameter change, the analyses was made
that is shown in the table 4.
On the basis of the obtained data it can be seen
that the deviation of speed calculated by average value of exponent (e) form (3) is practically negligible
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as to be in the range of millimetre sizes, which confirms the thesis that the change of speed can be calculated on the basis of average value of the exponent
(e) equation (3) for manual heavy hummer drills.
2. Character of correlation between drilling
speed and drill hole diameter change
When studying the characters of the correlations, it is important to start from the assumption
that the correlation between the drilling speed
changes, depending on the drill hole diameter
change, has the exponential nature, where the exponent computation (k) can have any value. The
basic relation used to establish the exponent computation (k) is expressed by the basic form:
k

d 
Vi (d ) =Vi −1  i −1  ....................... (4)
 di 
Where we have:
Vi – the known drilling speed with drill hole
diameter di;
Vi-1- the known drilling speed with drill hole
diameter di-1
k - exponent computed by solving the equation
(1)
The starting point for exponent computation (k)
was the data obtained by this research. The exponent
is computed for each used hummer drill separately
The same principle is used in this case as at
point 1. And here it is supposed that the correlation link between the change of drilling speed and
change of drilling diameter is exponential (see
equation 3) and so the same methodological procedure is used. And in this case, based on research
carried out, the appropriate exponent, in this case
marked with (k), is calculated for each hammer
drill. In the tables from 5 to 7 the results are shown
related to the change of drilling speed depending
on the diameter of the drill hole and on the type of
rock mass, as well as the computed exponent (k).
The overview of the obtained drilling speed
with different diameter of drilling crown by hummer drill RK-28 on different kind of rocks and
computed average exponent value (k) for each
particular working environment
396

The overview of the obtained drilling speed
with different diameter of drilling crown by hummer drill VK-24 on different kind of rocks and
computed average exponent value (k) for each
particular working environment
The overview of the obtained drilling speed
with different diameter of drilling crown by hummer drill RK-28 on different kind of rocks and
computed average exponent value (k) for each
particular working environment
According to the computed exponent values
(k) the changes of this exponent for each hummer
drill separately, depending on the strength coefficient (f), were graphically shown.
The obtained results were mathematically processed when the dependence between exponent
(k) and analyzed rock strength coefficient was
established. The dependence is defined for each
hummer drill, separately, used for the researches,
and it is:
the hummer drill RK-21: k= 1.78 – 0.005 · f
the hummer drill VK-24: k= 1.61 + 0.024 · f
the hummer drill RK-28: k= 1.78 + 0.0012 · f
........................................ (4)

Picture 2. Graphical representation of the correlation between exponent (k) and rock strength
coefficient (f) for each hummer drill used in this
work. 1- for RK-21, 2- for VK-24, 3- for RK-28
From the equation (4) can be seen that the differences between exponents (k) are very small,
which indicates that for the group of the manual
heavy hummer drills, where the analyzed hummer
drills belong to, it is possible to determine the average value of exponent (k) which is defined in
this case on the basis of obtained values in equation (5) in the following form:
k = 1.72 + 0.067 · f ...................... (5)
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Table 5. RK-21
Chisel
diameter
(mm)

Correlation coefficient    k
Working environment
12

10

11

13

1

4

2

6

9

1.5470
1.7703
1.8917
2.5605

1.2657
2.0472
2.1625
1.8204

1.2061
1.9105
2.1075
1.5139

1.5788
1.7222
1.8176
1.7736

1.4808
1.8326
2.0372
1.6721

1.8426
1.5802
1.6344
2.1840

1.5006
1.5475
1.9131
2.2495

1.2002
2.0091
1.7432
1.2885

1.2391
1.5562
2.2863
1.9782

1.9424
1.8240
1.6845
1.7230
1.0825
1.8103
k (d)
i
										
Continuation of table 5.

1.8027

1.5603

1.7649

32
34
36
38
40

Correlation coefficient    k

Chisel
diameter
(mm)

Working environment
7

5

3

16

15

17

14

8

32
34
36
38
40

1.7223
1.4923
2.1468
1.7236

1.1755
1.6675
2.5359
1.5256

1.5829
1.7179
1.8511
1.9782

1.0440
2.2229
1.4904
1.5605

1.7547
1.3607
1.7085
2.6933

1.8553
1.5678
2.2508
1.4272

1.5095
1.3640
2.1161
1.8581

1.6210
1.1799
2.0445
1.8581

k (d)

1.7713

1.7261

1.7825

1.5795

1.8793

1.7753

1.7119

1.6759

i

Table 6. VK-24
Chisel
diameter
(mm)

Correlation coefficient    k
Working environment
12

10

11

13

1

4

2

6

9

32
34
36
38
40

1.0949
2.2547
1.8041
1.5805

1.4352
1.5649
1.3457
2.0677

1.4743
1.7566
1.8796
1.8824

1.1494
1.8366
2.0904
1.9249

1.1568
1.7274
2.2221
1.8478

1.3685
1.7160
2.0116
1.3747

1.3512
1.5611
1.3643
2.5900

1.3533
1.5637
2.2349
1.6801

1.6460
1.8193
1.5863
2.6449

k (d)

1.6835

1.6034

1.7482

1.7503

1.7385

1.6177

1.7167

1.7080

1.9241

i

Continuation of table 6.
Chisel
diameter
(mm)

Correlation coefficient    k
Working environment
7

5

3

16

15

17

14

8

32
34
36
38
40

1.2002
1.4624
1.6352
2.3784

1.0963
1.7881
1.6756
2.5075

1.3054
1.5036
1.6093
2.0087

1.2554
2.0328
1.4319
1.9671

1.5991
1.3611
1.9553
2.3841

1.2224
1.0396
1.6574
2.7030

2.7470
1.7263
2.0250
2.0362

1.9428
1.6500
1.9261
2.8082

k (d)

1.6690

1.7669

1.6067

1.6718

1.8249

1.6556

2.1338

2.0818

i
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Table 7. RK-28
Chisel
diameter
(mm)

Correlation coefficient    k
Working environment
12

10

11

13

1

4

2

6

9

32
34
36
38
40

1.2065
1.3512
1.9938
1.7396

1.5494
1.5705
2.1657
2.1755

1.3590
1.9028
1.4313
1.7331

1.4028
1.8715
1.8825
1.9192

1.8748
1.7894
2.2676
1.9601

1.5557
2.3270
1.8715
1.6964

1.8234
1.9192
2.1785
2.2434

0.9706
1.9245
1.8490
1.9129

1.7332
1.6675
1.9487
1.6963

ki(d)

1.5733

1.8653

1.6065

1.7690

1.9790

1.8628

2.0411

1.6642

1.7614

Continuation of table 7.
Chisel
diameter
(mm)

Correlation coefficient    k
Working environment
7

5

3

16

15

17

14

8

32
34
36
38
40

1.5099
1.5140
1.7524
2.0406

1.4804
2.0915
2.1785
1.6963

1.7379
1.9459
2.1785
1.8009

1.3322
1.7617
1.8586
1.8693

0.9693
1.2895
1.8732
3.1074

1.3115
1.5772
1.8327
2.1445

1.2972
1.4357
1.7872
2.0855

1.5068
1.7590
2.2676
2.2434

ki(d)

1.7042

1.8617

1.9158

1.7165

1.8098

1.7165

1.6514

1.9442

Table 8.
Kind of
hummer

Diameter of drilling chisel mm
32

34

36

38

40

Data obtained by:

Drilling speed cm/min
49.3

44.8

40.6

36.8

33.6

Experiment

49.3

44.3

40.0

36.4

33.3

Calculation

49.3

44.4

40.2

36.6

33.4

General law

62.4

58.2

52.4

46.8

42.4

Experiment

62.4

56.4

51.2

46.7

42.9

Calculation

62.4

56.2

50.8

46.3

42.3

General law

60.1

55.2

49.6

44.8

40.6

Experiment

60.1

53.9

48.7

44.2

40.4

Calculation

60.1
54.1
Initial conditions: d = 32 mm; f = 3

49.0

44.6

40.8

General law

RK-21

VK-24

RK-28

The divergences of the average drilling speed,
using the average exponent (k), defined by equation (5) are calculated for coefficient (k) case that
is defined by equation (4) and (5) and are shown
in table 8.
As in the previous case it can be concluded that
the expression that is used to define the average
form of the exponent (k)- the equation (5) fully
398

meets the practical demands for the drilling speed
change calculation in function of the drilling diameter change for the group of the manual heavy
drilling hummers.
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3. The character of the correlation between
drilling speed and compressed air
pressure change
In this case it is assumed that the correlation
between the speed of drilling and compressed air
pressure changes, is connected by exponential link
defined as exponent (j) - (c). The basic relation on
which the exponent (j) will be computed is given
in the general form:
 Pi − 1
V i ( p ) = V i −1 
 Pi







j

Where is:
Vi - known speed of drilling at pressure of
compressed air Pi,
Vi-1- known drilling speed at pressure of
compressed air Pi-1
j - exponent calculated by solving the
equation (1)
The starting point for exponent computation (j)
was the data obtained by this research. The exponent is computed for each hummer drill separately
In tables from 1 – 3 the results were shown for
each hummer drill separately as well as for appropriate average value of the exponent for each rock
mass. (j)
In the same way done in the previous two parameters, and in this case it is supposed that the
correlation between drilling speed and compressed
air pressure speed is connected by exponential
connection defined as exponent (j) – see equation
(3). As in the previous two cases, the achieved values of drilling speed for each hummer drill, compressed air pressure changes, and working environments, are shown in tables from 9 to 11.
The overview of the obtained drilling speed
with different pressure of compressed air by hummer drill RK-21 on different kind of rocks and
computed average exponent value (j) for each particular working environment
The overview of the obtained drilling speed
with different pressure of compressed air by hummer drill VK-24 on different kind of rocks and
computed average exponent value (j) for each particular working environment
Volume 6 / Number 2 / 2011

The overview of the obtained drilling speed
with different pressure of compressed air by hummer drill RK-28 on different kind of rocks and
computed average exponent value (j) for each particular working environment
On the basis of obtained data on the exponent
(s), for in this paper examined the rock, the diagrams of changes are given for each hummer drill
in function of the strength coefficient (f). This dependence is shown in picture 3.

Picture 3. Graphical representation of the correlation between exponent (j) and rock strength
coefficient (f) for each hummer drill used in this
work. 1- for RK-21, 2- for VK-24, 3- for RK-28
The obtained data about the exponent (j) are
enabled to express functional dependence of the
exponent on the strength coefficient for each hummer drill. In the following view are analytical expressions for each hummer drill separately.
- the hummer drill RK-21: j = - (0.55+0.016· f )
- the hummer drill VK-24: j = - (0.57+0.015· f )
- the hummer drill RK-28: j = - (0.63+0.010· f )
......................................... (6)
Analogously to procedure applied in previous
cases, and in this case, the average exponent value
(j) is defined in function of strength coefficient (f),
based on the equations given under 6
j = - (0.58+0.014 · f ) . ................... (7)
Results of applicability of equation (7), as average exponent values (j), in defining the correlation
between the speed of drilling and compressed air
pressure changes, are shown in table number 12.
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Table 9. RK-21
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
12

10

11

13

1

4

2

6

9

0.45
0.50
0.55
0.60
0.65

-0.663
-0.476
-0.653
-0.514

-0.775
-0.919
-0.603
-0.690

-0.625
-0.554
-0.528
-0.497

-0.892
-0.879
-0.476
-0.472

-0.724
-0.661
-0.565
-0.495

-0.485
-0.577
-0.599
-0.449

-0.660
-0.629
-0.540
-0.647

-0.610
-0.538
-0.410
-0.562

-0.984
-0.692
-0.863
-0.719

ji (p)

-0.576

-0.747

-0.551

-0.680

-0.611

-0.528

-0.619

-0.530

-0.815

Continuation of table 9.
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
7

5

3

16

15

17

14

8

0.45
0.50
0.55
0.60
0.65

-0.676
-0.449
-0.636
-0.554

-0.631
-0.391
-0.722
-0.454

-0.677
-0.663
-0.460
-0.537

-0.613
-0.488
-0.727
-0.554

-1.128
-0.778
-0.688
-0.560

-1.072
-0.690
-0.758
-0.470

-0.656
-0.700
-0.675
-0.420

-0.970
-0.696
-0.944
-1.005

ji (p)

-0.579

-0.550

-0.609

-0.596

-0.788

-0.747

-0.663

-0.904

Table 10. VK-24
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
12

10

11

13

1

4

2

6

9

0.45
0.50
0.55
0.60
0.65

-0.666
-0.508
-0.229
-0.450

-0.778
-0.685
-0.817
-0.714

-0.798
-0.415
-0.480
-0.634

-0.796
-0.536
-0.413
-0.739

-0.700
-0.587
-0.635
-0.536

-0.633
-0.656
-0.640
-0.659

-0.658
-0.514
-0.710
-0.527

-0.605
-0.629
-0.689
-0.707

-0.894
-0.632
-1.111
-0.778

ji (p)

-0.491

-0.748

-0.582

-0.621

-0.610

-0.647

-0.602

-0.658

-0.854

Continuation of table 10.
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
7

5

3

16

15

17

14

8

0.45
0.50
0.55
0.60
0.65

-0.684
-0.607
-0.755
-0.641

-0.662
-0.507
-0.710
-0.569

-0.539
-0.715
-0.609
-0.629

-0.676
-0.646
-0.585
-0.492

-1.089
-0.524
-0.609
-0.564

-0.983
-0.866
-0.633
-0.652

-0.539
-0.495
-0.768
-0.637

-0.735
-0.857
-1.128
-1.166

ji (p)

-0.672

-0.617

-0.623

-0.600

-0.697

-0.783

-0.610

-0.971
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Table 11. RK-28
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
12

10

11

13

1

4

2

6

9

0.45
0.50
0.55
0.60
0.65

-0.785
-0.470
-0.803
-0.594

-0.873
-0.990
-0.964
-0.752

-0.846
-0.477
-0.601
-0.558

-0.680
-0.448
-0.528
-0.469

-0.784
-0.686
-0.635
-0.580

-0.035
-0.565
-0.549
-0.530

-0.811
-0.529
-0.641
-0.452

-0.833
-0.651
-0.590
-0.588

-0.938
-0.944
-0.573
-0.744

ji (p)

-0.658

-0.895

-0.621

-0.531

-0.671

-0.670

-0.606

-0.658

-0.800

Continuation of table 11.
Air
pressure
(MPa)

Correlation coefficient    j
Working environment
7

5

3

16

15

17

14

8

0.45
0.50
0.55
0.60
0.65

-0.751
-0.875
-0.643
-0.464

-0.737
-0.756
-0.455
-0.553

-0.788
-0.747
-0.494
-0.388

-0.590
-0.661
-0.558
-0.553

-0.860
-0.708
-0.585
-0.516

-1.309
-1.165
-0.717
-0.621

-0.823
-0.535
-0.493
-0.548

-1.205
-0.743
-0.852
-0.722

ji (p)

-0.683

-0.625

-0.604

-0.591

-0.667

-0.953

-0.998

-0.881

Table 12.
Pressure of compressed air. MPa
Kind of
hummer

0.45

0.50

0.55

0.60

0.65

Drilling speed cm/min

Data obtained by:

39.6

43.5

47.3

49.3

51.2

Experiment

39.6

42.2

44.6

47.0

49.3

Calculation

39.6

42.3

44.9

47.4

49.8

General law

52.6

57.2

60.2

62.4

66.2

Experiment

52.6

56.1

59.5

62.8

66.0

Calculation

52.6

56.2

59.6

62.9

66.1

General law

51.2

55.0

57.4

60.1

62.4

Experiment

51.2

54.9

58.5

61.9

65.3

Calculation

51.2
54.7
Initial conditions: p = 0.45 MPa; f = 3

58.0

61.2

64.4

General law

RK-21

VK-24

RK-28

From the data in the table 12 it can be seen that
for practical calculations of drilling speed depending on the compressed air pressure change,
with the use of heavy manual hummer drills, in
the form given by equation (7), it fully satisfy and
is recommended for application.
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Conclusion
a) The impact of changes in drill hole
length on drilling speed
On the basis of the extensive research and analytical processing of the obtained results, it was
possible to establish a correlation dependence between drilling speed, strength coefficient and drill
hole length. On the basis of the performed analyze, the correlation relation can be written in the
following form:
0 , 0 71 + 0 , 0 012 ⋅ f

 l i −1 
............ (a)
V i ( l ) = V i −1 

 li 


Checks made from the standpoint of size deviations shows that the deviations are practically
negligible which indicates a very high degree of
correlation and reliability
b) The impact of changes in drill hole
diameter on drilling speed
As done with the parameter of the point (a)
when it was analyzed the impact of changes in
length of the drill hole on drilling speed, so was
made and analysis of the impact of changes in
drill hole diameter on drilling speed . Based on the
analysis of collected data this relation can be written in the form of:

 Pi − 1
V i ( p ) = V i −1 
 Pi







− ( 0 , 58 + 0.014 ⋅ f )

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

Checks made from the standpoint of size deviations shows that the deviations are practically
negligible which indicates a satisfactory degree of
correlation and reliability.
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 d i −1
V i ( d ) = V i −1 
 di


1, 7 2 + 0 , 0 0 6 7 ⋅ f






c) The impact of changes in compressed air
pressure on drilling speed
The analysis that was made, and refers to the
impact of changes in compressed air pressure on
drilling speed, enabled to establish a correlation
link between the drilling speed, compressed air
pressure changes and rock strength coefficient in
the form of:
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Numerical model of three
dimensional panel AB skeletal
structures on exposed to the effects
of underground exploitation
Zahid Basic1, Nedim Suljic2
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Abstract

For the numerical model of three-dimensional
analysis of the budget has been selected skeletal
structural system of reinforced concrete MB30,
with two screens in one and three in the other direction, ground floors and two floors.
Calculation of the numerical model is made in
progranu ADINA-AUI 8.3.1.
The purpose of this analysis, previously performed studies of existing dwellings in the village
of Lake, located in a narrow field of exploitation
zone Pit Omazići ‘’RMU’’ Banovici.
The results allow the distribution of the stressstrain state in certain stages of the simulated operation and also the emergence and development of
coating the individual elements of soil and structural elements of the skeletal system of the building, as well as the occurrence of fracture damage
in structural elements.
This work is processed and systematized termination or completion of the model, which arises
due to the effects of loss of convergence, which
leads to breakage in the structure or some elements of the soil.
Key words: numerical model, three-dimensional analysis, constructive, underground mining.
Sažetak
Za numerički model trodimenzionalne analize
proračuna odabran je skeletni konstruktivni sistem
od armiranog betona MB30, sa dva rastera u jedVolume 6 / Number 2 / 2011

nom i tri u drugom smjeru, spratnosti prizemlje i
dva sprata.
Proračun numeričkog modela izvršen je u progranu ADINA-AUI 8.3.1.
U svrhu ove analize, prethodno su izvršena
istraživanja postojećih stambenih objekata u naselju Jezero, koje se nalazi u užem području eksploatacione zone Jame ‘’Omazići’’ RMU Banovići.
Dobijeni rezultati omogućavaju sagledavanje
raspodjele naponsko-deformacijskog stanja u
pojedinim fazama simulirane eksploatacije i isto
tako pojavu i razvoj plastifikacije u pojedinim elementima tla i konstruktivnim elementima skeletnog sistema objekta, kao i pojave pukotinskih
oštećenja u konstruktivnim elementima.
Ovim radom je obrađen i sistematizovan prekid
odnosno završetak modela, a koji nastaje usljed
posljedice gubitka konvergencije, a što upućuje na
lom u konstrukciji ili pojedinim elementima tla.
Ključne riječi: numerički model, trodimenzionalna analiza, konstruktivni, podzemna eksploatacija.
1. Introduction
Damage to structural elements of buildings
which were caused by underground mining generally occur after the disruption of layers and their
partial excavation, or by lowering krovime the excavated area.
In underground mining work coming up to the
vertical motion field, and on this basis comes to
uneven settlement facilities which is particularly
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unfavorable for statically indeterminate sistema.
Too, works groundwater exploitation, and the
horizontal displacement field, due to which they
can cause slipbelow the fundamental structures,
the structures built on the slopes of the terrain [2].
In this work, traditional methods to calculate
the parameters of deformation of soil displacement, and the numerical model analyzes the influence of the parameters on the structural system
shown in Image 1.
Image 2. A graphic representation of the model
material, concrete(Concret)
Characteristics of materials for concrete are described elasticmodulus 24 800 MPa, compressive
strength of 30 MPa, which isshown in the previous figure 2.
Image 1. Model building with basic panel
For the model is selected skeletal-Panel Wall
structural system ofreinforced concrete, MB30,
with two screens in one and threein the other direction, ground floors and two floors of the dimensions on image 1.
The load on the structure is taken from its own
weight and movingloads of 2.0 kN/m2[2.] [4.].
Input data for model calculations:
–– l = 4.5 m, spans
–– h = 2.5 m, storey height
–– a = 0.40 m, base plate
–– b = 0.3 m x 0.3 m vertical cerclage
–– c = 0.3 m x 0.3 m, horizontal cerclage
–– d = 0.15 m, mezzanine construction
As the basic elements of a building used as the
final elements of the type:
–– BEAM - columns for modeling, 3D analysis;
–– SHELL - modeled elements međuspspratne
design, 3D analysis
–– Three-dimensional spatial elements for
modeling the ground andsoil, the 3D
analysis.
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Image 3. The position and orientation of buildings with a markedzone of consideration
Image 3. shows the situation with the position
of mining fields, andmarked the position of zone
construction.
For the calculation model takes into account
the following elements:
–– The process of mining the technological process, which consists ofsix consecutive steps
Simulate the excavation, displacement or size
changes. A commonfeature of these mining
step is the height (2.5 meters).
–– The occurrence of ground deformation
monitor each phase, and the influence
of the exploitation of the area affected is
Volume 6 / Number 2 / 2011
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expandingwith the amount of excavation.
Sizes increase displacement vector components are not linear dependence.
Compliance and Compatibility appropriate response for eachtime step in the overall model.
Characteristics of the upper layers are described
with a value of 100 kN/m2 cohesion and internal
friction angle of 28°. Substrate isdescribed with
a value of 500 kN/m2 cohesion and internal frictionangle of 32°. Modulus of elasticity for both
materials with values of 20 MPa.At the time 0.5
(Time 0.5) gives a gravity multiplier 1, and takes
intoaccount all the static size, which are taken and
the classicalcalculations of the structural elements
of the building. Increase with the increment of displacement is 0.25 (Time Step = 0.25). [1]
For each time step is calculated deformation
and increase the tension:

Image 4. The position of the raft relative to the
direction and the direction of mining
Bending moments on the beam element and the
axial forces in the initial state (TIME = 0.5) are
shown in image 5.

∆ε =B ∆u
Where:
∆ε - increase of deformation,
B - stiffness matrix,
∆u - increase displacement.

σn = σn − 1 + Dσ + DDεn − 1
Where:
D = corrected stiffness matrix which takes into
account theplastic components.
The three-dimensional structural analysis of the
model system withthe basic tracks take a crosssection perpendicular to the direction of progress
of works, while The impact of vertical and horizontal components of displacement field.
Time step (Time) is a phase of extraction of individual bands or treatment of a wide peak of 2.5
m. The initial state is taken as thetime (Time = 0.5).
Start of excavations in time Time = 1, and the
completion of miningin Time = 6 [2] [4].
3. Basic model boards
Model of the raft is shown in image 1. and consists of 3D elementsmeasuring the inputs from the
introductory part of the work.
Volume 6 / Number 2 / 2011

Image 5. Moments, axial force and the effective
stresses in the structural elements, 3 D model
The figure presents the results it basic parameters used in the design. With the images are identified types of elements which arekristen in modeling. For these elements give the results of typicalparameters to be monitored in the further course of the
budget -taking into account the impact of mining.
These indicators also serve to review the validity of the model. The results of calculations for
this value of time step confirms that thestresses
within the allowable size. [1]. [2].
3.1. The calculation results for the baseplate
Upon the termination of the budget based on
the output parameters, we get the “time” to which
the model with a concrete solution.This parameter
indicates that this is the sixth-last mining operation.The basic structure is given zone,which indicate the occurrence of fracture, particularly on the
side of the excavation is done. Fracturephenomena are expressed at high beam girders. The oc405
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currence ofthese strains and stresses are reflected
in floor structures, and is especially pronounced in
the last mezzazine construction. [1]. [2].

Image 9. Plastic deformation in the ground for
the model with basic panel
Image 6. Cracks in the construction of 3D elements on the bedplate

In this case the distribution of plastic deformation indicates thepossibility of cracks in front of
the building, as a consequence of thebasic foundation board.
4. Conclusion

Image 7. Powder coating of floor elements of the
3D model withbasic plate
Depicting the displacement in horizontal and
vertical directions, we can observe the causes deformation of the object. From these images to see
the distribution and intensity of movement in the
soilat this stage “exploitation”:

Image 8. Shifts in the direction z and y axis for
the model with basic panel

The aim of this study, or research that is based
on pastexperiences, in hsvijetu with us to expand
and do new studies and research, in order to build
new buildings to preserve the existingand the existing damaged buildings do adequate economicallyjustified rehabilitation.
The calculation is based program ADINA-AUI
8.3.1. and applied anonlinear analysis with the
increment of 0.25, and the simulation of the last
open pit fields (TIME = 6).
In the numerical model using finite element
analysis was performedon the influence of the parameters chosen structural system with a load of
dead load and moving load of 2.0KN/m2
The results obtained allow the calculation of
distribution of stress-strain state in certain stages
of the simulated operation as well as the emergence and development of thecoating in some elements of soil and construction or cracks in theconcrete elements of the raft.
Termination or completion of the model at a
time of 5:22 or at the beginning of the sixth project
excavation fields.

Sizes displacement caused stresses in the elements of soil, whichare exceeding the limits of
elasticity:
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Total reconstruction: a case
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Abstract
What makes a completely reconstructed building an asset of architectural heritage?
Most certainly it is an immaterial component:
the cultural significance of the building, fragments
of collective memory or the unwillingness of the
people to accept the fact of destruction. UNESCO
has pointed out that the intangible component is as
important as the physical like in the case of Aladza Mosque in Foca. The research and experience
gathered from the destruction of the mosque along
with the project of reconstruction, and the rebuilding that will follow will become an essential part
of this heritage.
The physical presence of this XVI century
building is scarce, it is more like evidence and
proof of existence rather than stone pieces that
can be recomposed into the reconstructed building. This paper follows the research and recording
of the site and its remains, and exposes the emergence of detailed project designs.
Key words: total reconstruction, authenticity,
fragment recomposition
1. Historical background
Aladža Mosque was built in year 1550/51.
(957.according to Hidjra)1 by Ramadan-agha architect from Mimar Sinan s circle. Besides the
architecture, its decorations were exceptionally
refined and sophisticated, and even its name in
origin means The painted Mosque.
1 One of the first records of Foča was by the traveller Evlija
Čelebi in 1664, who also left a note an inscription on a
mosque and wrote about the exemplary beauty of the
region according to book Alija Bejtić: „History and Art of
Foča“ pg. 40,41
408

The Mosque was completely destroyed by dynamite in 1992, and its stone blocks and remains
were taken to garbage deposits and the river,
where they were exposed to the atmospheric influences and total neglect. Later these fragments
were retrieved and brought to the site or protected
in National Museum.

Fig. 1. Historical photo of Foča and Aladža
Mosque, early XX century,author unknown
2. Architectural features
The complex consists of the main object - the
Mosque, fountain, sadrvan, turbe (tomb), tombstones and courtyard, all together 1649 m2.
The central space of the Mosque (thickness of
the walls 118 cm) is shaped as a nearly perfect
cube (11.22x11.30x11.50m) with a dome of total
height from ground of 19.85 m. At the right corner
was an extremely tall and slender minaret - 39.70
meters tall (including the alem – the final decorative piece on the top).
It is a single domed mosque with an open portico with three smaller domes, stone columns and
arches. This mosque is an expression of the classical style of Ottoman architecture in XVI century,
although with slightly different proportions to othVolume 6 / Number 2 / 2011
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er mosques of this period where vertical dimension is more accented. Internal delicate and intricate decoration is the most recognizable feature of
this object.

Fig. 2. Drawing showing the composition of the
comlex
The building was constructed with preciselycut stone blocks of tuff (travertine stones), portico
with a mix of local hard lime stone, and the minaret was made of a local soft lime stone from quarries of Miljevina (small city near Foca).
3. The research
The data used in this research was gathered
from books and archives of relevant institutions,
as well as remains (foundations and original stone
pieces) found at the site. The object was recorded in detail by Andrej Andrejević who described
the architecture but even more the decoration and
stone carving. The following documentation has
been the most relevant document functioning as a
starting point in the project design.
1. Book by Andrej Andrejević – Aladza
Mosque in Foča, Belgrade 1972,
2. Drawings made by Federal Institute BiH in
1989, especially photogrammetric drawings
of elevations,
3. As a precise record of existing and together
with legislative protection is the Decision
of the National Commission to protect
Monuments No. 06.1-02 1062/03-6 from 6.
July 2004,
4. Record of the site by Geodetic survey and
record and measuring of the stones and
producing an ID for each stone.
Volume 6 / Number 2 / 2011

4.  Process of identification of the stone remains
In 2005 excavations took place and about 20
best preserved decorative stones were taken to the
National Museum in Sarajevo for conservation.
National Commission protected the site and the
remains (foundations) which are in quite sound
condition. During the following year stones were
excavated from the riverbed and brought to the
site where they are preserved today. The most important stones are kept in the temporary wooden
sheds and others are on the site. The work on recovering and sorting and identification of the remains was conducted in Spring 2008. Since most
of the stones are quite damaged, they are mostly
used as samples or pattern forms (for decoration).
–– On the site there is about 3-4 m3 of travertine
blocks that were used for walls.
–– Stones M: Minaret 300 blocks of base, shaft,
serefe and above serefe out of which 63 is
complete for reuse.
–– Stones L: Arches from doors and windows
which are in good condition about 25.
–– Stones V: 63 cornice blocks, mostly reusable
or partly usable.
–– Stones D: decorative blocks in total 152
pieces, very damaged but some can be
reintegrated in the new reconstructed parts.
–– Stones S: parts of columns of the porch and
tomb, unusable.
–– Other important stone was from the top of
the dome with a chandelier hook that implies
the size of the dome.
–– About 20 most important decorative
elements are in the National Museum
together with the capital of the porch column
that is preserved.
5. Approach to the reconstruction
Complete or partial reconstruction is not a solution for all cases, but this type of intervention has
been inevitable in case of Bosnia and Herzegovina
due to extensive loss and many inappropriate interventions on historic objects. The purpose of the
work is to emphasize the existence of many layers
and meanings of an object’s integrity and authenticity, other than its material presence. Total recon409
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Table 1. ID stone 54
Photo:

Aladža džamija
D53
Identification
Decorative
piece of mihrab,
the sinan loop
decoration that
framed the mihrab
height= 23 cm

Drawing:

Traces of color visible on
the stone, original red
The Block can be used in
the recomposition with
skilled craftsmen.

Photo

Aladža džamija
VK
Identification
of the fragment
Top of the
dome key stone
with an iron
hook for the
light fixture

Table 2. ID stone Top of the dome
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struction is not an option here, it is the only way
to restore its meaning. Extreme destruction circumstances (especially intentional and systematic
ones) cause social scars, and rapid loss of memory
of place. With carefully executed projects, their
reconstruction becomes part of their integrity, accepted in the community, and treated as legitimate
heritage with inevitable reminders of the last war.
The reconstruction of the Mosque is important
from many different perspectives:
–– Foca has lost its urban image, which
possessed a typical Ottoman city layout, and
all of its mosques.
–– The Islamic Community is working to
restore some of the monuments, but Aladza
Mosque is really the crown of those efforts.
–– There is enough documentation about the
mosque as well as fragments that allow an
authentic reconstruction process.
5.1 Approach and methodology
The general conclusion is that there is enough
documentation and physical evidence (stones) for
a genuine facsimile reconstruction of the monument (and typological when needed) and the entire
complex (tomb, fountain, graveyard).
–– Complete constructive and architectural
reconstruction according to the available
graphic and photo documentation, as well
as the original stone blocks on the site.
–– Anastylosis, recomposition of all original
stones that can be reused in their original
place, and exhibition of all remaining
fragments
–– Application of authentic materials in the
reconstruction, same stone, similar quarries
(research on quarries is carried out) wood
types etc. Use of construction techniques
and tools (hand tools) that will produce
the results that are closest to the original
methods.
–– The clarity of reconstruction: no fake patina
on new blocks or cleaning of patina from
the old blocks, all known patterns to be
repeated, or apply the method of analogy
or typological reconstruction when some
details are unknown.
Volume 6 / Number 2 / 2011

6. The project
The project design was developed as combination of detailed and abundant documentation prior
to destruction, site and typology research as a total
reconstruction, with use of new materials as close
as possible to original and integration of original
fragments is the only way acceptable and appropriate approach. After the research done on the site
and documentation, a geo-mechanical and soil investigation was undertaken in order to inspect the
structural condition of the foundations since they
have been exposed to the atmospheric influences
for a long time, to test for water levels since it is
quite close to river Ćehotina and in general composition of the soil in the site. This was made by
Technical Institute for materials in Bijeljina2
The foundation remains, show us the depth and
composition of the walls, position of the main interior elements of the mosque, like mimbar and
mihrab, and it also contains the minaret base made
out of hard lime stone, as a basis for the upper rows,
their size, direction and position. Also it shows the
exact dimensions of the portico. Upon works on
excavation, it was concluded that the foundations
made out of hard lime stone are only 50 cm thick
and all underneath was made of rubble stone. The
foundations need repair and replacement of some
broken and missing stones at the ground level.
The project started as an analytical process but it
became a synthesis of all the collected data once it
was becoming an actual architectural project. The
walls are composed of two layers of tuff stone with
rubble in between and they support the drum of the
dome with eight windows. The dome is also tuff or
else called travertine stone 50 cm thick, with a hard
lime block as key stone. Each element is finished off
by decorated cornices 20 to 35 cm thick. The domes
of the portico are made out of „Turkish bricks“. The
reconstruction of the exterior was made according
to the existing fragments and their dimensions (like
wall stones, main columns, top of the dome) and
photogrammetric drawing of the Federal Institute
from 1988. The interior has smaller fragment pieces that show us the type and character of the deco2 Naučno istraživački i tehnički institut Bijeljina, Report
made in July 2010, supported by the US ambassador
fund and Comission to Protect National Monuments.
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ration, but not the element as a whole. Mostly the
architectural dimensions were according to measurements of remains on the site and the drawings
in the book by Andrej Andrević. There are remains
of carved relief stones with so called Sinan loops
decoration surrounding the mihrab, refined carnation decoration from mahvil. Most of these pieces
cannot be integrated into the whole since the fragments are small and broken. They would find their
place in an exhibition area close to the mosque in
the future.

The walls of the minaret are interlaced with a spiral staircase that holds the structure together. It
was built from soft lime stone from a local quarry
in Miljevina near Foča, but the first few rows were
massive hard lime stones. The minaret has intricate and delicate decoration, especially of the shaft
with rows of stone at the bottom and at the top of
the shaft. Many of them have been recovered and
will be reconstituted back into the building.

Fig. 3. Survey of the Foundations
The structure of the mosque is simple and
straightforward, but we must bear in mind that it is
a product of rich and long tradition of the Ottoman
and earlier the Byzantine Empire. In a way the
mosques in BiH, being less elaborate and grand,
demonstrate the master craftsmanship and the architectural ideas behind it.
7. The minaret
The minaret is very tall and the width of the
blocks vary between 30 cm to 19 cm at the top.
412

Fig. 4. Section, part of the main design project
completed in 2009.
Minaret project was made according to the
measurement of the photogrammetry from 1988,
and the details were in filled by the original stones
found at the site, so it was possible to exactly calculate the thickness and inclination of the minaret.
All stones are interconnected with clamps fixed
with molten ead. The top of the minaret and its
serefe are not decorated which is not usual for
such types of mosques and especially for a decoVolume 6 / Number 2 / 2011
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rated mosque like Aladža, and some repairs are
visible on the top, so it is possible to assume that
there was an earthquake or lightning damage to
the upper part sometimes during the history.
The minaret will be reconstructed mainly of new
stones from a similar quarry, but a number of original
stones will be recomposed back into the structure.
Photo on the left shows the first decorated row
of the shaft, floral motives that are so typical for
this mosque and for the region.

Fig. 6. The forst decorated stone row of the
minaret
8. Conclusion

Fig. 5. Section and plans of the minaret drawing
from 2009

Volume 6 / Number 2 / 2011

We realize that a reconstructed building is not
the same as the object that existed for centuries, it
can never be. What is most valuable is the lesson
it teaches us, that destruction does not get the last
word, but also about the resilience and persistence
of memory of place and people. The technical details must be absolutely scientific and there is no
room for sentimentality there. The craftsmanship
however is not at the level of skill of the first builders since they carried the knowledge accumulated
through generations.
Realization of the project will inevitably be a
mix of contemporaneity (site building organization, scaffoldings, transportation) and traditional
knowledge and materials. Through other projects in BiH the knowledge has been rediscovered
again and in this sense it is a new added value into
a building that will be a monument again, with all
appropriate attributes.
In this respect, the reconstruction of the Aladza
Mosque in Foca signifies the rebuilding of place
identity and common memory which is essential
after massive destruction. Furthermore, the realization of the project plays an important role by
means of education and technical expertise since
the whole process involving data collection, analysis, site documentation, conservation project
preparation, operation and implementation were
employed. Hence, this reconstruction practice has
become a pioneering example for later projects.
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Abstract
The aim of this paper is to explain, with the concept and problem-illumination of the latest guidelines of quality systems in the EU market. In addition to the standard ISO 9000 and ISO 14000, the
EU went a step further in the internationalization
of the quality system through the “Memorandum
of a global approach to certification and testing”.
It is the “New Approach Quality System-European
Vision of Quality”. The establishment of the EU
single market includes so-called European harmonization of quality. The first plan broke out, “CE”
mark and HACCP (Hazard Analysis Critical Point).
New regulations on food safety have become a liability in the EU market (from 1.01.2006. years).
As a logical question resulted in the need to define
new policies of the quality system to meet changes
in the EU market. For example, a future member
states are obliged to harmonize some 23,000 laws,
regulations and procedures that will allow access
to the EU market. Trade management is faced with
numerous challenges posed by new European vision quality. Logically, trade management more
“take the final examination” of quality problems.
Key word: quality, EU, “CE” mark, HACCP.
Introduction
Dynamic environment and the changes it brings,
the company presents new challenges. In such circumstances, especially with the internationalizaVolume 6 / Number 2 / 2011

tion of business, quality is the best investment to
maintain and strengthen competitive advantage.
Manufacture and sale of products in accordance
with ISO 9000 and ISO 14000 removes the constraints of national markets and allow the creation
of global markets. However, theory and practice
of the European Union in the field of quality going
on. So there was a adoption of the new approach
directives bring new rules of quality management
system. These rules are aimed at introducing the
CE mark, as confirmation that the products meet
health and safety requirements. Further, given the
turnover of agricultural and food products are introduced and standards related to these products.
Thus came to the forefront of food quality system
in accordance with the requirements of HACCP
standards. In addition to the previous ones, become more important and the standards that define
the social responsibility of enterprises, and protection and information security. These are the standards ISO 26000 and ISO 27000 a new approach
to quality system, through the introduction and
application of the preceding standards will be the
subject of my work. Bearing in mind the strategic
orientation of our country to the European Union,
knowledge and application of these standards is
one of the prerequisites of the export of our products to the market. This is one of the reasons for
such a kind of scientific explication and analysis
that sought to systematize the methodological and
present the main features and advantages of the
new approach to quality system of the European
Union.
415
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1. New approach directives system quality
European union trade
Experience of trade of developed countries show
that 41% of barriers to trade due to different national
standards and technical regulations, and 34% related to accreditation, certification and conformity
assessment. This question European Union is actualized and internationalized by establishing international standards ISO 9000 and ISO 14000 Changes
which were performed in the field of quality can be
expressed in short, by: defining the quality of products and services under the same principles, uniquely
defining characteristics of the products and services
that are subject to the sales contract, determining the
unique dimensions of products, standardization of
measurement and test equipment, unique display of
test results, development of an integrated system of
quality management and standardization of information and communication systems in quality management. In such conditions, set forth a system of international recognition of quality systems products and
services and approve national institutions for standardization and accreditation to be issued a certificate with the designation ISO 9000 and ISO 14000
This removes the limitations of national markets and
creates a global market, which the actors are companies with “a recognized manufacturer-commerce.”
This does not mean that the international standards
ISO 9000 and ISO 14000 cover all elements of the
quality of foreign trade. Theory and practice of the
European Union in the field of quality going on.
In addition to these standards by the European
Union under the project “A New Approach to technical harmonization and standardization” introduced, the CE-mark (Conformitее European), the
procedure of conformity assessment of the quality system. Countries that are planning to export
products to the EU market must be through, , CE
“- the sign to prove that their product is designed,
fabricated and evaluated in accordance with European directives (health and safety). (see [1])
1.1 “CE” mark – Conformitee European Quality
Spontaneous development of national quality
policy can significantly cause major discrepancies
in the application of New Approach European vi416

sion quality. National Strategy for the quality system should be implemented with the involvement
of the state, businesses and professional associations. Quality system development and harmonization of national technical legislation with the EU
can be accelerated, slowed or stopped. It all depends
on whether and to what extent the authorities and
professional associations will undertake to participate in creating the conditions to turn our country
into the European project money, known as the “A
Global Approach to Certification and Testing Quality Measures for Industrial Products “.
Baseline of “A Global Approach to Certification and Testing Quality Measures for Industrial
Products” is as follows:
–– Harmonization of technical legislation of
EU member states,
–– Conformity assessment of national, legislative directives of the EU,
–– Harmonization of quality standards at EU
level,
–– Establishing a uniform system of accreditation and mutual recognition of conformity
assessment and quality systems of EU
member states,
–– Harmonization of mutual recognition of
certificates of EU member states,
–– Establishment of the EU single market to
the flow of goods and services without the
“technical-natural-language” barrier.
A new approach to the European technical legislation set the rules (binding directive) for the EU
member states, as well as for potential candidates.
Namely, there is recognition of the new philosophy
of quality management system in the EU market,
known as the “European vision quality.” In an effort
to create a single EU market access to the harmonization of technical legislation, through binding directives and technical regulations for products and
services. Introduces the notion of conformity assessment. Product and service under the provisions
of this new vision of quality should be designed,
fabricated and evaluated in terms of compliance
with the requirements prescribed by EU directives.
It is a kind of “protocol” for assessing conformity of
product quality in line with EU directives. To make
the product quality compatibility, received a “passing grade” is necessary to harmonize the national
Volume 6 / Number 2 / 2011
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quality infrastructure with a European. European
vision of quality is based on the harmonization of
the five key elements, including: metrology, standardization, testing and certification, accreditation
and quality management.
Harmonization of these five key determinants of
the quality system has created preconditions, that
the products for the EU market meet the conformity
assessment procedures required by the directives of
the new European vision quality. After that, the assessment of conformity of products in accordance
with Directive 93/465/EEC and if the product meets
the procedure is assigned a ,,CE “mark. Tag, CE
(European Conformitee - European Compliance),
represents compliance with the requirements prescribed by the directive. Most often, the assessment
of conformity of products used in the module (legal
procedure), which proves that the product complied
with the directive. It is a complex process of evaluation which is implemented by the principle of eight
primary and eight additional modules, which aim
to evaluate the product in terms of functionality, security and protection of labor and the environment.
Supervision of the evaluation is Notified Body, an
organization designated by the Member States.
1.1.1. Quality Marking, CE marking
Manufacturer, regardless of whether or not the
EU members, is responsible for product compliance with the provisions of directives and placing
the CE mark. The manufacturer of the land which
states can authorize as their representative, within
the EU, to take responsibility for the product. If
this is done, the responsibility falls on the importer
or the entity that placed the product on the market.
“CE” mark cannot be placed until it is confirmed
that the product meets all the provisions of the relevant directives. Then, typically, comes to the end
of the manufacturing process and final product control. However, if the “CE” designation refers to no
materials (components or parts) that are installed in
final products, it is possible to “CE” sign to put in
any step of the manufacturing process of products,
which verifies compliance with the provisions of
the relevant product directives.
The rule is that the CE marking placed directly
on the product. In addition, it can be placed on the
Volume 6 / Number 2 / 2011

packaging or accompanying documents. However, in certain cases, the CE marking is not placed
directly on the product. Specifically, this occurs
when a particular product cannot put a sign (e.g.
some types of explosives), not met the technical
and economic conditions are not met the minimum
dimensions of the sign or not allowed to “CE”
mark is visible, legible and written in indelible. In
these cases, the CE mark is placed on the packaging, if it exists, and the accompanying documents.
The CE marking must not be omitted or relocated
or the packaging or accompanying documents.
“CE” marking symbolizes conformity with consumer and public interests, which are covered by
directives. These issues are not just subject matter
authorized bodies of EU member states, but also
other relevant parties (trade, distributors, and consumers). Therefore, the requirement for visibility
of the CE mark means that it must be easily accessible to all participants in the reproduction chain.
It should be placed at the rear or lower surface of
the product. Minimum height of the sign of 5mm
is required to ensure its readability. In addition, the
CE marking must not be placed so that it can be
easily erased, that is to be indelible.
Certification body may be involved in the design phase, production phase or both phases, depending on the compliance of the procedures. If
the certification body involved in the production
phase, the CE marking is accompanied by an identification number of the body. It happens that several certification bodies involved in the production
phase, where for more than a directive.
This means that the certification body responsible for: a) testing of specific aspects of the product, b) process control, c) examination and testing
in the final stage, to evaluate the compliance of
products with the directive, and d) evaluation of
product quality in accordance with prescribed.
Closed to the statement that “CE” mark is evidence of product conformity with the fundamental
(the Security-health) requirements, as prescribed
in the Directives “New approach technical harmonization and standardization” (European conformity). Refers to technical products, except: aircraft, motor vehicles and railways and to pass it on
the market of the European Economic Area EAA
(EU EFTA). (see [2])
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2. Quality food HACCP – standardization FO
consumer basket for a “fork” of the EU
According to research whose results were published by the Organization for Agriculture and
Food of the UN (FAO Food and Agriculture Organization) international trade in food for the previous five-year period (2000 to 2005.) Amounted
to 984 billion dollars. The highest value in the international trade of food exercise European countries, with 476 billion dollars. The positive trend
in international trade of agricultural and food records, and our country. Unfortunately, imports
increased in relation to exports to the observed
five-year period. Among other conditions in the
commercial distribution of food, the central place
belongs to the legal-legal regulations on health
and secure food safety. While our business management system is still considering how to European and world markets offer a product with a
distinctive quality (certified by ISO 9000 and ISO
14000) managers from other European Union
states said “the retail chains and shopping cart of
our customers will find agro-food products manufactured under the provisions of the HACCP concept (Hazard Analysis Critical Control Point Hazard Analysis and Critical Control Point). If you
look at reports of the World Health Organization
(WHO), per year, due to consumption of unsafe
products 1.5 billion people get sick from diarrhea.
This does not exhaust the list of “victims.” Mortality statistics record 3 million people a year (mostly
children under 5 years of age). These cases are recorded in the underdeveloped parts of the world,
as well as in developed countries. For example,
in England the year registered a, 4 million people suffering from eating unsafe food-health and
medical costs amount to 1.3 billion euro. In the
United States each year registers some 76 million
patients, 325,000 are hospitalized, 5,000 die, and
total medical costs amount to 14 billion dollars.
These and similar examples have brought about
a set of regulations and directives in the field of
health and food safety. (see [3]) The new EU regulations in the field of food safety in 2004. include
a set of documents that legally institutionalize
HACCP standards, as follows: (see [4])
–– EU Council Directive 93/43 on the hygiene
of foodstuffs,
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–– Directive 79/112 on the approximation of
the laws of Member States regarding the
labeling, presentation and advertising of
food products,
–– Directive 88/388 on the approximation
of the laws of the Member States relating
to flavorings in food products and raw
materials for their use,
–– Directive 89/109 on the approximation of
the laws of the Member States relating to
materials and articles intended to come into
direct contact with foodstuffs. All of these
directives and regulations systematized in the
Law on Control of the chain in manufacturing,
marketing and consumption of food, with
emphasis on hazard analysis and critical
control points in charge of protection of
human health, animals, working and living
environment. Countries that do not offer
products with designation certified according
to HACCP can of 01 January 2006. Year. To
export to EU market. (see [5])
EU Directive on quality and food safety
(ISO) was systematized and published as ISO
22000:2005. This is a system of quality and food
safety (HACCP) internationalized. He is no longer just a problem of commercial management of
a country, it opens up a range of issues of macroeconomic, such as the institutional basis of the development of quality (HACCP), adapting national
legislation internationally, replacing the national
standards of food quality international, metrics
development, accreditation of certification bodies,
certification, etc. (see [6]) Implementation of these
activities requires the help of state institutions at
the regional and international levels. It is no coincidence that these issues become a concern of
international organizations and institutions such as
the International Organization for Standardization
(ISO - International Standard Organization), European Organization for Quality (EOQC-European
Organization for Quality Control), the European
Committee for Standardization (CEN) , the International Accreditation Forum (IAF International
Accreditation Forum), the European Association
for Accreditation (EA - European Cooperation for
Accreditation), the International Organization of
Consumer Union (prosecutor), the International
Volume 6 / Number 2 / 2011
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Telecommunication Union (ITU-International
Telecommunication Union), (WTO) and the International Trade Law (UNCITRAL).
3. ISO 26000 - System of social
responsibility trade management
Corporate social responsibility is the concept of
continual improvement of business performance,
with respect to economic, environmental and ethical principles of the various stakeholders, such as
owners, managers, employees, customers, business
partners and society as a whole. This concept of
sustainable development of business systems on the
one hand, and society as a whole, on the other side.
Business Management System mission, vision and
business strategy in a system of socially responsible
marketing through: planning, organization, leadership and process control, improvement of economic, environmental and ethical performance of companies and society as a whole, affirming, in doing
so, the system of balanced goals. (see [7])
Chronologically speaking the concept of corporate social responsibility is not new. He has to date
appeared in various forms and shapes. Most commonly, as an example of good business practice.
Foundation of the social responsibility is considered a convention of social protection of employees, which are market-developed countries adopted
after World War II, with various modifications 60’s
or 70’s of last century. Further actualization of the
social responsibility is considered to be the concept
of sustainable development, adopted in 1990-ies.
International Organization for Standardization (ISO) in 2005. year, launching an initiative
to make the new ISO 26000 series of standards
which will be internationalized system of corporate social responsibility. The working group ISO
/ TMB / WG SR (ISO Technical Management
Board / Working Group for Social Responsibility)
was formed with the mission to end of 2009. The
ISO 26000 standard published the adoption of this
standard, the complexity of procedures, is moved
to the end of 2010. Year. (see [8])
Unlike other standards: ISO 9001 (QMS), ISO
14000 (EMS), ISO 22000 (HACCP) standard, ISO
26000 certification is standard. It was recommended - how to guide managers in marketing strategies
Volume 6 / Number 2 / 2011

incorporate the principles of social responsibility.
According to the ISO 26000 standard fundamental
aspects of corporate social responsibility are: economic, environmental, ethical and social aspects.
Management of a business system through planning, organizing, leadership and control of imposed
economic, environmental and ethical principles and
marketing strategy of the company, thereby affirming the concept of balanced goals, are a condition
for sustainable enterprise development. (see [9])
Seen from the viewpoint of sustainable development companies, corporate social responsibility
system consists of seven principles as follows:
1. the responsibility of all stakeholders (managers, owners, employees, customers,
business partners and society as a whole),
2. internal and external transparency of management decisions,
3. ethical business of all participants in the
chain of reproduction,
4. compliance with the requirements of all
stakeholders,
5. compliance with statutory and legal regulations (national legislation and company
law),
6. compliance with the provisions of international law and
7. respect for human and fundamental rights of
consumers. (see [10])
System of corporate social responsibility, according to ISO 26000 must be instrumental in all
organizational units of enterprises, thereby providing a vertical and horizontal information transparency at all levels of decision-making. It is through
transparent and ethical business companies to promote socially responsible marketing, increasing
trust and customer satisfaction. There is a harmonization of terminology in the field of corporate social responsibility of enterprises and globalization
- the internationalization of trade. Standard ISO
26000 becomes a promoter of socially responsible
marketing management in the global international
environment. In addition, management of socially
responsible company mission, vision and business
strategy based on balanced concept goals, creating
added value for various stakeholders.
Fair (ethical) business is an essential element of
the ISO 26000 standard with the emphasis on fight419
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ing corruption. In addition to national and international laws and conventions in this area of social
responsibility are given certain freedoms company,
they may themselves take, such as the right to create a corporate code of conduct, staff training, selfevaluation and awarding of prizes for fair dealing
and so on., Which leads to creating a recognizable
image of the companies in the region.
Comparative analysis of standards ISO 26000
and ISO 9001:2008 come to the following conclusions, namely: ISO 9001:2008 is the standard for
quality management system (QMS) that puts the
spotlight customer satisfaction, while ISO 26000
focuses on improving business performance of
companies with respect for the principles of corporate social responsibility, such as: laws, ethical
standards, good business practices, protection of
labor and the environment and human and consumer rights. User in the system standard ISO 26000
is the whole community, while customer satisfaction, as measured by the standard ISO 9001:2008,
just one part of the standard ISO 26000.
According to ISO 26000, by the whole community. Furthermore, the operations of the company
according to ISO 26000 involves the production of
goods and services of high quality, thus giving the
entire reproduction chain respected the principle of
economic, environmental, ethical, and legal and legal regulations. The same business standards are
expected from all partners, participants in relationship marketing, so that socially responsible marketing management through ISO 26000, protect against
companies that do not prefer the above mentioned
systems of accountability. Company to introduce a
standard ISO 9001 (QMS), if he wants to perform
at the choosy market of the European Union, must
implement the ISO 26000 standard in order to create
added value for customers and received the epithet of
socially responsible companies.
Standard ISO 26000 and ISO 14000 are mutually complementary. Environmental management
system (EMS) together with cleaner production (CP
- Cleaner Production) and energy efficiency (EE Energy Efficiency) is part of a strategy to prevent
pollution, which is a significant determinant of the
standard ISO 26000 Environmental management
is part of the overall management system, which
refers to the organization, structure, planning, responsibilities, practices, procedures, processes and
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resources for developing, implementing, achieving
and reviewing the program (policy) environment.
The ultimate goal is to prevent or reduce waste
generation and greenhouse gas emissions at the
source. Environmental management should strike
a balance between economic lower labor costs and
increase profits, increase productivity, environmental protection, climate change, global warming and
sustainable development.
ISO 26000 and OHSAS standards found in the
following correlation. In many companies there is
often a conflict between the need for achieving the
highest possible profits and create the safest environment for workers. A safe environment under
the provisions of (OHSAS) standards ISO 18000,
personal injuries, and occupational diseases associated with workplace and safety.
Conducting this process can be reduced and
even eliminated the cost of a socially responsible
company should take to protect the health and
safety at work. It is a cost related to:
–– Regular checks of the health and safety of
employees,
–– Securing a capacity for primary prevention
of risks to health and safety, injuries and
occupational diseases,
–– Promoting health and preventing disease
due to high blood pressure, diabetes, cardiovascular diseases, allergies, etc..,
–– Humanizing the workplace, providing room
for a pause (rest) and
–– Encouraging a positive attitude and loyalty
of employees to the company.
Employees’ rights are one of the most important elements of corporate social responsibility
(ISO 26000). Asked regulated by the conventions
and documents of the United Nations, ILO, and
to individual state laws. Only a satisfied worker
can provide adequate results. After all, every company is the people. Need to work on the development and promotion of equal opportunities for
all, establishing a balance of professional - private
life, training and staff development, job satisfaction, compensation and benefits, workers’ rights,
the creation - to preserve jobs, the working week
of 40 hours, days, vacation, sick leave, freedom
of association, trade unions, paid overtime, and so
on. (see [11])
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The concept of corporate social responsibility
can bring many benefits the company, such as:
–– Reduced costs - a result to improve the
conservation and working environment and
productivity is to reduce waste, lower energy
consumption and raw materials, better use
of resources, greater management efficiency
and increase the quality of end products and
services;
–– Corporate social responsibility will provide
the company easier access to market and
get big business in the global and European
market. Now it must be taken into account
and to satisfy international standards in
terms of quality product (service);
–– The possibility of obtaining a loan - Some
banks and financial institutions have already
begun to pay attention to corporate social
responsibility in giving credit. In the future,
companies seeking approval of the loan will
have to prove that they operate under a system
of corporate social responsibility concept;
–– Increase sales - The EU quarter of consumers
prefer when purchasing products and services
to socially responsible companies, and that
number will grow in the future. Also, about
two-thirds of Europeans the question of social
responsibility is considered increasingly
important factor in the private sector;
–– Increasing the loyalty of employees. - The
companies that have identifiable programs
for the development of human resources,
or in companies that invest in training,
incentives, reward systems and so on., The
greater the loyalty of employees and less
absenteeism;
–– Identified the company’s image, the product (brand), and brand. Promotional
- communication mix of the company,
including branding, advertising and so on.
Incorporates aspects of social responsibility.
A good reputation attracts quality people the
employer (employees), business partners, new
customers and provide the basis for a good
commercial organizations. Reputation and
recognition in the community is a validation
of all activities conducted in this regard and
satisfaction for the company effort in the
realization of social responsibility.
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4. ISO 27000 - System protection and
safety information (confidentiality of
chain in trading)
“Regardless of the form in which information
is or who is a tool used for such transmission, distribution and storage (storing) information must
be adequately protected.”
ISO / IEC 7799:2005
Standard ISO 27000 is an important standard
for companies involved in services and have been
associated with information technology (IT). Its
implementation and application of enabling development of the concept of electronic commerce.
By this standard, organizations demonstrate to
customers and other stakeholders (participants in
the supply chain) to operate based on principles of
safety and that their business philosophy focused
on continuous improvement of management systems for the security of information and services
related to it. (see [12])
System of protection and information security
(ISO 27001) can be implemented in all branches of
industry, commerce and services. The aim of this
system is to provide all the necessary elements in
relation to a strictly confidential, credible, and limited access to information, in order to protect information and data “interested parties”. Interested
parties in the security system can be buyers, trading
companies and other participants in the reproduction chain, as well as society at large. (see [13])
Consequences caused by poor leadership, failures caused intentionally or by mistake, or even inserting viruses in the under-protected systems can
be disastrous for a trading company and lead it to
bankruptcy. It is known that if information of an organization is not secure or not secures its future. It
also should not surprise us that the question “What
is the most expensive in the world hear the answer”
information “, as if the last century was the century
of technology, it is certainly possible to say that this
century - the century of information. Benefits of
ISO 27000 (the system of protection and security
of information) are reflected in (see [14])
–– Better able to market the company that it
applies
–– Reducing the risk and therefore costs,
–– Compliance with applicable laws,
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–– Higher confidence of clients, employees,
associates, institutions and all stakeholders
in the knowledge that their information
and data is the maximum safe and that
there is a responsibility of the management
participants in the supply chain at all levels
of the organization.
Conclusion
Experience of trade of developed countries
show that 41% of barriers to trade due to different
national standards and technical regulations, and
34% related to accreditation, certification and conformity assessment. This question European Union
internationalized by establishing international standards ISO 9000 and ISO 14000 However, this does
not mean that the international standards ISO 9000
and ISO 14000 covers all elements of the quality of
foreign trade. Theory and practice of the European
Union in the field of quality going on. In addition
to these standards by the European Union under the
project “A New Approach to technical harmonization and standardization” introduced, the CE-mark,
the procedure of conformity assessment of the quality system. Countries that are planning to export
products to the EU market must be through, and CE
- a sign to prove that their product is designed, fabricated and evaluated in accordance with European
directives (health and safety). In addition, the European Union introduced the HACCP standard which
defines requirements for production and trade of
agricultural and food products. HACCP is not only
a commercial management of a country, it opens
up a range of issues of macro-economic nature,
such as the institutional basis of the development
of quality (HACCP), adapting national legislation
internationally, replacing the national standards of
food quality international, metrics development,
accreditation of certification bodies, certification,
etc.. In addition to the CE mark and HACCP standards, modern enterprises have an obligation to
behave in a socially responsible and to adequately
keep the business information and documentation.
So come to the fore the ISO 26000 standard which
defines the social responsibility of companies, and
ISO 27000 that defines a system of protection and
security information, particularly for enterprises
422

engaged in services and have been associated with
information technology (IT).
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Abstract
This research was conducted on first year mechanical engineering students at University Tenaga Nasional (UNITEN). The aim of the study was
to gain the students preferred learning style (using
personality questionnaire) and to design new computer aided learning (CAL) packages that employs
new visualization techniques. This paper first describes some theories of learning styles followed
by an analysis and results of students preferred
learning styles.
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I. Introduction
Many literatures on learning styles have emphasized much awareness that students do have
different learning styles, characteristics, strengths,
and preferences in the ways they absorb and process information [1]. Dunn [2] described learning
style as “… the way each learner begins to concentrate, process and retain new and difficult information, p.224”. Although the theory of learning
styles has been used in other educational domains,
several practitioners within the field of science
and engineering education have also noted the importance of teaching with learning styles [3 - 11].
The learning style models approach can be used
to measure an individual’s preferences in way of
thinking, learning and the degree to which a certain learning style is ineffective.
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II. History of learning styles
There have been several learning style questionnaires (instruments) and models developed to categorize the way learners imbibe and process information. Some most quoted and popular ones found
in the literatures include, the Myers-Briggs Type Indicator (MBTI) [12], Kolb’s Learning Style Model,
Herman Brain Dominance Instrument (HBDI) [13],
McCarthy’s 4MAT model, Dunn and Dunn Learning Style Model of Instruction, Felder-Silverman
Learning Style Model and Honey and Mumford
Learning Styles Evaluation. Research conducted
with engineering students using any of these learning styles mentioned is reported to provide a positive involvement. Some of these models that have
been applied extensively to engineering education
have been discussed in some detail by [14].
III. Learning style models
A. Kolb’s Learning Style Model
Kolb developed the learning style inventory (LSI) in 1976 and revised in 1985 [15]. The
LSI was a nine–item self-report questionnaire in
which four words describing one’s style by which
respondents attempt to categorize their learning
style. One word in each item was used to correspond to one of four learning modes as shown
in Figure 1. The four stages cycle of the learning
modes in the Figure are identified as Type-1: concrete experience (CE), Type-2: reflective observation (RO), Type-3: abstract conceptualization
(AC) and Type-4: active experimentation (AE).
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According to Figure 1 the concrete experience
mode describes people who feel more than they
think. Individuals in this mode tend to be very good
at relating to others and they tend to be spontaneous decision-makers. Their characteristic question
is “Why”. To be effective with Type-1 students, the
instructor should function as a motivator.

ment’s psychometric properties (reliability, validity,
consistency) had not been sufficiently assessed.
As such [16] proposed Learning Styles Questionnaire (LSQ) as an alternative to Kolb’s LSI.
Although LSQ has been criticized by some researchers for failing to construct validity and has
correlations among its four learning styles [17] &
[18], this has been the most favored learning style
instrument in the literature for evaluation of CAL
modules [19 - 21]. Generally the LSQ has also
been used for students in engineering courses.
B. Honey and Mumford’s Learning Styles
Questionnaire

Figure 1. The Kolb Learning Model
The reflective observation mode describes
people who would rather watch and observe others than to be an active participant. Individuals in
this mode tend to appreciate exposure to differing points of view. Their characteristic question is
“What”. To be effective with Type-2 students, the
instructor should function as an expert.
The abstract conceptualization mode describes
people who think more than they feel. Such people tend to have a scientific approach to problem
solving as opposed to a more artistic approach.
Their characteristic question is “How”. To be effective with Type-3 students, the instructor should
function as a coach, providing guided practice and
feedback in the methods being taught.
Lastly, the active experimentation mode describes individuals who take an active role in influencing others as well as situations. These individuals
welcome practical applications rather than reflective understanding as well as actively participating
rather than observing. Their characteristic question
is “What If”. To be effective with Type-4 students,
the instructor should pose open-ended questions and
then get out of the way, maximizing opportunities
for the students to discover things for themselves.
However critics of the application of Kolb’s LSI
suggest that its application for education research
purposes was premature in the sense that the instru424

The Kolb model is the theoretical background
to [16] Learning Style Questionnaire, which has
four styles i.e. Theorists, Activist, Reflector and
Pragmatist. The questionnaire directly assesses
the four basic types of style in Kolb’s model as
shown in Figure 2. This analysis has been used
widely through business and education and most
recently as a basis for selecting undergraduate engineering course [22].
According to the theory, the hypothesized learning cycle can be entered at any stage but must be
followed in sequence. A person could start, for example, at (Type-2) by acquiring some information
and analyze it before reaching some conclusions,
(Type-3), and deciding how to apply it, (Type-4).
The four stages, experiencing, reviewing, concluding and planning are mutually supportive.
None is fully effective as a learning procedure on
its own. Each stage plays an equally important part
in the total process, though the time spent on each
may vary considerably. Most people, however,
develop preferences, which give them a liking for
certain stages over others. The preferences led to
a distortion of the learning process consequently
greater emphasis were placed on some stages in
comparison of others.
Here are some typical examples: –– Preferences for concluding such that people
have a compulsion to reach an answer
quickly. This results in a tendency to jump to
conclusions by circumventing (by-passing)
the review stage, where uncertainty and
ambiguity things to have [24].
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–– Preferences for seizing on an expedient
course of action and implementing it with
inadequate analysis. This results in a tendency
to go for ‘quick fixes’ by overemphasizing
the planning and experiencing stages to the
detriment of reviewing and concluding [24].

Figure 2. The Experiential Learning Model (after Kolb, 1984 [23], p21) with the linked Honey
and Mumford Learning Styles in bold (Honey and
Mumford, 1986 [16])
The LSQ is designed to assess the relative
strengths of four different learning styles: Activist, Reflector, Theorist, and Pragmatist. These four
styles correspond approximately to those suggested by [25] LSI. According to [24]:
–– Activists involve themselves fully and
without bias in new experiences. They
enjoy the present situation, and are happy
to be dominated by immediate experiences.
They are open-minded, not specialized, and
this tends to make them enthusiastic about
anything new. Their philosophy is: “I’ll try
anything once”. They tend to act first and
consider the consequences afterwards.
–– Reflectors like to stand back to ponder on
experiences and observe them from many
different perspectives. They collect data,
both first hand and from others, and prefer to
think about it thoroughly before coming to
any conclusion. The thorough collection and
analysis of data about experiences and events
is what counts so they tend to postpone
reaching definitive conclusions for as long as
possible. Their philosophy is to be cautious.
They are thoughtful people who like to
consider all possible angles and implications
Volume 6 / Number 2 / 2011

before making a move. They prefer to take a
back seat in meetings and discussions.
–– Theorists adapt and integrate into complex
but logically sound theories. They think
problems through in vertical, step-by-step,
logical way. They assimilate disparate facts
into coherent theories. They tend to be
perfectionists who will not rest easy until
things are tidy and fit into a rational scheme.
They like to analyze and synthesize. They
are keen on basic assumptions, principles,
theories, models and systems thinking. Their
philosophy prizes rationally and logic. “If it’s
logical it’s good”. Questions they frequently
ask are; “Does it make sense?” “How does this
fit and that?” “What are basic assumptions?”
They tend to be detached, analytical and
dedicated to rational objectivity rather than
anything subjective or ambiguous.
–– Pragmatists are keen on trying out ideas,
theories and techniques to see if they work in
practice. They positively search out new ideas
and take the first opportunity to experiment
with applications. They are the sorts of
people who return from management courses
complete with new ideas that that they want to
try out in practice. They like to get on things
and act quickly and confidently on ideas that
attract them. They tend to be impatient with
ruminating and open-ended discussions. They
are essentially practical, down to earth people
who like making practical decisions and
solving problems. They respond to problems
and opportunities ‘as a challenge’. Their
philosophy is: “There is always a better way”
and “If it works its good”.
Each style is associated with a stage on the
continuous learning cycle. People with Activists
preferences, are well equipped for experiencing.
People with Reflector approach, with their preferences for deliberating over data, are well equipped
for reviewing. People with Theorist preferences,
with their need to tidy up and have ‘answers’ are
well equipped for conducting. Finally, people with
Pragmatist preferences, with their liking for things
practical, are well equipped for planning (Honey
and Mumford, 1986). Whilst Honey and Mumford
(1986) found Kolb’s four-stage learning cycle ac425
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ceptable, they were less satisfied with the LSI,
questioning the use of one-word descriptors as a
basis for attributing style, and expressing concern
over the face validity of the styles themselves.
The LSQ is a self-administered inventory consisting of 80 items, with which respondents are
asked to tick indicating agrees or cross indicating
disagree respectively. The 80 items comprise four
subsets of 20 randomly ordered items, each subset measuring a particular learning style. The vast
majority of these items are behavioral and the aim
is to discover general behavioral trends. The LSQ
is scored by awarding one point for each ticked
item and no item carries more weight than another.
The items describe an action that someone might
or might not take. Occasionally, an item probes a
preference or belief rather than a clear behavior.
The score key ‘decodes’ the items and lists
those that probe Activists tendencies, Reflector tendencies and so on. The LSQ is scored by
awarding one point for each ticked item and no
points for crossed items. Thus the maximum possible score for each learning style is twenty. Raw
scores are meaningful only when viewed in the
context of normative data. The norms are calculated by analyzing the actual scores of people
who have completed the questionnaire. Honey &
Munford [16] analyzed the scores of well over one
thousand people by 1982 and divided them into
five groups as following:
A – The point at which 10% of the scores are
above and 90% are below. (a very strong
preference)
B – The point at which 30% of the scores
are above and 70% are below. (strong
preferences)
C – The middle 40% scores with 20% above
and 20% below the mean. (moderate
preferences)
D – The point at which 70% of the scores are
above and 30% are below. (low preferences)
E – The point at which 90% of the scores
are above and 10% are below. (very low
preferences)
Since the LSQ consists of 80 questionnaires, it
was not found to be a suitable instrument for measuring the students learning style in this research.
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C. Felder-Silverman Learning Style Model
The Felder-Silverman Learning Style Model
classifies students along four dimensions: sensing/intuitive, visual/verbal, active/reflective and
sequential/global as shown in Table 1. According
to these dimensions, a student’s learning style may
be defined by the answers to four questions:
1. What type of information does the student
preferentially perceive?
Table I learning style profile scale scores

Sensing learners retain information obtained
through their senses, while intuitive individuals
are more likely to retain information obtained
through their own memory.
2. What type of sensory information is most
effectively perceived?
Visual learners prefer pictures, while verbal
learners prefer the written and spoken word.
3. How does the student prefer to process
information?
Active learners learn by experimenting, while reflective learners learn by thinking about a concept.
4. How does the student characteristically
progress toward understanding?
Sequential learners learn in small incremental
steps, while global learners need a strong understanding of the big picture [1]. A study of over
800 students at the University of Western Ontario
(UWO), London, Canada, found that engineering
students have strong sensing, visual, active and sequential preferences [26].
Volume 6 / Number 2 / 2011
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A number of studies have collected the response
data for the Index of Learning Styles (Felder-Silverman). Some investigators simply measured and
reported response profiles and drew conclusions
from them regarding appropriate teaching methods
for their classes, and others used the profiles to examine various aspects of student performance and
attitudes. A summary of learning styles profiles reported in various studies can be found in [6].
D. Personality and Learning Styles
Questionnaire
The personality questionnaire measures a student’s individual learning style. The report provides suggestions on how the student can utilize
his/her mind and adapt their behavior to learn
more effectively. It is primarily intended for those
in an academic environment, although the content
will be useful for anyone interested in understanding more about learning and their own, special
personality preferences. It is very comprehensive
and is about 12-15 pages long. The questionnaire
has been designed by a professional psychologist
and is based on reliable and valid psychometric
principles. Students are asked to rate themselves
against 76 statements. They need to decide whether they agree if each statement is true about them.
They need to respond using a five (5) point likert
scale. The responses are as follows:
1. Strongly Disagree with the statement
2. Disagree with the statement
3. Unsure whether the statement is true or not
4. Agree with the statement
5. Strongly Agree with the statement
In this research, the personality and learning
styles questionnaire was adopted because it is simple and can be easily implemented using web based
quiz (available online at http://www.studysuccess.
co.uk/learningquestionnaire.htm) It is proposed
that there is a scope to use such an instrument to
assist engineering students in developing flexibility
of thought as well as self-awareness. However, in
reflecting on the evaluation results discussed in section IV, the study will also examine the instrument’s
underlying assumption that it is possible to categorize students according to their learning styles and
Volume 6 / Number 2 / 2011

hence the appropriateness of this Learning Style
Questionnaire for the present study.
The main reason for utilizing this personality
and learning Style Questionnaire as an instrument
for this study was to determine engineering students’ (students who need additional support in
applying principles presented in lectures to problems) most productive learning style and to incorporate the same in developing effective CAL
packages. For example, do these students prefer to
see animated objects rather than static images, do
they prefer text rather than sound or a mix of both
media, and do they prefer to see the CAL packages
solving a problem or prefer to solve the problem
themselves? The feedback from these questionnaires provided useful information to improve the
contents of the futuristic CAL packages so that the
CAL packages can be effective in helping the students in solving the engineering problems.
In this research, the subjective views of students will be examined for the evaluation of the
new CAL packages (development in progress) and
will be used to analyze their learning styles. Respondents may be classified as adopting a particular learning style preference, based on the score
obtained on individual scale using the personality
and learning style questionnaire.
IV. Results and discussion
A sample personality profile responded by one
of the students is given in Figure 3. A complete
explanation of the dimensions (for e.g. influence,
independent, theoretical, systematic etc.) could be
found at the same website as given in section III
of this paper. The personality and learning styles
questionnaire is a self scoring instrument and is
available at no cost to individuals who wish to assess their own preferences and instructors or students who wish to use it for classroom instruction
on research.
Scoring the questionnaire is quite straightforward. When an individual submits a completed
questionnaire on-line, a profile is instantly returned
with scores on all the dimensions, brief explanation of their meaning and links to references that
provide more detail about how the scores should
and should not be interpreted.
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Figure 3. Sample report of the Personality and Learning Styles Questionnaire
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a. Procedure used to evaluate the students’
learning styles
The questionnaire was administrated to the students in the form of an on-line questionnaire at the
end of the first study semester in March 2010. The
responses were processed on-line and the results
of analysis were displayed as a report and printed
for each respondent. Thus 32 printed reports corresponding to 32 respondents formed the basis of
the data analysis and the results are presented in
following Section.
b. Data analysis and results
Table II (and the graph) shows the data based
on students preferences of learning. According to
this table, students learning styles can be grouped
into three categories as following namely approach, focus and transfer.
Table II learning style profile scale scores

The approach response here indicates a preference for a more spontaneous style. Spontaneous
learners get the best out of learning when they
are allowed to get stuck in quickly and try things
for themselves. They can get impatient and bored
with instructions or when the learning environment is too structured or does not have sufficient
‘doing’ activities. They respond more strongly to
internal thoughts and ideas, and may be less interested at times in stimuli from the outside world.
Their attention can tend to wander and will need
interesting things to keep them focused. Spontaneous learners are more likely to:
–– Learn through trial-and-error.
Volume 6 / Number 2 / 2011

–– Be content with lecturers to give them
‘loose’ and brief guidelines and they will be
happy to get on with their assignments.
The focus response here indicates a strong
preference for a more pragmatic style. Pragmatic
learners are focused on the practical, tangible and
more immediate benefits of learning things. ‘What
can I use this information for?’ will be a question
in their mind. They are more ‘hands-on’ and are
likely to make their minds up about things quickly
as they prefer to keep things simple and easy-tounderstand. They may get bored learning about
theories or concepts that are complex or less relevant - as all they want to do is practically get on
with things Pragmatic learners are more likely to:
–– Focus on practical aspects e.g. how useful,
and how can they apply the learnt skills to
something?
–– Believe in keeping things neat and simple.
–– Prefer hands-on practical jobs, perhaps
more suited to vocational education.
–– Be more focused with the task at hand and
not likely to be side-tracked by conceptual
details.
The transfer response here indicates a preference for a more concrete style. Concrete learners are good at applying their learning to clearly
defined and specific situations. They are good at
following a step-by-step approach to learn a welldefined task or a clear, straightforward subject
area. They will tend to tackle learning bit-by-bit,
one thing at a time. They are good with procedures
although may find unexpected changes unsettling,
or easily become overwhelmed when trying to do
several things at the same time. They will prefer to
learn things in the way they are taught, rather than
develop their own approach.
Concrete learners may be more likely to:
–– Take their learning literally i.e. this learnt
skill is used for this specific situation.
–– Prefer following clear instructions and to be
offered or given solutions.
–– Need to concentrate on one thing at a time,
working through information in a step-bystep fashion.
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V. Conclusions
This paper reviewed some extensively used
learning style measurement instruments and their
efficacy in the evaluation of student preferred
learning styles. The vast majority of research
conducted with engineering students using any
of the learning styles questionnaires and models
mentioned in this paper is reported to provide a
positive intervention. In this study, the personality
and learning style questionnaire was adopted because it is simple and can be easily implemented
using web-based quiz. The preliminary results of
this study indicated that the students learning style
preferences were approach, focus and transfer. It
is therefore proposed that there is a scope to use
such an instrument to assist engineering students
in developing flexibility of thought as well as selfawareness. However, in reflecting on the results in
this paper, further work is in progress to examine
the instrument’s underlying assumption that it is
possible to categorize students according to their
learning styles and hence the appropriateness of
questionnaire for the present study. It can be envisaged that the results of this study could benefit
the researches whereby better productive CAL
packages could be design at the early stage and
implemented for the students to be used in their
learning.
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Abstract
A choice of central heating system, when designing the new residential building or adapting
the existing one, is one of the most important activities regarding various aspects. This paper presents one approach to designing a multiple-criteria
model for selection of energy sources and technologies at the production of heat for this purpose.
Analysis of this problem, which usually appears in
reality, is shown by the actual example of a heating system for a residential object. Some steps in
the development of models for optimization were
discussed, as well as alternatives and concrete results of the selection, based on more thoroughly
considered criteria. This paper presents detailed
aspects of the implementation of such a solution,
which enables universal application of methods
proposed within the considered problems.
Key words: Central heating system, optimization
Sažetak
Izbor sistema za centralno grejanje pri projektovanju novog ili adaptaciji postojećeg stambenog
objekta predstavlja jednu od najznačajnijih aktivnosti sa različitih aspekata. U ovom radu prikazan
je jedan pristup projektovanju višekriterijumskog
modela za izbor energenata i tehnologije pri proizvodnji toplotne energije za ovu namenu. Analiza
ovog problema prikazana je na konkretnom primeru toplifikacije stambenog objekta, koji je u praksi
najčešće prisutan. Razmatrani su koraci u razvoju
modela za optimizaciju, alternative, kao i konkretni
432

rezultati izbora energenta na osnovu više razmatranih kriterijuma. U ovom radu su detaljno prikazani
aspekti implementacije ovakvog rešenja, kojim se
omogućava univerzalna primena prikazane metode
u razmatranoj problematici.
Ključne reči: Sistem centralnog grejanja, optimizacija
1. Introduction
The construction of a new building, or adaptation of the existing one, demands an answer to
the question of how to provide the heat necessary
for its functioning. The selection of central heating system is a complex decision with long-term
consequences. While solving these tasks, it is necessary to select and define the energy and technology for its production.
Because of greenhouse effect, problem of energy is becoming more present in professional, political, media and all social circles. This problem is
no longer based only on limited resources. Risks
to human society are immense. The current challenges require new solutions and suggest a scientific approach to the decision-making processes.
The solution for selection of central heating
system involves defining of the basic technical,
technological and financial parameters of energy,
available in the environment.
Placing more importance on environmental and
other criteria does not mean that this issue can be
sidelined, economically speaking. One of the essential components of management of energy resources is the economic component. Economic analyses
Volume 6 / Number 2 / 2011
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are used for assessing the particular options and the
direction of action. The control challenge is the simultaneous optimization of technical performance
and economic opportunities [1].
The advantages of using scientific methods
of analysis and selection of actions variants in
complex situations are imposed as a model of behaviour. In this way, actions can be successfully
managed in an environment of rapid technological
development and increasing resource constraints.
This paper deals with the selection of the best
alternatives for central heating systems, using the
Compromise ranking. It examines the boiler room
for any form of energy that can potentially be used
for heating of the observed object.
The selection of the best alternative for central
heating system is made in a system of six criteria
(energy prices, the price of the plant for producing
heat, the reliability of energy supply, reliability of
the boiler, technical criteria and ecological criteria), with different relative importance (weight)
and different requirements for maximization or
minimization of the established criteria.
2. Analysis of alternatives
The selection of the best alternative for central
heating system will be shown for the actual individual residential building [2]. Similar problems
often occur in business practice and therefore they
need to be given attention. Each alternative, prior
to its adoption, will be processed using complex
scientific and analytical procedures, methods and
criteria: technological, market, financial, human,
environmental, social and other variables, taking
into account the multilateral correlations which
exist between the plant and its environment.
The analysis is based on the example of an individual residential building with net area of 200
m2. To warm it up, it is necessary to provide 19
kW of heat energy. We compare the following
boilers, alternatives:
–– Boiler - natural gas - VAILLANT - turbo
TEC pro 242-3. facade, with elements of the
boiler room. Boiler power 24 kW, efficiency
η = 0.97, two-year warranty period.
–– Boiler – LPG - BOSCH JUNKERS CERACLASS ZS24 - 2 DH AE. facade,
Volume 6 / Number 2 / 2011

with elements of the boiler room. Power 24
kW, efficiency η = 0.95, two-year warranty
period, needs the fuel tank (1000 lit.).
–– Solid fuel boiler TERMOMONT - PE 26,
steel. Power 26 kW, efficiency η = 0.70, the
guarantee period of five years, no elements
of boiler.
–– Boiler - liquid fuel - CENTROMETAL ECO CUP M3 K4101, steel. Power 24 kW,
efficiency η = 0.93, two-year warranty period.
Giersch burner GL10.1-L 18-42, required
fuel tank 1000 lit., no elements of boiler.
–– Electric boiler TERMOMONT - ETK SET
C 24. Fitted with boiler elements. Power 24
kW, efficiency η = 0.90, the guarantee period
of five years, the electrical components 12
months.
Installation of central heating for the object can
be divided into two parts:
–– Installation for the transmission and transfer
of thermal energy to the object
–– Installations for heat generation – boiler room
Installation for the transmission and transfer of
heat to the object, as a rule, does not depend on the
type of heat source. There are differences in the
technical and economic terms, in the application
of low temperature regimes.
3. Analysis of elimination criteria
3.1 Energy prices
Price of energy is the cost that is mostly exposed
to risk, because it exists during the entire lifetime
of the plant. The actual required amount of heat or
fuel is the basis for calculation of the energy prices
and maintenance costs. During the calculation, influencing factors typical for the environment and
way of exploitation of the building were taken into
account. The actual amount of necessary fuel was
calculated according to the formula [3]:
Qg =

24 ⋅ 3, 6 ⋅ Q ⋅ SD ⋅ y ⋅ e
( tu − t s ) ⋅ H u ⋅ η

(kg / year). ...... (1)

Q = 19000 - required amount of heat (W)
SD = 2520 - number of degree days
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–– LPG: purchase and installation of seasonal
tanks 1,000 litres along with safety valve
–– Solid fuel: Construction of space for coal
and slag disposal
–– Liquid fuel: purchase and installation of
seasonal tanks 1,000 litres along with safety
valve
–– Electricity: fees for connecting new customers, work on setting up a cord and a
measuring set

tu = 20 - indoor design temperature (ºC)
ts = -18 - outside design temperature (ºC)
e = et ∙ eb - coefficient of exploitation limits
y = coefficient of object position
H u = calorific fuel (kJ/kg)
η = utilization rate of plants
Table 1 shows the data related to the annual
cost of energy consumption for heating the building. It presents the prices of certain energy types,
the physical volume of energy consumption and
annual fuel cost for each alternative. The Figure 1
shows the diagram of the consumed energy prices
per year in local currency (RSD).

Figure 1. Diagram of the annual energy consumption

Some boilers (gas and electric. energy) have
built-in boiler elements: circulation pump, expansion vessel, safety and shut-off valves. Completion of the boiler room, in terms of technology,
requires adequate financial resources. For an alternative - solid fuel - it is necessary to install the
circulating pump, expansion tank, blocking and
safety valves. For an alternative - liquid fuel - another burner must be added.
For alternatives - solid and liquid fuel - it is
necessary to provide a separate space for storing
equipment and to build a proper chimney. Other
boilers, due to technical solutions, their size and
design, can be placed in the part of the housing.
Table 2 shows the structure and amount of investment expenses, and Figure 2 graphically displays
the amount of investment cost.

3.2 Price of boiler room
The cost of the boiler room includes the total
investment needed in order to complete the heat
source in technological terms. Boiler price depends on the quality, level of equipment, brand,
etc. Dealer costs include the following:
–– Natural gas: gas connection up to 20 m,
supply of reduction measurement set, the
gauge G4
Table 1. Price of the annual energy consumption
Energy

Unit of Measure

1

2

Natural gas
LPG
Solid fuel
Liquid fuel
El. energy.

m³
kg
kg
kg
kWh
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Figure 2. Amount of investment cost

Price per unit
of Measure

Effect price

Annual
consumption

Annual
price

3
RSD
35
77
5
91
5.1

4
RSD/U.M.
1.16
1.90
0.57
2.55
1.49

5
U. M.
2161
1609
7446
1825
19051

6
RSD
75.636
123.875
37.231
166.082
97.161
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3.3 Other criteria
Alternatives for the remaining criteria (reliability of energy supply, reliability of the boiler, specifications and environmental criteria) were evaluated
relative to the single criteria. Subjective evaluations
were given on a scale of 1 to 10. Subjective assessments were made based on expert analysis. By expert analysis, relative importance was assigned to
individual criteria, Table 3.
Reliability of energy supply is a criterion that,
together with the cost of energy and environmental criteria, has the highest relative weight. Coal
is, in most cases, the fuel of domestic origin. Reliability of supply depends on market relations. Procurement of imported fuel (mainly gas) and extra
light oil depends on the economic possibilities of
the state and global disturbances. Electricity, due
to its availability, is often used as an alternative in
case of disturbances in the supply of other fuels.
Limited production capacities make it an insufficiently reliable energy source.
The criteria for evaluating technical characteristics of a boiler are: quality, scope of mounted
equipment, exploitation opportunities, degree of
automation and so on. It is undisputed that the use
of boilers requires a high degree of safety and quality of production [4]. Efficiency (η) equally affects
the evaluation of both technical and environmental criteria. Better technical characteristics of the
boiler guarantee energy savings. Since all available
energy sources are, in fact, fossil, any reduction in
consumption has positive environmental effects.
Combustion of fossil fuels, in addition to the
harmful gases emitted on this occasion, leads to
particles emissions. The particles continue to initiate binding of other substances in the atmosphere,
influencing the creation of smog in the lower atmosphere. Amount of particles emitted into the

atmosphere depends primarily on the type of used
fuel, the quality of combustion, the existence of
filter, etc.
Ecological criterion was evaluated based on the
type of fuel used and technical characteristics of
the boiler (η).
4. Choice of alternative by compromise
ranking method
Due to a multi-criteria analysis method, applied in a manner shown in this paper, the solution
closest to the ideal one is obtained by using a strict
mathematical model of decision-making. Exact
approach to finding the best solution involves the
application of multi-criteria optimization method
[5] - [7]. The selection of central heating systems
is carried out by multiple criteria optimization.
Optimization methods, as well as Decision Support Systems (DSS), are now widely applied in
solving various problems of decision-making [8] [10]. Theoretical postulates of mathematical models were examined by many authors and are still
undergoing significant expansion [11] - [13].
By applying Compromise Programming method, ranking of the compared alternatives is made,
based on measures (metrics) of the alternatives in
relation to the ideal, best alternative [14].
Selection of the best alternative energy out of
five compared alternatives (A - Natural gas, B LPG, C - Solid fuel, D - Liquid fuel, E - Electricity) was carried out by assessment within a system
of six criteria, established on the basis of economic and financial, technical, technological and
ecological nature. For each of the criteria, the relative importance was defined, as well as different
requirements for maximization or minimization.
The result of evaluation is shown in the Table 3.

Table 2. The structure and level of investment costs per alternatives
Alternatives

Dealer
costs

Price of
boiler

Cost of completing
boiler room

Space for
equipment

Price of
boiler

1.
Natural gas
LPG
Solid fuel
Liquid fuel
El. energy

2.
145.00
180.00
155.00
120.00
135.00

3.
88.55
91.56
92.60
105.66
60.45

4.
0
0
56.00
136.0
0

5.
0
0
165.00
165.00
0

6.
233.55
271.56
468.60
526.63
195.45

Volume 6 / Number 2 / 2011

435

technics technologies education management

By varying the weight of decision-making
strategy, an analysis of sensitivity was made, as
shown in the Table 4 and graphically illustrated in
the Figure 3.
Based on the diagram of calculated results of
Compromise ranking, it is possible to analyse the
ranking of the compared alternatives. Generally, it
can be observed that when the weight of a criteriameeting strategy is increased, most of the alternatives are characterized by substantial changes of
deviations in their significance.
Initial ranking of alternatives, regarding the
minimal importance of satisfying most of the important criteria, is presented in the order: E (Electricity) → A (Natural gas), B (LPG) → C (Solid
fuel, D (Liquid fuel). This ranking of alternatives
is retained all the way up to the high values of decision-making strategy.
When adopting higher values of the parameter
(v>0.8), modification in the rank of alternatives
occurs, which has the following order: A (Natural gas) → E (Electricity) → C (Solid fuel) → B
(LPG) → D (Liquid fuel).
In the wider scope of decision-making strategies, alternative E (Electricity) is the favoured alternative, while at maximum weight, it is in the second
position. By increasing decision-making strategies,
alternative A (Natural gas) and B (LPG) significantly increase their importance. In addition, alternative
A (Natural gas) gets the first position.
Alternative B (LPG), in all areas of strategy
making, takes place around the central deviation
from the ideal one. Alternative D (Liquid fuel) is
by far the last ranked alternative regardless of the
field of decision-making strategies.

Figure 3. Graphic presentation of the stability of
compared alternatives ranking
5. Conclusion
This paper presents one approach to developing
the model for optimization of central heating system
selection. It focuses on the analysis and selection of
the specific criteria for designing the basis for ranking of alternatives. Through analysis of factors that
influence the selection of the best alternative, a wide
range of important factors of technical - technological, economic, financial and environmental nature were included. By application of the proposed
multi-criteria approach, more reliable and accurate
ranking of alternatives was achieved, which reduces
the influence of subjective decision-maker.

Tag of alternative

Table 3. Criteria and alternatives

A1
A2
A3
A4
A5
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Criteria
Fuel
prices
Importance of
0,25
criteria
Request for
min
max/min
Natural gas
75.636
LPG
123.875
Solid fuel
37.231
Liquid fuel
166.082
Electricity
97.161

Price of
boiler

Reliability of Reliability of
Technical
Ecological
energy supply
the boiler specifications
criteria

0,10

0,20

0,10

0,10

0,25

min

max

max

max

max

233.550
271.566
468.606
526.636
195.451

4
4
7
4
5

8
7
4
4
6

7
7
2
4
6

(2)
(2)
(5)
(1)
(2)

4
4
7
2
4
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Table 4. Weight-making strategies
Alternative
(Activity)
A
B
C
D
E
1
2
3
4
5

Weight-making strategies (v)
0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0.573 0.515 0.458 0.401 0.344 0.286 0.229 0.172 0.115
0.573 0.540 0.506 0.473 0.440 0.407 0.374 0.341 0.307
1.000 0.913 0.826 0.740 0.653 0.566 0.479 0.392 0.305
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.000 0.012 0.024 0.036 0.047 0.059 0.071 0.083 0.095
Rank of alternatives according to the weight of the criteria strategy (v)
E
E
E
E
E
E
E
E
E
A,B
A
A
A
A
A
A
A
A
C,D
B
B
B
B
B
B
B
C
C
C
C
C
C
C
C
B
D
D
D
D
D
D
D
D

Identification of relevant criteria is the most
important element in the selection of central heating system. Result of the review is a contribution
to the formation of the universal model of decision
making for the considered problem, by which the
decision-maker is supported in this most important step. The considered example deals with gasification problem that most often occurs in practice – the gasification of the residential building.
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Service innovations based
on ICT implementation roles of NSD participants
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Abstract
The increasing innovativeness of the service
sector today, very closely related to information
and communication technologies (ICT) dynamic
changes and development represents the main focus
of this paper. Development of services in the modern economy requires a wide range of technological
expertise that is very often above the expertise level
of service providers. Therefore, the innovation processes in services increasingly imply connections,
linkages and cooperation of several organizations
in different stages of the new service development
(NSD) process. Due to the lack of empirical data and
related studies of cooperative innovation processes
in this region, the research in this paper is based on
real world case study analysis of four original innovation projects in services conducted in Serbia. The
crucial aim was to examine the roles of participating organizations in the process and possible problems that could occur. Based on research findings,
the paper presents a new dimension of the service
innovation model and with new insights provides
original new solutions. The results are presented regarding all innovation process stages, from the first
idea generation stage to commercialization. The
findings of the research presented in this paper are
applicable in practice and can be useful for service
companies that are involved in innovation processes based on ICT implementation.
Key words: Service innovations, innovation
process, cooperation
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Sažetak
Rad ukazuje na sve veću inovativnost u sektoru
usluga danas koja je najčešće rezultat primene savremenih informacionih i komunikacionih tehnologija
(IKT). Razvoj usluga u savremenim uslovima
zahteva široki spektar tehnoloških znanja koja često
ne poseduje organizacija koja uslugu isporučuje.
Zbog toga, inovacioni procesi u uslugama sve češće
podrazumevaju povezivanje nekoliko organizacija
u različitim fazama razvoja nove usluge (NSD).
Usled nedovoljno empirijskih istraživanja kooperativnih inovacionih procesa na ovim prostorima,
u radu su analizirana četiri originalna inovaciona
projekta u uslugama sprovedena u Srbiji, kako bi
se ispitale uloge učesnika i problemi koji se mogu
pojaviti. Na osnovu rezultata istraživanja, rad prikazuje nove dimenzije modela inovacija usluga i sa
novim saznanjima daje originalna rešenja. Rezultati su prikazani kroz sve faze modela inovacionog
procesa, od generisanja ideje do komercijalizacije.
Dobijena rešenja predstavljena u radu su primenljiva u praksi i mogu ih koristiti organizacije koje
su uključene u inovacione procese zasnovane na
primeni IKT.
Ključne reči: Inovacije usluga, inovacioni
proces, kooperacija
1. Introduction
An innovation is the implementation of a new
or significantly improved product (good or service), or process, a new marketing method, or a
new organisational method in business practices,
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workplace organisation or external relations [1]
Development and application of new ideas or
skills in order to commercialize new or improved
products, processes and services is a challenge
that contemporary organizations face in different
industries. Rapid technology development has a
special role in innovation processes. This is particularly due to advancements in ICT that enable
new ways of doing business and new challenges.
In dynamic areas with short life cycles, innovation
is inevitable. In a more turbulent environment innovation as a change generator has become dominant and necessary factor of success. [2]
The ICT business sector consists of companies
that are producing ICT products and provide services based on ICT application. [3] The ICT is the
most dynamic technological field that is of crucial
importance for sustainable development and progress of each society. [4] This sector has become
the driver for development of different areas and
sectors, and contribution is reflected in the fact that
ICT [5]: reduce transaction costs and thereby improve productivity; offer immediate connectivity
(voice, data, visual) improving efficiency, transparency and accuracy; substitute for other, more expensive forms of communicating and transacting;
increase choice in the market and provide access
to otherwise unavailable goods and services; widen geographic scope of potential markets; channel
knowledge and information of all kinds.
The ICT sector has undergone expansion over
the past two decades, with extremely fast growth
rate of technological innovation, and the number
of market participants. The five largest EU economies (DE, UK, FR, IT, and ES) accounted for 2/3
of total employment in both ICT manufacturing
and services in 2005. [6] Based on the research
of German Engineers Association - VDI in 2007
experts expect that 11,2% of all innovations in the
market will be based on progress made in ICT,
which ranks ICT at the third position after nanotechnology and biotechnology.
Today, ICT includes hardware, software, Internet, telephone industry, and various services
provided by market participants. These participants can be multinational companies, as well as
open-source networks, development teams and
individuals. Key business strategy for companies
in the ICT sector is based on cooperation. Some
Volume 6 / Number 2 / 2011

of the largest and most successful companies have
acquired a central position by spreading around
a network in which independent partners, other
companies, and users, provide content, applications and services and thus add value to technology. [5]. Self-organizing ability of ICT sector is
important to gather critical mass for issues concerning. [7] The OECD reports show that there are
many small companies in the ICT sector, as well
as that small and medium enterprises often emerge
as drivers of innovation. [8]. Innovative approach
to business is an advantage of SMEs as due to
their flexibility and capacity-for-risk-taking, they
can easily detect changes made and use them, thus
creating business success.[9]
Various forms of cooperation in development
processes are the way for small businesses to win
and keep a certain part of the market. Linking in
order to shorten the development process is a strategic orientation of small and large companies in ICT
sector. Sometimes the cooperation in development
process are the only way to survive. The business
in ICT sector requires high responsiveness in terms
of an extremely dynamic, often unpredictable and
uncertain business conditions. The growth in the
size of the European ICT services industry has been
driven by innovative micro-sized start-ups, particularly within telecommunications and ICT consultancy, that have exploited new mobile technology
and rapidly diminishing processor costs as well as
increasing internet capacity to offer tailored and
specialized services to a growing market extending
by now to all other sectors of the economy. [10]
2. ICT development in Serbia
Market research of information technologies
in Serbia [11] provides significant data indicating that Serbian IT market is in the infrastructural
stage, and there is much space left for further development. Serbia imports products from ICT sector worth 1296 million dollars per year with exports substantially more than the $ 260 million per
year [12] which represents an important area for
investment and development in the future. Since
the beginning of August 2010, the state exported
software products worth 54 million euros, as confirmed by the Report of the National Bank of Ser439
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bia for 2010. For the first eight months of this year,
it was reported that export of computers and computer services amounted to $ 80 million against
last year’s total exports of $ 66 million. [13]
The value of the IT market in Serbia in July
2008 was $ 500 million, while the number of
employees in the sector was 5.952 registered individuals. The importance of the ICT sector is
confirmed by the Serbia Investment and Export
Promotion Agency (SIEPA), which states that the
Serbia is „one of Europe’s most attractive IT hot
spots with a growth rate of 18.9% in 2008“. This
is confirmed by the fact that 70% of the workforce
in the IT sector have a university degree, there is
more than 2700 innovative ICT companies and the
fourth Microsoft development centre was opened
in Serbia. Today, the Strategy of Scientific and
Technological Development of Serbia in the period from 2010 to 2015 shows that ICT is one of
seven national priorities in the field of science and
technology. [4]
3.  Specific nature of innovations in services
From the aspect of economic development,
services enabled by information technologies represent one of the fastest growing areas of global
import-export economy. [3] Today, the development of services is primarily under the influence
of new technologies, especially modern ICT that
enable more efficient and effective approaches in
providing existing services and also in the emergence of entirely new services. Service innovation
is viewed as a process that begins with the idea to
innovate service by introduction of modern ICT,
and which, through various stages brings a new
service to the end user. As such, this process requires a specific research approach.
After analysis of the research in recent literature, it can be concluded that the majority of case
studies in the field of service innovation based on
ICT application, relates to large companies, which
have a wide range of technology and market
knowledge necessary for development processes.
The reality is that today small software companies are increasingly involved in innovation processes in services. This phenomenon is more pronounced, since large companies often do not have
440

specific competence related to the possibilities of
modern ICT, and they estimate that in terms of
cost, time and resources, it is more acceptable to
use outsourcing, or to hire specialized companies
from environment. Due to the interactive nature
of service innovation, there may be various forms
of connectivity in innovation process. It can be
noticed that there are not enough studies and empirical data on service innovation process in which
the competence and experience of large systems
and small software companies are combined in
the process. A large part of published research on
the development of new services has been made
in terms of market and mainly focused on financial sector [14][15] and on introduction of new
services to market. [16] There are very few papers
that developments of services consider through
the stages of innovation process, identifying specific links, opportunities and constraints that arise
in each stage. Based on the above, we have identified the following research questions:
1. What are the roles of service providers and
firms specialized in ICT development in
different stages of innovation process?
2. Which are the potential problems that
need special attention when managing
cooperative innovation processes?
4. Background of the research
Based on the research questions, we conducted
the four case studies on Serbian market, using a
universal approach to studying the innovation process, but also taking into account specificity of environment and operating in a developing country.
In selecting innovation projects to be subject of
the study we were searching for the cases where
the large firms, as recognized service providers
in the market, were linked with smaller software
companies to develop new services based on
modern ICT. The idea was to research the entire
innovation process, from idea to implementation
while the more detailed study would be referred
to the roles of organizations involved in the process, as well as potential problems in joint development. The case study method was used as it is
recommended as adequate method when there is
little or no available empirical research relating
Volume 6 / Number 2 / 2011
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to a particular topic, i.e. when the survey has exploratory nature [17][18] In defining the stages of
innovation process we relied on an approach developed by Lievens and Van Riel, [18] in which
they observed how the service organization develops and re-define the concept of service, and
not how the process outcome, i.e., new service offer, goes on the market. This approach provides
universality, focusing on the innovation process,
rather than specific market aspects. As a result of
this approach, relying on the developed theoretical
models and knowledge [19] [20] [21] [22] and using an empirically developed innovation process
model in services [23] we observed the roles of
involved organizations and potential problems in
different stages of innovation process .
The units of analysis in this study were individual innovation projects selected on the basis of the research questions, and respecting the following principles: projects were implemented in different areas
of services, each project involved several organizations, development and application of modern ICT
was the base for service innovation, outsourcing
was used for ICT development. The selected projects represented me-too innovations, i.e. services
that were already present in developed countries,
but they were new to the Serbian market. Opensource models and strategies of imitation were used
in development processes as a response to innovations that have already been introduced in the environment. Thanks to the ever increased global nature
of telecommunications, the idea quickly spread on
the market and imitation and adaptation of successful products and services have become universally
recognized innovation strategies. [18] In addition,
the common features for all projects were: the need
for shortening the development time, the need for
using the latest knowledge and technologies, and
the integration of complementary competencies of
involved organizations.
The study was conducted from March to December 2009 and consisted of detailed documentation review for selected projects and structured
interviews with project managers. The projects
selected for study were: Development of teletext;
Development of traffic cadastre; Development of
live betting, Development of mobile marketing
via Bluetooth technology. The basic information
about the projects will be presented as follows.
Volume 6 / Number 2 / 2011

Project 1 - Development of teletext
Few teletext systems that were present in Serbian market in the early 2000-ies were not adequately meeting specific customer requirements,
and had a very high price. In addition, existing
systems required a large number of people in the
maintenance process, which was not feasible at
market conditions in Serbia. Project of teletext
service development began in January 2002, initiated by one of the leading TV stations that wanted
to develop a system which could overcome the
shortcomings of existing ones. Participants in the
project were the TV station and one of the leading bookmakers, as famous and successful service
providers, and two smaller companies that worked
on developing software and hardware required for
new service. After one year of cooperative work
of four organizations, the new solution was obtained and implemented bringing a number of advantages over existing systems. The new system
was based on open source technologies, so that no
additional licensed software was needed, teletext
editor allowed easy creation of teletext pages and
user-friendly interface has reduced the required
technical knowledge to a minimum. Changes, adding and deleting pages was done via the Internet,
which was of special importance for the bookies,
because the system enabled easy adding and editing of dynamic data. Teletext system sold as technology package very fast won the market. Within
just two months, three leading local TV stations
have bought a new solution and implemented it
immediately instead of existing. Later, new purchasers and users of this solution emerged in other
countries in the region. Today the system is present on the leading TV stations in Serbia, Montenegro, Macedonia and Bosnian Federation.
Project 2 - Development of traffic cadastre
Traffic cadastre is a common name for an application that presents a list of the traffic signals.
Traffic cadastre development project was important for transportation in Belgrade as a city with
over two million inhabitants. Shortcomings of the
existing system related to paper form of all maintenance documentation, so it was impossible to ef441
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fectively carry out monitoring and to control costs.
There was an evident need for service innovation
by introducing modern ICT (software and hardware) in the process of recording, monitoring and
maintenance of traffic signals. The participants in
the innovation process were a municipal body in
charge of Belgrade transport, as a service provider, and a smaller software firm which developed
the system for a new service supported by modern ICT. The specificity of the new project was
that it was necessary to develop a system that had
not existed in Serbia before, which was supposed
to enable accurate recording and monitoring of
maintenance, positioning with visual display and
to propose necessary actions. Development of
new system lasted from September 2005 to June
2008. The new solution had accessible and understandable interface that was tailored to the user
needs i.e. for the purpose of effective and timely
maintenance. After application in Belgrade it was
planned to implement a new system in some other
towns in Serbia and in the region.
Project 3 – Development of live betting
After market analysis, experts from the leading
bookmaker company in Serbia noted the existing
need to do some business improvements. They
concluded that there is a need for new system that
determines the attractive odds, which would represent a balance between players demands and bookies costs. In addition, it was important for service
provider that the system could enables real-time
insight into the games that were played in about
200 betting shops in different parts of the world.
This was important in order to see the players’
preferences and to adjust bids accordingly. The
system had to display statistics in real time, as well
as the results and costs of all the games offered.
The participants in the project were bookmaker, as
a famous provider of betting services, and a small
software company. In the new system all payment
centres were associated with the main server and
checking of each ticked was done in real time.
Betting offer was variable and client could make
the offer, or could buy already predefined. Various types of financial statements could be made
at any time. The new system supported standard
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betting, live betting, while Internet betting has still
been under development. At the end of 2009 the
new system was used at 250 sites in 7 different
countries (Serbia, Montenegro, Bosnia, Lithuania,
Romania, Cyprus and Tanzania).
Project 4 - Development of mobile
marketing via Bluetooth technology
Mobile marketing is a new type of advertising,
which complements existing channels and brings
many advantages: speed in response of advertisers, direct access to the user/ purchaser, accurate
statistics on the response to specific actions and
campaigns, reported user response to specific topics and possibility of collecting additional data
about users directly via mobile phone. Benefits for
the user are real-time information, location-specific information (via Bluetooth hot spot), collecting points, discounts on purchase, participation in
games, free multimedia content etc. Experts from
a mobile operator company, following current
trends and retail market development in Serbia
decided to develop a new service to support mobile marketing via Bluetooth technology. Mobile
marketing via Bluetooth technology appeared as
a service innovation, through which other firms,
as operator’s clients can be closer to regular and
potential customers. For those firms this is a marketing innovation. Development of new solution
was done through cooperation of recognized mobile operator and smaller software company. After
development and adoption of new system it was
applied in a shop in central Belgrade, in January
2009 and there it was used for several months. After a period of delay due to some changes related
to human resources, the implementation of new
system was achieved in December 2009 and it was
regarded as a pilot project. The plan was to expand
this service to third parties, to other firms, which,
as users of new services, would represent their
own products and services to owners of mobile
phones through innovative marketing approach.
Four listed projects were the subjects of the
study. After detailed analysis of projects’ documentation, we conducted the interviews with project managers in order to determine the roles of
organizations during the new service development
Volume 6 / Number 2 / 2011
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process - from first idea to commercialization. In
addition, managers were asked to determine potential problems as they arose in different stages
of innovation process and which must be specially
considered when managing service innovation
projects based on application of ICT. The results
are summarized and presented in Table 1.
Results and discussion
Based on findings from the research of four innovation processes, some good practices can be
recognized and defined as recommendations for
management. The results show that initial stages
of innovation process require effective linking of
complementary knowledge and competences of
participating organizations in order to get a visionary approach to service development. In addition to
existing and obvious needs and requirements, it is
of high importance to recognize or predict customer
needs in the future, as this can provide expansion
into new markets. The specific objectives of cooperating organizations can be opposed, and it is necessary to provide accurate written contracts at the beginning of a project. These contracts should define
intellectual property rights, obligations of participants involved and possibilities to further distribute
the new system or its parts and concepts. Generating
and evaluating ideas for new service has to integrate
knowledge and experience of service provider and
expertise of ICT firms. As a good practice from case
studies there is a state “We had parallel activities of
selecting the ideas and selecting the technologies
necessary for their implementation”.
As a part of environmental analysis, management should forecast potential resistance to new
services on the market. Resistance could occur in
service provider as well as the stuff can resist to
new ways of doing their job. Management should
consider the impact of resistance on innovation
overall success and take this into account when
selecting the ideas. In addition to expertise and all
information about the environment, management
should have a certain degree of intuition and vision to support the selection of ideas that have a
greater chance to succeed.
Conducted research has shown that special attention should be paid to two stages: defining user
Volume 6 / Number 2 / 2011

requirements and their translation into project requirements. These two stages affect the project
time, later feedback relations and therefore the costs
and the results. Requirements must be precisely and
correctly defined, which requires adequate knowledge and competence of participants. Misunderstanding between individuals who define requirements and those who implement them, can threaten
the success of the entire innovation process. There
is a need for extensive consultations of experts from
business service providers and ICT experts in order
to ensure understanding of the requirements and
future operations for all participants. The result of
this stage should be a document with specification
requirements to show what the new system should
provide, not how to achieve this.
As demonstrated by the responses and comments of interviewed managers, there must be
at least two iterations to coordinate user requirements and ensure their proper translation to project
requirements, before proceeding to the next stage.
Any work based on assumptions, (that often occurs in practice), require subsequent return to the
previous stages for corrective actions. It is necessary to precisely define all the terms and concepts
in the specifications, especially the closely-expert,
so that development teams perfectly understand
what should be done.
When it comes to the testing stage, standard approaches are difficult and sometimes impossible,
due to the specific nature of services. Anyhow, some
internal testing, simulations and role playing can be
done. Training the employees at service providing
organisation can be very simple task in a form of oral
or written instructions, or one-day training. Sometimes, it can be demanding, when it is necessary to
organise weeks of courses, to provide resources for
training, to organise travelling, visiting trainees etc.
When there is a need to train many people, it is preferable to conduct training in several stages and include employees who have successfully completed
the training into the training process.
Marketing of new services requires specific approach, due to intangible nature of services. It is
important to have adequate internal marketing at
service providing organisation and to ensure the acceptance of new service. When ICT development
for a new service is performed by outside ICT firm,
it is necessary to provide adequate maintenance
443
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Table 1. The roles of participants and potential problems in stages of innovation process
The role of service provider

The role of ICT firm

Possible problems

Identifying
problems or user
requirements

Recognizing the problems and
requirements through daily
Some user
operations and contacts with
Providing consulting
requirements are not
customers and service providers. services on possibilities of
recognized.
Following the development of applying new technologies in Future customers are
new technologies.
services.
not always obvious
Anticipating future needs.
and foreseen
Predicting future users.

Formulating the
objectives and
strategies of new
services

Providing customer satisfaction
Conflicting goals of
through quality service at the
Developing ICT systems
service providers and
right time and with acceptable
for new services Seeking
ICT firms related to
cost.
to strengthen specific
later distribution of
Striving to survive / win in the
competence for service
new system and knowcompetitive struggle.
innovation and for future
how
Combining strategy of cost
development project.
reduction and differentiation Trying to sell the system to
supported by ICT
other service providers.
Seeking to protect the system
from imitation.

Generating
and evaluating
ideas

Pointing to the technological
ICT experts
limitations of proposed
Using competences of
misunderstand service
ideas.
individuals from the organization
providing process.
Proposing new ideas after
who know the system.
Lack of understanding
picking up with existing
Evaluating the ideas that came
the technological
service delivery process.
from ICT experts.
possibilities and
Pointing to necessary
Selecting the ideas considering
limitations by service
elements of future service
system functioning.
providers.
delivery system in terms of
Determining the priority in
Wrong priority in
ICT
implementation of ideas.
implementation of
Proposing the priority in
ideas.
implementation of ideas.

Analysis of the
environment in
Following competition and
relation to selected market possibilities in the field.
ideas

Defining user
requirements

Translating user
requirements into
project
requirements
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Monitoring ICT market.

Relying only on the
current situation and
existing data, without
predicting the future

Misunderstanding
Identifying requirements that In order to understand user
between individuals
new system should meet,
requirements meets up with
who define
usually in terms of functionality, all the details of the existing
requirements and those
performance, ease of use, etc. system and desired solutions.
who implement them.
Determining requirements
Suggesting implementation
Wrong requirements
priority.
requirements priority.
priority

Providing all necessary
information related to user
requirements and existing
system.

Poorly defined
user requirements
Translating user
are difficult to
requirements into project translate into project
requirements and preparing
requirements
for development of new
ICT firm working
system.
with assumptions
where requirements
are not understood
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ICT system
development

Providing all necessary
information related to user
requirements and existing
system.

Testing

Conducting beta testing

Presentation and
adoption of solutions

Providing a presentation to
all stakeholders and decision
makers.

Training of
personnel in service
provider

Providing good quality
training for new system
implementation

Too independent
Developing a new system in work of ICT firm
a way to met requirements and service provider
defined in the previous stage
with insufficient
communication
Testing can show
needs to go back to
Conducting alpha testing
previous sates and
Conducting beta testing
sometimes even
to change users
requirements
Providing coherency of
presentation.

Conducting training for
Resistance to change
new system implementation

Providing consulting
Preparing distinctive marketing
services related to new
Commercialization in order to make service closer
technology in order to help
to existing and new customers.
marketing campaigns
Preparing the relevant
information and training
activities

End-user training

Maintenance

Misapprehension of
the new systems’
benefits.
Resistance to change

Providing consulting
services

Marketing is
hampered by
intangible nature of
services
Insufficient
information for endusers

Continuously maintaining
Monitoring the new service
Unforeseen problems
the system performing
delivery, new requirements and
while providing
corrective actions and
problems
services
improvement of the system
Defining relevant maintenance
New unpredictable
in accordance with new
contract with ICT firm
requirements
requirements.

contracts. These contracts are binding software
engineers to respond to unforeseen situations and
to eliminate problems. Sometimes it is adequate to
have long-term agreements on cooperation in order
to continue the process of developing ICT and to
respond to new needs and requirements.
4. Conclusion
The business environment today is strongly influenced by ICT increasingly penetrating the various activities of the service sector, which requires
continuous monitoring of new technologies and
work on innovative solutions. Connecting major
service providers and companies specialized in ICT
development involves intensive collaboration in all
stages of the innovation process, from initial ideas
to commercialization. Services are increasingly deVolume 6 / Number 2 / 2011

pendent on a wide technological knowledge base,
and service life cycles are getting shorter. Cooperative development processes have become a way
of linking complementary knowledge and skills in
order to ensure quick and high quality response to
existing and anticipated future market needs.
Innovation projects are usually unique business ventures, but some good practices can be
recognized. Based on the analysis of four original projects, this paper presents new dimensions
of the service innovation model, particularly for
cooperative NSD processes where service innovation is the result of ICT implementation. Specific
roles of participants in cooperative development
processes are defined regarding all innovation
process stages. The paper points out the problems
that most often occur during the cooperative NSD
processes and with new insights provides original
new solution to these problems. The findings of
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the research presented in this paper are applicable
in practice and can be useful for service companies that are involved in innovations based on ICT.
In addition, this paper opens the way for further
research on solving problems in individual stages
of innovation process (or in some related stages),
as well as on some specific solutions in different
industries and organizations.
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Development and Analyses
of Dynamical Visualization
Process Tool in Run Time
and its Usability Evaluation
Bekim Fetaji
South East European University CST Faculty, Tetovo, Macedonia

Abstract
The objective of the realised research was to
investigate the possibilities of dynamic visual data
representation created from a database in a run
time. In order to realize this, a case study experiment was realized. Four distinguishing criteria
regarding dynamic visualization tool have been
identified in our research. The dynamic visualisation case study involved investigation into computer visual representation of the Prime BMI (body
mass index) from plain data using visual charts to
visualy compare children measurements of BMI
within the same age group. It has shown very practical and useful in tracking visualy the overweight
of entire groups of children. A contribution of the
research is in calculating dynamically and visually the average value for the Prime BMI of the
investigating target group. It provides information
visualization of the Prime BMI (body mass index)
by converting and calculating the data in run time
into visual representation. The research methodology was based on fundamental research and action research with first exploratory research and
then constructive research to build the solution,
as well as quantitative research to study the relationships. This provides much more insights into
Prime BMI as non-dimensional value and gives
additional insights and opportunities by visually
tracking the data.
Key words. Data visualization, visualization
based tool, usability
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1. Introduction
The research focus was set in the opportunity
of increasing and facilitating information rapid assimilation and understanding by visual representation using visual charts created from a database
in a run time. Data visualization as representation
of visual thinking has an objective to make it easier to understand and view complex information
organized visually in a more understandable and
natural form for human perception.
Human vision contains millions of photoreceptors and is capable of rapid parallel processing
and pattern recognition [7]. More importantly the
benefit here is the human ability to visually reason
about the data and extract higher level knowledge,
or insight, beyond simple data transfer [1]. This
enables users to infer mental models of the real
phenomena represented by the data.
Some of the most important scientific discoveries have been realized as a result of the process
of transforming data into visual pictures. One famous example of such data visualization is the
Mendeleyev periodic table of elements. In 1869
Mendeleyev published in his textbook a grid like
arrangement of elements. He not only created a
beautiful display of known data in a form of a picture but his diagram highlighted gaps in current
knowledge that gave new insights to scientists
where to search for new elements. Humans have
remarkable perceptual abilities to scan, recognize, and recall images rapidly. The human visual
perception system can rapidly and automatically
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detect patterns and changes in size, color, shape,
movement, or texture [1].
With appropriate information visualization
tools, it is possible to gain an overview of different information spaces, to view them from another
perspective and dimension and to call up details
on demand.
Four distinguishing criteria regarding dynamic
visualization tool have been identified in our research:
1. The first method is used to extract the
dynamic information from the software
system. Techniques include instrumentation
of the environment, or running the system
under the control of a debugger or profiler.
2. The second criterion is the methods of
analysis that are applied to the extracted
data to improve its comprehensibility
and usefulness to the analyst. These
include selective instrumentation, pattern
recognition, and abstraction, trace splitting,
and suspension/resumption of tracing.
3. The third criterion is the method by which
the results of the visualization are presented
to the analyst. Diagramming techniques are
typically based on graphs, UML diagrams,
or message sequence charts.
4. The fourth method is usability analyses of
the environment.
Interactive information visualization systems
can exploit this processing to condense large
amounts of information into manageable displays.
Text-based interfaces require cognitive effort to
understand their information content. Information
visualization seeks to present information visually, in essence to offload cognitive work to the
human visual perception system.
2. Dynamic Visualization Tools
Dynamic visualization tools are required to assist the software developer in the collection and
analysis of this dynamic information. As with any
scientific analysis procedure, dynamic analysis of
a software system consists of three phases: collection of dynamic data about the software system;
analysis of the data collected; and presentation of
448

the analysis results. In common with many other
scientific fields [5], visualization has been found
to be a particularly effective method of presentation for the large and complex data sets produced
by dynamic analysis [8]. The application of visualization techniques to the dynamic analysis of
software systems is termed dynamic visualization.
Visualization has evolved as an approach to
make large quantities of complex information intelligible. Information visualization is a visual user interface to information, with the goal providing users
with information insight [10]. The basic method is
to generate interactive visual representations of the
information that exploit the perceptual capabilities
of the human visual system and the interactive capabilities of the cognitive problem solving loop [9].
Visualization can enable a broad range of information insight, and several such insights are listed
below (see also [1], [7], [8], [9],[10],[11]). The first
two are simplistic and can be readily supported
by textual or query-based user interfaces such as
spreadsheets or search forms, because they are precise and have solutions consisting of a single data
entity. However, the later are more complex and
are well supported by visualization. These involve
open-ended questions with complex answers that
require seeing the whole. A strength of visualization
is the capacity for discovery, the recognition of new
insights unexpected by the users and potentially unforeseen by the visualization designers.
Simple insights:
–– Summaries: minimum, maximum, average,
percentages
–– Find: known item search.
Complex insights:
–– Patterns: distributions, trends, frequencies,
structures
–– Outliers: exceptions
–– Relationships: correlations, multi-way
interactions
–– Tradeoffs: balance, combined minimum/
maximum
–– Comparisons: choices (1:1), context (1:M),
sets (M:N)
–– Clusters: groups, similarities
–– Paths: distance, multiple connections,
decompositions
–– Anomalies: data errors.
Volume 6 / Number 2 / 2011
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The two most challenging characteristics of information that make designing effective information visualizations difficult are:
1. complexity: supporting diverse abstract
information that may have multiple
interrelated data types and structures.
2. scalability: supporting very large quantities
of information.
Because of these characteristics, visual representations alone are not sufficient and interactive
techniques must also be designed. While the principles of static graphs and illustrations are fundamental to visualization design [8] [9], new humancomputer interaction issues related to these two
challenging characteristics become forefront in
information visualization design.
The evaluation phase must be continually considered during the design process [10].
A claims analysis identifies the positive and negative impacts of a visualization design’s features on
its insight capability, and seeks to overcome or balance these tradeoffs through iterative design [11]).
Begin with analytic evaluations to determine if designs meet requirements, such as scalability to data
quantity and appropriateness for producing desired
insights. In later iterations, empirical evaluations
involving users should be undertaken, such as the
wizard of oz technique, usability testing, or controlled experiments [9]. Desired insights identified
in requirements analysis should be implemented as
benchmark user tasks in the empirical evaluations.
Alternatively, since benchmark tasks often overly
constrain the testing to simplistic insights that discount the discovery aspect of visualization, the insight-based methodology [9] attempts to measure
the insight generated by visualizations by using an
open-ended experimental protocol without benchmark tasks. The following sections highlight the
major design decisions in the information visualization design process.
Designing methods for the visual representation of very large quantities of information is one
of the fundamental problems in visualization research. As information quantity increases, it becomes more difficult to visually pack all the information on the available screen space. There simply
are not enough pixels. Even if there were enough
pixels, it might appear visually cluttered to include
Volume 6 / Number 2 / 2011

all the details in a single display. In general, a naïve visualization design would be to consume the
entire display with the full detail of only a few of
the data entities, and thereby limit the display to
a relatively small portion of the full dataset. This
is analogous to peering into a vast room through
a tiny keyhole, and is called the keyhole problem.
There are several advantages to providing an
initial visual overview of the information:
–– Supports formation of mental models of the
information space.
–– Reveals what information is present or not
present.
–– Reveals relationships between the parts of
the information, providing broader insights.
–– Enables direct access and navigation to
parts of the information, by simply selecting
it from the overview.
–– Encourages exploration.
Empirical evidence confirms that the use of
visual overviews results in improved user performance in various information seeking tasks (some
studies are listed in [10]). In general, visualization
designers should seek to densely pack as much
information into the overview as cleanly possible. A major design decision is choosing which
information to percolate up to the overview and
which information to bury in the lower detail levels reached only through user interaction. This is
somewhat analogous to choosing which products
to show in the store window. Ideally, an overview
should provide some ‘scent’ of all the detailed information hiding beneath it [11].
To create overviews that attempt to pack a
large dataset onto a relatively small screen, there
are two possible approaches in the visual mapping
process: (1) reducing the quantity of data in the
dataset before the mapping is applied, or (2) reducing the physical size of the visual glyphs created in the mapping.
3. Background Research on Visualization
Content of the Experiment
Today, body overweight has become one of the
biggest health issues of the developed countries.
One of the best ways to address this issue properly
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is to address it very early by tracking a childrens
growth over time and monitor how a child is growing in relation to other children in a school environment in groups of the same age. The measurements
that are used are known as BMI (body mass index)
and its formulas and measurements are described in
detail at [4]. Body mass index (BMI) is a statistical
measure of the weight of a person scaled according
to height. It was invented between 1830 and 1850
by the Belgian polymath Adolphe Quetelet. BMI
Prime, a simple modification of the BMI system,
is the ratio of actual BMI to upper limit BMI. Individuals with BMI Prime < 0.74 are underweight;
those between 0.74 and 0.99 have optimal weight;
and those at 1.00 or greater are overweight. BMI
Prime is useful clinically because individuals can
quantify, at a glance, what percentage they deviate
from their upper weight limits.
However BMI and BMI prime measurements
represented through numerical data’s it self are not
enough descriptive and understandable in comparison with larger group of information. Therefore,
it was neccesary to design a software solution in
order to provide visual overview of the BMI (body
mass index) by converting the data into visual representation. This on the other hand provides much
more insights into BMI and the situation of the
compared children.
Visual representation of the BMI is realized
using visual charts to compare a child’s measurements with those of other children in the same age
group. By doing this, doctors can track a child’s
growth over time and monitor how a child is growing in relation to other children in their group.
Tracking this visually through a software solution
would give much more insights.

average value of Prime BMI according to [4]. BMI
Prime is a pure, dimensionless number, without associated units what makes it more understandable
when represent this information visually.
In the third phase these findings have been integrated to design and develop an aspect-oriented
software solution model that will represent this
information visually. Then based on the designed
model developed the software solution and conducted an experiment to test the hypothesis. The
focus have been set on several testing procedures
in order to investigate the appropriateness of the
developed solution and used different measurements as case studies and as a result developed
guidelines and recommendations for those cases.
The data collection is realized through measurement of high school children class groups of the
same age. The data analyses are realized on run
time using the developed visualization based software tool and followed the guidelines from [5].
5. The Experiment
Improving the data visualization processes and
user satisfaction level by improving its usability
is a major concern. In the development process
guidelines from [6] regarding the software lifecycle process have been closely followed. The
spiral software life-cycle has been chosen as the
software development model of the solution.

4. Research Design and Methodology
The research design consisted of three phases.
The first phase was explorative and consisted of a
literature study of the context of information visualization as well as the types of information visualization. The findings from the literature study
are our response to the first research sub-question.
In the second phase investigated Prime Body
mass index (BMI) and possibilities of representing
this visually especially focusing on calculating the
450
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5
10
15
20
30
40
45
50
55
60
65
70
75
80
85

Requirement analyses
Feasibility Study of PRIME
BMI
Feasibility Study of
Visualization
Design Software Solution
Write Program Specifications
Writing Data entry software
Install Database
Create Data files
BMI Measurement and
entering data
Programming Visual
representation
Implementation
Test System
Evaluate system with users
Write report
Handover

3

Depends
On

Duration

#

Activity

Table 1. Process Activities

2
5

5, 10

5
2
6
8
2

15
20
15
15
45

7

40

6 30, 50, 55
3
65, 55
2
50, 65
1
50
2 60, 70, 75
1
80

Figure 2. Process Activities Network Analyses
From the realised calculations it has been concluded that the Most Likely Time to finish the software solution is MLT=30 day.
There is one Critical Path (CP) that includes the
next critical activities: 10-15-40-55-60-80-85
The time of Delivery for the solution is caclulated Td=(19+48+(4*30))/6=31 day.
The software solution has two options visually
presented at the above screenshot of the interface.
One of the options, given on the right, is offering
visualization of the measured data in the form of
a data chart having the option to zoom and filter.
The second option calculates the linear regresion
and calculates further the Prime BMI (Body mass
index) at the same time offering a vizual view to
Volume 6 / Number 2 / 2011

the calculation that gives additional insight into
the data.

Figure 3. Application interface and data visualisation
The logic of usage is based on retriving data
from a database of high school pupils and visualising this data on run time as well as in the same
time realised a linear regression finding the average values for the entered datas. Also it calculates
the Average Prime BMI (Body Mass Index) for the
entire group and in this way trace the overweight
and obesity situation at early stages for children.
Linear regression is a regression method that
models the relationship between a dependent variable Y, independent variables Xi, i = 1, ..., p, and a
random term ε. We interpret the regression problem as a scattered data approximation problem.
Many processes in science can be expressed by
straight line equations that represent its average
values. Thus we have tried to calculate the linear
regresion of the experimental data points got for
height and weight of male representatives of one
class of school children age of 16. The regression
line from the related parent series data was calculated using the least squares method. If the parent
series has a weight vector assigned, the calculations
will use the statistical weight of each point for the
calculation as it was present «weight times» in the
data set. Howevere did not assigned any weights
and the calculations use no statistical weights.
Used were a selection of components to generate two dimensional cartesian plots with unlimited
number of axis (secondary axis), automatic scaling, automatic zooming, unlimited number of series, manifold line and point styles.
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8. Results
Users were able to employ the ‘Prime BMI’
tool effectively to solve the given tasks. They had
no difficulty in interpreting the visualization, although they were given only a brief description.
The usability testing process was divided into
three phases and we have followed the guidelines
as defined from [3]: planning, acquisition and execution with evaluation. After the usability test
collected were the data from the 10 participants
following guidelines and procedures according to
[5]. Also tabulated are the data for the performance

y

Qualitative

Stages
Type of data

For a quantitative evaluation of the Prime BMI
tool, defined were three tasks which pose questions a developer might want to answer when
working on similar visualization based tool. These
tasks were presented to ten human test persons (10
high school teachers) to be solved following the
guidelines from [5].
Task 1: Change the data for the first five rows
by changing the values for height and weight
Task 2: Type the Calculated Linear Regression
result at the provided Edit Box and click at the
button at the right of it (Calculate BMI) to calculate the Prime BMI.
Task 3: Define the category of Prime BMI now
after the realized change is it still optimal weight,
or is it now underweight or overweight.

Methods

7. Evaluation

Subjective user satisfaction

Measures
Time to learn: Learning
process

The main data for the database were collected
in high school environment and were realized
measuring high school male pupils of the age 16.
BMI (Body Mass Index) depends from the gender.
Therefore, all the data and measurements are realized first for male pupils of the same age and then
female group of the same age, separately. The data
for the software solution evaluation and its usability
testing are collected from 10 users – high school
teachers. Large amount of data and design concepts
were collected, advised and used from the literature
review and inputs from other related projects.

measurements using the next usability attributes:
time to learn, speed of performance, Perceived Visual perception, rate of errors, Subjective satisfaction. Below is given the tabulated data sheet for
the general usability requirements measures.
Table 1. Measurment and Testing Concept

Usability heuristics

6. Data Collection

y

y

y

y
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Usability Attribute

Value to be measured

Current Level average

Worst acceptable

Planned target level

Best possible

Table 2. Results from the Measurements

Time to learn
to use

Time to learn
to use the app
(seconds)

7

20

8

5

Speed of
performance

Time to complete
all tasks
(seconds)

16

30 18 10

Perceived degree
of visual insight
3.59 2 3
and help in
understanding
Rate of errors Number of errors 2.37 4 1
Subjective
Satisfaction
4.12 3 4
satisfaction degree of users
* legend:
very high high average low very low
5
4
3
2
1
Perceived
Visual
perception

5
0
5

9. Conclusion
Information visualization is a relatively young
field (e.g. the IEEE Symposium on Information
Visualization started in 1995). Significant further research is needed on new visual mappings,
overview strategies, interaction and navigation
strategies, evaluation methods, and guidelines. A
few critical areas of need that should be explored
in the foreseeable future include:
Visualization of massive data: Recent developments in intelligence analysis and homeland security require new abilities to analyze terabytes
of textual, voice, and video data in unstructured
collections. Bioinformatics is driving the need for
new methods to visualize mega-dimensional tabular datasets, containing 1000s or 1,000,000s of
data attributes, and huge networks.
Integrating visualization with the analysis context: Visualization is not an independent task, but
must be integrated with data management, information retrieval, statistical analysis, data mining
Volume 6 / Number 2 / 2011

[11], decision support, task management, and content authoring and publishing.
High-resolution visualization: New high-resolution display technologies are becoming more
common [10]. New visualization strategies must
be devised to effectively take advantage of significantly increasing quantity of pixels and large
physical screen sizes, and to explore the limits of
visualization.
The main finding of the research experiment is
that in comparison to the best available other tools
for measuring Prime BMI, this visualization tool
has an advantage of visual representation of its data
and also calculates the average Prime BMI for an
entire larger target group. It has been shown that
this visualization can be effectively used and that it
remedies the problems of other existing tools.
An average user can very fast understand and
calculate the average value for the entire group
and at the same time view this data visually using the tool and gain very fast an insight of the
current situation of the group and in this way to
compare groups and generations of children for
overweight. The experience introduced suggests
the positive evaluation and feedback of using the
‘Prime BMI’ tool. Another contribution of the developed visualization process tool is that enhances
the data visualization with dynamic changes of information in run time what makes it very usable
and according to user evaluation.
Future work is focused in supporting multiple
tables of different groups and at the same time to
calculate for both of the groups at the same visualization graph dynamically on run time and in this
way have additional view of visual comparison
between different groups. This is currently set as
the future development objective for the visualization tool.
According to user evaluations it has been shown
that using this visualization tool can be beneficial
for understanding the effects of aspects in large aspect-oriented programs. It adds additional significant insights and certain time-cuts in analyses and
understanding this data. By following the method
for usability testing, it has been concluded that the
developed visualization based tool is usable and
adds additional significant insight into data understanding by dynamic visual representation of it in
run time.
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Conclusion is that the developed dynamical
visualization tool achieved its main objective and
it’s functioning correctly according to its initial
specifications and is evaluated as very usable and
visually insightful data representation what was
its main objective set initially. The developed and
tested dynamical visualization process tool can be
used efficiently in visually tracking overweight
development at early stages tracking different
children groups.
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Abstract
This paper presents content management
system as a support for Web auctions software.
Paper describes types and elements of web auctions. Business model with use case and activity
diagrams of a web auction is described. Universal model, software architecture and an example
of implemented content management system as
a module of software for web auction software is
presented.
Summary
Internet auctions are very popular means of
business. Auction sites take the central part of
many Internet sites and pages, and are one of the
significant segments in electronic business with
constant increase of sales. Business model of a
web auction includes biddings for a product or a
service via the Internet. Functionality of selling
and buying in auction format is made possible in
form of an auction software for regulating various
processes of an auction. Strategic advantages of a
business model of web auction: there are no time
limits; there are no geographical limits; intensity
of social interaction; large number of bidders;
large number of auctioneers; sellers and buyers
network; value of the system increases with the
increase of the number of users; captures consumers’ surplus. CMS is a software system which
helps users in the process of content management.
Web CMS is content management which makes
publication of web content, i.e. contents of a site
easier. Most systems enable access control to different levels of users, such as administrators, users, content creators. Access is usually made via
web browser programs. CMS of a web site is often
Volume 6 / Number 2 / 2011

located on the site server. Most systems enable access control to different levels of users, such as
administrators, users, content creators. Access is
usually made via web browser programs. Auction
CMS is a software which controls all aspects of
a web auction functionality. Web auction application consists of two parts: front end and back end
for administration. The implemented solution is
based on universal model of web application that
support an auction of any product or service. For
different usage aspects, the model requires minor
changes in the field of payment verification and
receiving goods.
Key words: Content Management System, Internet, Web auction, Software
1. Introduction
Internet auctions are very popular means of
business. Auction sites take the central part of
many Internet sites and pages, and are one of the
significant segments in electronic business with
constant increase of sales. One of the reasons for
its popularity is that it allows customers to compete, and salesmen to achieve maximum price.
Besides, offer of goods is extremely large and
various and at the global market there are always
customers to be found. Other reasons for popularity of Internet auctions are free price setting and
simplicity of work – it is enough to take a photograph of the item and describe it, and it already
exists at the global market, without a single actual
movement. All this has created almost ideal conditions for Internet auctions as one of the best businesses. The term auction originates from Latin
“auctus”, which means “enlargement”. The Latin
origin of the word explains why this method of
trade has gained such popularity. In cases when
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the ratio between supply and demand is such that
there are more goods than customers, or when for
goods there are no customers, the prices decrease.
2. Auction trade
“Auction is a formalised trade procedure in
which trading partners follow specific rules. Auctioneer acts as a middleman in this trade“ [1].
Electronic or Internet auctions are only a special
form of mediation.
There are two modality of selling and buying
at auctions. First is when a seller starts the process
by offering goods and a minimum price, and lets
buyers compete to achieve maximum price for the
goods. During an auction, while selling goods, a
seller offers goods, states the quantity and the minimum price, as well as conditions of trade. Buyers
make bids and the price increases until it reaches
certain limit where the most advantageous bidder
pays the highest price and gets the goods [1].
Second modality of auctions is starting when
buyer states the need for certain goods. Buyer
specifies what he wants to buy and the sellers or
producers give offers for prices. In this case the
price is minimised so that the one who offers the
lowest price gets the bid. This way of trading is
common for supplying process in some big companies. The procedure requires getting minimum
three offers from different producers or suppiers
in order to minimise costs.
Depending on the point of view, auctions can be:
–– Coordinating mechanism - for determining
relation between supply and demand for a
specific product.
–– Social mechanism – for goods or objects
representing status symbols it is difficult to
determine a real price as it is the domain
of irrational and cannot be measured.
Such goods are rarely sold and potential
buyers in such occasions are ready to pay
enormous amounts.
–– Efficient mechanism of allocation – In cases
when services are sold in the last moment
(such as plane tickets before the plane takes
off), or goods nearing expiry date.
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Elements of auction trade are:
–– Auctioneer – who is in charge of providing
institutional frame for undisturbed auction
and should make sure all auction phases
follow defined rules. Phases are: information
exchange, setting prices, actual trade and
payment.
–– Before commencing any auction trade, rules
must be strictly defined and followed to the
detail. Disregard of rules directly influences
the reputation of an auction house, leading
to loss of reputation and trust among clients.
–– Objects of trade – Various objects are
subject to trade in auctions. Depending on
the object of trade, there are differences in
trading conditions.
–– Trading on the Internet requires a high level
of standardisation in describing products.
Bearing in mind that trading objects can
sometimes be very complex, additional
explanations can be needed, whereas
sometimes can require precise expert
explanations.
–– Trading rules – Must be established and
defined in advance. Rules themselves depend
on the type of goods to be manipulated in
trade.
–– Transaction process – Includes shipping
and delivery of goods as well as the process
of payment. Proper treatment of this part
guaranties a proper completion of the whole
procedure.
Types of auctions:
–– English type of auction – Type most
commonly used in English auction houses
Sotheby’s, Phillip’s and Christie’s. An auctioneer starts the sale offering the lowest
acceptable price. Participants make a bid
after bid, each time increasing the price in
comparison with the previous price. The
auction is closed when no participant bids
higher price than the previously set one, or,
in case that the previously set purchasing
price was reached, then the next highest bid
wins. A seller can set a minimal price, and, in
case the minimal price was not reached, the
object is not sold. There are three methods
of increasing price during these auctions:
Volume 6 / Number 2 / 2011
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auctioneer increases the price step by step,
buyers make bids, or the combination of the
two.
–– Dutch type of auction – In traditional Dutch
auctions, auctioneer sets a high price which is
gradually lowered until some of bidders accept
the auction price, or if previously set minimum
price was reached. The winner pays the last
declared price. Dutch auction is used for a
description of on-line auctions, where several
identical objects are sold simultaneously to
equal number of strongest bidders.
–– Silent auctions (first price bidding) – In
this type of auction bidders simultaneously
submit sealed bids, so that other bidders do
not know what price is offered. The highest
bid wins. In this type of auction it is possible
that more bidders offer the same price. This
type of auction consists of two parts, first
when the bidders submit their bids, and the
second when the bids are opened and the
winner is decided. Potential problem in this
type of auction can be the existence of more
items in auction, or the number of winners.
If there are more items in auction, not each
winner will pay the same price, but the first
will pay the highest price, and all the others
– lower prices. That is why this type is a socalled discriminatory. This type of auction
exists in the USA, where the state, in this
way, sells its debts.
–– Vickrey auction type – Named after William
Vickrey, Nobel prize winner in 1996. Auction
is carried out in such way that the bidders
submit their sealed bids, without knowing
what the bids of other bidders are. The
highest offer wins, but the price is determined
on the basis of the first lower bid, which is
in fact paid. If there are same items on sale,
all the rest are sold at this price (“the highest
losing price”). The idea of this method is to
reduce the drawbacks of the previous models
when more items are on sale. In the previous
model the prices move from the highest to
lower. In this model, not the highest price
is paid, but all the rest are equalised, which
leads to general increase of income. Besides,
the bidder suffers no mental strain that he
will pay the highest price which would not be
Volume 6 / Number 2 / 2011

reasonable. It is especially important that the
bids are sealed because otherwise auctions
would be easy to fake. This type of auction is
eBay (www.ebay.com).
–– “Auction cut” is a process of monitoring
an on-line auction with a time limit, i.e. on
eBay or Yahoo!, and putting a winning bid
in the last possible moment, often literally in
the last second of the auction, so that other
bidders cannot surpass the last bid. Some
bidders use software designed specially for
that purpose, such as Auction Sentry and
Ebay Sniper.
3. Web sites for auctions
Systems of work on auction sites partially differ
from one site to another, but the main principle is
much the same. A visitor who wants to take part
in an auction has to register on the site first, and
then gets a username and password. If he only has
the intention to browse the site, the registration is
not necessary. When the seller registers the sale, he
determines the lowest price for his goods. In some
cases there is an option that the starting price is not
set, but then the time limit for the auction process
must be given. Goods are sold at the price reached
during the defined time frame. In some cases the
maximum amount is set within which the price
could be increased. From advertising point of view,
each seller is trying to present his product the best
he can, so that each auction object is accompanied
by product description, its picture or additional explanation. Different options are available for users.
One is that the price increases automatically, as
soon as somebody makes a better offer. Normally,
there is a possibility to limit the offered amount.
On some sites it is possible to attend at all auctions
connected to a certain product. One of very useful
services is communication with other registered site
users, either by e-mail or at forums. As this trade
segment is constantly developing, it is to be expect
that the number of available services for traders and
users will continually grow. [2]
So many sites deal with auctions and auction
sales and they can be considered one of the most
expansive businesses on the Internet. There are
many reasons for that [1]:
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–– Communication infrastructure with millions
of potential buyers and business partners
and possibility of global performance.
–– Standardized hypermedia presentations of
trading objects enable simplified description
of the product.
–– Development and spreading of standard
searching mechanisms are independent
from auction business and do not present
extra problems.
–– Payment systems are mostly developed and
safe enough. If payment is made through a
safe system of credit cards, there are almost
no risks for the user. Besides, it is possible
to make financial transactions on the sites
which guarantee quality and safety, which
increases the level of confidence.
Auction is a process of selling and buying goods
and services presented as an offer for bidding.
Selling is performed to the bidder with the highest
offered price. Auction is a method for establishing
price of goods with uncertain or changeable price.
Auction usually starts with a price for the minimum value of the product, bidding must continue
with a higher price in order to find a buyer for the
product. Auctions which do not have a starting
price guarantee sales and the bidding process sets
the price of the product.
4. Business model of a web auction
Business model of a web auction includes biddings for a product or a service via the Internet.
Functionality of selling and buying in auction format is made possible in form of an auction software
for regulating various processes of an auction. A
typical example of a web auction is eBay, the biggest web auction site on the Internet in the world.
As most of the companies, eBay does not actually
sell goods, it processes information and presents
goods, enables bidding as well as payments. eBay
has a function of a market for private and legal entities, i.e. companies, which use the site to put their
products and services at auction. There are several
types of auctions possible on the Internet, English
type, Dutch type and their variations. Almost all Internet auctions use the English auction type.
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Strategic advantages of a business model of
web auction:
–– There are no time limits – Bidding can be
made at any time of the day, twenty-four
hours a day, seven days a week. Products are
exhibited for several days so that the buyers
can have time for browsing, and to enable
them to form their offers. This advantage
drastically increases the number of biddings.
–– There are no geographical limits – Seller
and buyer might interact regardless of their
location, the only prerequisite being access
to the Internet. This advantage increases
accessibility and lowers the costs of
presence at auctions, which leads to increase
in the number of auctions as well as buyers.
The goods purchased do not need to be
transported to a central location but directly
from the seller to the buyer.
–– Intensity of social interaction – Interaction
of people involved in the auction process is
very similar to gambling. Buyers, i.e. bidders
wait for the decision of the auctioneer to
announce the winner (eBay actually calls
the buyer a “winner”).
–– Large number of bidders – Due to potentially
low price, a large number of products and
services available, easy access and social
gain from the auction process, there is a
large number of bidders.
–– Large number of auctioneers – Due to a
large number of bidders, potentially high
prices, lowering sales costs and easy access,
there is a large number of auctioneers.
–– Sellers and buyers network – Large number
of buyers automatically attracts a large
number of sellers, which forms a virtual
cycle: more buyers means an increase in the
number of sellers, which leads to an increase
in the number of buyers and so on. Value of
the system increases with the increase of the
number of users.
Captures consumers’ surplus – Auctions are a
type of the first level of price discrimination, and
as such have a tendency to transform the saving of
the buyer into the profit of a seller. Web auctions
are an efficient way of discrimination in setting
prices.
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5. Content Management System (CMS)
CMS is a software system which helps users in
the process of content management. Web CMS is
content management which makes publication of
web content, i.e. contents of a site easier. Web CMS
is often used for input, control and publication of
certain documents, such as news, manuals, marketing brochures, product information etc. [3] CMS of
a web site is often located on the site server. Most
systems enable access control to different levels of
users, such as administrators, users, content creators.
Access is usually made via web browser programs.
Content creators load the information into a system
and the system administrator is in charge of all information circulating through the system, he allows
it, censors or rejects it. CMS controls and helps each
step of an operating process, including technical operations of publication of documents to web sites.
The complete content and other information related
to a site are stored in a relational database.
Auction CMS is a software which controls all
aspects of a web auction functionality. This CMS
must follow auction and sales logics by certain
model. ACMS controls the input on new users, i.e.
their information, process of opening and running
an auction, bidding, processing the winner of an
auction chosen by auctioneer, sending data relevant for payment to a third party application for
processing and verifying payment, and after payment verification ACMS approves of, or informs
the auctioneer that the payment has been made.
Web auctions are based on web technologies.
CMS-module is a web site section autonomous
from the rest of the system and it is integrated into
a system, i.e. added to other modules which together form a whole system.
The logic of an Internet auction itself is simple.
CMS on users side must have following basic functions: to frame all the sections which are connected
to direct influence of visitors on the system and its
content, that is: protection from unauthorized access, opening auctions and bidding is allowed only
to registered members of the system, option of auction winner selection, process of acceptance for
purchase by a buyer. CMS by the administrator has
access to information given on a product or service,
registered members, possibilities of contacting each
registered member by e-mail.
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6. Web auction software
Web auction application (Figure 4) consists of
two parts: front end and back end for administration. Front end – For review of site content, photograph search by key words or categories membership is not required, but participation in any of
auction processes is not allowed.
A visitor who wants to take part in an auction
has to register (Figure 2). When the user is loggedon, he can bid at all open auctions, or he can open
an auction by entering data about a photograph, its
starting price and the photograph itself. Following
the upload, it is necessary to open an auction for a
certain photograph by setting the closing date for
the auction. It is possible to close the auction before the closing date, or choose a winner. The winner gets the information by e-mail that his bidding
price has won and is asked if he continues with
payment procedure or quits; in case the buyer decides to buy the photograph, after the payment he
gets access to take the photograph. If he decides
to quit, the auctioneer can choose another winner.
Photographs can be distributed into directories,
which can be created by a user for easier management. During registration, directory “Home” is
automatically created, which cannot be modified
or deleted; in case a directory is deleted, all photographs from that directory are automatically sent
to directory “Home”.
Back end – Administrator logs-on by e-mail
and password. Administrator has options for manipulation, i.e. add, delete, change category list,
country list, choose a global language, as well as
add a file for other languages and delete it. He has
access to all photographs, both those at auction
and those which are not. He can change information about a photograph if it is not at auction. He
can delete an auction, when the system e-mails the
member that the auction is unacceptable. Administrator also has access to all members and their
data and can contact a member by e-mail.
There are three types of users of this application:
1. Visitor, who does not have a registered order
and is therefore limited to basic functions of the
software, with no right to participate at an auction.
2. Member or user who has a complete access to
all auctions and the right to bid.
3. Administrator.
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Figure 2. User registration form
Figure 1. Use case diagram of a web auction by
a registred user.
To take part in an auction, it is necessary to become a member. After the registration, the application sends a message of successful registration
together with application information, i.e. login
to the site – e-mail address and password, by the
given e-mail. When a new member is registered
in a member directory, a directory with his alias is
opened on a server, and within that directory two
more are opened: photos and thumb. Photos will
contain all the uploaded photographs, and thumb
will consist of small copies of the original which
will be shown on the site.
Following a successful registration (Figure 2),
the member, with his e-mail and password, registers for the site and is allowed to participate completely in the process of auction and bidding. He
can put pictures on the server, open auctions, sort
the photographs, have access to all biddings and
auctions.
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To put a picture on a server it is necessary to
fill in the form for upload of photography. It is important to fill in the field representing price, which
is, as in English type of auction, a starting price
for bidding. In the end, it is necessary to provide
the right path to the location of the photograph.
During the upload process, type of photograph is
checked. While uploading the photograph, the application automatically generates a small size picture which appears on the site and can be seen by
all members. This solves the problem of upload of
the original and small size picture, which the user
would have been supposed to make himself and
which could have a negative impact on simplicity of use of the application. After the successful
upload of the photograph on the server, alteration
can be made to the description and starting price.
Photograph can be deleted from the server, or an
auction opened. To open an auction, a closing date
for the auction should be chosen. Once opened,
there is an option to temporary close and reopen
the auction unless the closing date has not expired.
It is possible to delete an auction, but it is previously necessary to close it. When an auction is deVolume 6 / Number 2 / 2011
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leted, another can be opened, data can be changed
or photographs can be deleted from the server.
Bidding (Figure 4) is performed so that the
members compete who will offer a higher price.
Auctioneer does not have to choose the highest price, he chooses by his own criteria and can
choose the highest as well as the lowest offered
price. It is not possible to make bids lower that
the starting price. If the auctioneer has chosen the
winner, the auction is closed and marked as an
auction with a winner. If the auction exceeds the
time limit and the winner of the auction has not
been chosen, information is received that the auction elapsed.

Figure 3. Activity diagram for opening auction
When the auctioneer establishes the winner, he
allows buying and the buyer receives a message
that he won the auction and is asked if he wants to
proceed with process of payment. In case the buyer decides to make a purchase, after the payment
he gets access to take over the photographs. If the
winner of the auctions decides not to buy and the
bidding time has not elapsed, the auction is continued and the bidding which won but quitted is
marked as such. As the auction is continued, auctioneer can chose another winner so that setting
prices and sales are more likely to end in purchase.
This application is session based, i.e. it uses
cookies that are placed on server. For security reasons standard cookies on user’s local are avoided,
Volume 6 / Number 2 / 2011

which means that memorizing login parameters is
not possible. The application uses one-way irretrievable cryptic MD5 and a random key which
can be changed. MD5 Hash function - Hash function includes mathematical functions which, based
on input message generate values of fixed length,
so called hash value, message digest, or message
fingerprint incoming messages. Result of a OneWay-Functions is a digest of 128 or 160 bits. It is
practically impossible to get two identical digests.
This technique of data integrity check is very reliable [4]. Parameters defining a page and its functions are cryptic so that the user on URL path
never sees the exact title of the page. The great
problem of transferring data related to users from
one page to another by sessions is solved using
one-way cryptic solution of user id in database,
password, e-mail, session_id, which form a character line defined as ‘uniqueid’.
Each new log-on generates different ‘uniqueid’
from the previous, so that the user is allocated a
‘uniqueid’ which is valid as long as his session.
Each page checks the authenticity of data from
session against database and allows or restricts
access to protected content accordingly. Photography upload is processed when path to photography
is confirmed. First, the photograph title is checked
against allowed characters and if it is of adequate
type, and the requirements being fulfilled, dimension (height and width) of the photograph are detected and put into user’s directory. If the allocation of the photograph is successful, all the details
about the photograph are entered into a database
and method for generating small size picture to
be seen on the site is used. Dimensions of a small
size picture are defined in config.php file. As the
application itself has to generate a small size picture out of the original, problem of black picture
usually occurs during this procedure. Namely, this
problem appears when temporary data on photograph tmpName is used or if the photograph has
not been allocated to the right address. This problem is solved so that instead of using tmpName as
a temporary allocation on a server, the photograph
is first allocated and then its absolute path is taken.
Application supports only one language option,
being aimed at the global market where English
language is expected and where multilingualism
would lead to multilingualism of auctions, which
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Figure 4. Web page for bidding
would confuse the users. However, at the administrative part there is an option for change of language.
If the application is aimed at a local market, it
is possible to change the language if it is expected
for a user to open auctions and provide descriptions for photographs. That is why the application
has a separate file which contains all the titles and
all the texts and allows the possibility of translating into any other language.
7. Conclusion
The aim of this work is to present theoretical
aspects, models and implemented web application
for auctions software support. Basic elements of
auction process are described. Different aspects,
modalities, types and mechanisms of auctions are
presented. Characteristics of web sites that are
used for auctions are described. Business model of
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web auctions is explained. Examples of existing
web auction sites are presented. An architecture of
web auction software, as well as content management systems as its module is explained.
The implemented solution is based on universal model of web application that support an auction of any product or service. For different usage
aspects, the model requires minor changes in the
field of payment verification and receiving goods.
Most “third party” applications deal with this
problem by using services of www.PayPall.com
which in the payment process keeps the money
paid in “quarantine” until the buyer confirms the
receipt of goods or services.
Future improvement of implemented solution
could include: scoring member services and ranking members by reliability, possibility of making
comments, “feed back” on experiences of doing
business with sellers and buyers, as well as extending auction types.
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Abstract
In the paper has been covered the segment of
teaching work dealing with the evaluation of disciple achievement. We have given a psychologic
– didactic theoretical frame for modern evaluation of the achieved intelectual and motivational
results of the teachning work. We have presented
the methodology of knowledge evaluation through the electronic platform in Moodle system for
distance learning made by the students of the High
Electrotechnical School in Belgrade.
Key words: evaluation, electronic learning
1. Introduction
On evalution we imply a set of activities that, in
principle can permeate all segments of the education system. The more it is complicated and ambitious realizing its functions in relation to society and
individual, the more developed and complex is the
system of the evaluative activities dealing with it.1
Evaluation is the assessment of a value or phenomen on a fixed criterion or standard. It is an assessment of the designed and planmed beforehand
activities of some individuals, groups or institutions and their results. Evaluation is not only the final assesssment of a project or program, but it can
be as well an assessment in all phases of planning
and social activities.2
Testing and upraisal are integral parts of the teaching process. Through verification we want to
1
2

Jung, Psychological types V, Novi Sad, 1977
I. Vidanović, Dictionary of Social Work, Belgrade, 2006
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determine direct result of the teaching work, we
ought to verify what have disciples / students learned, what is their knowledge scope and what habits and skills have they accepted. In addition to,
we tend to find out and check the achieved quality
in the process of teaching work.
2. The evaluation of disciples' achievement
It is necessary to define time for introducing
disciples into teaching work, for dealing with teaching contents, for practising and repeating, but it
is as well necessary to provide time for teacher’s
checking and evaluating of his disciples in the teaching work. Checking has to be wholly done. “It
is necessary to define have disciples adopted facts
and generalizations in envisaged extensiveness,
intensiveness and logical disposal.“3
When we verify knowledge, it is necessary to
estimate: the level of disciples’ knowledge, the
achievement level, as well the level of motivation.
The knowledge level assessment
Knowledge is a system or a logical disposal
of facts and generalizations about objective reality a man has adopted and kept permanently in his
consciousness. Facts are concretions, particulars
respectively, about objective reality that man gets
to know through perceptive way. Besides facts
knowing knowledge implies as well connoisseurship, generalization or abstraction. Those are for
example: notions, rules, principles, methods, laws,
3 Lj. Krneta, M. Potkonjak and N. Potkonjak, Pedagogy, The
Institute for Textbook Publishing, Belgrade, 1965, p. 332
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definitions, conclusions, proofs, categories, axioms,
postulates, derivatives, norms, assumptions, hypotheses, theories, thoughts, ideas, systems, symbols, algorithms, formulae, equations, values, etc.
There are several knowledge levels:
–– Recollection knowledge – disciples on that
knowledge level remember that they have
something learnt, but they know nothing
more about it.
–– Recognition knowledge – disciples can
correctly recognize some contents, they can
identify their adherence, they know what on
those contents refer to, but they are unable
to explain and expound them.
–– Reproduction knowledge – disciples
recognize contents, they can reproduct them,
they are even able to explain them, but they
can not apply those knowledges in daily life.
–– Operational knowledge – teaching contents
has been well mastered by disciples, they
are able to explain and expound it, and they
know how to apply it in daily work at school.
The achievement level assessment
The achievement level can be verified after new
teaching material has been covered, so that teacher
could see how much have disciples memorized in
the end of that lesson. They can reproduct subject
matter reading it from the projection screen, out of
copybook or they can find necessary answer after
asking Internet. The next checking of achievement
level is during practice classes, and the final verification is through knowlege evaluation.
The motivation level assessment
Motive and motivation are the most general
notions relating to the putting in motion organism activity. They are organic and psychological
factors that set in motion or direct human behaviour, both his actions and his observation, learning and opinion. When disciples are observed, it
is important to discover personal disciples’ motives and achievement motives. Personal motives
are the motives that stimulate insistence and value
increasing of one’s own self. In this group are included: self – assertion motive, self – insistence,
affirmation, pursuit of fame, superiority, power,
tendency for personal identily, for personal development. Achievement motive demonstrates itself
Volume 6 / Number 2 / 2011

in tendency to gain (reach) something valuable, an
achievement for an individual to distinguish himself among the others.
3. Appraisal as expressing the measure for
achievement
Appraisal is an integral part of the verification
– evaluation process. Appraisal clearly expresses
the attained result of work in the form of mark. Appraisal has to be objective. During the apprail process teacher must not be biassed due to his prejudices and subjective attitudes and understandings.
We have to meet the established appraisal, criteria.
It must be wholly clean to teacher what he evaluates and by which mark he does it. Evaluation has
to be constant, systematic and regular.
We use for knowledge evaluation two kinds of
marks: numerical and descriptive ones. In primary
and secondary schools evaluation is done by the
numbers from 1 to 5, and at the universities from
5 to 10. The descriptive marks are either explanations or commentaries. The descriptive mark
contains concised teacher’s view, in other words
his opinion about a disciple and the results, he has
achieved.
Evaluation, assessment of pupil’s knowledge
can be correct only if:
–– it is being done continually and systematically,
–– class work is well planned,
–– we apply various teaching methods that
should activate the whole class,
–– we, during evaluation, use as much as
possible objective elements.
4. Tests as measuring instruments
Test is defined as a calibrated measuring instrument with defined characteristics.4
One or many question can be present in a test.
Questions provoke certain reactions among testees, and the effects of reaction are valued in view
of the mutual results of different disciples.
4

V. Sotirovich: Informatics Teaching Methods, Technical
Faculty “Mihajlo Pupin” Zrenjanin, 2000.
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According to the subject of testing, we can divide tests on:
–– knowledge tests
–– capability tests
–– personality tests
Knowledge tests measure knowledge level,
skill or testees’ own habits.
Capability tests include great many tests.
These tests are usually divided on the tests of
general capability and the tests measuring special
capabilities.
Personality tests enable how to uncover and
measure personalities on the whole. Motives, tendencies, wishes, personality emotional chararacteristics and traits.
5. The systems for electronic learning Moodle
The author of Moodle environment is Martin
Dougiamas, Web weaver and lecturer at Curtin
University in Perth, Australia, His doctoral dissertation exerted strong influence on Moodle design
giving pedagogical aspects which many similar
platforms for distance learning missed.
Moodle is the acronym for Modular Object –
Oriented Dynamic Learning Environment). The
working environment of Moodle system was being developed from 1999, and from 2001, with
recognizable architecture. Moodle development
as an open, gratis software is being continued and
it is supported by a team of computer programmer and the international association of users. As a
software of the open code under GNU Public Licence, it is copyrighted, but some additional privileges are allowed as: copying, using and changing
Moodle, provided that the access to the open code
is enabled to the others. It is not allowed to alter
or remove the original licence or the information
regarding copyright.
The important part of Moodle project is moodle. org. that provides the median place for informing, discussions and cooperation among Moodle
users. It includes web masters/ instruction weavers, lecturers, researchers, instruction designers
and of course, computer programmers. This site,
as well Moodle, is in the process of constant de466

velopment in order to satisfy both the necessities
of its association and it is as well free of charge.5
Moodle is platform independent environment
and it can be performed without additional modifications for Unix, Linux, Windows, Mac OS X,
NetWare and in any other system supported by
PHP and database, including also majority of web
host providers. For data storage, Moodle uses the
environments My SQL or Postgre SQL.6
The initial pedagogical philosophy on which is
Moodle established, includes constructivism and
social constructionism. Constructivism is a psychological knowledge theory established on assertion that knowledge can be acquired through experience, while social constructivism emphasizes
that trainees (not only lecturers) can take part in
education experience in many ways. The functions of Moodle environment reflect experience in
a form of various design aspects, so that we can
say that Moodle is enough adaptable for various
teaching forms. For example, Moodle enables
adding the resources that present materials read
by users, but they have no interaction with them
and activities that present the interactive teaching
material. In the extension will be given the disposal for these possibilities, but test as the means
of knowledge evaluation, will be stressed.
6. The tests in Moodle
As it is already mentioned, tests present a good
mode for knowledge verification, and Moodle offers numerous options for creation of on-line tests
that can fast and easy present how high is every
person’s level. The tests module in Moodle is one
of more complex parts of the distance learning
system. Numerous options and tools for tests making, are a flexible tests constructor, so that tests
may be used as:
–– Short test after every task reading – it is
mainly used by instructor, so that he can
check have trainees finished task reading,
–– Practical test – enables a few of attempts
until disciples/students answer correctly,
5 http://docs.moodle.org
6 Jason Cole, Helen Foster: Using Moodle, 2nd edition, O’
Reilly Community Press, 2008.
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–– Questionnaire – is used in order to check
trainee’s own undersatnding of teaching
material, satisfaction with course or
instructor7
The test being made can contain various types
of questions, with random selected questions out
of the questions base. Disciples/students is given
the opportunity to work the same quiz repeatedly.
The received results would be accessible for the
display as well, when later the test will be finished.
Instructors is given the opportunity to see the statistical display of every test, as well to see what
has each single student done, in other words how
has he/she answered each of the placed questions.
7. Test creating
The first step in test making is defining of basic
parameters a test should have. The tests in Moodle
have two basic characteristics: quiz body and category of questions. Quiz body can be watched as a
kind of storehouse that contains questions of various types, separated from the category of questions. The body as well presents test, in the way
trainees see it. In addition, quiz body describes as
well students’ interaction in the quiz frame. The
quest ions in the quiz frame could be of various
types, and they can be chosen by hand, or in view
of random choice. The questions, within a category can be edited in the way that suits to web master
or a person responsible for creating and maintaing
the question base as the tests themselves. Introducing questions, categories can be systematized
according to the chapters of a book or a manual
that follows the teaching material at the distance
education course, according to weeks in semester / term. Categories of questions can be used in
many tests, or export for necessities of some other
courses. The test creating will be done after selecting the option. The test is from the falling menu
Add activity (fig.2). After adding the test as a new
activity, defing of quiz body will be done.

7 dr Dragana Glušac: Electronic Learning, Novi Sad
University,Technical Faculty “Mihajlo Pupin” Zrenjanin,
2008.
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7.1. Creating questions for the test
On creating test questions it is at first necessary to
select category into which we want to put our question, and later we shall select as well the sort of question. The test questions can be created in the frame
of the part reserved for editing the test itself. On the
left side of the page for questions editing in the test,
there is the block presenting the added questions in
the test, question type as well has the question been
selected by hand or by random selection.
On the right side of the same window, there is
the questions disposal in categories, with the display
of the momentary active category just being edited.
Here becomes prominent the advantage of organising questions an categories, because they are useful
for grouping the questions base, as well for questions transferring from one course to the another.
Editing of categories has been activated through
the category link of the same name. By transition
in new window, we can easily perform adding of
a new category, transposition in the display list,
subcategory creating or deleting of the already existing category.
After selecting the category in which we want
to be located questions, we can create a new question, selecting the option. Create a new question,
selection, and then we select a kind, in other words
a type of question. The questions can be: arithmetical, descriptive, essay, the question with answers
pairing, the questions with parenthetic answers,
the question with multifunctional selection, the
question with short answer, numerical question,
random questions with short answers pairing and
the question of the type true / false (fig.1).
7.1.1 Kinds of questions
We have already mentioned kinds of questions that can be selected for one test. When we
place questions in one category, they have not be
of the same type, just opposite, each question can
be different. On creating of the test itself, as well
questions, we must decide in advance what kind
of questions we want. In the question base on the
right side, we can see what type of questions we
have selected, because for every type is a different
mark, and some of them are:
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the mark for the question of multifunctional
selection
the mark for the question of true/false
the mark for the question with short answer
It is important to notice differences among certain kinds of questions therefore we shall see what
each question type is like, and what are its advantages and disadvantages.

searching for whichever answer. It can be used for
writing all over a descriptive text that can be used
with the next groups of questions.
7.1.4. Essay
This kind of questions appears anly after the
version moodle 1.5. Answering the question, that
can include as well the figure, the answerer writes
his / her answer in the form of essay. Three fields
can be edited when the essay question is being
ereated: question tittle, question body, text and answerback message.
For the essay question will not be given the
mark (evaluation, estimate, appraisal, assessment)
before lecturer’s or assistant’s checking. He / she
will estimate by hand. When an evaluator evaluates an essay question by hand, he / she can include a certain commentary as his / her answer on
the sent essay, and he can then give his /her mark
for that essay.

Figure 1. Kinds of questions in the question base
7.1.5. Pairing
7.1.2. Arithmetical question
This kind of questions presents arithmetical formula with the fields for values that will be random
offered in a question when students or disciples actuate (set in motion) test. Arithmetical questions can
use also very complex operators. The complete list
of the supported operators is as follows: abs, acos,
acosh, asin, asinh, atan, atanh, ceil, cos, sosh, deg2rad, exp, expm1, floor, log, log10, log1p, rad2deg, round, sin, sinh, sqrt, tan, tanh, atan2, pow, min,
max, pi. The arithmetical questions can be used also
for something more than ordinary, simple reckoning
where are used simple arithmetical operators. Argument of every function is cited in the frame of parentheses. Example: cos({a}) + sin({b}/2) presents
expression assumption where we search for the addition of the angle cosine a and the angle sine b/2.
7.1.3. Description
This kind of questions is not a question indeed.
Everything it does is writing all over a text without
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The pairing question is a standard question with
two columns that consist notions which need to be
correctly connected. After introduction which is
not compulsory, to examinees are offered several
subquestions and several mixed answers. There
is one correct answer for each question. Examinee has to select an answer for each subquestion.
Each subquestion by equal degree contributes to
the mark for the whole question. The presentation
disposal of the questions with pairing before the
questions are given and after they being given, is
presented in the figure 15.
7.1.6. The inserted answers (closed question)
This, very flexible question type is similar to
the popular format known as well as The Format
of the Closed Question. These questions consist
of texts fragments in Moodle format that has various answers inserted within the very text, including the multifunctional selection, short answers as
well as numerical answers.
Volume 6 / Number 2 / 2011
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Instantly does not exist a graphic interface for
creating such questions – we have to cite question
format using the field for entering text or you enter
questions from the external data library / bank.
7.1.8. The question of multifunctional selection
With the question of multiple choice we have
been offered this option: will the question have single or more true answers. In the frame of this quetion
it is possible to add as well the figure in the frame
of the text field used by HTML editor. We can also
adjust that each correct answer gives determined
percentage of points, in other words, if we have one
correct answer, it will give (bring) 100% points, the
whole point respectively, while with incorect points
again in percentage terms, for example -25%. In the
usual way, when we place questions with multiple
answers it depends also how difficult is the answer
i.e. we must estimate its value.
The advantage of the questions of the multiple
choice is that they can be easily placed and edited,
and they have at the same time the trait that users
can more easily get correct answer. This kind of
questions is the most frequent in test, and these
questions are advantageous, because we may select the option dislocation in questions frame and
so we can prevent disciples/students from learning
by heart the disposal of correct answers, if it is allowed to do the same test many times.
Besides advantages, there are also disadvantages. For example, if there is at stake a question that
has many correct answers, and if all correct answers
are not selected, or if is designated whichever incorrect answer, the answerback message will be, that
incorrect answer was given to the posed question.
7.1.9. The question with short answer
In order to answer this type of questions in whose
frame can be as well presented figure, a student types
a word or a short phrase. There can exist several correct answers, and each of them can be evaluated by
different number of points. If the option ”Taking
care of little and capital letters” is selected, you can
set various points values for, e.g. ”Reč” and ”reč”
(”Word” and ”word”). You can use asterisk (*) as
Volume 6 / Number 2 / 2011

joker sign that will coincide with whichever array of
signs. For example use prim * r, so that you can as
correct solution accept each word or phrase beginning with ”prim” and ends with ”r” (it is useful in
our spoken region for accepting both ekavian and
iekavian solutions as correct ones). If you want that
just the very asterisk would be in correct solution,
cite it with slanting line in front of it: \*
Without joker signs students’ answers are compared with the ones cited as correct letter after
letter, so it is necessary to be very cautious because typographical errors can appear. This type
of questions is appropriate, but just because of the
appearance of mentioned typographical errors,
examiner has to check each answer that contain
a typographical error. It really often happens because students mostly do not type answer and if it
is not otherwise indicated, he has to achnowledge
the answers that contain a type graphical error. It
really often happens because students mostly do
not type answer in the shape in which we want.
To avoid this, we can make questions prototype
and give to students for testing. In this way we
check coincidence of possible answers anticipated
by teacher and the answers given by students.
7.1.10. Numerikal
Numerical question is the question of short
form, and it accepts numerical value instead of
words. In its simplest form it demands only one
answer necessary to be cited. It requires in the easiest form to be cited one answer as correct.
Numerical questions are in their way of evaluation and form, similar to the questions with a short
answer. With these questions, the correct answer
is defined in the frame of a scope of values. For
example, if the answer is 30 with the acceptable
error of 5, then any number between 25 and 35
will be accepted as correct.
Numerical questions may, also have non – numerical answers which are not sensitive to small
and capital letters. This position is always useful
when the answer to the numerical question is something like N/A, +inf, -inf, NaN etc. Moodle contains
several filter texts as Algebra and TeX, that support
work with mathematical formulas. These filters are
activated by Web master (weaver).
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7.1.11. Random questions with pairing short
answers
After the optimal introduction, to user are displayed / presented a few subquestions and a few
mixed answers. For each question is, thus, given
one correct answer. User has to choose / select one
answer for each subquestion. Each subquestion is
equally evaluated and as such one contributes to
the whole mark / grade the question brings.
Questions and answers are random chosen
among the available questions with short answer
in running its category. Each generated test may
contain various questions and answers. You have
to check are there in the category enough unused
questions with short answer, because in adverse
case, to students will be displayed the subtle message about the error. The more number of available
questions, the greater probability that to students
will be displayed a new combination of questions
in each attempt to solve test.
7.1.12. Correct / Incorrect
It is a simple type of question with only two possible choices, answer respectively. Sometimes is,
as well, this kind of questions used when we create
tests, and it is mostly used to check is a certain statement correct or incorrect. With this kind of question
is also possible to adjust will it, for incorrect answers, be obtained negative points, or not.
8. Conclusion
Combining virtual environment and classical
methods, we create flexible, hybrid learning systems that adjust to users’ necessities. Moodle is
one of representatives of such way of education,
and it is a significant factor in now–a–days education. Its successful integration with development
of new technologies and modern communication
has stipulated this system, so that it is now one of
the leading systems of the environment.
The presentation of the test students have really
used and what is noticeable from the result established the opinion that Moodle is a very useful and
simple means both for knowledge evaluation, and
470

for the learning itself. Distance education changes
both teachers’ and students’ habits. Disciples develop persistence and organizational capabilities,
and teachers themselves become more skilful in
use of technology.
Already now are obvious the advantages resulted from using distance learning program.
In addition that very learning can be improved,
through distance learning, this system experiences
and familiarizes students, their families and teachers with the work on Internet during the education
process. Distance education enables students to
gain new skills and qualifications, and to prosper
in new trends. The future will show that this kind
of learning may be better and more interesting
than traditional way of learning.
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Abstract
Implementation of accounting software provides
numerous advantages compared to manual accounting system. It decreases expenses of accounting
transaction processing, reduces error risk, increases
efficiency of report creation etc. One of the main advantages of accounting software is its capability to
generate timely and detail accounting reports as a
support to data decision process. In order to benefit
from accounting software capabilities, it is necessary to implement accounting software adequately.
Key words: accounting software, implementation plan.
Sažetak
Upotreba računovodstvenog softvera obezbeđuje
preduzeću brojne prednosti u odnosu na manuelni proces obrade. Pre svega dolazi do smanjenja
troškova obrade računovodstvenih podataka, smanjuje se mogućnost nastanka grešaka, kreiranje
izveštaja vrši se na efikasniji način i dr. Kao značajna
prednost primene računovodstvenog softvera ističe
se sposobnost računovodstvenog programa da
generiše pravovremene i detaljne izveštaje za potrebe
donošenja poslovnih odluka. U cilju ostvarivanja
navedenih pogodnosti upotrebe računovodstvenog
softvera potrebno je izvršiti adekvatnu implementaciju računovodstvenog softvera.
Ključne reči: računovodstveni softver, plan
implementacije.
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Introduction
Today, it is hard to imagine the processing of
accounting data without use of accounting software. The original role of accounting software
was to increase effectiveness and efficiency of accounting data processing. Application of accounting software provides acceleration of accounting
data input, processing and output, decreases error
risk, simplifies financial statements compilation
etc. In following phases of accounting software
development, there was a significant increase in
its capabilities. Contemporary accounting software is an important information support tool of
company’s management.
In order to benefit from accounting software, it
is not enough to purchase it. Selection of accounting software should be based on strategic plan of
accounting software implementation. If accounting software is introduced without clear and overall plan, there is a high risk of failure of accounting software implementation accompanied by
high expenses.
The objective of this paper is to observe advantages of accounting software in accounting
data processing and company’s management. This
paper states that strategic plan of accounting software implementation based on management needs
is a precondition for efficient and effective use of
accounting software.
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1.  Definition and Characteristics of
Software for Accounting Data Processing
A term “accounting software” refers to program
applications or program packages which deal with
processes within scope of accounting function. Accounting software should provide capabilities for two
independent accounting areas, financial accounting
and management accounting. Also, accounting software should maintain records required by law:
–– Journals,
–– General ledger,
–– Subsidiary ledgers,
–– Inventory (overview of assets, equity and
liabilities)
–– Accounting and financial statements.
(Krsmanovic B., Polic S., 2008, pp. 159)
In today’s worlds, it is hard to imagine that
there is a successful company which has its accounting data processed manually. Use of information technologies in accounting data processing
is no longer option; it is inevitable requirement,
both for accountants and managers. The main
characteristics of accounting data processing by
use of computer information systems are:
1. Consistency of accounting operations,
2. Automated records in several accounts,
3. Detail information,
4. Easy access to data, and
5. Integrated internal control system. (Andric
M., Krsmanovic B., Jaksic D., 2009, pp.
252)
Consistency of accounting operations means
that accounting operations are always carried out in
a same manner. If program instructions are correct,
complied with law and company’s policies, then accounting software will always in a same way, that
is correctly, process accounting data. This prevents
origination of errors which are inherent to manual
accounting system. For example, there is a high risk
that company will make a mistake in a calculation
of depreciation if there is a huge volume of data and
they are processed manually. Depreciation has the
same underlying logic with accounting software,
but if application is correctly programmed, then depreciation will be correctly measured and accounted for, in a timely manner.
472

Automated records in several accounts facilitate and shorten accounting process. When an
entry order is accounted for (for example, sale of
goods), the transaction is automatically recorded
in several accounts in general ledger, in journals
and subsidiary ledgers. This increases productivity, decreases expenses and reduces risk of inconsistency of different accounting records.
Accounting records in accounting information
system can be very detail. This enables users of accounting information to have a thorough insight,
compared to manual system. Besides, accounting
information system provides easy and quick generation of different reports to satisfy need of various users.
Data access in accounting information system
can be fast and easy. All accounting data is recorded in one database and the user can acquire data
by simple query. Time needed for a search of enormous collection of data is significantly decreased
in information system.
Accounting information system has a built-in
internal control system as a set of rules and procedures which prevent errors, both intentional and
unintentional. Company’s management is responsible for development and maintenance of internal
control system.
2. Accounting Software as a Support to
Company’s Management
Accounting information is transformed data
and indicators with content and form which is useful to internal and external users as a support to decision process. Basic presumption of information
generated from accounting information system is
that it possesses qualitative characteristics, such
as relevance, comprehensiveness, reliability and
timeliness. Decision process is complex in nature
and it is carried out through the phases of problem identification, data collection and processing,
analysis of various solutions, conclusion and implementation of the decision. Accounting software
supports all these phases. For example, reports can
help in problem identification, queries enable data
collection, and analytical tools can help in analysis of potential solutions, while as internal controls
can assure implementation of decisions.
Volume 6 / Number 2 / 2011
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Management is based on planning, organization, conduct, resolution and control. Company’s
management can be observed in three levels: strategic or top management, tactical and operational
management. Strategic management is carried out
by CEO and top management. Management at the
strategic level means that decisions refer to longterm goals and company policies. According to
Stevanovic, Malinic and Milicevic (2006, pp. 1415), main characteristics of long-term decisions of
the strategic management are:
–– Transfer of significant funds,
–– Change in production and market capacities
of the company,
–– Change in production and market approach
of the company and
–– Impact on long-term profitability and longterm prospects of the company.
Decisions of strategic management have a direct impact on growth and development of the
company. These decisions refer to significant investments, reconstruction, mergers, closure of operating segments etc.
Tactical management consists of sector directors
and their deputies. Management at tactical level refers to short-term decisions on the best use of available resources in order to fulfill specific objectives.
Examples of these decisions are: pricing, commercial and financial discount, purchase and sales policies etc. (Stevanovic N., Malinic D., Milicevic V.,
2006, pp. 15) Tactical decision must comply with
strategic decision. Operational management, apart
from previous two levels, does not deal with decisions, it rather refers to activities aimed to transform
plans into action, task assignment etc.
Accounting software can provide accounting
information from financial and management accounting which corroborates management process. Financial accounting information is general
in nature and often presented by financial statements, consolidated statements, tax returns and
other special annual reports. Management accounting information is task-oriented and introduced by internal reports, expense reports, reports
on operating segment performances etc.
All accounting reports can have control, dispositive and control-dispositive role (Malinic S.
D., 2009, pp. 49). Accounting reports which conVolume 6 / Number 2 / 2011

tain information based on actual flows of values
in company are control instruments which can
be used in assessment of company’s achievements and plans. Reports which contain projected,
planned flows of the company have role of dispositive instrument in management process. Category
of control-dispositive accounting reports have reports with primary control role which could point
to needed changes in the company.
Strategic management mostly works with accounting reports from management accounting which have control-dispositive character, as
well as with financial statements. Special reports
of strategic management accounting refer to reports on products which earn money or cause
loss, reports on causes of increase in overheads,
reports for alternative decisions, reports on actual
achievements compared to planned values etc. If
problem of operating loss is marked as the most
significant, strategic management has to come up
with solutions through serious decisions of expense cuts, closure of company segments etc. First
step in that process is a collection of information
about company units, i.e. profit or investment segments. Based on analysis of internal income statements and reports of operating segments and their
comparison with planned values, strategic management evaluates contribution of each company’s segment to overall operating result. Strategic
management should also gather information from
external sources about market conditions, characteristics and potentials of each operating segment.
The key determinant of efficient and reliable
decision process at all management levels is the
quality of accounting information. The quality of
accounting information is dependent on the quality of accounting software which underlies the accounting information.
3. Qualitative Requirements of Accounting
Software
In order to be a successful support to company
management, accounting software should have
certain qualitative characteristics. These qualitative requirements of accounting software are:
1. Functionality
2. Reliability
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3.
4.
5.
6.

Usefulness
Efficiency
Maintainability
Transferability (Krsmanovic B., Polic S.,
2008, pp. 151)

Functionality is a capability of accounting
software to assure operability of its functions under all circumstances. Functionality defines what
accounting software should do in order to fulfill
requirements of accounting application users.
Functionality of accounting application could be
considered from the prospective of accuracy and
compatibility. Accounting application should
provide accurate accounting data and it should
be compatible with other software solutions and
application which are integrated into information
system of the company.
Reliability is a characteristic of accounting application to provide consistency of its operations
under different work conditions. If accounting application is reliable and correctly projected and
implemented, risk error will be minimal. Reliability of accounting application also depends on
overload of available memory, other programs
that could corrupt operations of accounting software etc.
Usefulness is a capability of accounting software to be understandable and user-friendly. User
should easily understand functionality of accounting software and learn how to use it. Usefulness
also included the attractiveness of the application,
easy access, user guides, help screens, visibility of
different options etc.
Interface of the accounting software should be
provided on screens. In order to make the application understandable, software should use different colors for different fields, sounds should accompany text massages which alert the user that a
mistake was made, cursor should blink to indicate
next input field etc.
Efficiency refers to a characteristic of accounting software to execute its operations in a costbenefit manner. Direct usefulness of accounting
software arises from the decrease in time needed
for data entry, processing and input. Efficiency
could also be observed as a cost of engagement of
information system resources for the operability
of accounting application.
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Maintainability refers to a possibility to modify accounting software according to the changes
in users’ requests and environment characteristics
(for example, change in legal regulation, accounting standards etc.). Variety of ways in which accounting software could be developed might result in significant differences in resources needed
to make changes in accounting application.
The last characteristic of accounting software
is its capability to operate in different environments. Transferability of software refers to its capability to be functional in different organizations
and on different hardware and software platforms.
Accounting software is rarely developed to suite
need of only one company. They are rather universal and, after certain adjustments, they should
be applicable to different organizations. Hardware
transferability refers to capability of accounting
application to be installed and used with different hardware (mainframe computers, PC, mobile
platforms etc.). Software transferability refers to
compatibility of accounting software with different operating systems (Windows, Linux, Mac OS,
etc.) and other applications.
4. Strategic Plan of Accounting Software
Implementation
Efficient use of accounting software can only
be derived from its adequate implementation. Decision on implementation of accounting software
is brought by management or owners. Implementation of new software is no guarantee that company’s operation will be improved. Development
or purchase of accounting software causes high expenses and error risk, but it has a potential to be the
most important accelerator of company’s business.
A basic requirement for a successful implementation of accounting software is that it must suite
company’s needs. In order to achieve that, companies must develop a strategic plan of implementation of accounting software. Strategic plan for
accounting software implementation is a written
document which states requirements of software,
compliance with strategy and objectives of the
company, as well as implementation risks (Panian
Z., Spremic M., 2007, pp. 29). Companies which
started implementation of accounting software
Volume 6 / Number 2 / 2011
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without strategic plan do not take adequate care on
business processes and their needs. There are situations when a company decides to take the same
accounting software as their business partner, as
best companies in the same field of activities or
newest software versions. In this approach, companies do not recognize their actual needs. Implementation without strategic thinking is viewed as
a „technology servant“ and is not beneficial, since
expenses of development and implementation of
software are higher than its usefulness.
Strategic planning of accounting program refers to establishment of strategy of development
and implementation of application for accounting
data processing. Significance of accounting software could vary, depending on the size of company, its needs or availability of financial sources for
system implementation. Regardless of the type of
software to be implemented, software has to allow
the realization of accounting processes in efficient
manner. Strategic planning of accounting software
implementation has following phases:
1. Planning and incorporation of tasks
2. Interview
3. Identification of critical success factors
4. Analysis and reaching a decision on implementation of the actual accounting software
(Krsmanovic B., Polic S., 2008, pp. 87-88)
Planning and incorporation of tasks includes:
–– Determination of project objectives and
scope of accounting software implementation project (that is, scope of
accounting activities to be included in
accounting software functionality)
–– Acquiring project sponsorship from the
members of the board of directors.
–– Identification of the persons to be
interviewed.
–– Selection of project team which should
include managers, IT experts, accounting
and audit experts etc.
–– Establishment of schedule of appointments
and content of interviews, analysis of
collected information etc. (Krsmanovic B.,
Polic S., 2008, pp. 88)
Members of project team interview future users of accounting programs. Accounting stuff
Volume 6 / Number 2 / 2011

gives information on accounting needs, which
should be refers to as accounting functionalities
of the software. On the other hand, management
gives information to the members of project team
on types of information which should be generated from accounting data. The best way to present collected data is to use information flowchart.
In cooperation with strategic management, a
project team should identify critical success factors, which are crucial conditions which should be
satisfied in order to enable the company to fulfill
its objectives. Strategic managements derive accounting information needs by analysis of critical
success factors. In this way, critical success factors methodology determines accounting requirements, thus keeping the costs of accounting data
collection as low as possible. The following table
shows the process of derivation of accounting information needs from critical success factors:
Table 1. Critical Success Factors and Necessary
Information from Accounting Information System
Critical success
factors
Minimum inventory
expenses
Quotes for product
delivery date
Financial market
stability

Necessary information
- Level of daily, weekly
and monthly consumption
- Planned - expected
production
- Inventory level
- Ratio price/earnings

After recognizing accounting information requirements, company should perform analysis
and make a decision on implementation of accounting software. According to Romney and
Steinbart (2009, pp. 29) selection of appropriate
accounting software should cover three aspects:
–– Fulfillment of users needs within company’s
resource limits,
–– Compatibility of accounting software with
company’s information system, and
–– Compliance of accounting software with
organizational culture.
Company should decide on selection of accounting software according to its needs, but it
should also take in consideration the financial,
human and technical resources of the company.
When two or more different solutions are consid475

technics technologies education management

ered to be satisfying, company should perform a
cost/benefit analysis.
Accounting software is a constituent part of
company’s information system. Reliability of accounting software depends on reliability of the accounting program, but also on the compatibility
of accounting application with other resources of
information system. Compatibility issue is of outmost importance since incompatible application
could have a serious impact on data integrity. On
the other hand, compatibility is not seen as company’s problem when it decides to purchase ERP
system. ERP is an information system which integrates all business areas and processes in a company. ERP is a collection of compatible modules,
such as marketing, human resources, acquisition,
production, sale, financial accounting etc. ERP solution cannot operate without accounting module.
Implementation of accounting software could
change usual accounting procedures and communication channels. Thus, accounting software
could change organizational culture.
When a selection of accounting software is
concerned, one of the first questions which arise
is should a company purchase the software or develop it. Off-the-shelf accounting software, better
known as an accounting package, is a ready-made
solution developed by a specialized software company. Purchased accounting software often offers
standardized accounting functions, which could
be accommodated to the most company’s needs.
Purchase of accounting software is generally a
cheaper solution. Purchased accounting software
is accompanied by software documentation, data
about its functionality, user guides etc. Also, company gets the software support, updates and other
services from the provider.
Apart from obvious advantages, generalized
accounting program are not ideal and they have
some significant shortcomings, such as:

–– Limited number of functions and inability for
the user to individually change functionality
of accounting software.
–– Provider requires additional funding for the
maintenance.
–– Use of different software solutions can
result in loss of reliability and integrity of
information system, since programs of
different providers can be incompatible.
Alternatively, a company could decide to internally develop accounting software. Companies decide to develop software independently if they have
significant specifics in their business which could
not be covered by standardized accounting applications available at the software market. The most important advantage of individual software application
is a possibility to modify it on demand. Moreover,
companies could license developed accounting software and sell it to generate additional revenue.
On the other hand, shortcomings of internally
developed accounting application are:
–– High expenses and engagement of
significant company’s resources.
–– Long period of software development and
testing.
–– Error risk is higher since company might not
have adequate stuff or it is trying to shorten
the development and testing period.
Differences between purchased and internally
developed accounting application are summarized
in following table.
Decision on selection of accounting software
should include information about type of accounting software, expert team for system installation,
time of installation, migration of accounting data,
and time of initial use of accounting application.
Also, it is necessary to make a plan on maintenance of accounting application, stuff training etc.

Table 2. Differences between Purchased and Internally Developed Accounting Software
Criteria
Functions

Purchased accounting software
Internally developed accounting software
Standardized accounting functions Adjusted to the specific company’s requirements
Lower costs to purchase than to
Development expenses
High costs of development and testing
develop internally
Period of implementation
Shorter period
Longer period
Maintenance and modification by
Modification
Company can modify software
the software provider
476
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Unsuccessful implementation of accounting
software occurs from time to time, even if a company had a strategic plan. This results in financial
loss and high operating risk. According to Panian
and Spremic (2007, pp. 33) the most often reasons
for unsuccessful implementation are organizational, not technical one:
–– Insufficient support of management and
insufficient knowledge of information
technologies.
–– Insufficient resources.
–– Exclusion of some relevant users from
project implementation.
–– Resistance to changes which result from
implementation of accounting information
system.
–– Inadequate analysis of operating processes.
–– Unclear segregation of project implementation responsibilities etc.
Conclusion
Adequate implementation of accounting software is a precondition of efficient and effective
use of accounting software. Implementation of accounting software has to be complied with company’s needs and implementation plans. If not,
accounting software would result in increased expenses, and positive effects would be diminished.
Implementation of accounting software which
matches company’s needs enables company to
benefit from its use. Apart from efficient and effective data processing, accounting software is often
observed as a crucial factor for a successful management. Accounting software has a capability to
generate output reports with detail information
which supports management’s decision processes.
Decision process without adequate accounting
software is difficult and immanent in significant
risks. On one hand, introduction of accounting
software results in lower transaction costs, operating risks and time savings, and, on the other
hand, it provides more reliable, timely and detail
accounting information.
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Abstract
This paper gives considerations on possible
surface active matters during the gravity concentration in static conditions. The correction coefficient “k” was determined that can accurately determine minimum grain diameter that can be concentrated in gravity separation. The importance of
coefficient is reflected in the possibility of more
precise calculation of static channel length, used
for separation of mineral resources.
Key words: surface tension, gravity concentration
Sazetak
U radu su data razmatranja o mogućem korišćenju
površinski aktivnih materija pri gravitacijskoj koncentraciji u statičkim uslovima. Određen je korektivni koeficijent »k« kojim je moguće tačnije
odrediti minimalni prečnik zrna koji je moguće
koncentrisati pri gravitacijskoj separaciji. Značaj
samog keficijenta se ogleda u mogućnosti preciznijeg proračuna dužine statičkog korita u kojima se
vrši separacija mineralnih sirovina.
Ključne reči: površinski napon, gravitacijska
koncentracija
Introduction
Static separation of mineral resources requires
a homogenous, stable, non viscous and quiet sus478

pension. By equipment construction for separation that tends to reduce the height between the
zones of floating and sinking fraction, the previous requirements may be reduced.
Increasing demand for separation of small
classes of minerals causes finding of solutions to
reduce the lower limit of grain size that can be
treated by certain devices.
By many years studies on the synclinal separators, it was concluded that the same may be used
for treatment the minerals of significantly smaller
size classes (+0.5 or even +0.2 mm). Studying
the devices with the best characteristics for static
separation in suspensions, it was concluded that
the bed with coil and electromagnetic valve for
drainage the sinking fraction is the best for all
size classes -30 +0.5 mm. By changing the certain properties of working environment, such as
changing the environment resistance by reduction the surface tension, it is possible to reduce the
lower limit grain size that can be treated.
Theoretical considerations
In 1850, Stokes theoretically worked out the
equation for final falling speed of a small spherical
body due to its own weight in a viscous fluid. In
the beginning of fall, attracting of a spherical body
due to gravity is greater than the resistance of fluid
and grains get some acceleration. With increasing
speed, the friction is increased to such an extent that
the frictional force becomes equal to the gravity.
Volume 6 / Number 2 / 2011
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Then the body falls with constant finite speed of
falling. According to Stokes, the resistance to body
movement in a fluid at this moment is equal to
R = 6 ⋅ π ⋅ m ⋅ r ⋅ v ......................... (1)
Where:
m - viscosity of fluid,
r - radius of t spherical rigid body,
v - final speed
Force acting on a body submerged in a liquid is:
4
F = π r 3 ( ρ − ρ 1 ) g .................... (2)
3

Where:
g - acceleration,
r - density of the body,
r1- fluid density

v ⋅t =

2 2 ρ − ρ1
r g
⋅ t .................... (4)
m
9

Where:
v×t - travelled distance from suspension
surface to the bed bottom, i.e.
v×t = s - effective depth of the bed
The time t is the time of grain falling on the bed
bottom and the required time for liquid - suspension travel by the certain speed from entry into the
bed to the exit of the bed. Accordingly, this parameter can be considered as known and the same is
also determined by the constructive characteristics
of device and operating regime.
By entering these parameters into the equation
(4) in the way as it is pointed forward and solving
the same equation by d ,the equation for defining
the critical grain size will be obtained.

Therefore, we have that
4
6 ⋅π ⋅ m ⋅ r ⋅ v = π r 3 ( ρ − ρ 1 ) g
3
where, it is

v=

2 2 ρ − ρ1
. ...................... (3)
r g
m
9

Final speed of body falling, in a case of viscous
fluid of certain surface tension, is dependent on
the square of grain diameter that fall. Analogous
to the previous one, at given speed and falling distance until the grain falls on the bottom of separator, minimum grain diameter can be calculated.
Calculation of critical grain size
Solving the equation (3) by d (d = 2r), an expression for determining minimum grain diameter is obtained that can be concentrated using the
gravity methods of gravity in suspensions. However, direct solving the equations does not give the
other limiting factors that result from constructive
characteristics and operating regime of separation.
For these reasons, in equation (3), it is necessary
to introduce the time factor t, which is required for
sinking grain to fell on the bottom. Thus, multiplying the left and the right equation by the time
parameter t, the following expression is obtained
Volume 6 / Number 2 / 2011

d=

(

s ⋅18 ⋅ m

)

ρ − ρ1 ⋅ g ⋅t

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

Where:
d - minimum grain diameter,
s = v×t - effective bed depth,
m - viscosity of liquid-suspension,
r - suspensoide density,
r1 – water density,
g – gravity acceleration,
t - time that exceeds fluid path equivalent to the
bed length
Equation (5) is real only for gravity separation
of minerals in a fully dispersed system and the
use of industrial water with surface tension 0.072
N/m. The research results on the effects of surface
tension to minimum grain size in magnetic separation can be applied to the conditions of gravity
separation. Therefore, the correction factor can be
also used for gravity separation except that in this
case the hydrodynamic force, expressed by the
Stokes formula, is opposed to the gravity force.
Correction of critical grain size
According to the experimental data, the expression for resistance of grain movement by the Stokes
479
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has to be adjusted depending on surface tension of
aqueous solution of surface active matters.
R ' = 3 ⋅ π ⋅ m ⋅ d ⋅ v ⋅ k ...................... (6)
Coefficient for resistance correction in movement of solid body in the water, or for correction
of equation for calculation the minimum grain diameter, which can be separated by the separators,
consists of two parts:
–– coefficient k1, which takes into account the
effect of surface tension on viscosity. It can
be expressed by the Scisckovski4 equation

γ
k1 =
= ϖ ............................ (7)
γ*

Where:
γ – surface tension
γ* - reduced surface tension
ω – Scisckovski coefficient

–– coefficient k2, which takes into account
an increase of viscosity depending on the
content of colloid micelles.
Since the surface tension of liquid also depends
on the concentration of surface active matters, the
coefficient of k2 can be expressed through the cohesive forces or surface tension. It is common that
the manufacturer gives values for surface tension
and viscosity depending on concentration of active matters for the used reagents in the processes
of concentration the mineral raw materials. Viscosity effect of aqueous solution of reagent, used
in these investigations, can be explained by the
model of layered packing of micelles.
Viscosity increase depends on the required energy for breaking the lateral bonds between the
molecular layers of liquid during its movement. It
can be expressed by equation:
1
W = ∫ ϖ x d x ......................... (8)
2
By integrating of equation (8) and substituting
the corresponding values, it is possible to obtain
the value of k2, as a function of the liquid surface
tension:

k2 =
480

γ  γ *−γ 


γ *  2γ 

2

Sum of the coefficients k1 and k2 gives the final
form based on the results of these investigations
for determining the corrective factor for calculation the minimum diameter of the grains that can
be treated by the physical concentration methods
in the aqueous medium:
2

γ
γ  γ *−γ 
k = k1 + k 2 =
+

 .......... (9)
γ * γ *  2γ 
Table 1. Coefficient k in the function of surface
tension change

γ (N/m)

γ
γ*

 γ *−γ 


 2γ 

0.010
0.020
0.030
0.040
0.050
0.060
0.072

0.14
0.28
0.42
0.56
0.69
0.83
1.00

9.610
1.690
0.490
0.160
0.048
0.010
0.000

2

k2

k

1.345
0.473
0.205
0.090
0.033
0.008
0.000

1.485
0.753
0.625
0.650
0.723
0.838
1.000

Minimum values of the coefficient “k” according to Table 1, are located between the surface tensions of aqueous solution the surface active matters 0.030 and 0.040 N/m.
Sum of the coefficients k1 and k2 gives the “k”
for resistance correlation of grain movement in the
water or for calculation minimum diameter of the
grains which can be separated by the physical concentration methods.
For the minimum grain sizes, it is necessary to
equalize the corrected equation of fluid resistance
to the gravity force.
3⋅π ⋅ m ⋅ d ⋅ v ⋅ k =

π
6

3
d ( ρ − ρ 1 ) g ........ (10)

or
3⋅π ⋅ m ⋅ d ⋅ v ⋅ k ⋅ t =

so it gets that:
d=

=

(

18 ⋅ m ⋅ s ⋅ k

)

ρ − ρ1 ⋅ g ⋅t

π
6

3

d ( ρ − ρ1 ) g ⋅t

=

 γ ' γ '  γ −γ '  2 
⋅
+ 
 
γ  2 γ  
⋅ g ⋅ t  γ

18 ⋅ m ⋅ s

( ρ−ρ )
1
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Based on the previous relationships, minimum
grain diameter could be calculated that could be
concentrated by the gravity separation methods in
organic liquids and suspensions.
d=

18 ⋅ m ⋅ s ⋅ k

( ρ − ρ )⋅ g ⋅t

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

1

Regardless to a fact that the whole analysis
is based on the functional dependence of liquid
viscosity on surface tension, in determining the
coefficient k, the type of reagent and content of
aggregate colloids should be taken into account,
which is particularly manifested in the coefficient
k2 determination.
Tabular view of the calculated values of coefficient k in the function of surface tension change
of water solution is given in Table 1.
The lowest coefficient k according to the shown
diagram is located in the area of liquid surface
tension of liquid between 0.032 - 0.035 N/m. A
partial analysis of these phenomena requires more
extensive investigations. Thus, the given expression for coefficient k can be adopted as the total correction factor and only in determining the
minimum grain sizes that can be separated by the
physical concentration methods.
Coefficient k is determined by equation (7).
However, due to a fact that these are boundary
conditions when the formation of micelles appears
in the aqueous solution of surface active reagent,
it is recommended to use the same reactive in the
surface tension of about 0.04 N/m. If it is used instead of aqueous solution of surface active reagent,
heated water, the stated value of surface tension of
water corresponds to 330 K. It is also the temperature, achieved in the industrial processes during
transformation of MgO to Mg (OH)2, what is of
particular importance for this investigation.
In laboratory analyses Swimming – Sinking in
bromo-phorme and tetra- bromethane, the unit depth
is considerably smaller than the effective depth of
bed in the industrial processes. Therefore the travelled distance s is less. This means that smaller size
classes can be treated in laboratory tests.
In the industrial processes of gravity separation, instead of organic liquids, the suspensions,
formed from the solid phase of high densities and
water5, are used. Previous equations for determinVolume 6 / Number 2 / 2011

ing the minimum grain diameter could be also
used in the industrial mineral separation with suspensions, provided that they have approximately
the same properties in terms of stability as well as
the organic liquids.
Conclusion
Theoretical studies have shown the benefits
which could be gained using the appropriate surface active matters in the processes of physical
methods of concentration the mineral raw materials such as:
–– reduction the lower limit of grain size that
can be treated in the static gravity devices,
–– formation of a dispersed state that will cause
better concentration conditions.
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Abstract
The possession of access control is of prime
importance to secure important, confidential, or
sensitive information and equipment. By designing the security of computer network to allow access only to authorized devices you have the ability to produce an environment that is more stable,
more secure and more efficient.
Along with the rapid growth of Internet, the importance of safe network authentication becomes
more evident than ever before. Increasing number
of users and their demands for resources leads to
a problem of how to control access to a computer
network, especialy in a campus sized network,
where connected computers may expand to a few
different buildings.
The solution we use to authenticate and authorize user access is to apply RADIUS server with
AAA protocol and Windows 2003 server including ActiveDirectory, Certification Authority and
Internet Authentication Service. This paper presents a practical implementation of such solution.
Key words: RADIUS, AAA, 802.1X
Sažetak
Posedovanje kontrole pristupa je od primarnog značaja u obezbeđivanju važnih, poverljivih
i osetljivih informacija i opreme. Projektovanjem bezbednosti računarske mreže da jedino
482

ovlašćenji uređaji i korisnici imaju pristup, stvara
se mogućnost da se proizvede sredina koja je stabilnija, bezbednija i evikasnija.
Zajedno sa brzim razvojem Interneta, značaj
bezbedne mrežne autentifikacije postaje očigledniji
nego ikada ranije. Povećanje broja korisnika i njihovih zahteva za resursima računarske mreže dovodi do problema kako kontrolisati pristup računarskoj
mreži, naročito ako je ona veličine kampusa i
prostire se na nekoliko udaljenih objekata.
Rešenje smo pronašli u autentifikaciji i autorizaciji korisnika korišćenjem RADIUS servera sa
AAA protokolom, Windows Server-om 2003 sa
Active Directory, Certification Authority i Internet
Authentication Service-om. Ovaj rad prikazuje
praktičnu implementaciju ovakvog rešenja.
Ključne reči: RADIUS, AAA, 802.1X
1. Introduction
The area of this research is the implementation
of systems to control access to computer networks
and resources that networks provide.
Modern business of any institution at the present
is largely relying on the great exchange of information. The need for communication and exchange of
information for scientific and research institutions
are even greater. Besides the usual clients, there are
many “temporary” users who are in need of administrative services, and service dedicated to learning and scientific research. Scientific and research
Volume 6 / Number 2 / 2011
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institutions are generally span more than one and
very often are spatially located in several cities in
kilometers distant from one another.
The subject of this paper is to present a strong
access control to improve the safety and security of
computer networks campus, with a RADIUS server.
2. Problem description

Enabling authorized persons to gain access the
network and network resources (e.g. servers, computers, various services), and preventing persons
not authorized to access network traffic. One of
the essential jobs in securing of a computer network is to allow or deny access to basic physical
communications medium [1].
In Ethernet LANs, this has long been accomplished by disabling unused RJ-45 jacks and latching Media Access Control (MAC) addresses to
Ethernet switch ports. Wireless LANs followed suit
by using access control lists (ACLs) to permit associations by known MAC addresses while rejecting
all others. MAC ACLs are quite easy to understand
and configure. However, these lists are hard to manage, especially in large and dynamic networks, and
are easily circumvented by network interface cards
(NICs) with programmable addresses.
MAC address can be faked in the wired and the
wireless networks [2]. In wired networks, an attacker can easily learn a valid MAC address, connect his laptop to the port on which was a computer, and to reconfiguring your network card,
masking as a computer that has network access.
But this is improbable because the attacker must
have a physical access to the facility or to the communication medium. In wireless networks, an attacker, who is a few hundred meters away from
the access point, can use a free program to wiretap
traffic (sniffer), to eavesdrop on and analyze traffic. Even when data is encrypted, a competitor can
record the MAC address from the header frame
package that traffics through the network. Patient
attacker can later reconfigure your network card
masking as a genuine wireless workstation. An
impatient attacker can reconfigure your network
card immediately, and to send requests to eject a
legitimate wireless workstation, and then connect
to the access point. Such attacks do not require
Volume 6 / Number 2 / 2011

that the attacker has access to the building, just to
be in reach to the access point’s cell.
Healthy control approach can satisfy the requirements of both the wired and wireless networks. Many companies control access by using
firewalls or VPNs (Virtual Private Network), by
allowing the passage of packets from known IP
(Internet Protocol) address or by requesting the
user login before you are allowed to pass through
the firewall [2]. Control at higher layers can be
very useful, but they are insufficient when used
alone [1]. For example:
–– If a DHCP (Dynamic Host Configuration
Protocol) hands out IPs to any requesting
station, a WLAN attacker doesn’t need to do
anything extra to pass through an IP-based
firewall filter.
–– If the approach is based on a user name and
password without encryption, an attacker can
listen to traffic and use a variety of tools to
break the code.
–– Attackers can cause damage to the network
without penetrating the firewall/gateway by
launching attacks on access points, switches,
and peer stations, attempting to break into
those systems to steal stored data, or simply
flooding the LAN with bogus traffic.
3. Security requirements

Considering all aspects of LAN security in
campus network, we use widely adopted AAA
protocol which stands for authentication, authorization and accounting, and IEEE 802.1X which
is a widely accepted standard used by network
equipment manufacturers for network access control through switch ports or wireless access points.
The AAA model focuses on the three crucial
aspects of user access control: authentication, authorization, and accounting [3].
Authentication is a process in which user, computer or both prove their identity usually by providing some sort of credentials. Those credentials could
include passwords, tokens, digital certificates etc.
Authorization is a part of AAA protocol which
describes whether a certain type of user or device
has a necessary privilege level to gain access to
the network.
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Accounting refers to the tracking and managing the consumption of network resources by the
end user or service. This information is later usually used for planning, billing etc.
Network device that supports 802.1X can control its ports so that clients are only allowed to
communicate through them if they match certain
criteria of authentication and authorization. IEEE
802.1X authentication process consists of three
components (Figure 1) [4]:
–– Supplicant,
–– Authenticator (NAS),
–– The authentication servers (AS).

Figure 1. Primary components of IEEE 802.1X

a) Supplicant

A supplicant is a client device that needs to be authenticated before being allowed access to the network. Their identity is in question until they can produce valid credentials to the authentication server.
In order to be considered a valid supplicant, a
typical client device, such as a laptop or IP phone,
would need to implement 802.1X and a specific
EAP-Method.
The supplicant communicates with the authentication server using EAP as the transport and a
specific EAP-Method that provides the actual authentication mechanism. The actual communications between the supplicant and the authenticator
is accomplished via EAPOL, which is defined by
802.1X. EAPOL delivers (encapsulates) the EAP
and EAP-Method frames as data. The basic procedure of exchanging messages and information for
all EAP authentication types are the same. Differences may exist in decision of authentication type,
or type of credentials that are forwarded from client to server and vice versa. Better insight into the
specifics of the three types of authentication can
be seen in Table 1.
What makes 802.1X protocol comprehensive
is the large number of authentication methods that
can be used in the EAP. Currently available types of

Table 1. Summary characteristics of EAP authentication
PEAP with
Generic Token
Card (GTC)

PEAP with
Microsoft
Challenge
Authentication
Protocol (MSCHAP) Version 2

EAP-FAST

Cisco
LEAP

EAP-TLS

Requires Server
Certificates

Yes

Yes

No

No

Yes

Requires Client
Certificates

No

No

No

No

Yes

Client: Windows,
Windows password, LDAP
NDS, LDAP
user ID/ password (manual Windows Digital
Credential Used password; OTP Windows password
provisioning required for password certificate
or token Server:
Pac provisioning)
Digital certificate
Password
Expiration and
Change
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No

Yes

Yes

No

-
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EAP authentication of users in fixed LAN networks
include EAP-MD5, EAP with One-Time Password
(EAP-OTP), Generic Token Card (EAP-GTC),
EAP-Transport Layer Security (EAP-TLS), Protected EAP (PEAP), EAP-Tunneled TLS (EAP-TTLS),
EAP-Subscriber Identity Module (EAP-SIM).
It is important to note that the encryption of
authentication process does not also mean encryption of data sent from and to the client after successful authentication. However, together with the
802.1X authentication method, the distribution of
encryption keys that clients can use for their traffic
can be used.
b) Authenticator
An authenticator is a Layer 2 network device,
such as an Ethernet switch or a wireless LAN access
point. In an enterprise network, all switch ports may
implement 802.1X in order to support companywide 802.1X port-based authentication. The authenticator acts as a security gate between the supplicants
and the protected network. The gate (actually, port)
stays closed until the authentication system verifies
the credentials of the supplicant and deems that the
supplicant is authorized to access the protected network. Once the system authenticates the supplicant,
the authenticator will open a port so that the supplicant can access the protected network.
The authenticator is a translator between the
supplicant and the authentication server. As the
supplicant and authentication server converse,
all communications flow through the authenticator. The supplicant will send its credentials to
the authentication server by encapsulating the
credentials (based on the specific EAP-Method)
in an EAP frame, which is all encapsulated in an
EAPOL frame. The EAPOL frame is sent to the
authenticator, which then removes the EAP-Method data from the EAPOL frame. The authenticator
sends the EAP-Method data encapsulated in a RADIUS frame directly to the authentication server.
c) Authentication server
The authenticator and the supplicant have a
conversation regarding the authentication. The auVolume 6 / Number 2 / 2011

thentication server, for instance, will at some point
request the credentials from the supplicant. The
supplicant will then offer the credentials to the authentication server.
4. Introduction to the RADIUS server
RADIUS represents the acronym for Remote
Authentication Dail In User Service and is defined
by IETF RFC 2865 [5], “Remote Authentication
Dial-in User Service (RADIUS),” and RFC 2866
[6], “RADIUS Accounting”. Radius is a network
protocol that provides centralized authentication
and authorization of computers which want to access network resources [7].
It was developed by Livingston Enterprise
Corporation in 1991 as an access server for authentication and accounting protocol [8].
RADIUS is client/server protocol that runs
on the application layer, using UDP protocol.
RAS (Remote Access Server), VPN server (Virtual Private Network), network switches with authentication on ports and NAS (Network Access
Server) represent the gate that controls access to
the network, and they all have the RADIUS client
component that communicates with the RADIUS
server [7].
RADIUS serves three functions:
–– to authenticate users or devices before
granting them access to a network,
–– to authorize those users or devices for
certain network services and
–– to account for usage of those services.
RADIUS server uses the AAA concept to manage network access [7].
RADIUS is protocol between the NAS and the
AS. It is used to carry authentication, authorization, and accounting messages [8].
IEEE 802.1X protocol, which is used, is EAP.
NAS encapsulates EAP content and transmits
EAP messages to RADIUS authentication server.
RADIUS authentication server reads them and either accepts them or rejects them (Figure 2).
NAS, on the basis of instructions received from
the RADIUS server, responds with a rejection or
acceptance to a clients request to access the network.
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Figure 2. RADIUS server
In case of successful authentication, RADIUS
server sends to the NAS configuration options in
order to control on which VLAN (virtual LAN)
the client is assigned to. Different VLAN’s can
have different access rights and can be connected
to different parts of the campus (Figure 3).

Figure 3. The structure of the local network
Reference [5] and [6] define the following
RADIUS message types: Access-Request, Access-Accept, Access-Reject, Access-Challenge,
Accounting-Request, and Accounting- Response.
Figure 4 shows a typical sequence diagram of RADIUS protocol when a user accesses the network
through NAS and disconnects itself.
A RADIUS message consists of a RADIUS
header and RADIUS attributes. Each RADIUS attribute specifies a piece of information about the
connection attempt and is described by variable
length attribute-length-value 3-tuples. RADIUS
attributes are described in RFCs, 2865[5], 2866[6],
2867[9], 2868[10],2869[11], and 3162[12].
To provide security for RADIUS messages,
the RADIUS client and the RADIUS server are
configured with a common shared-secret, which is
never sent over the network.
The RADIUS protocol adopts Authenticator
mechanism. The Authenticator authenticates the reply from the RADIUS server to the NAS and is also
used in encryption of User-Password attribute. Two
different kinds of Authenticator fields are defined.
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Request Authenticator is the name of the Authenticator field in Access-Request type packets. It is
a random number that the NAS generates in order
to be able to authenticate that the reply is intended
exactly for the request that the Request Authenticator was generated for. Therefore it must be unique
and unpredictable. NAS also uses Request Authenticator when encrypting User- Password attribute.
Response Authenticator is the name of the Authenticator field in Access-Accept, Access-Reject and
Access-Challenge type packets. Its value is calculated by the RADIUS server.

Figure 4. Typical RADIUS sequence diagram
5. An example of implementation
At the beginning it is necessary to describe
the basic purpose of a campus computer network
and its characteristics. The work based network is
intended for academic staff in academic institutions, mainly for the use of Internet services and
provision of modern forms of teaching supported
by computer (Figure 5). Therefore, it has different
VLANs whose purpose is to provide additional
protection, which is achieved through adding firewalls and routers. It is also important to consider
the future expansion of network and the introduction of new services.
As an example we will use a medium sized
campus network with access level regulated by
the Layer 2 switches that have outgoing links connected to the Layer 3 distribution switches.
In the realization of this network CISCO twentyfour port switches (WS-2960-24TT-L) were used
for the access level and eight port switches (WS2960G-8TC-L) were used for the distribution level.
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The distribution and access switches support
the IEEE 802.1X standard, which is disabled by
default. To enable authentication, the devices must
be running with an AAA protocol. Implementation
of NAS devices regarding access switches to work
with RADIUS server should be like this [13]:
Switch(config)#aaa new-model
Switch(config)#radius-server host
IP.ADD.RAD.SER key PASSWORD
Switch(config)#aaa authentication
dot1x default group radius local
Switch(config)#dot1x system-authcontrol
Switch(config)#interface fa0/x
Switch(config-if)#switchport mode
access
Switch(config-if)#dot1x port-control force-authorized

As a result, ability to access computer network
resources can be achieved by using Active Directory Group Policy. Here we setup policy rights for
each computer, user or user groups to determine
who is eligible to access appropriate service or application on the network.
When the RADIUS server and NAS are configured we must perform certain steps on supplicant
computer before any process of authorization occurs.
Firstly, we must obtain user and computer certificate from CA in order to perform their authentication. Secondly, we must create that user and
computer in Active Directory, and configure their
policy rights in Group Policy OU.
After that, we set up computer NIC, to use
802.1x protocol, with appropriate method of authorization and authentification (Figure 6).

The Microsoft’s IAS in Windows Server
2003 is used for RADIUS server [14]. A limitation of this solution is the number of NAS’s (just
50) that are provided by Windows server 2003 SE,
but this is quite enough for a medium-sized campus network. Clients must be added on the IAS for
authentication (NAS), and IAS needs to be registered in AD. On the same server the following
services must be started:
–– Active Directory (AD),
–– Internet Authentication Server (IAS),
–– Certificate Authority (CA),
–– Domain Name System (DNS),
–– Dynamic Host Configuration Protocol
(DHCP),
When the client is connected to a switch port,
switch establishes a connection to the IAS server
to authenticate the client and check its credentials
to access the network. In the process of identification the switch acts as a device that checks rights
of access (authenticator, the 802.1X standard) between the client (supplicant) and the IAS server
service (check service). Client and IAS server
communicate via EAP (eg. MD5 or PEAP) protocol. If PEAP protocol is used, the certification
service (CA) must exist.
Volume 6 / Number 2 / 2011

Figure 5. An example of network security nodes
By forcing these set of rules in our campus network we have basically implemented RADIUS
server with AAA protocol, and as additional level
of security we use digital certificates for authenticating both, user and computer.
6. Conclusion
The combination of access control at the physical
level with the controls at the higher layers can minimize types of threats described in section 2 of this
paper. If an attacker can’t send data through a LAN
port, he can’t request an IP address from DHCP or
systematically guess IPs. Therefore, if an attacker
cannot receive data from the port then it is not possible to listen to the traffic or to gather passwords.
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This leaves us opportunity to further develop,
foster, and apply some new ideas as computer networks continue to evolve.
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Figure 6. Set up computer NIC
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Abstract
Environmental education is widely spread
among many European countries, United States,
Canada and Australia. It is very important for the
future management in any field of work, especially
in technical sciences and developing new ecologically desirable technologies. In this paper we have
researched the high school students’ knowledge
about environment and their lifestyle habits. The
questionnaire we had carried out in high schools in
Serbia gave us valuable information about environmental consciousness, life style and habits of high
school students. In the first part of the questionnaire
we tested students’ knowledge about environmental
issues and possibilities for rehabilitation and prevention of degraded areas. The questions about lifestyle habits of pupils, healthy diet, spending time
in nature, saving energy and water supply were in
the second part of the questionnaire. We have tested 1000 students. The results of the questionnaire
show that the students’ knowledge about environmental issues and nature degradation is insufficient.
Lifestyle habits of the students are bad too, they are
used to eating in fast food kiosks, are unaware of
the need to save energy, and prefer playing computer and video games to practicing some sport or
spending time in the nature. To improve students’
knowledge about the environment and for bettering
the life style habits, it is necessary to introduce a
special environmental subject in high schools (and
other schools) in Serbia.
Key words: environment, knowledge, life
style habits, students
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Sažetak
Obrazovanje o okolišu je dosta rasprostranjeno po Evropi, Sjedinjenim Američkim državama, Kanadi, Australiji. Ono je značajno za budući menadžment u bilo kojem polju rada, posebno
u tehničkim naukama i razvoju ekološki poželjnih
tehnologija.U ovom radu istražili smo znanje gimnazijalaca o okolišu i njihove životne navike. Anketa koju smo sproveli u gimnazijama pružila nam
je bitne informacije o svesti o okolišu i životnim
navikama srednjoškolaca u Srbiji. U prvom djelu
ankete testirano je znanje učenika o problemima u
okolišu, mogućnostima sprečavanja dalje degradacije i saniranju postojeće štete. Pitanja o životnom
stilu, načinu ishrane, uštedi energije i vode bila su
u drugom djelu ankete. Anketirali smo 1000 učenika. Dobiveni rezultati ukazuju da je znanje učenika
o degradaciji okoliša nedovoljno. Životne navike
učenika nisu dobre, oni često jedu u fast food kioscima, nemaju svest o tome kako sačuvati električnu
energiju i manje trošiti vodu, više vole igrati video
i kompjuterske igre, nego baviti se sportom ili ići
u prirodu. Da bi se poboljšalo znanje učenika o
okolišu i da bi se popravile njihove životne navike,
neophodno je uvesti poseban predmet o okolišu u
gimnazije i druge škole u Srbiji.
Ključne riječi: okoliš, znanje, životne navike,
učenici
1. Introduction
During the last 40 years, environmental degradation issues became more serious and there had
489

technics technologies education management

been many initiatives for bettering the environmental attitudes and consciousness of the citizens.
Programs concerning environmental education in
schools were widely applied in many countries.
Some international organizations encourage introducing the environmental education and apply it
in their curriculum development initiatives (e.g.
OECD, 1995), and conservation strategies (e.g.
IUCN/UNEP/WWF, 1991) [1]. Ecological consciousness of the citizens is a very important factor
for the environmental improvement and reaching
the sustainability. Increasing an ecological consciousness of the secondary school students could
be the way for more efficient environmental protection and implementation of sustainable development principles today, as well as in the future,
since they are a future workforce. For this reason it
is important for the present students to understand
the environmental problems of their surroundings.
Educational process, with its function of protection and environmental improvement, represents
planning of knowledge development concerning
environmental issues, its characteristics, relations
within it, and connections inside it. Awareness and
knowledge about the environment, its protection
and degradation, is a capacity people develop during their whole life [2]. The increasing threat to
natural resources depletion and ecosystem sustainability on the planet appoint to the need of
environmental education and new approach to
this issue [3]. Environmental education could be
a valuable tool for questioning and reflecting upon
our lifestyle choices, professional activities as
well as social and institutional structures [4].
Researches concerning high school students’
knowledge about ozone layer [5], pollution in the
city [6, 7, 8], landfills and other waste [9], greenhouse effects [10], recycling [11] had been done in
many countries.
The idea for environmental education is present since the First Yugoslavian ecological congress in 1973, when the significant part of the congress conclusions was dedicated to the ecological
education. At the 6th Ministry Conference “Environment for Europe”, held in Belgrade in 2007,
the Minister of Environment and the Minister of
Education signed a declaration about the need for
introducing the ecological education in Serbian
educational system.
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In this paper we have researched the knowledge and lifestyle habits of high school students.
The results of the questionnaire appoint to the
need for introducing the environmental education
in secondary schools in Serbia.
2. Research methods
To test the students’ knowledge about environmental problems, sustainability issues and possibilities to solve them, we made a questionnaire
and tested 1000 high school students in Serbia. The
questionnaire was anonymous and done in high
schools of different orientations (natural sciences,
social sciences and classical). Students of all four
grades participated in the research. The questionnaire has two parts: in the first part students gave
their answers on the 12 questions concerning environmental problems, potentials for their solutions
and prevention from further degradation. This part
is consisted of the questions concerning environmental terms, like: ozone layer, ozone depletion,
landfills, acid rains, global warming, recycling, organic food, renewable and non renewable sources
of energy, dangerous waste, etc. The second part
of the questionnaire is consisted of 16 multiple
choice questions, concerning acting and lifestyle
habits of the students 14 to 18 years old.
Students’ answers from the first part were ranged
in four categories, according to their correctness: 1
- correct answers; 2 – partially correct answers; 3
– answers with some merit and 4 – completely incorrect answers and answers “I DO NOT KNOW”.
The questions were about basic environmental
terms, which each citizen should recognize. In the
second part of the questionnaire, students chose one
of the offered possibilities (multiple choice methods), and their answers were ranged from “a” to
“d”, which appoint to the decreasing in good habits (“a” is the best habit, and “d” is the worst habit
and unhealthy way of life). Those questions were
about the type of food students consume (how often
they eat in fast food kiosks, how much fruits and
vegetables they eat a day, what kind of drinks they
consume), their leisure activities (are they practicing some sport, watching TV, playing computer
and video games,…) and their intentions for saving
(water, electricity, food…).
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3. Results
Analyzing the first part of the questionnaire,
where students’ answers were ranged on the scale
from 1 to 4, we got the following results:
–– Students’ answers mostly belong to the fourth
category: completely incorrect answers or “I DO
NOT KNOW” answers. In total, there were 4627
wrong answers, 1153 correct answers, 2834 partial
correct answers and 1296 recognizing correct term
(with some merit). Percentage looks like this: first
category: 12%; second: 28%; third: 13% and fourth:
47% (figure 1).
–– Analyzing the correctness of the answers according
to the grades (from first grade (freshmen) to final
grade-graduate), we got the following results:
correct answers on the posed questions gave only
11 % of the first grade students (figure 2); 8 % of
the second grade students (figure 2); 15 % of the
third grade students (figure 2) and 9% of the fourth
grade students (figure 2). Completely incorrect
answers or “I DO NOT KNOW” answers gave 51
% of the first grade students; 50 % of the second
grade students; 41 % of the third grade students
and 43 % of the fourth grade students.

Figure 2. Environmental knowledge of the first,
second, third and fourth grade high school students
Figure 1. Environmental knowledge of the high
school students
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Analyzing the second part of the questionnaire, where students had to choose an answer
the most alike to their life habits, we got the following results:
–– 26 % have excellent life habits; 30 % good life
habits; 29 % bad life habits and 15 % very bad
life habits (figure 3).
–– First grade students: 30 % excellent habits, 30
% good habits, 27 % bad habits and 13 % very
bad habits (figure 3).
–– Second grade students: 25 % excellent habits,
30 % good habits, 29 % bad habits and 16 %
very bad habits (figure 3).
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–– Third grade students: 25 % excellent habits, 30
% good habits, 30 % bad habits and 15 % very
bad habits (figure 3).
–– Fourth grade students: 22 % excellent habits,
30 % good habits, 33 % bad habits and 15 %
very bad habits (figure 3).

Figure 3. Life style habits of the high school students
4. Discussion
According to the questionnaire results, it is obvious that the high school students’ knowledge about
the environment, environmental problems, solutions and possibilities for improving the environment and prevention from further degradation is insufficient and poor. Only 12 % of the answers (to all
12 questions from the first part of the questionnaire)
from 1000 students were correct, and 47 % of the
answers were completely incorrect (figure 1). The
highest number of the completely incorrect answers
students gave to the question “What is the sustainable development?” (95%); and after that: “What is
the tree dieback and how does it appear?” (78%),
“What is the organically produced food?” (78%),
“What is the global warming?” (60%), “What are
the renewable sources of energy?” (39%) etc. The
fact that the students’ knowledge concerning the
environmental issues did not grow from the first
grade (freshmen), untill the fourth grade, appoint
to the fact that the students did not get enough
knowledge about the environment during their high
school education. In the first grade there were 51
% of the completely incorrect answers, in the second grade 50 %, in the third grade 41 % and in the
fourth grade (graduate) 43 %. Since the percentage
of the completely incorrect answers is high in all
four grades, it is necessary to introduce the new
subject concerning the environmental education in
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the high and secondary schools in Serbia. The existing plans and programs of other subjects do not
deal with the environmental issues enough: though
there are some lessons in the science subjects (biology, chemistry, geography, etc) which comprise the
environmental issues, it is clearly insufficient, since
the importance of this problem demands a separate
subject with the environment and sustainable development issues. The situation is obviously not
bright in the Serbian education system, since the
39 % of high school students do not know what
the global warming is (figure 4).
Lifestyle habits of the students and their attitudes
to the environment and natural resources are different. More than a half of examinees have excellent habits (56 %), but the rest of them, 44 %, have
bad habits. Lifestyle habits could be considered a
heritage from family and home, but schools are the
educational institutions that should correct and educate young people to change their bad habits and
accept sustainable way of life, good habits concerning healthy life and environmental preservation and
protection. Since the students spend much of their
time in school, they should have a chance and opportunities to practice eco-friendly habits there.
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Figure 4. Correctness of the answers (part I)
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present-day actions. As future scientists, policymakers, consumers, and voters, today’s youth will
be responsible for ‘fixing’ the environment, and they
will be the ones who must be persuaded to adopt
and pay the costs of future environmental policies.
Therefore, it appears that effective environmental
education for school- age students is crucial” [15].
In the United States, 61 % of the 10th grade students (which match our first grade of high school)
were aware than the burning of fossil fuels is the
primary source of energy in the United States today [16]. Only 22 % of Serbian 10th grade students
knew what the fossil fuels are (figure 5).

Figure 4. Correctness of the answers (part II)
5. Conclusion
The results of the questionnaire show that it is
necessary to introduce a new subject concerning the
environmental education in high schools in Serbia.
The questions about the environment and sustainable development are only a small part of the curriculum of the subjects such as biology, chemistry,
physics, and geography. Sometimes they are mentioned in the other units as a supplement issue, but
neither of the existing subjects studies it in detail and
sufficiently. Since environmental and sustainable
development issues belong to the interdisciplinary
field of science [12, 13], they could not be studied
in detail in some of the existing school subjects, thus
a need to form and introduce a new subject which
would synthesize the knowledge of different subjects [14] and adapt it to the students of different age.
“Young people’s environmental attitudes are
particularly important because young people ultimately will be affected by and will need to provide
solutions to environmental problems arising from
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Figure 5. First grade students’ answer to the
question „What are the fossil fuels and what are
the renewable source of energy?“
Many studies were done on the subject of intergenerational influence, which is a complex process, and sometimes students can influence the
environmental attitudes and/or behaviours of their
parents. Environmental education programmes
can have an impact not only on students, but also
indirectly on parents [1].
The environmental and sustainable development issues include knowledge integration from
natural sciences (chemistry, physics, biology…),
as well as social and economic sciences (history,
political and social geography, sociology…). Introducing environmental education as a separate
subject will also require introducing new teaching
methods, which would have to be interdisciplinary, pragmatic and systematic. Environmental education will bring improvement in lifestyle habits
of the students, developing ecological consciousness and responsibility to nature [17]. It is very
important for the students’ health and future life
to have a good, healthy, lifestyle habits, especially
Volume 6 / Number 2 / 2011
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concerning healthy food, spending time in nature,
recycling, etc. As a previous researches showed,
students will learn something from their practice
[18], so with the environmental education theory
and practice, students’ environmental knowledge
would rise, which would be significant for the future in a sense of building a better life, diminishing nature degradation and pollution. If we want
to build a better future, stop further environmental
degradation and find new techniques and technologies to produce environmentally friendly products, young people should be educated about all
these problems and be inspired to develop new
ways of sustainable production and management.
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Abstract
The object of this paper’s research is a role
of marketing consulting in development of agrocomplex enterprises in Serbia. Demand for marketing consulting represents a need for professional assistance in identification, diagnosis and
solving the problems concerning various fields
and aspects of managing the enterprise’s marketing. Accordingly, the goal of the research is determination of role and place of marketing consulting in business of enterprises in agro-complex
of Serbia. In realization of the research goal was
used “desk” research of marketing consulting supply in Serbia, as well as the empirical research of
demand for marketing consulting in enterprises in
Serbian agro-complex. The research has showed
that the most benefits from marketing consulting
reflected in learning through consulting process
and alleviated process of changes, i.e. adjustment
of enterprises’ business with market trends.
Key words: marketing consulting, agro-complex, demand, competitiveness.
1. Introduction
Marketing is a discipline which deals with market issues, market needs and methods for satisfying
those needs. The marketing, as business philosophy
of intensive production, puts, in a centre of its interest, an analysis and overview of all the problems
concerning turnover and sale on the way from producer to consumer [1]. This field constantly develops and widens together with market development
and has for its goal to set a theoretical base for busi496

ness strategies on the market. In marketing theory,
a success on the market is, the most often, linked
to understanding and satisfying the market needs
(consumers needs), but even more appear new, advanced concepts [2]. In numerous cases, the market research will be entrusted to those consultants
who are completely specialized for that field. In this
field exists wide circle of experts, starting from big
companies, which provide the clients data on their
market participations based on subscription, all to
individuals, often but not always university professors, who are engaged aiming to explore possible
public reactions on change of package design or in
order to create feasibility study of new product.
The consultant who works on the client’s market activities, except if he does not belong to sufficiently big organization, which has its own department for market research (which is rarely), often
has to engage other organizations which deal with
market research [3]. It will often be cheaper to hire
this kind of service than to make research from
the beginning. In such conditions, the consultants
have to know which firms offer these services and
what they can do. High-quality market research is
often very easy to hire, even in developing countries (some of advertising agencies offer such services). The firms for market research are not competitive to the consultants, but they are professionals who can supplement in their work.
2. The paper’s goal
The goal of the research is determination of the
role and place of marketing consulting in enterprises’ business in agro-complex of Serbia.
Volume 6 / Number 2 / 2011
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3. Methods of work
In realization of the research goal was used
“DESK” research of marketing consulting supply in Serbia, as well as empirical research of demand for marketing consulting in enterprises in
agro-complex of Serbia. The check was done by
procedure, by which achieve relevant conclusions
for science – by research of data in the field, more
concrete, by selecting appropriate data on a sample of 100 enterprises in Serbia, where the structure of explored sample aimed toward the structure of total agro-complex in Serbia. The survey of
the market was done by three techniques: 1) phone
survey, 2) direct interview and 3) electronically.

4. Results
4.1. The results of DESK research
The consulting services in the field of industrial marketing and development were represented
in 43 consulting organizations in Serbia, out of
which even 42 were the companies specialized for
support in organization of companies’ purchase
(table 1). Thereby, only one consulting organization is specialized for industrial marketing and development.
Table 2 shows that the highest participation have
consulting services of market research (47,01%),
then the services of market research by surveying
the consumers (47,01%), the services of capital assets’ market research (10,45%). At the same time,
significant participation have services of motiva-

Table 1. Consulting services in the field of industrial marketing and development [4]
Ord. number
1.
2.

The field of consulting
Information centers, industrial marketing and development
Consultants for organization of purchase
Totally

Number of firms
1
42
43

%
2,33
97,67
100,00

Table 2. Market research [4]
O.N.
1.
2.
3.
4.
5.
6.
7.

The field of consulting
Services in market research
Services of capital goods’ market research
Services of motivational research and testing the public opinion
Services of market research by surveying the consumers
Marketing studies, products’ market research
Market research, effectiveness of advertising
Market research, food industry
Totally

Number of firms
63
14
10
15
12
14
6
134

%
47,01
10,45
7,46
11,19
8,96
10,45
4,48
100,00

Number of firms
1
35
13
3
11
7
2
66
1
139

%
0,72
25,18
9,35
2,16
7,91
5,04
1,44
47,48
0,72
100,00

Table 3. Marketing services [4]
O.N.
1.
2.
3.
4.
5.
6.
7.
8.
9.

The field of consulting
Consultants for marketing strategy
Consultants for sale improvement
Consultants for launching products
Marketing services for tobacco industry
Marketing services for food industry
Marketing services for fashion industry
Marketing database services
Consultants for marketing and sale
Marketing services for rubber industry
Totally
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tional research and public opinion analysis, marketing studies and research of products’ market.
The consulting services of marketing are registered in 139 consulting organizations (participation of 15,12%). The most important service
lines of consulting in this market segment are:
marketing and sale (47,48%); sale improvement
(25,18%); launching the products (9,35%). There
is negligible the participation of consultants for
marketing strategy (0,72%), despite of its important influence on the enterprise performances.
In the field of direct marketing stand out distribution services of circular saws and samples, the
services of sale improvement, the services of addressing and computer processing of addresses for
direct marketing (table 4).
4.2. The results of empirical research
In agro-complex of Serbia, 52,63% of enterprises have used some kind of consulting services.
Thereby, 19,30% evaluate that, in the near future,
will engage the consultants, while the rest 28,07%
of enterprises do not use the consulting services
and do not plan to use them in future period (table
5). Taking into consideration that more than half of
surveyed enterprises have used the consulting services, these business expectations should contribute
to development of the consulting sector in Serbia.

The structure of used consulting services represents wide fan of consulting projects, so it is often
hard to make clear difference between some consulting services [5]. In order to analyze and compare with developed market economies, used consulting services were grouped in special categories
according to FEACO classification. Accordingly,
there can be done a differentiation on the following service lines [6]: corporation strategy (CS),
operating management (ОМ), information technology (IТ), human resources (HR), management and
outsourcing services (ОS). The results of empirical
research point out to the following structure of consulting services use in agro-complex of Serbia:
–– Corporation strategy (Marketing research
- 9,09%; Strategic planning - 9,09%;
Evaluation of enterprises’ value - 2,27%;
Consulting on the firm sale issue - 2,27%;
Financial consulting - 4,55%);
–– Operating
management
(Standards
HACCP, ISO, QMS -38,63%; Investment
programs and studies - 2,27%; Production
consulting - 6,82%; Business plans - 6,82%;
–– Information technology (Support in using
information resources – 4,55%);
–– Human resources (Development of human
resources 4,55%; Staff education – 4,55%);
–– Outsourcing services (Web designing and
internet marketing – 4,54%).

Table 4. Services of direct marketing [4]
O.N.
1.
2.
3.
4.
5.
6.
7.
8

The field of consulting
Consultants of direct marketing
Services of sale by phone
Distribution services of circular saw and samples
Sale improvement services
Direct mail organisations
Services of computer processing of addresses for direct marketing
Addressing services
List builders
Totally

Number of firms
2
5
13
10
1
5
6
2
44

%
4,54
11,36
29,54
22,73
2,27
11,36
13,64
4,54
100,00

Table 5. Using the consulting services in agro-complex of Serbia
Using consulting services
Have used consulting services
No, even in future period will not use the consulting services
No, plan to use the consulting services in future period
498

Structure of surveyed enterprises (%)
52,63
28,07
19,30
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In accordance to the results of empirical research,
the highest demand for consulting services in Serbian agro-complex refers to the field of operating
management and corporate strategy. The participation of these service consulting lines in total number of used consulting services is even 81,8%. In
regard to the services in the field of corporate strategy, an eminent place have marketing research and
strategic planning, while in operating management
services is significant the use of services from the
production standardization field, production consulting and making the business plans.
What follow are specific results of marketing consulting empirical research in agro-complex of Serbia.
Basic reasons for using marketing consulting in
enterprises within the agro-complex of Serbia are:
–– Products improvement: 25%; sale improvement
services: 10,00%; marketing planning: 15%;
market research: 28%; unqualified staff: 15%;
making web-sites and on-line marketing: 7%.
On the other hand, the empirical research has
shown the following reasons of not using the marketing consulting:
–– Unawareness about positive effects of consulting:
14,81%; lack of reliance on consultants: 3,70%;
high price of consulting services: 33,33%; have
strong own service: 7,40%; do not have a need
for consulting: 7,40%; privatization of enterprise:
11,11%; lack of confidence in the consultants
and high price of consulting services: 3,74%;
unawareness about positive effects of consulting
and high price of consulting services: 14,81%;
unawareness on positive effects of consulting,
lack of trust in the consultants and high price of
consulting services: 3,70%.
The consulting service in the field of marketing is:
–– one-shot project - 56,67%; the result of longterm cooperation between the consultants and
enterprises - 43,33%;
The consulting services in the field of marketing have provided:
–– Scientific-research organization: 20,00%; private
consulting organization: 70,00%; individual as
an independent consultant: 10,00%.
Volume 6 / Number 2 / 2011

The sources of funding the marketing consulting:
–– Own assets: 38%; the assets from the program
of international financial organizations: 25%;
bank credit: 12%; SIEPA (Serbia Investment
and Export Promotion Agency) program: 20%;
other: 5%.
Criteria of the consultants’ selection in agrocomplex of Serbia by essential hierarchy (average
grade of some selection criteria essence):
1. professional competence: 4, 66; 2. capability
for doing business: 4,56; 3. professional
integrity: 4,53; 4. image of consultant: 4,27; 5.
cooperation and relation with consultant: 4,1;
6. capability to mobilize additional resources:
3,97; 7. the project task draft: 3,96; 8. price of
consulting services: 3,8; 1- the least important
criteria for consultant selection, 5 – the most
important criteria for selection of consultant.
Type of business problem which initiated the
use of marketing consulting:
–– Corrective problems: 0,0%; progressive
problems: 23,33%; creative problems: 26,67%;
progressive and creative problems: 33,34%;
corrective and creative problems: 3,33%;
corrective, progressive and creative problems:
13,33%.
Evaluation of marketing consulting business
performance effect after termination of the consulting project: 1 – minimal effect, 5 – maximal effect.
–– Income from sale: 3,7; quality of products: 4,2;
structure of costs: 3,43; number of working
places: 2,67; positioning on the market: 3,43;
organization of enterprise: 3,53; management:
3,57; internal business processes: 3,43; skills
and knowledge of employees: 3,83; value for
stock holders: 3,73; satisfying the consumers:
4,1; influence on society: 3,43.
Benefits from marketing consulting, on scale
from 1 to 5 (1 – minimal grade, 5 – maximal grade):
–– Approach to specializing acquirements and
the best practices: 3,67; alleviated process of
changes: 3,8; got opinion from neutral external
spectator: 3,57; learning through the process
of marketing consulting: 3,93; got temporary
intensive professional services: 3,73.
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5. Discussion
The results of empirical research can be interpreted in the following way:
–– the most significant reasons for using
marketing consultants in agro-complex of
Serbia are market research, improvement
of products and non-qualification of
enterprise's staff,
–– basic results of not using the marketing
consulting refers to high price of consulting
services and unawareness of the enterprise
about positive effects of consulting,
–– the projects of marketing consulting realize
as one-shot projects, but they are often a
result of long-term business cooperation of
enterprise in agro-complex of Serbia and
marketing consultants,
–– mostly private consulting organizations
provide consulting services to enterprises
of agro-complex in Serbia in the field of
marketing, then follow scientific-research
organizations which have developed, in
time, among scientific-research activity,
also consulting activity, while individuals
have been the least engaged as independent
consultants,
–– in structure of funding the marketing
consulting, the best part take own assets
of the enterprise, then follow the assets
from the program of international funding
organizations, then the assets from SIEPA
program, while the least used are credits of
business banks,
–– the enterprises in agro-complex of Serbia
stand together in one: the issue of consulting
services' price cannot be more important
than professional integrity and professional
competence of consultant; on scale from
1 to 5 (1 – the least important criteria of
consultant selection; 5 – the most important
criteria of consultant selection) the price of
consulting service has the highest average
grade (3,8), against the professional
competence with the highest grade (4,66);
–– the research has analyzed that enterprises
from agro-complex of Serbia engage
consultants the most because of progressive
and corrective problems; none of surveyed
500

enterprises do not use consulting services
strictly for corrective problems; it is partly
normal, while consultants avoid enterprises
in crisis of liquidity and solvency, primarily
because of being frightened of loosing their
image or fee,
–– Surveyed enterprises in agro-complex
had evaluated the influence of marketing
consulting on performances with the highest
grades, in the field of: quality of products;
satisfaction of consumers; skills and
acquirements of employees and values for
stock holders,
–– The most important benefits from marketing
consulting reflect in teaching through
consulting process and alleviated process
of changes, i.e. adjustment of enterprise’s
business with market trends.
The consulting is one of the most important
factors of efficient allocation of enterprises’ resources in agro-complex of Serbia and improvement of business practice. As a model of learning and developing managerial skills, it enables a
resolution of business problems and improvement
of business of enterprise in agro-complex. New
methods of investment decision require setting up
a connection between economic, social and ecological criteria of resources allocation [7]. With
support of consulting, which have respected a
situational approach in the paper, can be realized
a balance between: economic efficiency, socially
responsible business and standards of agricultural production. The consulting service represents
a recommendation of adequate measure, as well
as support in realizing that recommendation, as
a result of research, identification and analysis of
problems in specific enterprise. The consultant is
an expert who provides consulting services. Its education and experience, in combination with real
and complete introduction of concrete situation,
enable his adequate assistance to the enterprise.
Engagement of consultant is motivated by a state
in enterprise, which can be characterized as unsatisfactory and, thereat exist real chance that it could
be improved [8]. The necessity of consulting arises from nature of the problem the enterprises in
agro-complex have faced with. It is about business problems in which cannot be applied routine
Volume 6 / Number 2 / 2011
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solutions. There is also enormous size of conflicting interests which complicate finding a satisfactory solution. The consultants are objective, so
they identify the problem easier, afterward they
generate ideas, according to which they suggest
concrete actions. The consulting service serves to
client’s interest only if the consultant does his activities professionally. Its professionalism reflects
in independent opinion, even if it differs from the
one the client wants to hear. Impartiality of consultant requires significant self-control, especially
in work with different religions, nationalities and
political commitments. The consulting service
must not be emotional or prejudice-based [9].
In previous period, in enterprises in agro-complex of Serbia has dominated production orientation, which had no respect for market requirements.
The enterprises had lost brand and traditional markets. Improvement of their business performances
requires a constitution of market-oriented enterprises, which can be achieved by structural changes, directed toward improvement of business efficiency and adjustment of market requirements.
The development of agro-complex enterprises in
conditions of intensive transformational changes
requires much more expert knowledge and skills
in comparison with developed market economies,
in which exists great accumulated knowledge and
experiences. At the same time, modern agricultural
production implies modern technologies. Accordingly, aiming to fulfill EU standards, it is necessary that consultants have new specialized skills,
and to build relationships with their clients, based
on trust, knowledge, credibility, understanding
and creativity [10]. The consultants actually become a part of the client’s organization on certain
period. The consulting activity represents a form
of transferring know-how, in order to eliminate or,
at least, relieve unnecessarily aberration or eventual failures in business activity of the enterprise
in period of economy transition. The EU requirements must be translated in understandable language for enterprises in agro-complex, which actually need advice concerning acceptation of new
business rules. Consequently, there is increasing
demand for assistance in implementation of standards in agricultural production. Simultaneously,
there is present a trend of strengthening the consultant’s role during implementation of suggested
Volume 6 / Number 2 / 2011

measures. Their significance reflects in support of
the project implementation, control and eventual
corrective measures which improve conduction
of consulting interventions. However, among the
strengthening of the consultant’s role during the
implementation, the research has shown that this
kind of support to enterprises in agro-complex of
Serbia is not on satisfactory level.
In competitive environment, in order to survive, the enterprises must constantly change and
develop. The survival and development imply the
efforts in reevaluation and re-affirmation of enterprise’s competitive advantages and their positions
on the market. In order to achieve it, big and wellknown firms on developed European market hire
well-known consulting houses to help, putting
aside significant assets for that. This path was unavoidable for Serbian economy, too, because that
was the only way toward inclusion to European
community, i.e. to existence, stabilization and development. In such conditions, making business
attractive enterprises initiates a need for marketing consulting. The consulting organizations helps
companies to realize their goals, solve problems
concerning their business and management, identify and use new market possibilities, increase
their marketing knowledge and apply suggested
changes practically.
6. Conclusion
The significance of theme, which has been analyzed in this paper, multiplies with a fact that the
accent was put on marketing consulting, as well as
its actuality. The demand for marketing consulting raises with objective needs, and is dictated by:
liberalization, establishment of new small and medium enterprises as an assumption of faster development of market economy, new products, finding
new markets etc. According to started economic
reforms, the development of marketing consulting market is in direct dependence on transition
process and restructuring of domestic enterprises.
Simultaneously, removal of external limitations
and returning Serbia in international economic
courses has caused an important increase of demand for new knowledge, experiences and expertise, including those in the form of consulting
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services. The development of consulting services
market is not either easy or simple task, which can
be realized in short term and with modest financial
contribution of the state. Local private consulting
sector often lacks not only interest for this field,
but real capacities too, and entrepreneurs are ready
to spend their time and money only on services
which bring direct benefit in very short period of
time. In such circumstances, the private market of
these services can hardly generate independently.
At the same time, it is unreal to expect that whole
range of services for business development will be
able to realize on market principle, without state
intervention, because a part of services, primarily
those meant for business beginners, is not profitable enough.
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Abstract
As it is known, there has been a growing interest in studying retail food trade recently, both in
theory and in practice. In its context, theoretical
and methodological problems of measuring the
labour productivity dynamics in retail food trade
has been thoroughly examined. Having this in
mind, we will firstly point out the methodological
problems in measuring the labour productivity in
retail food trade. Secondly, we will present the key
determinants of labour productivity in retail food
trade. Finally, we will thoroughly review the trend
of labour productivity in retail food trade in various countries, regions, companies, formats (types
of stores) and product categories – commodity
groups. On that basis, we will describe strategies
and activities which can help you improve the labour productivity in retail food trade. A great role
of modern information ans communication technology has also been pointed out.
Key words: productivity, trade, sale, profit ,
the cost of customer, customer’s capital, information technology.
JEL Classification: D40 L81 M41
Sazetak
Kao što je poznato, u novije vrijeme sve se više
zbog samog značaja kompleksno proučava kako
u teoriji tako i u praksi trgovina na malo hranom.
U kontekstu toga posebno se istražuju teorijskometodološki problemi mjerenja i determinante
dinamike produktivnosti rada u trgovini na malo
hranom. Imajući to u vidu, u ovom radu ćemo, prvo,
ukazati na metodološke probleme mjerenja produktivnosti rada u trgovini na malo hranom. Zatim
Volume 6 / Number 2 / 2011

ćemo izložiti ključne determinante produktivnosti
rada u trgovini na malo hranom. I na kraju ćemo
se detaljno osvrnuti na trend produktivnosti rada u
trgovini na malo hranom po različitim zemljama,
regionima, kompanijama i formatima (tipovima
prodavnica) i kategorijama proizvoda - robnim grupama. Na osnovu svega toga predložićemo strategije i mjere za unapređenje produktivnosti rada u
trgovini na malo hranom u budućnosti. U sklopu
toga posebno se ističe uloga savremene informacione i komunikacione tehnologije.
Ključne riječi: Produktivnost, trgovina, prodaja, profit, troškovi kupaca, kupčev kapital, informacione tehnologije.
JEL: D40 L81 M41
Introduction
Theoretical, methodological and empirical
analysis of labour productivity in retail food trade
is specific and very complex. In order to express
the labour productivity in retail food trade, various
indicators have been used, depending on what is
taken as an input and what is taken as an output.
They can be presented in different ways, which
means that comparing these indicators can be very
complicated. There are various key determinants
of productivity in retail food trade. Among them,
modern information and communication technology is of a great importance.The intensity of the
impact of individual factors on productivity i retail food trade is different in different countries,
regions, companies, types of stores and product
categories. Continuous change in the structure is
also reflected in labour productivity in retail food
trade in developed countries, and is based on a
collection of original empirical data collected
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from various relevant sources. Productivity of retail food trade in developed countries is used as
a benchmark – a standard for evaluation in other
surveyed countries.
1. Literature review
The problems of analysis of labor productivity in retail trade is very complex, significant and
lasting current. Since were published in this field
are numerous theoretical papers, methodological
and empirical nature (McGoldrick, 2002; Berman,
2004, Levy 2007; Higόn, 2010). But no one of
them is dedicated to the study of specific analysis
of labor productivity in the trade of food (Park,
2007 and 2008; Lagakos, 2007 and 2009). They
serve as a theoretical basis to test the research hypotheses set out in this paper.
2. Hypothesis, methodology and empirical
data
The key research hypothesis in this work are
the following:
–– The first hypothesis (H1): The current
makrket circumstances influence the selection
of appropriate indicators for measuring the
productivity of retail trade in the food sector.
–– The second hypothesis (H2): There is a
large influence of concentration, competition
and, in particular, modern information and
communication technology on productivity
in retail food trade.
–– The third hypothesis (H3): The economic
and financial crisis in its own way affects
the dynamics of labour productivity in retail
food trade.
–– The fourth hypothesis (H4): The choice
of the right business strategy, including
development of a private brand, may affect
the improvement of labour productivity in
retail food trade.
In order to give the right answer to these hypothesis an appropriate methodology has been
used. It is primarily a classical methodology, based
on appropriate indicators in the form of relations
504

between the two relevant values, the form which
is known as – ratio numbers.
The analysis of original empirical data in this
work is adapted by testing a set of research hypotesis. Methodological limitations are reflected in
the fact that the empirical data have been collected
from different sources for individual countries for
different years, which reduces the extent of their
comparability, particularly at the international
level. These differences must be considered while
reaching the proper conclusion on the results obtained. Similarly, the effects of different inflation
trends in individual countries as well as other relevant restrictions must be respected.
3. Methodological problems of measuring
productivity in retail food trade
Measuring productivity in retail food trade is
generally a very complex issue, since it is engaged
in providing services with all its characteristics
(unattainability, inability of storage, varying quality and the simultaneous process of production
and consumption). The labour productivity is simply defined as a relation between input and output.
Different measures are used in order to express
output in the formula for determining productivity
in retail food trade. Similarly, different measures
for expressing the input are also used in the same
formula. Using different indicators of labour productivity complicates their comparison at a certain
level of the analysis (country, region, company,
department, product category – product group).
It is important to point out that in a comparative
analysis only the comparable indicators of labour
productivity in retail must be taken into account.
In order to provide a simple insight into the
complexity of the problem, in Table 1 are shown
the alternative measures of productivity in retail
food sector.
According to the given table, various indicators
are used to measure productivity in retail food sector. These are: sales per hour of work, sales per
employee, sales per area (expressed in square meters), gross margin per square area, gross margin
per employee, value added per employee, percentage of discount from sales, operational expenses
in percentage of sales price, etc.
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Table 1. Alternative measures of productivity in the retail
References

Measure
productivity

The
measure
of output

Inputs

Level of
analysis in
the retail

Examples

McKinsey Global
Institute (1998)

LP, TFP

GM

L (hours of work),
space

Food
retailers

UK, U.S., France
(1995)

van Ark et al.
(2003)

LP

VA

L (personnel employee), ICT
intensity

Industrial
level

16 OECD countries,
inc. UK, U.S.
(1990-2000)

U.S., UK
(1976-2000)
UK, USA
Basu et al. (2003)
TFP
GO, VA
L, K, ICT
(1980-2000)
U.S. retail sales
Doms et al. (2004)
LP
Sell
L, K, ICT
Stores
(1992-1997)
Haskel and
L (equivalent full The level of
UK retail
LP
VA VA
Khawaja (2003)
time)
firm
(1998-2000)
Note: LP = labor productivity, TFP = total factor productivity; VA = value added; GM = gross margin; GO
= gross output, L = labor, K = capital, ICT = information and communication technology.
O’Mahony and de
Boer (2002)

TFP, LP

VA

L (hours of work),
K

Industrial
level
Industrial
level

Source: Higόn, DA et al. (2010), “The Determinants of Retail Productivity: A Critical Review of the Evidence”, International Journal of Management Reviews, Volume 12, Issue 2, p. 203.

Which indicator should be used in this case depends on the availability of the data needed and of
the purpose of the analysis. As far as the retail sale
of food is concerned, commonly used indicators for
expressing productivity are sales per labour hour,
sales per employee, sales per area, gross margin per
hour of work and gross margin per area.
4. Factors of productivity in retail food trade
The dynamics of productivity in retail food
trade is influenced by numerous factors, which
may differ in intensity of the influence and in the
options of being under control.
All these factors affect the volume of sales and
they have influence to reducing labour costs in the
entire food trade process. Concerning the sales, the
dominant factor is development and application
of modern customer relationship management,
customer value management and logistic concept.
Concerning the labour costs, the dominant factors
are using the part-time workers during the periods
of increased volume of sales and especially using
modern information and communication technology such as RFID – Radio Frequency Identification- and biometrics.
Volume 6 / Number 2 / 2011

Processes of concentration are significant in the
retail food trade sector. For instance, according to
the results shown in Table 2, the concentration in
the retail food trade sector in the United States has
significantly increased in the last twenty years.
Table 2. Concentration ratio, U.S. retailers of
food, 1982-2009.
Year
1982
1987
1992
1997
2002
2005
2009

CR4
16%
17%
17%
19%
30%
36%
51%

CR20
35%
37%
39%
46%
56%
62%
82%

Source: GAO, 2009, Supermarket News, 2009. By: TA Wise
and Trist, SE (2010), “Buyer Power in U.S. Hog Markets: A
Critical Review of the Literature”, Global Development and
Environment Institute, Working Paper No. 10-04.

Participation of four retailers has increased
from 17% in 1997 to 51% in 2009. There has been
a significant increase in the participation of twenty
retailers which have been observed in the same
period (CR20). This process of concentration with
increased purchasing power in its own way affects
the competitiveness and the labour productivity in
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retail food trade. The labour productivity rate is
certainly higher in large food retailers.
Table 3. Sales top four grocery retailer in the
United States, 2009
Sales
(U.S. $
milions)
Walmart 408,214
Kroger
76,733
Supervalu 44,564
Safeway 40,851
Grocery
retailer

Staff
2,100,000
334,000
178,000
186,000

Sales per
employee *
(U.S. $ thousand)
194.387
229.739
250.359
21.9629

*Author’s calculation of the database from the quoted source.
Source: Fortune 500, 2010.

The key factors in increasing concentration in
retail food trade are mergers and acquisitions (i.e.
fusion). As a clear illustration, distribution of representative mergers and acquisitions in Japan is
shown in Table 4.
The application of modern information and
communication technology is one of the critical
factors of productivity in retail trade, including
food. This particularly applies to Radio Frequency
Identification – RFID. Expected effects of Radio
Frequency Identification acceptance were: reduction of forgery, reduction of operating costs, reduction of „rogue effects“, reduction of uncertainty
about the availability of products – supply chain
visibility, reduced sales, delivery and safety stocks,
reduction of outdated materials, reduction of handling costs, improving the exchange of information
between suppliers and vendors, improving the inventory monitoring, improving measurement, creating a new process/product and improving quality
control. Estimated savings in Wal-Mart by accepting the Radio Frequency Identification are: labour
cost savings by eliminating the manual scan $6.7
billion (15%), reducing the amount of sales of products $600 million, savings by the reduction of thefts

done by employees and administrative error $575
million, savings by more efficient monitoring of
one billion pallettes $300 million and savings from
the reduction in inventory by knowing where the
particular product at the specific moment is.
A significant factor in increasing productivity in
retail trade, including food trade, is the more efficient knowledge management. In this context, the
key strategies for increasing productivity are: accepting business on the „real time“ principle, continuous education of shop managers, monitoring
critical areas in shops, creating more efficient direct
customer flow between the various product categories by using a better schedule in the store, reducing thefts by monitoring of stocks on the shelves,
increasing multi-channel marketing, creating better relations of cooperation between suppliers and
retailers, changing the existing infrastructure and
integrating it into the system, installing the best
equipment and creating a plan for the future growth.
There is a growing share of private brands in
the retail food trade. It has a postive impact on the
productivity in the retail food trade.
Generally, productivity in retail food trade is
influenced by numerous factors. Some of them
cannot be controlled. An integrated analysis of the
key factors, especially the analysis of the application of modern information and communication
technology, can result in an increase in the productivity in the retail food trade.
5. Dynamics of labour productivity in retail
food trade
Apprehension of the influence of the key determinants and understanding the methodological issues are the prerequisits for a succesful empirical
analysis of the labour productivity in retail food

Table 4. Representative mergers and acquisitions in the distribution in Japan
Sector
Food
Pharmaceuticals

A company that
acquires

Company that acquires

Date

Released value *
(U.S. $ million)

Ito En
Royal Holdings Co.
Ain Pharmaciez
Sugi Pharmacy Co.

FoodX Globe Co..
R & K Food Service Co.
Dampharma Co.
Japan Co.

October 26, 2006
December 21, 2005
March 3, 2006
November 21, 2006

56.4
3.5
8.5
58.4

* Includes corresponding capital. Date: November 30, 2006.
Source: Thomson Financial. According to the Industrial Reports, (c) JETRO, 2007 (www.jetro.go.jp)
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trade. In this work we investigate the relevant aspects for identifying the rules of labour productivity dynamics in retail food trade. These are: the
analysis of the labour productivity dynamics in
retail stores in different countries and regions, the
analysis of the stores owned by different companies, the analysis of the stores of different formats
(types of stores) and the analysis of the stores with
different product categories.This research is based
on original empirical up-to-date information from
various sources in this field.
1. Labour productivity in the retail food trade
in developed and developing countries
Labour productivity in retail trade (including
food) varies in different countries. It depends on

the degree of their economic and cultural development. It has been confirmed that the labour productivity is much lower in the developing countries than in the United States as a representative
developed country.
According to the results shown in Table 5, the
labour productivity measured by the value added
per worker in the retail sector in Thailand is 22%
of the average value per worker in the United
States, in Poland 22%, in Turkey 29% etc.These
differences are explained by the differences in
the population density, income and the car ownership.
Thus, these differences are caused by the differences in the degree of development of the productive forces and the differences in the standard
of living in the compared countries.

Table 5. Labour productivity in the retail trade by country
Total economy
(Value added per worker, U.S. = 100)
Retail Sector
(Value added per worker, U.S. = 100)
“Traditional” formats
(Value added per worker, U.S. = 100)
“Modern” formats
(Value added per worker, U.S. = 100)
The participation of employees in the retail sector in formats (%):
- Traditional
- Modern

Thailand

Poland

Turkey

U.S.

23

29

31

100

22

24

29

100

13

18

22

32

107

82.5

75

118

90%
10%

92%
8%

88%
12%

11%
79%

Source: Author’s composed table-based work: Lagakos, D. (2007), “Explaning Cros-Country Productivity Differences in
Retailing”, March 20, University of California of Los Angles - UCLA.

Table 6. Labour productivity in the retail trade by country
U.S. Brazil El Salvador
Retail Sector
(Turnover per worker, purchasing power
parity - PPP U.S. $)

100

Formats:
- Modern
- Traditional
(Turnover per worker, U.S. $ PPP.
U.S. retail sector = 100)
The participation of employees in the
retail sector in formats (%):
- Modern
- Traditional

67
33

Mexico Philippines Thailand

36

28

30

21

35

73
20

80
18

68
18

72
12

83
23

21
79

15
85

23
77

15
85

19
81

Source: Author’s table prepared on the basis of: Lagakos, D (2009), “Superstores or Mom and Pops? Technology Adoption
and Productivity Differences in Retail Trade”, June, Federal Reserve Bnak of Minneapolis and Arizona State University.
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Table 7. McKinesy study productivity of retail trade in developing countries
Country
Brazil, Food Retailers (1996)
Poland (1999)
Russia, Retail Food (1995)
Thailand (2001)
Turkey (2001)
United States (2001)

Labour productivity
Retail Sector
14
24
23
22
29
100

The participation of employees
in modern formats
Modern Traditional
51
11
7
83
18
8
78
22
1
107
13
10
72
22
12
118
32
79

Note: Value added (VA / L) in retail trade in the United States is taken as the 100
Source: Lagakos, D (2009), “Superstores or Mom and Pops? Technology Adoption and Productivity Differences in Retail
Trade”, June, Federal Reserve Bnak of Minneapolis and Arizona State University.

The gap between the labour productivity in retail food trade in the developed countries and the
labour productivity in the developing countries is
illustrated in Table 6, in which the sales per employee is taken as a comparison unit.
Labour productivity in retail trade measured
by the sales per worker is lower in the developing
than in the developed countries. The reasons for
these differences are the same as in the previous
case. Obvious differences between the labour productivity in developed and developing countries
exist not only in the retail trade sector of a country,
but also in the individual sectors, including food.
The data in Table 7 show that the labour productivity in retail food trade measured by the value
added per worker is higher in developed (Russia)
than in developing countries (Brasil).
2. Labour productivity in the retail food trade
in Russia
It is known that there are differences between
the productivity in the retail food trade on the global level as well as in the specific economic sectors
of both developed and undeveloped countries. In
order to confirm this statement, we compared the
productivity of retail trade in Russia with those in
the United States and some EU countries. The results are shown in Table 8.
In the given table we can see that the productivity of the retail trade in Russia has significantly increased in the recent years, but it is still on a much
lower level than in the United States and some EU
countries. The productivity of retail trade in Russia
in 2007 was estimated to 31% of the average pro508

ductivity in the United States.There are two main
reasons for these differences in the productivity of
retail trade in the United States and Russia; lower
participation of modern retail formats in the global
mix (44% of US average in 2007) and much lower
labour productivity in the modern retail formats in
Russia than in the United States (25% of the US
average in 2007).
Table 8. Productivity of the retail trade in Russia
(index against the U.S. representative level, %,
U.S. 2007 = 100)
1997
U.S.
Sweden
Germany
France
Spain
Russia

15

2003
88
70
59
42

2007
100

31

Source: McKinsey Global Institute, Lean Russia, the productivity of retail, April 2009. (www.mckinsey.com).

According to the McKinsey Global Institute
survey, the retail trade in Russia is characterised
by the fact that the retailers show impressive dynamics in the number of stores and the sales volume rate. The participation of modern retail food
trade formats in Russia is constantly growing but
is still lower than in the United States and most
EU countries; its share is 35% compared to 82%
in France and 86% in Germany. At the same time,
modern retail food trade formats employ only 11%
of workers compared to 92% in the United States
and 81% in Germany (Table 9).
Modern retail formats (types of stores) are primarily the source of growth and their expected
market share in 2010 is 50%.They are three times
Volume 6 / Number 2 / 2011
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Table 9. Employment in retail trade of food

Russia (2007)
Poland (2007)
France (2000)
Germany (2000)
U.S. (2000)
1

Labour productivity
($ Thousand, PPP, per person)

Employment

Country

Modern formats
11
29
60
81
92

Traditional formats
89
71
40
19
8

Modern formats
36

Traditional formats
12

1 2007 McKinsey estimates
Source: McKinsey Global Institute, Lean Russia, the productivity of retail, April 2009. (www.mckinsey.com).

more profitable than traditional stores, as it is
shown in Table 9.
Retail trade in Russia is on average far more
labour-intensive than it is in the United States and
EU countries. It employs three times more workers but the gross profit per employee is 22% lower
than in the United States (Table 10).
Table 10. Comparative analysis of the productivity of retail trade in Russia and the United States

Productivity 1
($ Thousand / employee)
Sales per employee
($ Thousand / employee)
Gross profit
(% of sales)
Sales per sales area
($ Thousand / m 2)
Employed by the retail area
($ Thousand / employee)

United
States

Russia

46

36 (22%)

187

176

23

21

5

11

26

71 (x3)

1 Values are adjusted for PPP for the retail sale of food with
a coefficient of 1.37.
Source: McKinsey Global Institute, Lean Russia, the productivity of retail, April 2009. (Www.mckinsey.com)

3. Labour productivity in the specialised food
trade
In each country or a group of countries there
are differences between the labour productivity in
specific sectors or types of stores.
Table 11 shows the labour productivity measured by the value added per worker per sector of
retail trade and repairs in the European Union in
2006.
Volume 6 / Number 2 / 2011

Table 11. Labour productivity in retail trade and
repairs in the European Union (EU-27), 2006
Sector
Retail trade and repair
Non-specialized stores
Specialized food stores
Specialized shops of new
goods other than food
Used merchandise stores
Virtual store
Repair of personal and
household goods

Labour productivity
(Value added per
employee in thousands
of euros per person)
23.9
22.7
17.9
25.4
16.9
20.7
18.8

Source: Eurostat.

According to the table, labour productivity in
the European Union is lower in a specialised grocery stores than in other stores, except from the
used goods stores.
In Japan, the productivity (measured by the
sales per square meter) of specialised supermarket
stores is considerably lower in comparison with
conventional middle- sized stores in the period
2002-2007 (Table 12). Because they cannot indure the strong competition with large stores they
usually need to be closed in a very short period
of time.There are also distinct differences between
individual food retailers – supermarkets. Table 13
shows productivity of the major supermarkets
in the United Kingdom measured by the weekly
sales per square foot.
One of the main causes of the differences in
productivity between these individual food retailers is a different degree of application of modern information and communication technology.
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Some of them (Tesco and Asda) are increasingly
following the example of the American retailers in
order to increase their labour productivity.
Table 12. Productivity of retail trade in Japan
Classification

Annual sales per sales
area (10,000 yen/m2)
2002 2007

Specialized store
supermarket
Specialized clothing store
supermarket
Specialized food stores
supermarket
DIY specialist store
supermarket
Home Center
Conventional stores
24-hour conventional
stores
Pharmacy
Other great shops
Super stores I (main
categories: 90% or more)
Super Store II (main
categories: 50% or more)
Other retailers

Growth
Rate %

68

59

-13.24

40

34

-15.00

97

89

-8.25

43

32

-25.58

37
150

29
140

-21.62
-6.67

159

143

-10.06

77
80

63
64

-18.18
-20.00

70

68

-2.86

64

57

-10.94

62

57

-8.06

Source: Census of Commerce (2002, 2007). By: Takahashi, I.
and Fluch, H. (2009), “Retailing in Japan: Overview and Key
Trends”, European Retail Research, Volume 23, Issue II, p.150.

Labour productivity in retail food trade in Serbia
It is important to know the size of the whole retail grocery market while anylising productivity in
retail food trade in Serbia. The size of the Serbian

retail grocery trade is in the 64th place in the world
and in the 9th place in Eastern Europe (Table 14).
It means that the volume of the retail grocery trade
in Serbia is much lower than it is in the developed
countries and some countries in Eastern Europe.
It certainly affects the labour productivity of the
food retailers in Serbia.
Table 14. Grocery retail market size, 2007. (Estimated)
Top 10 on the market
of Eastern Europe
Country
1. Russia
2. Turkey
3. Poland
4. Romania
5. Czech
Republic
6. Hungary
7. Ukraine
8. Bulgaria
9. Serbia
10. Slovakia

Grocery
retail
market
(€ bn)
140.53
50.59
35.93
18.07
11.98
11.50
10.74
6.43
6.31
5.07

Top 10 in the global
market
Country
1. USA
2. China
3. Japan
4. France
5. United
Kingdom
6. India
7. Germany
8. Russia
9. Italy
10. Spain
64. Serbia

Grocery
retail
market
(€ bn)
785.85
450.14
394.45
278.33
249.20
249.20
192.92
188.02
165.64
130.51
8.47

Source: IGD Datacentre estimates (www.igd.com / analysis
/ datacentre)

Serbia is characterised by the constant growth
of its retail sector, the increase in the consumption
of goods per capita which is still much lower than
it is in Western Europe, and the fact that 44% of
retail sales are generated in the retail food sector
(Table 15).

Table 13. Productivity of major supermarkets in the United Kingdom of (weekly sales per square foot,
in pounds)
Tesco
Sainsbury
Asda
Morrison
Somerfielde
Iceland

1996/97 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
18.0
18.3
21.0
21.3
21.7
22.4
21.9
22.5
23.9
20.0
20.6
20.7
20.3
16.8
17.5
17.1
16.7
16.4
15.2
16.3
16.9
18.3
19.1
20.0
20.5
21.0
22.3
14.3
14.7
14.9
15.7
16.5
17.7
18.6
19.8
16.8
9.7
9.3
9.1
8.6
8.0
8.2
8.5
9.5
9.5
7.2
7.9
8.7
9.4
10.3
8.3
7.8
8.0
7.8

Source: IGD Grocery Retailing 2005. (According to: Defra, “Economic Note on UK Grocery Retailing”, May 2006 (www.
defra.gov.uk)
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Table 15. Key trends in the consumer market in Serbia
2006 (€)
Total retail market
(billions)
Grocery retail market
(billions)
Grocery retail spending
per capita
Turnover per employee
in retail trade in Serbia,
(index 2005 = 100) 1

2007 (€)

2008 (estimate) (€)

Slovenia Serbia Croatia Slovenia Serbia Croatia Slovenia Serbia Croatia
6.97

8.44

8.59

7.50

11.89

9.5

7.98

14.58

10.17

3.82

4.98

4.57

4.08

5.78

4.88

4.25

6.33

5.18

1,900

461

1,018

2,030

569

1,086

2,140

623

1,146

124,4

134,3

141,8

Source: IGD Country Presentatitons, 2008. (According to: Market Overview Serbia, Croatia and Slovenia Market Overview
Market Overview, Board Bia, Frankfurt on November 27, 2008); and Statistical Yearbook of Serbia -Domestic Trade, 2009,
p.313.

There has been a growing importance of consolidation (i.e. concentration) of retail chains in
most countries of Central and Eastern Europe. According to the „Shopping Monitor Central & Eastern Europe 2010“ survey (representative survey of
consumers in 11 countries) in countries like Slovenia, Slovakia, the Czech Republic and Croatia
as the main purchasing place the top ten chains
take 80 or more per cent of the retail food market.
(Image 1).

means that 53% of buyers do their shopping in
these supermarkets. While in Croatia and Poland
there is only one leading retail chain (Konzum and
Biedronka), which is also the case in Serbia, in
other countries there is a more balanced structure
of retailers. For instance, the Metro/Makro chain
is represented in eight and Billa, Kauffland, Lidl
and Spar in six countries.(Image 2).

Image 2. Chains represented by the selected
countries - the number of
Image 1. Share of top 10 chains in sales of consumer goods (%)

Source: “Shopping Monitor Central & Eastern Europe
2010” (representative survey of consumers in 11 countriesIncoma/GfK)

The concentration in the retail market of consumer goods is the highest in Slovenia and the lowest in Bulgaria. In Serbia the top ten chains control
53% of the retail market of consumer goods. That
Volume 6 / Number 2 / 2011

Source: “Shopping Monitor Central & Eastern Europe
2010” (representative survey of consumers in 11 countriesIncoma/GfK)

The inflow of direct foreign investments in retail trade sector is estimated to 7 – 9% of all direct
foreign investments in Serbia. Table 16 shows the
biggest retail chains in period 2002-2009. Labour
productivity in the foreign retail chains is higher
than it is in the domestic retail chains.
511

technics technologies education management

Table 16. The largest foreign retail chains in Serbia
Metro Cash & Carry (Germany)
Veropoulos (Greece)
Idea (Croatia)
Mercator (Slovenia)
IInterx-Intermarche (France)
KTC (Croatia)
Egro Shower (Slovenia)
Bricolge (France)
Kika (Austria)
Source: SIEPA - Serbia Investment and Export Promotion
Agency of the RS

Retail trade in Serbia is characterised by the
increasing participation of modern formats – hypermarkets and supermarkets – in its structure.
The participation of small retailers has been constantly decreasing. This change has a positive
influence on the labour productivity in the retail
food trade in Serbia. According to the Nielsen
Agency estimation, the number of hyper- and supermarkets in Serbia increased for 46% in period
2006-2008. Estimated proportion of hyper/supermarkets, big-sized/medium-sized stores and small
shops is 30:31:39, respectively. In the total value
of sales, according to the same estimation, the
proportion of domestic and foreign retail chains is
25,05%:12,90%.
Participants in food sales in 2007 were small
retailers with 60%, supermarkets with 19%, hypermarkets with 5% and Cash&Carry stores with
5% share. All modern formats participated in the
retail food market in Serbia with 26% in 2007 and
29% in 2008, which means that some increase was
made in that period.
As a comparison, in 2006 these formats participated in the retail food trade in Slovenia with
81%, the Czech Republic 72% and Croatia 47% of
market share.In the developed countries of the European Union such as Germany, France and Great
Britain participation of modern formats in the retail food trade is above 80%.1
This structure of retail food trade in Serbia
affects its productivity. Productivity in the retail
food sector in Serbia is several times lower than
it is in the United States and the EU countries. By
increasing participation of modern formats and by
1 Indicated by: Trade development strategy of the Republic
of Serbia. (www.mtu.gov.rs/pdf/trade_strategy_eng.pdf.).
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applying modern information and communication
technology in Serbia the labour productivity in
retail food trade will be improved. In the last decade the labour productivity in retail food trade in
Serbia measured by the sales per capita has been
constantly increasing. But it is still lower than the
productivity in the developed EU countries.
Labour productivity of the main food retailers
measured by the sales per square meter is lower
than it is in Slovenia and Croatia. It is, among others, a consequence of the lower operational efficiency in the retail food trade in Serbia in comparison with these two countries.
How to improve the productivity in the retail
food trade in Serbia?
In order to improve the labour productivity in
retail food trade in Serbia different methods can
be used: increasing the market participation of
modern retail formats, training employees – developing their skills and knowledge, introducing
part-time work, improving relationship with suppliers and buyers and using modern information
and communication technology.
6. Effects of the economic crisis on the labour
productivity in the retail food trade
In order to make a more complex analysis of
the problems treated in this work it is necessary to
consider the impact of the world economic crisis
on the labour productivity in retail trade of food.
Table 18 shows the labour productivity in some
holding companies or groups of companies in the
retail food trade sector in 2008 and 2009.
It can be seen that the world economic crisis
did have an impact on the retail food trade sector by decreasing its labour productivity. This
impact was much stronger in Serbia than it was
in Slovenia and Croatia. The labour productivity was affected by the decrease in purchasing
power of buyers as well as by the devaluation of
the national currency. The purchasing power was
much lower than it had been before the world economic crisis. Participation of food and drinks in
the consumer basket was 58.60% in August 2004,
59.50% in August 2005, 57.90% in August 2006,
57.20% in August 2007, 60.30% in August 2008,
57.00% in August 2009, 55.80% in July 2010 and
Volume 6 / Number 2 / 2011
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Table 17. The productivity of the top retailers in Serbia, 2006
Slovenia
Retailer

Serbia

Sales per square
meter (in
thousands €)

Mercator
Spor
International
Engrotus
Aldi
E. Lecter

Retailer

Croatia

Sales per square
meter (in
thousands €)

Retailer

Sales per square
meter (in
thousands €)

6.97

Delta M

4.62

Konzum

7.17

5.34

Rodic

4.84

Ultra Gros

3.29

4.36
5.75
5.42

Metro
Mercator
Simpo
Veropoulos
Intermarche

3.52
1.82
0.88
3.00
3.60

Getro
Metro
Rewe
Lidl & Schwarz
Mercator
CBA
KTC
Kerum

3.09
5.74
1.34
2.80
3.74
1.11
4.04
11.51

Source: Author’s calculation of the database: IGD Country Presentatitons, 2008. (According to: Market Overview Serbia,
Croatia and Slovenia Market Overview Market Overview, Board Bia, Frankfurt on November 27, 2008).

Table 18. Productivity of companies in consumer goods sectors, 2008 and 2009.
Company
(1) * Agrokor Group (Croatia)
(3) Mercator Group (Slovenia)
(5) Delta Group (Serbia)
(10) Group Gorenje (Slovenia)
(16) Shower Holding (Slovenia)
(19) Spar Slovenija (Slovenia)
(20), Istrabenz (Slovenia)
(25) Podravka Group (Croatia)

2008
2009
Sales per employee
Sales per employee
(In thousands of euros per employee) (In thousands of euros per employee)
108.33 108.33
125.19 125.19
93.17 93.17
117.53 117.53
160.18 160.18
159.81 159.81
140.04 140.04
75.56 75.56

110.29 110.29
123.49 123.49
83.34 83.34
104.73 104.73
177.41 177.41
154.27 154.27
142.48 142.48
74.79 74.79

* Rank in the region and Central Europe by revenue from the sale.
Source: Author’s calculation of the database: Deloitte analysis: “The most successful in the region and central Europe”,
Progressive magazine, Number 77, October 2010, p.28.

55.90% in August 2010 (Proggressive Magazine,
No.77, October 2010). The most significant effects of the financial crisis in the retail trade were
reduced consumption, changes in spending habits, increased costs of borrowing money, inflation,
unstable exchange rate which is significantly influenced by the reduced liquidity, and a chronical
lack of financial sources.
Conclusion
On the basis of this theoretical, methodological and empirical analysis of the labour productivVolume 6 / Number 2 / 2011

ity in retail food trade, with a special analysis of
the situation in Serbia, we can make some conclusions. The most significant conclusions are the
following:
Theory of productivity in retail food trade is
highly developed. Various indicators have been
used for its measuring. Commonly used indicators
in the retail food trade are the sales per employee
and the sales per square meter. Recent theories of
productivity in retail trade, including food trade,
are based on econometrical analyses.
The key determinants of productivity in retail
food trade are the efficiency in managing human
resources (improving the quality of work by edu513
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cating employees), logistics, customer and supplier relationship management, and use of modern information and communication technology.
There has been a growing influence of private
brands on the labour productivity in retail food
trade recently.
Labour productivity in retail food trade is much
higher in the developed than in the developing
countries. In the developed countries the participation of modern retail formats is much higher
than the participation of the traditional formats.
The participation of modern retail formats in the
developing countries has been constantly growing over the past few years, but is still lower than
the participation of the traditional stores. The labour productivity is, generally speaking, higher in
the modern formats. The number of employees is
considerably higher in traditional than in modern
retail formats. It is important to manage intelectual capital, human resources and knowledge more
efficiently.The labour productivity in retail food
trade in Russia has been constantly growing, but is
still on a lower level than it is in the United States.
The reason is in smaller market share of modern
retail formats and consequently the lower operational efficiency.
Specialised food stores are characterised by a
lower labour productivity compared to other retail
formats. It is the case both in the European Union,
Japan and in other Countries. They are small-sized
and they tend to go bankrupt in competition with
modern retail formats.
There has been an increase in the labour productivity in the retail food trade in Serbia recently,
including the food sector, but it is still much lower
than it is in the EU countries and Croatia.
The world economic crisis has affected the
retail food trade in Serbia by lowering the purchasing power of an average consumer. Efficient
human resource management and the application
of modern information and communication technology are the key factors for increasing labour
productivity in the retail food trade in Serbia. Development of private brands can have a great influence on labour productivity in retail food trade
in Serbia in the future.
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Abstract
The paper presents the results of the research
on characteristics and attitudes of service managers in Serbia. The research was carried out through
two surveys (Survey 1 and Survey 2). Survey 1
included 100 service managers, and Survey 2
included 80 ‘other’ managers (managers whose
managing function is not in the field of services).
Other managers are the control group in the research. The research was carried out in Serbian
companies, regardless of the branch of business
and the ownership form of the company. Small
businesses which have fewer than 20 employees
were not included in the research.
The principal results are the following: service managers underscore most the importance
of knowledge of service and technology, services
quality is the most important criterion when assessing successful work of service managers; the
most important prerequisites for successful work of
service managers are mastered technology and cornered market, and in the field of education and improvement of service managers universities should
have the leading role. Adequate application of the
obtained results may contribute to the improvement
of not only service but also overall business results
of Serbian companies. The results may also be important for other countries in transition.
Key words: service managers, service, technology, services quality, knowledge, Serbia.
Sazetak
U radu su predstavljeni rezultati istraživanja
osobina i stavova uslužnih menadžera u Srbiji.
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Istraživanje je obavljeno preko dve ankete (Anketa 1 i Anketa 2). Anketa 1 je obuhvatila 100
uslužnih menadžera, a Anketa 2 je obuhvatila 80
ostalih menadžera (menadžeri čija upravljačka
funkcija nije iz domena usluge). Ostali menadžeri
su kontrolna grupa u istraživanju. Istraživanje je
sprovedeno u uslužnim preduzećima u Srbiji, bez
obzira na granu poslovanja i na oblik vlasništva
preduzeća. Mala preduzeća, sa manje od 20 zaposlenih, nisu obuhvaćena istraživanjem.
Osnovni rezultati su sledeći: uslužni menadžeri
najviše ističu značaj znanja o usluzi i tehnologiji,
kvalitet usluge je najvažniji kriterijum za ocenu
uspešnosti rada uslužnih menadžera, najvažniji
preduslovi za uspešan rad uslužnih menadžera su
osvojena tehnologija i obezbeđeno tržište, u oblasti obrazovanja i usavršavanja uslužnih menadžera
univerziteti treba da zauzmu vodeću ulogu. Pravilna primena dobijenih rezultata može doprineti
poboljšanju, ne samo uslužnih, već i ukupnih poslovnih rezultata preduzeća u Srbiji. Takođe, rezlutati mogu biti značajni i za druge zemlje koje
se nalaze u tranzicionim uslovima.
Ključne reči: uslužni menadžeri, uslugaa,
tehnologija, kvalitet usluge, znanje, Srbija.
1. Introduction
Serbian companies are currently faced with
numerous challenges: transition, privatization, the
need for accepting the conditions of market economy. In order to overcome these challenges, it is
necessary to carry out a great number of changes
and improvements. One of the most important
segments in which there has to be an increase in
Volume 6 / Number 2 / 2011
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the existing level is service management. Raising
the level of service management in Serbian companies is, to a great extent, the responsibility of
services managers themselves. This gives rise to
the importance of services managers. This was the
main motive for initiating the research of characteristics and attitudes of service managers which is
outlaid in this paper.
A service company is a complex business system which is target-oriented and is under stochastic influence of numerous of the surroundings and
internal factors which have impact on its successful business performance. The basic function of
a service company is creating a product which is
achieved by serving process. For this reason service function is an important function of a service
company. At the head of the service function is the
service and technical manager who is by the very
fact that the is at the head of the function of special
interest in the company, must have a wide range of
knowledge, skills and abilities in order to be successful. He or she has to collaborate with holders
of other service functions in the company.
Services managers are also employed in both
service industry and factory service companies. In
service industry, service managers are employed in
hotels, restaurants, air companies, banks, and retail
trade. In each of these organizations, services managers are responsible for creating services offers,
similarly to their colleagues in factory service who
make products. Service managers can also be found
in government organizations, such as offices, special departments, housing department, etc.
In American economy, great changes have taken place from service of goods to service industry.
Many people are surprised by the fact that 80% of
the American workforce work in service industry
(U.S. Bureau of the Census, 1990). Product manufacturers and companies which offer services differ
in important aspects. For exceptional services offering see references (Heskett, 1986; Sasser, Olsen,
Wyckoff, 1990; Mudrick, Render, Russell, 1990).
In this paper the object of consideration is the
question: ‘Who are services managers?’ or rather,
what are the most important characteristics (or
skills and abilities) of services managers. These
two topics are related, since successful services
managers possess characteristics which enable
them to act efficiently on creating values for their
Volume 6 / Number 2 / 2011

organizations. A vast number of literature sources and references speak of managers’ successful
managers, including business managers at top
level (Daft, 1999). These characteristics include:
integrity, maturity, energy, judgment, motivation,
intelligence, expertise, etc. However, for the sake
of easy reference, these characteristics can be
grouped in three wide sets of skills and abilities:
(Dess, Lumpkin, Eisner, 2007)
–– Strictly technical education (accounting or
operative research ).
–– Cognitive abilities (analytical reasoning or
quantitative analysis).
–– Emotional intelligence (ability to work with
other people and passion for work).
One of the attributes of successful managers,
which has gained in popularity over the past few
years is ‘Emotional Intelligence’. (Luthans, 2002).
Goleman defines emotional intelligence (EI) as
the ability to link one’s own emotions with those
of the others (Goleman, 1998). Recent studies
of successful managers have found out that successful leaders invariably possess a high level of
emotional intelligence (Mayer, Salvoney, Caruso,
2000). The findings indicate that, for instance, EI
is a better indicator of success in life (economic
prosperity, satisfaction with life, friendship, family life), including success in profession than IQ.
This does not diminish the importance of IQ and
technical education. It is evident that they are important, but they should be viewed as ‘borderline
skills and abilities’, or in other words, they are
necessary requirements for achieving managerial
position at higher levels. On the other hand, EI is
itself sufficient for success as a manager. Without
EI, as Goleman proves, a manager can have excellent training, keen analytical mind and a lot of
wise ideas, but he still will not be a great leader.
There are five components: EI, self-consciousness,
self-control, motivation, empathy, and sociability.
(Goleman, 1998)
2. Role and tasks of service manager
Service function represents the operative system of a company. The role of the operative system is to accomplish the basic purpose of the
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company: to convert the inputs into the outputs.
Every company exists just in order to satisfy certain needs people have by converting the inputs
into the outputs. Regardless of the activity it is engaged in, every company has its operative system.
Differences arise only in the nature of the inputs,
conversion processes, or the outputs.
Management of the company’s operative system
forms integral part of its managing. This management in a service company is the task of the service manager. Service management is the study of
decision-making in function of services (Schroeder,
1999). Management of every operational system,
including service, has three basic components:
planning, organisation, and control. Therefore, the
job of a service manager is to plan, organise, and
control the service process in the company.
Services planning as service manager’s task involves answering the following simple questions:
‘What to produce?’ and ‘How much to produce?’.
The question ‘What to serve?’ represents the essence of the services planning process, and is at the
same time the most sensitive point of the process
itself. When answering the question, the most important things are services coordination, finances,
marketing, and development in the company. Defining services program depends not only on what
the demand on market is, but also on the company’s
capacities, or its operative system to services the
requested products with satisfactory quality and
within the framework of economy. Therefore, when
answering the question what to serve, it is necessary to harmonize the service, market and financial
potentials of the company. The next question that
must be answered in services planning process is:
‘How much to produce?’. The answer to this question should be given by planning the capacities
which is also the competence of the service manager. Managers have to plan annual, monthly, and daily fluctuations of services in terms of the available
physical equipment (Brown, 1963; Wheelwright,
Darral , 1967; Makridakis, 1984).
The role and responsibility of service manager
is to achieve vertical and horizontal coordination
in services planning process. He has to be the link
which performs the transmission of information
and impacts from other business functions to the
service, and in opposite direction. Service manger
should also ensure that the service plans be har518

monized with the company’s strategic plans, but
also that in the process of strategy planning possibilities and capacities of the company’s operative system be taken into account. (Nikolic, M.,
Sajfert, Z., Nikolic, B., 2005).
Services organization and control represent the
second part of the service manager’s activities. To
organize service, several questions should be answered: ‘How, where and who should produce?’ To
answer the question: ‘How to serve?’, service manager has to make the following decisions: selection
of the main technological process, selection of the
equipment and facilities and selection of the work
process. The answer to the question: ‘Where to
serve?’ implies defining the location of the service
facilities and internal space planning in the service
facilities. The answer to the question: ‘Who should
serve?’ requires defining workplaces in service and
organizing work at them – job design.
In functional structure, services manager has
to take care of the requirements set by the company’s top management. These requirements usually include organizational targets related to work
productivity, as low services costs as possible,
maintaining the reliability of the operation of the
service system and quality control in order to have
the output product which satisfies the requirements set by the market. Reputation is decisive in
the case of companies offering services, as the impression on quality is passed on by word of mouth.
A prospective consumer cannot look at or try the
product to gain impression of its quality. According to (Case Richard, 1978), organizations which
offer services should be classified in accordance
with the percentage of time during which the producer is in direct contact with the consumer while
the product is being made. Producers that produce
only goods have a 0% contact, whereas producers that offer only services realize a 100% contact. This proposal provides an accurate method of
classification for all types of service.
Services manager is target-oriented and oriented to creating and implementing creative vision
(Dess, Lumpkin, Eisner, 2007). Services manager
has to transform organizations from what they
currently are into the ones he would like them to
become (Dess, Lumpkin, Eisner, 2007). Hence
numerous authors claim that service managers
have to recognize and to continually reconsider
Volume 6 / Number 2 / 2011
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and review interdependent activities so that the organization can be successful. According to (Kotter, 1990), these activities are: 1) determining the
direction, 2) organization design, 3) fostering the
culture of commitment to excellence and ethically
correct behavior. A successful service manager requires efficient use of power in overcoming obstacles to changes (Champoux, 2000). This is the
ability to influence the behavior of other people, to
persuade other people to do the things which they
would not do otherwise and to overcome the resistance and opposition to the changing direction.
Efficient use of power is the essence of success of
a services manager (Ciampa, 2005).
However, service manager is limited to service
process, so that he or she ensures a reliable and
undisturbed operation of services system and correct functioning of the assigned process. He has
to harmonize the wishes of his or her immediate
superior and subordinated. Service manager has
to collaborate successfully with other holders of
managerial functions in the company in order
to achieve the targets of his or her function and
strategic targets of the company. He or she has to
posses both characteristics and abilities to motivate and mobilize the workers to perform the set
tasks. The above concepts could be summarized
in the following definitions: Service managers are
responsible for service of consumer goods, or services in organizations. Services managers make
decisions which are related to the function of services and use of transformation systems.
3. Characteristics of the research
The research was carried out through two surveys (Survey 1 and Survey 2). Survey 1 included
service managers, and Survey 2 included ‘other’
managers. At the start, the questions which were
to be asked in both surveys were defined. The
questions were formulated after considering a
large number of literature references, such as, for
example: (Antony, Young, 1988; Antony, Young,
1990; Kotter, 1995; Davidson, 1986; Ivanko,
1972; Mayon-White, 1990; Mintzberg, 1985; Sikavica, Bahtijarevic-Siber, 2004).
The principal characteristics of the process and
results of surveying through Survey 1 are:
Volume 6 / Number 2 / 2011

–– The number of service managers. Answers
from the total of 100 mangers were received.
–– The Respondents (Service Managers). The
respondents in Survey 1 are managers who
are directly involved in services process.
By their primary education, most service
managers are: mechanical engineers,
electrical engineers, technology engineers
and graduated economists.
–– Type of company. The research was carried
out in Serbian companies regardless of the
business branch and type of ownership.
Small businesses, with fewer than 20
employees were not included in the research.
–– Field of research in terms of geography.
The research was conducted on the territory
of Serbia.
–– Research period. The research lasted about
six (6) months, in the period between June
and December, 2008.
Principal characteristics of the process and results of surveying through Survey 2 are:
–– The number of managers. Answers from the
total of 80 ‘other’ mangers were received.
–– The Respondents (‘Other’ managers). The
respondents in Survey 2 are people whose
managerial function is not in the field of
services (‘other’ managers). This group
comprises: top managers, deputies and
assistants to top managers, HR managers,
marketing managers, finance managers, etc.
–– Type of company. The same as in Survey 1.
–– Field of research in terms of geography.
The same as in Survey 1.
–– Research period. The same as in Survey 1.
4. Research results
The research on the attitudes of service managers included the following topical questions:
1. Attitudes towards desirable characteristics
of service managers,
2. Attitudes towards the criteria for
measurement of the success of service
managers,
3. Attitudes towards the prerequisites for
successful work of service managers,
519
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4. Attitudes towards education of service
managers,
5. Attitudes towards selecting the service
manager.
The results for each of the above-mentioned set
of attitudes are reported below.
4.1. Desirable characteristics of service managers
Desirable characteristics of service managers
were studied through Survey 1. The surveyed service managers ranked the characteristics which are
desirable for a service manager. The ranking was
carried out so that the most important characteristic has Rank 1, and the least important one, Rank
7. (Lower average value speaks of more important
importance of the characteristic). The results are
shown in Table 1.
On the basis of Table 1, the respondents appreciate most in a service manager the knowledge of
service and technology with which the company
disposes. Since service manager belongs to the
middle line of management, insisting on his or her
knowledge of service and technology is quite understandable and in accordance with the already
classical requirement for middle management to
have significant technical abilities.
The next group of three characteristics refer to
the ability of service manager to provide support
within the company to achieve the service function targets. In order to accomplish this, service
manager has to be the coordinator with other functions, as well as to know how to work with people.
This group of skills and abilities belongs to humanistic skills and abilities of the managers, and

for middle management it is normal to be ranked
slightly lower than technical abilities. The lowest
ranked characteristics of service manager are that
he knows how to quickly eliminate bottlenecks,
and also to know the equipment and tools.
Regarding attitudes to the desirable characteristics of service managers, here are differentiated
two groups of service managers: the ‘politicians’
and the ‘engineers’. These two groups were obtained by cluster analysis through the following
criterion: those service managers that assessed the
index Knows basic technology with ranks 1, 2, 3
belong to ‘engineers’, and others belong to ‘politicians’. The differences between these two groups
of service managers are shown on Fig. 1.

Fig. 1. Ranking of the importance of characteristics of service managers for two groups of service
managers (Rank 1 – most important characteristic; Rank 7 – least important characteristics)
The first group of service managers particularly
appreciates the ability to provide support to service and good coordination with other functions in
the company. This profile of service managers can
conditionally be called the ‘politicians’, because
they emphasize the importance of negotiating
abilities and ability to provide support. The second
group of service managers, who can conditionally

Table 1. Ranking of the importance of characteristics of service managers
Characteristics
Has knowledge of service
Knows basic technology
Good coordinator with other functions in the company
Knows how to provide support to the service function
Knows how to work with people
Knows how to eliminate interruptions and bottlencks in
service
Knows the equipment and the tools
520

Average value
of the rank

Standard
deviation

Final rank of
importance

3.45
3.76
3.92
4.03
4.45

0.71
1.01
0.75
0.45
0.7

1
2
3
4
5

4.47

0.85

6

5.16

1.07

7

Volume 6 / Number 2 / 2011

technics technologies education management

be called ‘engineers’ appreciate most the knowledge of basic technology and service itself. This
group prefers technical knowledge to negotiating
abilities and knowledge. ‘Engineers’ think that
technical factor is more important for the success
of service function than internal relationships in
the company.

1, 2, and 3 belong to the ‘Innovators’, and others
to the ‘traditionalists’. The differences between
these two groups are shown in Figure 2.

4.2. Criteria for measuring the success of
		 service managers
Criteria for measuring the success of service
managers were studied through Survey 1. The surveyed service managers ranked the criteria on the
basis of which the success of work of service managers is appreciated. The ranking was carried out so
that the most important criterion has Rank 1, and
the least important criterion Rank 7. The results are
shown in Table 2. These ranks indicate the orientation of services managers in relation to the service
itself and its place and role in the company.
Product quality represents the most important
criterion for assessing the success of work of service managers. In the second place is assurance
of economy of service. The third in ranking is the
criterion of innovation in service. It can be concluded that the first three criteria include all the
important aspects of service: product quality, service economy, and innovations. The order of their
importance indicates a strong ‘engineer’ orientation of service managers.
Two groups of service managers are differentiated here: the ‘innovators’, and the ‘traditionalists’. These two groups were obtained by cluster
analysis through the following criterion: those service managers who assessed the index Propensity
to Product and Technology Innovation with ranks

Figure 2. Ranking on the basis of the criteria on
the basis of which the success of service managers for two groups of service managers (Rank 1
– the most important criterion; Rank 7 – the least
important criterion)
‘Traditionalists’ strongly emphasize maintaining the existing situation. For them, the most
important criteria are: assurance of the economy
of service, assurance of the product quality, and
service continuity. ‘Innovators’ point out the following criteria: assurance of the product quality,
propensity to product and technology innovation,
and introduction of new equipment.
4.3. Prerequisites for successful work of
		 service managers
Prerequisites for successful work of service
managers were studied through Survey 1. Attitudes to prerequisites for successful work of
service manager speak of critical factors of the
success of service function in the company. The
ranking was carried out so that the most important

Table 2. Assessments of the importance of criterion of success of work of service managers
Criterion of success of the service manager
Assurance of product quality
Assurance of economy of the services
Propensity to innovating products and technologies
Assurance of service continuity
Introduction of new equipment
Introduction of the employees’ knowledge and skills
Reducing the number of injuries at work
Volume 6 / Number 2 / 2011

Average value
of the rank

Standard
deviation

Final rank of
importance

3.73
4.11
4.21
4.42
4.58
4.58
4.68

0.89
0.76
0.70
0.47
0.85
0.80
1.02

1
2
3
4
5/6
5/6
7
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Table 3. Assessments of the importance of prerequisites for successful work of service managers
Prerequisites for successful work of service
Mastered technology
Providing the market
Qualified workforce
Support of the company management
Good collaboration with subcontractors
Availability of raw and other materials
Availability of the capacities

prerequisite has Rank 1, and the least important
has Rank 7. These prerequisites were ranked by
the surveyed service managers. The results are
shown in Table 3.
According to the results shown in Table 3, the
most important prerequisite for successful work of
service managers is mastered technology. Providing the market is in the second place. The order
of importance of these prerequisites is expected,
but it speaks of service instead of market orientation of service managers. Qualified workforce is
in the third place, followed by support of the company management, etc. It is interesting that availability of raw and other materials is ranked very
low despite difficulties in supplying the service.
Excessive capacities which are present these days,
is the probable reason for ranking capacities at the
last place according to importance, when talking
about prerequisites for successful work of service
managers.
Two groups of service managers are differentiated here: internally and externally oriented managers. These two groups were obtained by cluster
analysis through the following criterion: service
managers who assessed the index Providing the
Market with ranks 1, 2, and 3 belong to externally,
and others belong to internally oriented. The difference between these two groups of service managers are shown in Figure 3.
Internally-oriented managers view internal factors as prerequisites for successful work of service managers: mastered technology, support of
the management and qualified workforce. Service
managers of external orientation view external
factors as critical factors for success of service:
provided market, and good collaboration with
subcontractors.
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Average value of
the rank

Standard
deviation

Final rank of
importance

3.81
4.03
4.08
4.22
4.38
4.41
4.43

0.73
0.80
0.72
0.89
0.81
0.84
0.78

1
2
3
4
5
6
7

Figure 3. Differences between the two groups of
service managers – Attitudes to prerequisites for
successful work of service managers (Rank 1 –
The most important prerequisite; Rank 7 – The
least important prerequisite)
4.4. Education of service managers
Education of service managers was studied
through comparison with ‘other’ managers, and
so these results were obtained through both Survey 1 and Survey 2. Both service managers and
‘other’ managers were asked the same questions.
In relation to ‘other’ managers, service managers
have somewhat different attitudes when it comes
to necessary knowledge. These differences can
be seen in Figure 4. The ranking was carried out
so that the most important type of knowledge has
Rank 1, and the least important Rank 11.
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and ranks related to the possibilities of innovating
knowledge can be seen in Table 4.
Table 4. Possibilities of knowledge innovation
Forms of knowledge
innovation

Figure 4. Differences between the service managers and other managers – ranking of knowledge necessary for the manager (Rank 1 – The
most important knowledge; Rank 11 – The least
important knowledge)
The biggest difference is in treating the knowledge in the field of service and technology, which
was to be expected. Unlike ‘other’ managers, who
rank this type of knowledge in the sixth place according to its importance, service managers rank the
knowledge in the field of service and technology in
the first place in order of importance. It is significant
that service managers – more than ‘other’ managers
– attach greater importance mainly to knowledge in
‘technical fields’ such as: informatics, statistics, and
mathematics. With the exception of economy and
cost management, which has the high second place
with both service and ‘other’ managers, other types
of knowledge from the ‘field of economy’ have a
far lower ranking with service managers. Regarding the least important knowledge, service managers have similar attitudes like other managers.
Regarding knowledge innovation (Survey 1),
service managers trust formal school system most.
In the first two places according to the importance
of possibilities for innovating of knowledge are
the university and specialist courses organized
by universities. Then follow visits to national and
foreign companies, and then a group of methods
of knowledge innovation through scientific events
such as: scientific conferences and seminars in
the country and abroad. This ranking is favourable for universities, which have important space
in the field of educating managers. Assessments
Volume 6 / Number 2 / 2011

University
Specialist courses
Visits to national and foreign
companies
Seminars abroad
Seminars in the country
Scientific conferences in the
country and abroad
National and foreign
literature

Average
value of
the rank
2.92
3.74

Final
value
rank
1
2

3.92

3

4.11
4.29

4
5

4.71

6

4.95

7

4.5. Selection of service managers
Regarding selection of the personnel for the
function of service managers, attitudes of service
managers reflect the local orientation. In other
words, they think (Survey 1) that the most important recruitment basis for service managers is the
very service function. This means that it is most
favorable that service manager be an engineer
from the service. Then follow recruitment bases
such as: one’s own company, a related company,
institutes, faculties, and other organizations. Recruitment of service managers from one’s own
service function has an advantage in that the future
manager knows well the problems which he will
have to face, but this solution very often reduces
innovative possibilities in service.
In addition to this, when selecting service managers, the respondents (service managers) prefer
managerial to innovation abilities. Furthermore,
service managers think that university degree is a
sufficient level of education for a service manager,
while one third thinks that service manager should
have adequate specialization. The respondents
think that when selecting a service manager, candidates with more than five years of work experience should be sought.
5.  Specificities of service managers
Service managers also have certain specificities when it comes to some general attitudes. It is
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important to determine which are the attitudes and
opinions which make service managers different
from other managers. This can be used for clearer
understanding of the role of service manager and
more objective and more rational tailoring of educational system for this type of manager.
Specificities of service managers were studied
on the basis of Survey 1 and Survey 2. Both service and ‘other’ managers were asked the same
questions. It was established that service managers differ from other managers by their attitudes to
different questions (Figure 5, and Figure 6).
Figure 5 shows the results of research on the
importance of three parameters, separately for service managers and separately for other managers.
Here, assessment from 1 to 5 were given, 1 being
lowest, and 5 the highest assessment. For service
managers the most important are the knowledge
of technology and service, and for ‘other’ managers, the most important is consumer loyalty as
a measure of success. Figure 6 shows the results
of the research on the importance of the seven
parameters, separately for service managers and
separately for other managers. The ranking was
carried out so that the most important parameter
has Rank 1, and the least important one Rank 7.

Figure 5. Importance of certain parameters for
service managers and for other managers
(Rank 1 – Lowest Assessment; Rank 5 – Highest
assessment)
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Figure 6. Differences in attitudes between service managers and other managers
(Rank 1 – Greatest importance; Rank 7 – Lowest
Importance)
6. Conclusion
The results presented in the paper could be
summarized through the following conclusions:
–– For service managers, the most important
are the knowledge of service and technology
with which the company disposes.
–– The most important criterion for assessment
of success of work of service manager is the
quality of the product.
–– The most important prerequisites for
successful work of service managers are
mastered technology and provided market.
–– Universities should take the leading role in
the field of education and improvement of
service managers.
–– Engineers from service process in one’s
own company who have managerial skills,
university education and significant work
experience should be selected for service
managers.
The obtained results are significant for both
the theory and practice of management, especially
management practice in Serbian companies and
other countries in transition. The existing state of
certain aspect related to service managers was established. The interpretation of the research results
can help managers to perceive their own position
in relation to the average state, and to distinguish
Volume 6 / Number 2 / 2011
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good from bad practice. Directions for further activities regarding the improvement of knowledge,
education, and results of the work of service managers can be perceived in this way.
In addition to this, the research results enable a
more efficient selection of service managers, more
efficient assessing of the success of service managers, and creation of better prerequisites for successful work of service managers. All this can significantly contribute to the improvement not only
of service, but also of overall business results of
Serbian companies. And, finally, the research can
contribute to the development of awareness of the
importance of service management and the need
for its permanent improvement.
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Analysis of public expenditure
in B&H and transition countries
Aldin Međedovic
Institution: Directorate for Economic Planning, Bosnia and Herzegovina

Abstract
This paper deals with the analysis of public expenditures in Bosnia and Herzegovina, also giving
insight into the trends of public expenditures in
some transition and EU countries. Methods used
in the preparation of this analysis include basic
research methods, analysis of the research problem through inductive and deductive methods, the
analysis and synthesis, as well as methods of quantitative and qualitative analysis. Descriptive, comparative and statistical methods were also used, and
tabular and graphical presentation of statistical data.
For purposes of this research an extensive literature
was consulted, discussing the theoretical and empirical research in the fields of macroeconomics,
fiscal policy and public expenditure management.
In application of the above methods, based on the
primary and secondary data collected, research was
done in order to be able to present and also to make
a comparative analysis of public expenditures in
Bosnia and Herzegovina and other countries selected for this study. The criteria for selection of
countries that were considered in this analysis and
taken for comparison with Bosnia and Herzegovina
in the domain structure and scope of public expenditure are geographical position, common heritage,
commitment to integration into the EU, but also
their involvement in the transition process. Under
the analysis of public expenditures in Bosnia and
Herzegovina, the institutional framework of public
finance in Bosnia and Herzegovina was presented,
with reference to the specific arrangement of Bosnia and Herzegovina, which has direct implications
to the degree of fiscal decentralization and public
expenditure policies. The lack of fiscal coordination and relevant institutional capacity and the lack
of binding fiscal regulations are direct consequences of such specific and complex arrangements in
Bosnia and Herzegovina. This paper also gives
526

an overview of the scope of public expenditures
in Bosnia and Herzegovina, which is at the same
level as public expenditures of countries with much
higher GDP per capita, such as Romania, Bulgaria
and Slovakia. Bearing in mind the fact that Bosnia and Herzegovina achieved limited results in
economic progress, such high public expenditures
are sufficient reason for concerns. This statement
is also supported by principles under the Wagner’s
Law, stipulating that countries with higher level of
economic development have higher public expenditures, based on the expansion of state activities
aimed at ensuring necessary quantity and quality of
public services and public services in general. In order to analyze the structure of public expenditures,
this paper outlines economic and functional structure of public expenditures in Bosnia and Herzegovina, and the comparisons with other countries.
Economic classification of public expenditures is a
useful instrument by which we can make the analysis and definition of the budget and determine the
country’s fiscal position. As an example we mention the fact that this classification provides insight
into the share of remunerations in government expenditures and the amount of transfers to public
enterprises, which is important for assessing the
impact of fiscal policy and positions. Bosnia and
Herzegovina, in relation to the countries observed
in this study, has significantly increased spending
for the compensations for employees and intermediate consumption. This inevitably leads to conclusion that Bosnia and Herzegovina due to the complex state structure and duplication of governmental activities at different levels generates excessive
public expenditures, which ultimately lead to inefficient public sector. Functional classification of public expenditures gives an overview of government
activities according to their purpose (eg. education,
social security, health, defense, etc.). It should be
noted that this review of government activities is
Volume 6 / Number 2 / 2011
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not linked to the government’s organizational structure. Functional classification is important in order
to be able to analyze resources allocation between
different sectors. We need to point out that there is
no consolidated and coherent data on government
expenditures by function based on COFOG classification at the level of Bosnia and Herzegovina.
The limited data available in this segment clearly
show that Bosnia and Herzegovina, due to the
above reasons, has dramatically increased spending in terms of public order and safety, and general
public services, when compared to other countries.
The results of the analysis of public expenditures in
Bosnia and Herzegovina clearly suggest the need
for stronger involvement of the wider community
in order to optimize public expenditures and their
restructuring with the aim to ensure conditions for
stable economic growth.
Key words: public finance, public expenditure,
economic classification of public expenditures,
functional classification of public expenditures
Sazetak
Ovaj rad se bavi analizom javnih rashoda u Bosni i Hercegovini, dajući takođe uvid u kretanja javnih rashoda u nekim tranzicijskim i EU zemljama.
Metode, korištene pri izradi ovog rada uključuju
osnovne metode istraživanja, analizu problema
istraživanja kroz induktivnu i deduktivnu metodu,
metodu analize i sinteze, metode kvantitativne i
kvalitativne analize. Takođe su korištene deskriptivna, komparativna i statistička metoda te tabelarno i grafičko prikazivanje statističkih podataka.
Za potrebe istraživanja korištena je opsežna literatura, u kojoj su razmatrana teorijska i empirijska
istraživanja u područjima makroekonomije, fiskalne
politike i upravljanja javnim rashodima. Primjenom
navedenih metoda, na bazi prikupljenih primarnih i
sekundarnih podataka izvršena su istraživanja neophodna za predstavljanje i komparativnu analizu
javnih rashoda u Bosni i Hercegovini i odabranim
zemljama. Kriteriji, korišteni za odabir zemalja
koje su razmatrane za potrebe analize i poređenja
sa Bosnom i Hercegovinom u domenu strukture i
obima javnih rashoda su geografska udaljenost,
zajedničko naslijeđe, opredjeljenje za integrisanje
u EU, involviranost u tranzicijski proces. U sklopu
Volume 6 / Number 2 / 2011

analize javnih rashoda u BiH, predstavljen je institucionalni okvir javnih finansija u Bosni i Hercegovini, gdje je napravljen osvrt na specifično uređenje
Bosne i Hercegovine koje ima direktne implikacije
na stepen fiskalne decentralizacije i politiku javnih
rashoda. Direktna posljedica specifičnog i kompleksnog uređenja Bosne i Hercegovine je nedostatak
fiskalne koordinacije i relevantnih institucionalnih
kapaciteta, kao i nepostojanje obavezujućih fiskalnih pravila. U radu je takođe dat uvid u obim javnih
rashoda u Bosni i Hercegovini, koji se nalazi na
nivou javnih rashoda zemalja sa znatno višim bruto
domaćim proizvodom per capita, poput Rumunije,
Bugarske i Slovačke. Imajući u vidu činjenicu da
Bosna i Hercegovina pokazuje skromne rezultate u
ekonomskom progresu, ovako visoki javni rashodi
daju dovoljno razloga za zabrinutost. U prilog iznesenoj tvrdnji u prilog ide i Wagnerov zakon, prema
kojem zemlje na većem nivou ekonomskog razvoja
imaju i veće javne rashode, zasnovane na proširenju državnih aktivnosti koje za cilj imaju osiguranje nepohodnog kvantiteta i kvaliteta javnih usluga
i javnog servisa uopšte. U svrhu analize strukture
javnih rashoda, u radu je predstavljena ekonomska
i funkcionalna struktura javnih rashoda u BiH te
izvršeno poređenje sa odabranim zemljama. Ekonomska klasifikacija javnih rashoda predstavlja
koristan instrument pomoću kojeg je moguće vršiti
analizu i definisanje budžeta te određivanje fiskalne pozicije zemlje. Kao primjer navodimo činjenicu da ova klasifikacija daje uvid u udio plata u
državnim rashodima i iznos transfera za javna preduzeća, što je važno za procjenu uticaja i pozicije
fiskalne politike. BiH u odnosu na zemlje posmatrane u ovom radu ima znatno veća izdvajanja za
kompenzaciju zaposlenih i međufaznu potrošnju.
To neminovno dovodi do zaključka da Bosna i Hercegovina uslijed kompleksnog državnog uređenja i
dupliranja vladinih aktivnosti na različitim nivoima
generiše previsoke javne rashode, koji u konačnici dovode i do neefikasnog javnog sektora. Funkcionalna klasifikacija javnih rashoda daje pregled
vladinih aktivnosti u zavisnosti od njihove namjene
(npr. obrazovanje, socijalno osiguranje, zdravstvo,
odbrana, itd.). Treba napomenuti da ovaj pregled
vladinih aktivnosti nije vezan za vladinu organizacijsku strukturu. Funkcionalna klasifikacija je važna za analizu raspodjele sredstava između različitih sektora. Ovdje treba istaći da na nivou Bosne i
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Hercegovine ne postoje konsolidovani i koherentni
podaci o rashodima vlade po funkcijama zasnovani
na COFOG klasifikaciji. Ograničeni podaci u tom
segmentu nedvojbeno pokazuju da BiH zahvaljujući prethodno navedeniim razlozima, u odnosu na
posmatrane zemlje ima drastično veća izdvajanja
za javni red i bezbjednost te opšte javne usluge. Rezultati analize javnih rashoda u Bosni i Hercegovini
ukazuju na potrebu snažnijeg angažmana šire društvene zajednice u cilju optimiziranja javnih rashoda
i njihovog prestruktuiranja sa ciljem osiguravanja
pretpostavki za stabilan ekonomski rast.
Ključne riječi: javne finansije, javni rashodi,
ekonomska klasifikacija javnih rashoda, funkcionalna klasifikacija javnih rashoda
Introduction
Public expenditure management has always
been a very important issue, which is especially important in critical situations when the fiscal position
of the country is in question. The system of public
expenditure management is defined under the procedures to identify trends for public funds. This is
one way to ensure efficient use of public resources,
fiscal discipline and the implementation of strategic
priorities. Mentioned procedures imply monitoring the fiscal position of the country and keeping
public expenditures within budget limits. This process requires activity prioritization and analysis of
policy options from different institutions in order to
achieve optimal allocation of available resources.
Public expenditure management systems have
evolved in time, thus reflecting a growing trend
of debts by the governments, and consequently
the changes in the budgets. However, successful
identification and implementation of fiscal policy
largely depends on the attention that public institutions devote to formulating their daily activities
within the system of public expenditure management. Motivation to improve economy, achieve
efficiency and effectiveness in mobilizing, allocating and optimizing public resources represent the
basis for public expenditure management1. The
approach used in public expenditure management
1 Source: Premchand, A., “Public Expenditure Management”, International Monetary Fund, 1993., Pp.41.
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can have far-reaching consequences for the management of public funds and vary depending on
the country. In the light of its strategic affiliation to
integrate into the European Union, it is significant
that Bosnia and Herzegovina maintains the objective of EU accession in the field of public expenditure management. In the past several years, Bosnia
and Herzegovina implemented many reforms that
are important for its fiscal position. Mentioned reforms also contribute to the harmonization of the
fiscal sector and the European Union and other international standards relevant to the fiscal sector.
One of the important reforms was implemented
in the taxation system, with introduction of VAT,
from 01 January 2006. It is significant to mention
that in the year 2008 the Fiscal Council was established as a coordinating body for issues pertaining to fiscal policy. The task of the Council is to
contribute to preserving macroeconomic stability
and achieving development goals, as well as setting spending limits on annual and perennial level.
Therefore, determining the limits of the budget
deficit and reducing fiscal imbalances is also the
task for the Council.
However, there are still numerous problems
that will potentially reduce the degree of fiscal sustainability to a significant extent, and also lower
the prospects for improvement of living standards.
This was particularly visible at the time of global
economic crisis in late 2008 and during the course
of 2009, when the fiscal position of Bosnia and
Herzegovina deteriorated. At that point, there was
a sudden decrease in long-term financial inflows
and decrease of tax revenues on one part, while
on the other part the existing structure of public
expenditures brought the fiscal sector into an unenviable position. In particular, the recorded increase of salaries for the budget beneficiaries, the
growing current government consumption and the
fact that social benefits were large part of the total
amount for public expenditures, all made the fiscal sector unsustainable. Besides this, Bosnia and
Herzegovina is facing duplication and fragmentation of government functions, which leads to poor
quality of government services and ultimately to
inefficient public spending policies. In the fiscal
system of Bosnia and Herzegovina, the state level
has only limited competencies, while lower levels
of authority have substantial fiscal autonomy. The
Volume 6 / Number 2 / 2011
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state of Bosnia and Herzegovina, in general, can
perform functions that are not expressly granted
by the Constitution, only if the powers are transferred from the level of RS and the Federation of
Bosnia and Herzegovina. In addition, management of fiscal policy is significantly different in
the Federation of BiH from the one in Republika
Srpska.
Mechanisms for coordination between the State
and Entity levels, which are crucial for the establishment, implementation and monitoring of fiscal
policy, still remain insufficiently developed. It is
significant to mention the lack of certain statistical
data, which makes the analytical work and quality
decision making even more difficult. One example
corroborating this assertion is nonexistence of an
overview of the functional classification of public
expenditures according to COFOG standard.
All outlined above indicates the importance
of public finance reforms in Bosnia and Herzegovina, where special attention should be given to
public expenditure reforms. Failure to implement
the reforms in this segment keeps the development of the state in stagnation, but also prevents
development of its institutions, and is an obstacle
to economic development in entirety. Implementation of such a complex task, inter alia, requires
a preliminary analysis of the current structure of
public expenditures. The main objective of this
paper is to analyze the structure of consolidated
public expenditures of Bosnia and Herzegovina,
and comparison to other transition countries in
the region, including the EU Member States and
countries candidates for EU membership.
The institutional framework of public
finance in Bosnia and Herzegovina
The policy of public finance is an integral part of
overall strategic and political objectives of government in every country. In this context, Bosnia and
Herzegovina, as well as many other countries, has
certain problems with determining and defining the
optimal level of fiscal decentralization. State structure of Bosnia and Herzegovina, which includes
highly centralized Republika Srpska (RS) and the
Federation of Bosnia and Herzegovina (FBiH),
which is highly decentralized, along with the DisVolume 6 / Number 2 / 2011

trict of Brčko makes it difficult to achieve satisfactory level of efficiency in promoting economic growth
in Bosnia and Herzegovina. The implementation of
policies pertaining to public expenditures and the
expenditure management system in Bosnia and
Herzegovina can be understood only with the full
understanding of fiscal relations between different
levels of government. In the fiscal system of Bosnia and Herzegovina, the State has limited powers
compared to lower levels of authority, which have
substantial fiscal autonomy. The state of Bosnia and
Herzegovina, in general, can perform functions that
are not expressly granted by the Constitution, only if
the powers are transferred from the level of RS and
the Federation of Bosnia and Herzegovina. In addition, management of fiscal policy is significantly
different in the FBiH from the one in RS. Federation with its 10 cantons, 84 municipalities and very
little vertical and horizontal cooperation between
different levels of government is highly decentralized form of organization. It is also an example of
the highest degree of fiscal decentralization in the
region. Lower levels of government in the FBiH
have significant responsibilities in the definition of
fiscal policy on the expenditure side. The share of
expenditure of lower levels of government, cantons
and municipalities in the consolidated budget of the
FBiH is estimated at about 75%, including non-budgetary funds, without which it is 43%2.The structure
of fiscal federalism in the Federation established
by the Law on Public Revenue in the Federation
of Bosnia and Herzegovina and the Funding of the
Federation of Bosnia and Herzegovina and subsequently adopted Law on Budgets in the Federation
of Bosnia and Herzegovina3. Bosnia and Herzegovina, besides the lack of fiscal coordination and relevant institutional capacities, is also characterized by
the absence of binding fiscal rules. In order to solve
these problems, in 2008, Bosnia and Herzegovina
established the Fiscal Council, as the coordinating
body for issues of fiscal policy. One of the tasks of
the Council is to contribute to preserving macroeconomic stability and achieving development goals. In
addition, the Council should define the objectives of
2 Source: “Fiscal Decentralization in Bosnia and
Herzegovina”, World Bank, 2002., Pp.58.
3 Source: Dr. F. Čaušević, “Fiscal Structures in BiH and
the problems it generates, 2002. year, pp.80.
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fiscal policy of Bosnia and Herzegovina and set the
limits of expenditures on rolling plan. Therefore, it is
the task of the Council to determine the limits of the
budget deficit and to reduce any fiscal imbalances.
The scope of public expenditure
For the purpose of analyzing the extent of public expenditures in Bosnia and Herzegovina, in the
beginning we need to point out the fact that there
is a difference between the GDP calculated by the
production approach and GDP calculated by expenditure approach. This fact significantly affects the
results of an analysis of public expenditures Bosnia and comparisons with other countries in this
context. Public expenditures in Bosnia and Herzegovina, according to both mentioned approaches,
exceed 40% of GDP for years now. However, we
should mention that the GDP calculated by expenditure approach, that takes into account the informal
sector, is more comprehensive and thus provides a
more realistic picture of an economy. Therefore we
will base this analysis of public expenditures on the
participation of public expenditures in Bosnia and
Herzegovina in GDP calculated by expenditure approach. Figure 1 gives the possibility to compare
the level of public expenditures in Bosnia and Herzegovina and selected countries in year 2009.It may
be noted that the scope of public expenditures in
BiH is at the level of public expenditures in countries with much higher gross domestic product per
capita, such as Romania, Bulgaria and Slovakia.

Graph 1. Public expenditures for BiH and selected countries in year 2009. (% of GDP)

Sources: http://epp.eurostat.ec.europa.eu, www.cbbh.
ba, www.bhas.ba, www.dep.gov.ba, www.mfin.hr, www.
mfin.gov.rs, www.finance.gov.mk
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Bearing in mind the fact that Bosnia and Herzegovina achieves modest results in terms of economic progress, such high public expenditures are
sufficient reasons for concern. This statement is
also supported by principles under the Wagner’s
Law, stipulating that countries with higher level of
economic development have higher public expenditures, based on the expansion of state activities
aimed at ensuring necessary quantity and quality
of public services and public services in general.
Economic Clssification of Public
Expenditures
Concerning the previously outlined review of
the scope of public expenditures, in this part we
will make the analysis of their structure. We will
also make comparisons with selected countries
in terms of the structure of public expenditures.
Bosnia and Herzegovina is mostly earmarked for
social benefits, compensation of employees and
use of goods and services. Expenditures for these
items are nearly 85% of total public expenditure.
The rest are capital expenditures, appropriations
for other expenditures, subsidies and interest.
Bosnia and Herzegovina, in the overall structure
of public expenditures, compared to Croatia, Serbia, Bulgaria, Romania, Slovenia and Slovakia allocates much more funds for the use of goods and
services. It is similar with regards to compensations of employees. In addition, it is evident that
d and Bosnia has increased allocations for social
welfare in relation to Bulgaria, Romania and Slovenia. In order to better review the structure of
public expenditures, the following data table in its
first part presents the most important categories in
the overall structure of public expenditures, and
data for the countries with the lowest and highest
allocations and data for Bosnia and Herzegovina
in this context. One can clearly see that Bosnia and
Herzegovina has a substantially higher allocation
for the use of goods and services, i.e. intermediate consumption in the examined country. Bosnia
and Herzegovina is a country that dedicates most
funds for this item, with the participation of intermediate consumption from 21.8% in total public
expenditures, while Croatia is the country with the
lowest participation (10.8%) among the countries
Volume 6 / Number 2 / 2011
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Table 1. Participation of most significant categories of public expenditures in total public expenditures
(Economic Classification -% of total expenditures)
Public
expenditure

Bosnia and
Herzegovina

The country with the
lowest allocations

The country with the
highest allocations

Social benefits
Compensation of
employees
Use of goods and
services

34,6

Bulgaria (30.7)

Slovakia (42.2)

27,6

Slovakia (17.5)

BiH

21,8

Croatia (10.8)

BiH

Sources: http://epp.eurostat.ec.europa.eu, www.cbbh.ba, www.bhas.ba, www.dep.gov.ba, www.mfin.hr, www.mfin.gov.rs

selected for analysis. It should be noted that the
average share of expenditures for the use of goods
and services in total public expenditure at the level
of EU 27 is 12.5%.
It is similar also with the participation expenses
for compensation for employees in total public expenditures. Bosnia and Herzegovina has a lead in
this segment as well, with the participation of these
items from 27.6% in total public expenditures, as
a country allocating the most for the public sector salaries among the selected countries. On the
other hand, Slovakia with 17.5% is a country allocating the least for this area, while the EU 27
average is 20.3%. If you observe social welfare,
Slovakia is a country that stands out most in this
area (42.2% of total public expenditure), while
Bulgaria is a country with the lowest allocations
(30.7% of total public expenditure). BiH provides
for social welfare 34.6% of total public expenditure, which is about five percentage points lower
than the EU 27 average.
The second graph presents the comparison of
public expenditures in Bosnia and Herzegovina,
with an average of selected countries and EU
27 average in year 2009 as a proportion of GDP.
You will notice that expenditures for salaries in
the public sector and use of goods and services in
Bosnia is much higher compared to the selected
countries. BiH allocated 11.3% of GDP for compensation of employees, while the average of selected countries for this item under public expenditures is 10.3% and 11.2% for the EU 27 level.
Increased allocations for salaries are a direct result
of a specific constitutional structure of Bosnia and
Herzegovina, i.e. the existence of five levels of
government and supporting public administration.
Thus, Bosnia and Herzegovina allocates more for
Volume 6 / Number 2 / 2011

wages than Croatia, Serbia, Romania, Slovakia
and Bulgaria.

Graph 2. Comparison of public expenditure in
Bosnia and Herzegovina, with an average of
selected countries and EU 27 average in 2009
(Economic Classification -% of GDP)

Sources: http://epp.eurostat.ec.europa.eu, www.cbbh.
ba, www.bhas.ba, www.dep.gov.ba, www.mfin.hr, www.
mfin.gov.rs

Compared with countries considered in this
paper, Bosnia and Herzegovina has a significantly larger allocation intended for intermediate
consumption. Bosnia and Herzegovina was allocated 8.9% of GDP for this item in 2009, while
the average for Croatia, Serbia, Bulgaria, Romania, Slovenia and Slovakia in this context is lower
by 2 percentage points. The scope and structure of
public expenditure in BiH reflects a considerable
degree of inefficiency and duplication of functions
at all levels of government4. Following the analysis based on the economic classification, for the
4 Source: “Bosnia and Herzegovina: Addressing Fiscal
Challenges and Enhancing Growth Prospects - A Public
Expenditure and Institutional Review”, World Bank,
2006., Pp.19th
531

technics technologies education management

consolidated one it can be concluded that public
expenditures in Bosnia and Herzegovina are not
stimulating growth. This assertion is supported by
the fact that more than half of public expenditures
is intended for the categories that are treated as categories contributing to economic growth only in a
marginal sense. Nevertheless, one should specify
that in the period from 2006 to 2009 there was a
decline of expenditures for intermediate consumption in total public expenditure and GDP (Chart
3).However, the growth of social welfare in the total public expenditure and GDP is not simulating
for the national economy.

Graph 3. Changes in the structure of public expenditures in Bosnia and Herzegovina for period
between 2006 and 2009.
(Economic Classification - expressed in %)

Sources: www.cbbh.ba, www.bhas.ba, www.dep.gov.ba

Functional Clssification of Public Expenditures
In the very beginning, it is necessary to note
that there are no data on government expenditures
by function based on COFOG classification at the
level of Bosnia and Herzegovina. The functional
structure of public expenditures in Bosnia and
Herzegovina will, however, be outlined herein,
based on available data5. Bosnia and Herzegovina
due to its complex state structure and duplication
of functions has high costs of general public services compared to other countries (Chart 4).Thus,
5 Sources: Economic and Fiscal Programme BiH 2010th
- 2012.; Bosnia and Herzegovina: Addressing Fiscal
Challenges and Enhancing Growth Prospects - A Public
Expenditure and Institutional Review“, World Bank, 2006.
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according to the data available, in year 2008, BiH
allocated 9% of GDP for general public services,
which is four percentage points more than in Slovenia, which among the observed countries has
the highest allocations in this area. Allocations for
public order and safety in Bosnia were also significantly higher than the other observed countries.
Thus, the allocation for this area in BiH in 2008
amounted to 4% of GDP versus an average of
2.3% for the observed countries. Events recorded
in the recent history of Bosnia and Herzegovina
left a deep mark on the economy as a whole. All
this was reflected in the structure of public expenditures and led to the position where BiH spends
disproportionately more than the new EU member
states on public order and veteran benefits6. Allocations for social protection are at approximately
the same level as in other countries in the region.
However, their main feature in BiH is the imbalance. In fact, the aforementioned veterans’ benefits, which are not focused to the least priviledged,
are taking an extremely high proportion compared
to other components of social protection. Furthermore, BiH has allocations for health care higher
than all the other countries except Slovenia, and
the level of effectiveness of entire health system is
questionable. Graf 4 represents the developments
in the functional structure of public expenditure
for the period from 2004 to 2008.BiH, as most
countries observed marked a slight decline in all
functions except for allocations for general public
services.
This is particularly important to point out that
BiH, despite the lower level of economic development in comparison to other countries, generates
public expenditures for general public services by
9.3 percentage points higher than the average of
the observed countries. Same applies to the expenditure for public order and safety and housing, where BiH generates more expenses than the
average of the observed countries by 3.2 and 1.3
percentage points.

6

Source: “Bosnia and Herzegovina: Addressing Fiscal
Challenges and Enhancing Growth Prospects - A Public
Expenditure and Institutional Review”, World Bank,
2006., Pp.22nd
Volume 6 / Number 2 / 2011

technics technologies education management

Graph 4. The dynamics of public expenditure
in BiH and selected countries for the period between 2004 and 2008.
(Functional Classification -% of GDP)
Sources: http://epp.eurostat.ec.europa.eu, http://
ec.europa.eu/economy_finance/publications/occasional_paper/2010/op63_en.htm, Ekonomski i
fiskalni program BiH 2010. - 2012.; „Bosnia and
Herzegovina: Addressing Fiscal Challenges and
Enhancing Growth Prospects - A Public Expenditure and Institutional Review“, World Bank, 2006.
Conclusions
Bosnia and Herzegovina is characterized by
a complex governmental structure that has a direct impact to the scope and structure of public
expenditures. Like many other countries, Bosnia
and Herzegovina has a problem with determining
and defining the optimal level of fiscal decentralization. The current framework of fiscal policy in
Bosnia and Herzegovina is limited by the State
structure, where Entities are given a high degree
of sovereignty, and leads to fragmentation of the
fiscal structure. Such a system mainly leads to lack
of coordination in creating a stronger fiscal policy
at the State level, which is of extreme importance
for a small country like Bosnia and Herzegovina.
The final result of this situation is unsatisfactory
level of real economic growth. Establishment of
the Fiscal Council, which began operations in late
2008, was aiming towards remedying the inconsistency of fiscal policy that occurs due to the lack
of fiscal coordination.
Volume 6 / Number 2 / 2011

Additionally, Bosnia and Herzegovina is facing
numerous deficiencies in the field of statistics of
public finance and the economy as a whole, which
significantly complicates the analysis of public
expenditures. As an example we can mention the
fact that the proportion of public expenditures
expressed in GDP varies significantly depending
on whether the GDP is accounted for by production or expenditure approach. It is believed that
the GDP accounted for by production approach is
underestimated, while the GDP calculated by expenditure approach does provide a more realistic
picture of the economy. In addition, at the level of
Bosnia and Herzegovina there is no consolidated
and coherent data on government expenditures by
function based on COFOG classification.
However, it is evident that public expenditures in
Bosnia and Herzegovina exceed 40% of GDP, calculated according to both these approaches. Thus,
public expenditure in Bosnia and Herzegovina is
higher compared to public expenditures in Macedonia, i.e. it is approximately at the same level as
public expenditures in Romania, Bulgaria, Slovakia and Croatia. At the same time these countries
generate significantly greater amount of GDP per
capita in comparison to Bosnia and Herzegovina.
According to Wagner Law, economically developed countries generate even greater public expenditures which are proportional to expanded role of
the State. It is not logical that Bosnia and Herzegovina should generate public expenditures equal
to those of economically advanced countries.
In addition to inadequate amount of public expenditures, Bosnia and Herzegovina has a problem related to the structure of public expenditures.
If you observe the economic structure of public
expenditures based on the GFS, it can be concluded that Bosnia and Herzegovina, in comparison to
other countries covered in this study, has allocated
more funds for compensations for employees and
intermediate consumption. This inevitably leads
to conclusion that Bosnia and Herzegovina due to
its complex organizational structure and duplication of government activities at different administrative levels generates extremely high public
expenditures, which ultimately lead to creating
inefficient public sector. Similar conclusion can
be drawn from the analysis of limited data available concerning the functional structure of public
533
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expenditures. Namely, these data clearly indicate
that Bosnia and Herzegovina, due to the previously outlined reasons, has dramatically increased
costs of public order and safety, and general public
services in comparison to other countries subject
to this analysis. These results require a significant
involvement of the wider community in order to
optimize public expenditures in Bosnia and Herzegovina and its restructuring with the aim to ensure prerequisites for stable economic growth.
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Abstract
A rational pharmacotherapy training based on
WHO good prescribing guide was introduced to
the fourth-year undergraduate medical students at
Medical Faculty, University of Sarajevo. The method used was role play by students in solving pharmaco-therapeutical problems. After the sessions
students were asked to complete the questionnaire
designed to probe their level of agreement towards
their experience on five point scale. One hundred
and twelve medical students took part in eight role
play case studies. Out of 112 students, 98 responded to the questionnaire (response rate 87.5%). The
overall response to the section was positive. The
mean level of agreement with the proposed statements varied from 4.49 ± 0.99 to 3.09 ± 1.33. The
results indicate that rational pharmacotherapy training can be integrated successfully into pharmacology teaching. Carefully designed student’s role play
can provide challenging environment for practicing
individual problem solving.
Key words: rational pharmacotherapy training, role play, written assessment method
1. Introduction
Importance of rational pharmacotherapy training has been underlined in different settings
(Flockhart et al., 2002; Tobaiqy et al., 2007). Term
“postcode prescribing” describes prescribing pattern variations in different geographical regions.
Training of the practitioners in good prescribing
Volume 6 / Number 2 / 2011

and use of guidelines can notably influence the
prescribing practice (Aronson, 2006).
Rational pharmacotherapy education should
provide medical students with usable knowledge
and practical skills in drug prescribing. Acquired
pharmacology knowledge is not a guarantee for
good clinical reasoning and adequate drug prescribing. Combining pharmacology teaching and
prescribing skills training lead to the significant increase in the level of students’ expertise in choosing a right treatment followed by determination of
monitoring parameters (Vollebregt et al., 2005).
Lack of training and low perceived task importance were identified as probable reasons in junior
doctors prescribing errors in the United Kingdom
(Ross and Loke, 2009; Tobaiqy et al., 2007). A
web-based survey in the United Kingdom showed
that medical graduates generally lack in confidence in their-self prescribing skills (Heaton et al,
2008). Majority of the interviewed responded that
amount of teaching in clinical pharmacology and
therapeutics was “too little or far too little”, and
half of them disagree or tend to disagree that assessment in this area thoroughly tested knowledge
and skills. There are no data available on how
medical students, graduates and young doctors in
Bosnia and Herzegovina perceive their-self prescribing skills and their experience with pharmacotherapy education.
A rational pharmacotherapy training based on
World Health Organization (WHO) Good Prescribing Guide, with following written examination,
were introduced to the fourth-year undergraduate
medical students at Medical Faculty, University of
535
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Sarajevo. A six-step process for rational prescribing training, described in the WHO Good Prescribing Guide, is widely used educational method. This
method has been suggested as a good foundation
for designing of the targeted prescribing curriculum
(Ross and Loke, 2009). A multi-centre randomized controlled study results show that students’
development of personal formulary (based on the
WHO guidelines) or existing national or other formulary use, both increase the student’s competence
in rational prescribing (De Vries et al, 2008). The
examination was designed to assess students’ competence in identifying and managing critical steps
for problem solving of treatment-focused case scenarios. In order to improve written examination of
clinical decision-making skills Medical Council of
Canada introduced Key Feature Project (Page et al.,
1995; Bordage et al, 1995). Critical steps that must
be taken to identify and manage the clinical problem adequately are defined as problem’s key features. The steps in which examinees are most likely
to make errors during the problem solving are identified and used for assessment purposes (Page et al.,
1995). The study purpose was to assess the opinion
of the students regarding the pharmacotherapy education methods: role play and written assessment
methods.

tient, student doctor, and student supervisor. The
instructions were given to the role players orally
and in written. If needed, tutors provided additional information to students during the “time
outs”. Eventually, the Medical Doctors’ performance was commented by other two role players.
The communication and prescribing performance
were discussed and graded according to the check
list (see figure 1).

2. Methods
The study was conducted at the Medical Faculty University of Sarajevo. The team of the Pharmacology and Toxicology Cathedra designed a
questionnaire on students experience with the role
play method in pharmacotherapy education.
Rational pharmacotherapy tutorials based on
the six-step process have been introduced, covering six topics as follows: analgesics/antipyretics,
antimicrobials, antihypertensive, medication for
asthma and diabetes mellitus, insomnia and anxiety. Treatment-focused case scenarios were designed to challenge the students’ performance in
solving pharmacotherapy problems in a simulated
situation. The role-play was used as a teaching
method for the fourth-year undergraduate medical students. During the role play, students were
divided into small groups. Within the each group
following roles were delegated: simulated pa536

Figure 1. Check list for commenting student’s
performance
After the training completion, students prescribing skills were assessed using the “write
in” test. The test was based on clinical case scenarios. The key features (that are in line with the
WHO guidelines principles) were identified, with
consideration of the relative importance for clinical problem solving, and tied to the test items as
check points. The study purpose was to assess the
opinion of the students regarding the pharmacotherapy education methods: role play and written
assessment methods. The acceptability and usefulness of the role play was evaluated.
The questionnaire (table 1) was distributed to
the students engaged in the role play a week beVolume 6 / Number 2 / 2011
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fore the final exam. Students were asked to express their level of agreement with the proposed
statements on five-point scale (1-disagree, 5- completely agree). Two nonparametric tests were used
for statistical analysis of the questionnaire. The
difference between the sample groups was measured by the Mann Whitney test. The Spearman
rank correlation, nonparametric bivariate analysis, was used to measure the strengths of association between two variables and establish whether
two variables may be regarded as statistically dependent, for each variable accounted.
Table 1. The questionnaire
Question
q1
Q2
Q3
Q4
Q5

missing for this variable. “Write in” test was filled
out by 96 students (see figure 4).

Statement
Role-play helped me in the learning
process of the rational pharmacotherapy.
Role-play is useful for students’
communication skills development.

Figure 2. Gender distribution

Role-play is useful in preparing students
for contact with patients during clinical
practice.
Role-play covered important topics/
issues within the subject.
My overall impression regarding the roleplay is positive.

Q6

Student-supervisor oral feed back
is important for understanding of a
pharmacotherapy algorithm/procedure.

Q7

Student-patient oral feed back is
important for understanding how
performance and behavior of a doctor
influence patients.

Q8

Role play is helpful tool for students’
self-assessment.

Q9

“Write-in” test is adequate method/
tool for the rational pharmacotherapy
assessment.

Q10

Multiple choice questions is
adequate method/tool for the rational
pharmacotherapy assessment.

3. Results
Questionnaire was fulfilled by 87.5% (98) of
the 7th semester students. Gender distribution is
given in the figure 2. Variable “place of living”
reflects the major difference in the students’ life
style, and is given in the figure 3. Four data were
Volume 6 / Number 2 / 2011

Figure 3. Place of living

Figure 4. Number of students performing at the
first term exam and assigned grades
The questionnaire results are presented in the
figure 5. Students’ generally agreed that role play
stimulates learning process and provides inputs
for the future doctor-patient interaction. In general, students have positive impressions towards
537
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the role play as a teaching method. Students evaluated with the highest scores questionnaire items
related to communication skills development
(Q2), student-patient oral feedback (Q7), and
self-assessment (Q8). Means and standard deviations for above mentioned items respectively are:
4.48 ± 0.91, 4.48 ± 0.80; 4.49 ± 0.99. The lowest
scores were given to the item “student-supervisor
feedback” (Q6: 3.09 ± 1.33). The Mann Whitney
test showed that there is no significant difference
between sample groups, in reference to variables
“sex” and “place of living”.

Figure 5. Mean level of students’ agreement with
the questionnaire items

pression on the role play (Q5) and covering relevant
issues within the subject (Q4). Also strong correlation was detected between items Q1 (role play helpfulness), Q2 (communication skills development),
and Q3 (student-patient contact). Correlations are
presented in the table 2. Moderate correlation was
found between items Q1 and Q6, questions dealing
with helpfulness of the role playing for the pharmacotherapy learning and therapeutic algorithm learning. For the “write in” test, moderate correlation
was found between Q9 and Q2, Q4, Q5, Q6, and
Q8. Also, given in the table 2.
Intriguingly, there is no non-significant correlation detected between the following questions:
Q1 (helpfulness of the role playing) with Q9; Q2
(communication training) with Q6; Q3 (studentpatient contact) with Q6 and Q10; And Q6 (usefulness of the student-supervisor oral feed back)
with Q8 and Q10.
4. Discussion

The significant positive correlation was detected
for the most questionnaire items Strength of correlation varied from weak (0.15-0.25) to strong (0.400.75). Positive significant correlation, from mainly
moderate (0.25-0.40) to strong, was found between
all items and items related to students overall im-

The role play is widely used method for communication training. Both, feedback on students
communication and interpersonal skills provided
by standardized patient (Doyle Howley and Martindale, 2004; Chessman et al., 2003) and feedback
after the role play are considered to have high didactic value (Nikendei et al, 2005). Acting roles

Table 2. Spearman’s rank correlation coefficient and statistical significance (2-tailed)
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
538

Q2
Q3
Q4
Q5
0.451
0.528
0.405
0.596
(p=0.000) (p=0.000) (p=0.000) (p=0.000)
0.502
0.340
0.504
(p=0.000) (p=0.001) (p=0.000)
0.283
0.546
(p=0.005) (p=0.000)
0.564
(p=0.000)

Q6
0.316
(p=0.002)
0.144
(p=0.162)
0.084
(p=0.418)
0.449
(p=0.000)
0.390
(p=0.000)

Q7
0.237
(p=0.022)
0.218
(p=0.035)
0.249
(p=0.016)
0.434
(p=0.000)
0.331
(p=0.001)
0.410
(p=0.000)

Q8
0.404
(p=0.000)
0.470
(p=0.000)
0.268
(p=0.008)
0.366
(p=0.000)
0.469
(p=0.000)
0.197
(p=0.056)
0.229
(p=0.026)

Q9
0.186
(p=0.068)
0.274
(p=0.006)
0.206
(p=0.043)
0.398
(p=0.000)
0.294
(p=0.003)
0.305
(p=0.003)
0.207
(p=0.045)
0.297
(p=0.003)

Q10
0.209
(p=0.040)
0.257
(p=0.010)
0.116
(p=0.260)
0.249
(p=0.014)
0.252
(p=0.013)
0.167
(p=0.106)
0.054
(p=0.604)
0.447
(p=0.000)
0.418
(p=0.000)
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in simulated situations enables risk free practice
(Nikendei et al, 2005). Also, playing patients role
can give medical students a first-hand idea what
it’s like to be in the dependent patient position.
Surprisingly, the second least preferred communication teaching method in Caribbean first year
medical students was shared between role play,
formal lecture and students presentations (Williams et al., 2010). Discussion within the interactive lecture, as the most preferred method, was
identified to assist communication skills development and give constructive feed back. Role play in
our study was interposing with the tutor directed
discussion time-outs, what may positively influenced students’ satisfaction.
Questionnaire, as an indicator of students’ opinion, can provide valuable insight in usefulness of
different aspects of implemented teaching methods.
Students perceived the role-play as a useful tool
for the self-assessment and appreciated immediate
feed-back from the role-players in the simulated
pharmacotherapy situations. Nevertheless, the supervisor feedback was not considered very valuable
for understanding of a pharmacotherapy algorithm/
procedure. Anyway, role-play can provide adequate
prescribing training, along with the valuable insight
in the self-performance. Being appointed as medical doctors, students will need to rely on self-evaluation of their own performance. Students’ self-evaluation training should be incorporated in medical
education (Shapiro et al., 2009).
There was strong significant correlation between the questionnaire items dealing with two assessment methods (Q9, Q10). Anyway, conducting the questionnaire survey a week before the final exam may have influenced the answers regarding adequacy of assessment methods, thus resulting in rating the easier passing assessment method
(MCQ test) with higher scores. It is the most likely
that students’ competence in drug prescribing is
assessed more comprehensively by “write-in” test
based on case scenarios. Prescribing in real life
situation is a complex task. Prescribing is a skill
that combines pharmacology knowledge, insight
into individual characteristics of the patients, in
order to choose the best possible treatment for
the individual patient. Forms of unsuccessful prescribing are: under-prescribing, over-prescribing,
inappropriate prescribing, irrational prescribing
Volume 6 / Number 2 / 2011

and prescribing errors. One of the most common
prescribing errors is incorrect dosing (Barber et
al., 2003). As identified by Barber et al., in a doctor-doctor conversation drug names are usually
given explicitly, while information on drug dose
and frequency of dosing are often left implicit. It is
most likely that skill of correct dosing is expected
outcome of undergraduate medical education. The
MCQ test is less adequate for assessment of such
educational outcomes.
Junior doctors in the United Kingdom expressed the opinion that tutorial-based teaching
should be more present in the later years of undergraduate study and based on the use of scenarios
and practical examples (Tobaiqy et al., 2007). The
reduction of clinical pharmacology and therapeutics has been suggested to contribute to the five
fold increase in patients’ deaths due to adverse
drug reactions since early 1990s in the United
Kingdom (Tobaiqy et al., 2007). The UK survey
shows that 30% of responding junior doctors graded their knowledge in clinical pharmacology and
therapeutics as poor or worse, while majority reported witnessing the adverse drug reaction (74%)
and drug-drug interaction (55%). Approximately
one third of respondents considered witnessed adverse drug reactions predictable and preventable
by better undergraduate training.
Numerous factors influence decision-making
process of the drug prescribing. Individual approach to the problem solving is influenced by
available time and personal characteristics of the
decision-maker. Also, prescribing is influenced by
the different external factors. Prescribing is often a
justification for medical visit by the patients’ state
of the view. Patient pressure on drug prescribing
was best explored in case of prescribing antimicrobials (Scott et al., 2001; Maynard and Heritage,
2005). Results showed patients’ strong influence
on prescribing. The need for instructing physicians how to respond on these kinds of pressures
was also perceived. Also, medical doctors should
be aware that prescribing partially involves copying another doctor’s decision, sometimes resulting
in prescription error. If it is not detected in time,
the prescribing error pattern can be systematically repeated in the future (Barber et al., 2003).
Therefore, the students training should include
simulated situations that confront them with the
539
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prescribing tasks. Our results indicate that rational
pharmacotherapy training can be integrated successfully into pharmacology teaching. Carefully
designed student’s role play can provide challenging environment for students practicing individual
problem solving, along with gaining valuable insight in their self-performance.
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Abstract
The paper discusses how different investment
types affect the transformation of the urban environment. In the narrow sense, the research subject
is the comparative analysis of the effects produced
by Brownfield sites regeneration versus Greenfield investment. An example that illustrates the
relation between these investment kinds is Ecka
industrial zone in Zrenjanin.
The central part of the paper presents the comparative study of the positive and negative effects
as the result of Greenfield and Brownfield investments. The main parameters for the analysis of the
mentioned investments are determined in accordance with the aspects of sustainable development
- specially economic, social and environmental
aspect of sustainable development. In terms of urban planning, Brownfield and Greenfield investments primarily differ by the activity distribution
and infrastructure equipment. This implies that the
positive effects which arise as the result of Greenfield investments are the primary deficiencies of
Brownfield regeneration and vice versa. Therefore, the analysis of the sustainable development
aspects is presented in the form of an argumentative essay, with the comparison of positive and
negative parameters. The paper aims to show how
and to what extent can Brownfield site be successfully revitalized in comparison with Greenfield
site investment.
Volume 6 / Number 2 / 2011

The last part of the paper is given in the form
of final conclusions. The subject of some further
research can be based on the analysis of only one
among several aspects offered, all in order to understand the needs of the modern city and facilitate its further development.
Key-words: Brownfield redevelopment,
Greenfield investments, sustainable city planning,
Serbian industrial zones
Sazetak
U radu se razmatra na koji način različiti oblici investicija utiču na transformaciju urbanog
okruženja. U užem smislu, predmet istraživanja
je uporedna analiza efekata koje proizvodi regeneracija braunfild lokacija naspram grinfild investicija. Kao primer koji ilustruje relaciju pomenutih
oblika investicija prikazana je studija slučaja industrijske zone Ečka u Zrenjaninu.
Tema centralnog segmenta rada je uporedno
istraživanje pozitivnih i negativnih efekata grinfild,
odnosno braunfild investicija. Osnovni parametri
na osnovu kojih se vrši analiza braunfild i grinfild investicija su određeni u skladu sa aspektima
održivog razvoja grada i to ekonomskim, socijalnim i ekološkim aspekt održivog razvoja. U
urbanističkom smislu grinfild i braunfild investicije
razlikuju se, pre svega, po lokacionoj distribuciji
aktivnosti i infrastrukturnoj opremljenosti. Odatle
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proizilazi da pozitivni efekti koji nastaju kao rezultat grinfild investicija predstavljaju osnovne
nedostatke braunfild regeneracije i obrnuto. Stoga
će analiza aspekata održivog razvoja biti prikazana
u formi argumentativnog eseja, sa uporednim prikazom pozitivnih i negativnih parametara. Cilj rada
je da pokaže na koji način i u kojoj meri se može
uspešno revitalizovati centralna gradska braunfild
lokacija, nakon čega sledi poređenje ovog oblika
intervencije u prostoru sa rezultatima koji nastaju
investiranjem u grinfild lokacije.
Kako je ovaj prikaz dat u formi pregleda sinteznih zaključaka nastalih analizom pomenutih
principa, neka od budućih istraživanja se mogu
baviti studioznijom analizom samo jednog od
nekoliko ponuđenih aspekata razmatrane teme, a
sve u cilju razumevanja potreba savremenog grada i omogućavanja njegovog daljeg razvoja.
Ključne reči: urbana regeneracija braunfilda,
grinfild investicije, održivo planiranje, industrijska zona, Srbija
1. Introduction
1.1. The topic relevance - Ecka industrial zone
as the example of the Greenfield investment
The different trends in the city development
were changing during the previous decades. The
generators of this development belonged to different realms, and, therefore, their spatial manifestations differed. However, in the new millennium the success of urban development can be
measured by the sustainability of the city. Most
contemporary authors agree that this sustainability can be achieved by the balance of the basic
urban development drivers. According to Peter
Hall: “There will emerge a new golden age for
those cities that can offer innovation at three independent levels: culture, economics and urban organization (...) In the global competition between
metropolitan regions those that are creative in all
three fields will survive “(Hall, 2001). However,
the fact is that the undisputed requirements for the
successful economic development of the society
are more dominant than other parameters, which
can be seen on the example of the urban sprawl.
According to the same source, the raising of com542

pletely new properties in sparsely populated terrain is understood as economical one, so that we
can talk not only about urban qualities decline in
the city centre, but in the whole city (Hall, 2001a).
Due to the development of global economy and
new information technologies, the transformation of cities into faceless phenomena is present
as well. As Manuel Castells points out, this leads
to the deterioration of the historical heritage, as the
holder of the city culture enrichment and its identity (Castells, 2001).
According to Zaklina Gligorijevic (2007), this
trend of urban development is particularly seen in
the transition countries which are interesting for
investment and development due to:
–– The lack of adequate legal and financial
framework of business and investment
(unknown capital origin, unfavorable credit
terms, relying on benefits through the
corruption in all sectors, etc.);
–– The cheap undeveloped suburban land
which is to be built;
–– The affordable privatization of state-owned
enterprises within the central urban sites;
–– The large inflow of capital of different origin
from the region.
The developers who agree with such a framework have no patience for the introduction of the
strategies in the city planning and management,
nor for any long-term land, urban and environmental policies which require long-term analysis.
The result of this situation is building intensifying
on the unbuilt sites - Greenfield.
From the urban aspect, Ecka industrial zone
in Zrenjanin fits very well into the current urban
trends. In fact, it is the typical example of Greenfield investment. Firstly, if we stick to area and
functional analysis, its placement is planned outside
the central city area, precisely on the unused green
area, where no previous activities were found. Secondly, from the aspects of physical structure, the
facade of the Greenfield facilities meets the highest
standards. These buildings are the result of a global
high technology in the facade design.
As an alternative to Greenfield investments,
there is the regeneration of Brownfield sites.1 It
is important to explain the difference in the mentioned term understanding. In architecture and
Volume 6 / Number 2 / 2011
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urban planning the concept of Brownfield is in
regard with the facility rehabilitation and reconstruction, or the wider environment, while economists understand Brownfield as investment in the
already constructed building, with existing infrastructure, for which exploitation is necessary to invest less money compared to investing in the new
facility. The regeneration of Brownfield sites has
completely opposite goals from those which are
the expression of the modern urban trends. In fact,
the regeneration involves the mechanisms that aim
to preserve the city integrity, without creating socalled satellite settlements. Also, the regeneration
takes a key role in the creating a recognizable “image of the city”. The following paragraphs discuss
the basic parameters for the comparative analysis
of Brownfield and Greenfield investments.
1.2. The general characteristics of the Ecka site
in Zrenjanin
The proposed area for development is located
on unused Greenfield site within the peripheral
zone of the city of Zrenjanin, which is the administrative centre of Central Banat district. The
zone is 8 km far from the city centre and covers an
area of 72 hectares, where the entire area is held
by the municipality. The project of the new industrial zone in Zrenjanin can be seen as the result
of some previous actions in regard to the new investment within the Zrenjanin city. Actually, one
project was successfully implemented when the
plans for the Ecka industrial zone started. The preliminary assumption was in regard with the strong
demands for industrial areas close to Zrenjanin, so
municipality could acquire the reputation of the
one which supports the investments without tax
and with the low-cost labor force. This was an initiative to make a detailed “Municipal Strategy for
Sustainable Development” which was prepared
and adopted for the period 2005-2013 (MSP-NE,
2008). An integral and critical element of this
strategy was the focus on the local economy development, underpinned by the creation of two
special taxation business and industrial zones. As
the result of this strategy a new special taxation
business zone in the area of Bagljas directly adjacent to the town of Zrenjanin has been established.
Volume 6 / Number 2 / 2011

The occupancy of this zone has reached its limits
with a total of 14 companies. In response to this
the municipality decided and adopted a remote
area Ecka to create the second industrial zone.
The extensive investments in project preparation,
which includes land acquisition, expropriation of
occupants, technical projects, building permits
and other preparatory expenses, the municipality
has carried out with financial support from the National Investment Plan.
1.3. The importance of case study Ecka for
the comparative analysis of Brownfield and
Greenfield investments
The main parameters for the analysis of Brownfield and Greenfield investments are determined in
accordance with the basic aspects of the sustainable city development. Thus, the basic parameters
for the analysis are economic, social and environmental aspect of sustainable development. The
following paragraph describes the crucial characteristics of Ecka site, from the previously mentioned point of view:
1. From an economic aspect, the spatial
distribution of the Ecka industrial zone
outside the urban core is fully adequate, for
the use of central urban areas for commercial
purposes is possible in this way.
2. The social aspect of industrial zone in
terms of high technology use has a positive
effect on job creation. In addition, its spatial
distribution in the peripheral part of the
city has a positive effect on the city as a
whole, since the attractive activities can be
positioned within the central urban areas,
making it possible to attract more users.
3. From an ecological point of view, the area with
higher environmental risk, which is certainly
the case with the industrial zone, should be
located at the appropriate distance from the
city centre and residential zones. Increased
mobility in order to access this site, compared
to the previously mentioned environmental
risk, is of the secondary importance.
The analysis of these aspects leads to the conclusion that Ecka industrial zone as a typical ex543
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ample of the Greenfield investment has the number of positive effects on the environment in its
vicinity. However, the central segment of the work
shows all the positive and negative consequences
of Greenfield investments, with the comparative
analysis of the Brownfield regeneration, as an alternative to the new building.
2. The overview of the positive and
negative effects of the Greenfield
investments - example of Ecka industrial
zone in Zrenjanin
The central part of the study illustrates the
positive and negative effects of Greenfield investments. The comparison consists of several stages,
which include three aspects of the sustainable
city development, as well as technical aspect. The
aspects are chosen on the analogy with the fundamental aspects that are discussed in the “Municipal Strategy for Sustainable Development”2,
which was adopted by Zrenjanin local government. In terms of urban planning, Greenfield and
Brownfield investments differ primarily by the activities distribution and infrastructure equipment,
so all other aspects will be analyzed through the
prism of the aforementioned urban parameters.
Hence it follows that the positive effects resulting from Greenfield investments are the main disadvantages of Brownfield regeneration and vice
versa. Therefore, each of the parameters for the
comparative analysis will be considered by the
aforementioned model. The aim of the study is to
show how and to what extent can the Brownfield
site be successfully revitalized in comparison with
Greenfield site investment.
2.1. The technical aspect of Greenfield investments
When it comes to technical advantages for the
realization of Greenfield and Brownfield investments, it is necessary to mention three basic parameters for the comparative analysis. The parameters such as land, infrastructure and facilities will
be considered in the next paragraphs.
544

1. Land. The first parameter for analysis is the
land and its quality and capacity for further building. As Brownfield investment includes the construction on the terrain with the physical structure
previously built, the logical conclusion is that
there is no need for additional testing the quality
of land for new construction. On the contrary, we
often do not know whether it is possible to build
on Greenfield site, besause those are the areas
with no previously built structure. Therefore, the
thorough analysis of terrain is necessary, which
causes higher costs and longer timeframe for the
realization of Greenfield investments. However,
according to data listed in the “Feasibility Study
of Zrenjanin“, in the case of Ecka industrial zone
all terrain performances are within acceptable limits for construction - the terrain is flat with a stable
ground3, suitable for the construction of industrial
facilities (MSP-NE, 2008, p. 106).
2. Infrastructure. The comparison of Greenfield
and Brownfield investments benefits on the basis
of infrastructure parameters provides ambivalent
results. In fact, as the Brownfield sites are equiped with the existing infrastructure, we can conclude that this significantly reduces the costs of
building. The further construction is in regard to
the facilities only. Also, the advantage of Brownfield regeneration can be seen in the fact that those
sites are located in the central city zone, equiped
with all the kinds of infrastructure which is wired
at the city infrastructure network. It is meaningful
to show statistics from the one study conducted
in the US, which is based on universal economic
parameters, independent of socio-economic situation of the state in which they arise, so it can be
successfully applied for the purposes of this study.
The following data show the difference in value
of investments in Brownfield and Greenfield sites:
–– Infrastructure costs of Brownfield sites are
7.5 per cent smaller than those which are
necessary for the construction of the new
infrastructure network;
–– The length of the newly built road in urban
areas is 4.5 m/capita versus 6.8 m/capita at
the town outskirts, or 19.4 m/capita in rural
areas;
–– The maintenance of roads in urban areas
amounts $ 12 million a year versus $ 50
million in rural areas (Whittemore, 2003?).
Volume 6 / Number 2 / 2011
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As stated at the beginning of the study, Ecka
industrial zone is planned on the land which belongs to the category of agriculture. This means
the mentioned location is necessary to equip with
the adequate infrastructure services which require
the following technical components:
–– Water supply network: construction of
water supply distribution network and its
connection to the main city water supply;
–– Sewage network: construction of fecal
sewage system for the site and outlets
towards the future Waste Water Treatment
Plan;
–– Wastewater network: building of wastewater
collection network and construction of
discharge piping for disposal of storm
waters in the river Begej;
–– Electrical network: removal of existing
transmission line and replacement of the
same by underground cable; construction of
transformer substations and their connection
to the public electrical system;
–– A telecommunications network: construction of network and connection to the public
network;
–– Natural gas: connection to medium-pressure
natural gas network and its distribution
throughout the industrial zone;
–– Road infrastructure: the construction of
internal road network and connection to the
main road (MSP-NE, 2008, pp. 83-84).
The previously mentioned characteristics of
different locations are almost theoretical models
and the true situation implies that the Brownfield
sites do require additional investments in infrastructure. Specifically, the existing infrastructure
on Brownfield sites is often out of appropriate
use, according to the latest technical standards.
Therefore, the first request is its removal, and then
the installation of new infrastructure elements.
This situation requires large investments that cannot have a financial support in only one investor,
so the possibilities of organizing co-capital will
be discussed more within the social aspects of
Brownfield investments.
When it comes to the existing infrastructure
equipment of Ecka industrial zone, it is not the
same as for other Greenfield sites, because it is
Volume 6 / Number 2 / 2011

located within the city of Zrenjanin or in the urban environment (MSP-NE, 2008, p. 107). This
means there are present the simple forms of infrastructure, which implies the exploitation during
the construction phase (the path that leads from
the main road Belgrade-Zrenjanin inward location, the existing water supply network, the local
gas system), but the second stage implies their removal and replacement by the new infrastructure,
which is also provided for a new aerial and underground utility lines, electrical installations, new
phone lines, new gas system and the municipal
sewage system that has never existed on the site
(MSP-NE, 2008, pp. 72-73).
As the site equipment includes the preparation of
land for the construction and the provision of infrastructure4, it can be concluded that the costs of Ecka
supplies are the same or even bigger than within
Brownfield sites. In fact, this investment must include the cost of removing the original inadequate
infrastructure, and then building the new one.
3. Facilities. When it comes to building new
facilities, the Greenfield investment is a much
easier task for several reasons. Firstly, the Brownfield sites are often occupied with the objects that
are difficult to remove completely, and sometimes
this is impossible, for the facilities in the city centre carry the historical heritage of the city, and as
such their removal is forbidden. Also, the authorities (Institute for the Protection of Cultural Monuments) often explicitly require the permanent retention of these monuments and the adaptation of
new structures to the existing physical structure,
which further complicates construction. As there
are no facilities within Greenfield sites, aside
from the temporary ones, it is clear that construction process can start within these sites more easily. Ecka industrial zone is the typical example of
Greenfield investment when looking at the parameter of existing site construction, for there are no
registered cultural monuments or protected cultural and historical entities (MSP-NE, 2008, p. 63.).
Secondly, all infrastructure, installations and
facilities within the Greenfield investments are designed in a full compliance with all the technical
standards and norms, ie. techniques that are well
known and common for the international and local
construction companies. Brownfield investments
are sometimes not applicable for the standard
545
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technology, which further increases the cost, time
limit, and sometimes requires the knowledge and
techniques of expert teams from overseas. Also, at
the very beginning of the Brownfield regeneration
process it may not be easy to estimate the future
costs due to possible soil contamination which can
be determined only after the preliminary stage of
terrain preparation. The result of this is the impossibility to estimate the quantities and prices that
are necessary for the project realization. In the
case of Ecka industrial zone the all planned works
have been determined according to project standards, with precisely determined quantities and
prices that provide the least cost options and precise timeframe for the completion of work within
20 months (MSP-NE, 2008, p. 69).
Another advantage of the building on Greenfield site is the flexibility of the functional capacity or the ability to meet current and future needs,
which does not apply to the Brownfield site due
to limited capacity. In the case of Ecka industrial
zone the provided infrastructure systems are designed with enough capacity to support the construction of additional physical structure (MSPNE, 2008, p. 14.).
2.2. The economic aspects of Greenfield investments

new investment, in contrast with the prevailing
trend of the building on the city outskirts.
However, in terms of spatial distribution of the
Ecka industrial zone, it is evident that the negative
consequences of a typical Greenfield investment
are minimal. In fact, the mentioned industrial zone
is planned at the junction of multiple traffic flows
with the different kinds of transportation:
–– The location of the Ecka industrial zone
is 8 km south-east from the city centre of
Zrenjanin, next to the M24 road BelgradeZrenjanin, which is categorised as the main
road. This road will also be used as a starting
point of the future 15 km ring road planned
to support industry in and around Zrenjanin;
–– The railway route is to the north of the zone
with the closest railway station at Zrenjanin
(factory), 1500 m from the zone;
–– The location of the zone in terms of
waterways is close to the navigable canal
Begej and planned “Goods Transportation
Centre” with a modern port. Future tenants
of the zone will be in a very favorable
position to use this cost effective means of
transportation;
–– Ecka airport, which belongs to the C
category and as such is the largest in the
Balkans, is located near the Ecka industrial
zone (MSP-NW, 2008, pp. 60-74).

From the economic point of view there are several basic arguments which support the Brownfield regeneration versus the new building at the
unconstructed land outside the central city core.
However, the specific example of Ecka industrial
zone illustrates the minimum of the negative effects within the Greenfield investments. It is important to note that the economic analysis in this
study is considered as a simple cost-benefit analysis. The goal of this research is to determine which
location requires more financial resources in order
to facilitate its development.
First, according to Borislav Stojkov, investment in Brownfield site allows the development
of the wider area surrounding it (Stojkov, 2007, p.
56.). This can be achieved by the increase in local
revenue, strengthening the tax base and the added
value of land. This makes the possibility that some
of the unbuilt land becomes an ideal target for the

From the previous, we can conclude that the
city transport infrastructure5 is highly effective, so
the example of the Ecka industrial zone requires
no additional cost in terms of building the new
communications. The easy access to major traffic
flows provides the certain amount of exclusivity
for the Ecka industrial zone. Actually, the location
is well connected with the economic development
centers in Belgrade, Novi Sad, the other cities of
Banat, as well as Hungary and Romania, which is
an advantage in the attracting investment process
(MSP-NE, 2008, p. 107).
The second stance that supports the rebuilding
of Brownfield sites, according to Borislav Stojkov,
is the fact that Brownfield re-usage helps creating
a sustainable urban environment (Stojkov, 2007,
p. 58.). This can be explained by the quality of the
location - its position in the inner city core, and
the lower risk of poor visit - in terms of mixed-use
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buildings. Slavka Zekovic also points out that the
Brownfield regeneration by the introduction of the
activities that make the site attractive is important
because of the local standard increase, as well as
the greater attractiveness for the high-class population (Zekovic, 2007, p. 68). The same author
argues about the unbreakable connection between
the space transformation and the prevailing economic conditions within the community, which
in Serbia, as a state under the pressure of global
economic development and the transition of socio-economic system towards a market economy,
“(...) has an impact on the formation of the new
economic poles (space-economic clusters) in urban areas “(Zekovic, 2007, p. 61.). They directly
affect the spatial changes - a positive effect for
the city as a whole is achieved by revitalizing the
existing Brownfield sites where the different purposes are introduced.
When using the abovementioned parameters
for the analysis of Ecka industrial zone, we can
conclude there are no disadvantages typical for
the Greenfield investments. Dominant industrial
activities on the site require a location outside the
city centre, which is the case with the disposition of
Ecka site in regard to the wider urban environment.
Also, the requirements for the proper form of site
and the necessary area to carry out activities in regard with industry can only be implemented within
the Greenfield sites, because they provide enough
capacity for these activities (MSP-NE, 2008, p. 84).
When it comes to space-economic poles as the product of Greenfield site development, the negative effects of creating a dominant industry and business
center in the case Ecka are avoided by the fact that
the similar activities within the zone named Bagljas
are formed in the north-western part of the town.
Association to a common enterprise establishes the
balance not only between these zones, but also with
the central part of town.
Finally, the biggest disadvantage of Brownfield
investments can be seen in the uncertainty of investment or the inability to estimate the final costs.
Also, some experts believe that there is uncertainty
of the capital return - the amount of money and
time. According to some estimates, it takes more
than ten years to see the obvious economic progress. The fact that demonstrates the effectiveness of
Greenfield investments in economic terms is in reVolume 6 / Number 2 / 2011

gard with the number of jobs which are expected to
be started by activating the Ecka industrial zone. In
fact, according to the studies that preceded the “Feasibility Study Zrenjanin”, the demand for new jobs
in the Zrenjanin municipality was 57.5 workplaces
per hectare. Additional data may also be extrapolated directly from expressions of interest received
from four companies which intend to occupy 7.9
hectares in the zone. These companies estimate that
they will create 260 new jobs at the beginning of
their operations leading to 310 new jobs at a full
production (MSP-NE, 2008, pp. 14-15).
2.3. The environmental aspect of Greenfield
investments
This part of the research is based on arguments
that explain the Brownfield regeneration in comparison with the Greenfield investments, speaking from the environmental point of view. Environmental impact of Brownfield regeneration involves its effect on the nearest environment, and is
manifested by the pollution of water, air, soil, and
the effect on public health is important as well. On
this occasion, the results of research conducted
within the National Center for Neighborhood and
Brownfield’s Redevelopment (US) are shown,
which is particularly important for the comparative analysis of advantages and disadvantages of
Brownfield regeneration.6
As Michael Greenberg points out, the first advantage of Brownfield regeneration is the significantly improvement of the air quality in the city.
This appears due to the reduction in the number
of vehicles that are not necessary for the going
over smaller distances, since the Brownfield regeneration in this study refers to the area of the
inner city centre (A Brownfield category)7. Another advantage is the fact that the maintenance of
a compact city, which is the result of the Brownfield redevelopment, requires significantly less energy, both for heating and cooling (Greenberg et
al, 2001, p. 132.). However, when it comes to the
Ecka industrial zone, it is important to emphasize
that the proposed site, which is remote from the
residential zone, is not the obstacle for the population (MSP-NE, 2008, p. 110). Also, there are no
negative impacts on the environment due to the
547
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proposed protection measures, which are primarily reflected in the protective greenery. The role of
planting greenery in the zone is to curb the degree
of possible contamination with toxic gases and
smoke as the products of industrial activities, and
to reduce their negative impacts on residential and
agricultural zones. The protective greenery will
be planted and formed in a broad protective belt
along compound borders to hinder dominant wind
forces. Linear greenery will be planted in land
passages between plots and their location will be
fully compatible with the planned and existing infrastructure (MSP-NE, 2008, p. 99).
As the following argument in favor of rebuilding within the existing urban areas, the same author considers the rational use of land, which is
reflected in the preservation of existing ecosystems and open space (Greenberg et al, 2001, p.
134). The landscapes, the natural systems of great
importance, and protected natural species are not
located in the vicinity of Ecka industrial zone, but
on the opposite bank of the river Begej there is
a natural reservation - Carska Bara bird sanctuary. The proposed industrial zone does not pose
a threat to this sanctuary, as, according to environmental regulation, all production units in the
industrial zone need to go through an environment
impact assessment procedure to obtain a license to
operate (MSP-NE, 2008, p. 63.).
Finally, Michael Greenberg points out that
Brownfield regeneration means the clearance of
possibly contaminated land, which is useful for
public health (Greenberg et al, 2001, p. 133).
However, within the “Feasibility Study Zrenjanin”
it is clearly stated that there is no risk to public
health in construction or in the operational phase.
In order to protect the future workers in the construction phase, it is essential to make available
the personal protective equipment and to provide
the training for workers’ application of the same.
The company that performs work on the site is responsible for this (MSP-NE, 2008, p. 120).
From the previous arguments it can be concluded that environmental sustainability and sustainable urban revitalization should become the
basis of urban planning. This is the way that leads
to achieving a balance between environment protection and regulation, social cohesion, and creating new value in the appropriate form of gover548

nance. Brownfield is the key and indispensable
element of natural and environmental protection.
Some projects and activities in the area of Greenfield investments may have the negative impact on
environment, but it is important to note that these
impacts can be mitigated by the set of measures
proposed in the detailed plans. Implementation of
these measures can be examined through the environmental management plans with the monitoring
process (MSP-NE, 2008, pp. 28-29).
2.4. The social aspect of Greenfield investments
The last part of the research illustrates the impact of Brownfield and Greenfield sites on the social qualities of space. This is manifested through
the range of phenomena, so the analysis is the
most complex.
Some of the results of Brownfield regeneration
are the elimination of urban poverty, more active
employment in traditional industrial areas and preventing the further strides of social pathology. According to Michael Greenberg, the main advantage
of Brownfield regeneration lies in the ability to create the sense of community, which is achieved by
the promoting of the personal and family activities
within the compact urban blocks (Greenberg et al,
2001, p. 137). The local revenues are increasing
due to job creation and greater visit by the broader
range of users. However, the economic standard
betterment also causes the negative consequences.
In fact, the part of the population that resided the
Brownfield sites prior to their revitalization due to
the low economic status is not able to respond to
market demands in regard with the increased real
estate taxes, increased rent, expensive utilities, and
expensive services accompanying the increased
standard. So the Brownfield regeneration is often
followed with the process of gentrification, which
results in the eviction of the original population.
However, the Ecka industrial zone is uninhabited,
so there is no possibility for the gentrification in
this location. New economic development and new
employment opportunities, with an increase in living standard arise as the positive effects on the Ecka
Greenfield site (MSP-NE, 2008, p. 116).
However, the main reason for the unsuccessful
realization of Brownfield regeneration in Serbia is
Volume 6 / Number 2 / 2011
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the lack of interest for creating and implementing
the strategies of urban development among the local and state government. Similar to this, the strategies to support Greenfield development are not
created at the state level, but the local governments
use their own resources to promote development
projects. The small number of local governments
developed clear, simple and transparent systems to
include investors in the development projects, and
one of the most successful examples is the Ecka industrial zone. Greenfield investment are simpler for
they require the smaller number of actors involved
in the process. Since the is the unbuilt land outside
the city centre, the ownership structure is completely transparent. In the case of Ecka, the land
proposed for the industrial zone is classified as the
public land, which implies the absence of private
property. When the investment project for the Ecka
industrial zone started, the possession structure of
the site was in a full compliance with the principles
of the former legislation, where the local government Zrenjanin was the only owner of the land.8
In this way, the number of actors involved in the
process of land trade was reduced, and thereby the
number of interested investors for Greenfield sites
increased for they can become landowners, not just
the users of the land (MSP-NW, 2008, p. 49). In
addition, Greenfield has an advantage over Brownfield sites due to the possibility of increasing capacity, and, according to the results of the “Feasibility
Study Zrenjanin”, Ecka industrial zone is designed
in a way that meets the additional population, which
together enable the local economic development
(MSP-NE, 2008, p. 107).
However, the analysis of conditions for Brownfield revitalization, as Borislav Stojkov highlights,
provides the following results: the basic deficiency
of these sites is the lack of adequate vertical coordination - at the state, region and municipality level
as well as appropriate horizontal coordination - between the public institutions, private investors, local governments and citizens. The establishment
of public-private partnerships and the increased
activity of citizens is the solution of the problem in
regard to Brownfield sites (Stojkov, 2007, p. 56.).
Due to the large number of actors involved in the
Brownfield regeneration process, and their vaguely defined correlations, the investment in Brownfield sites also causes the risk of an inaccurate date
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for completion. Actually, the privatization law is
not applied properly in Serbia. Its most important
clause states that in the case of land contamination
allocated to the regeneration, the involvement of
special state agency responsible for providing guarantees to private investors is expected.
Greenfield investments are the product of cooperation between local authorities and investors,
which is simpler in procedural terms. However,
this is not a guarantee for the successful implementation of Greenfield projects - investment in
Greenfield sites costs the local government a lot
due to previous investments in infrastructure and
the slow investment return (Stojkov, 2007, pp.
55). In the case of Ecka industrial zone, the local
government has prepared a technical and financial project for the first phase of the realization.
Since the cost of the infrastructure equipment is
extremely expensive, it is clear that the municipality, which should provide the adequate site restoration, is often unable to do so. The preparatory
projects for the Ecka industrial zone were implemented through the National Investment Plan. In
many cases, Greenfield investments, however,
need the financial support of the future investors,
who invest not only in building, but also in the expensive preliminary work (MSP-NE, 2008, p. 43.)
3. Conclusion remarks
The arguments used in the research illustrates
the most important aspects of a chosen problem.
They are shown through its most characteristic
features, both positive and negative. Research results do not represent completely affirmative acceptance of the stated arguments, and also not the
preliminary rejection of the opposing views.
The arguments about economic, environmental and social benefits of Brownfield regeneration in the terms of sustainable development can
be explained by the examples from the countries
of Southeast Europe, where the social context is
similar to the one in Serbia - there is the trend of
Greenfield investment, but awareness about the
necessity of investing in Brownfield sites gradually raises. According to Valerija Botric and Lorena
Skuflic, the Brownfield sites are multiply cost-effective for several reasons, among which the most
549
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important are the lower costs due to regeneration
(in regard to the new construction), reduced operational costs and less investment in infrastructure (Botric& Skuflic, 2006). The cost reduction,
caused by the replacing of the expensive energy
resources, has not only positive economic features, but lessen fuel use and the intensification of
urban public transport and pedestrian movement
have a positive impact on the city ecosystem. The
general urban betterment can be achieved by the
appropriate treatment of the cultural heritage.
This can be done by the realization of the vital
cultural projects, which has primarily a positive
influence on the demographic and social status through raised accessibility and citizen motivation
to reside and work in the urban core. On the other
hand, the disorganisation of actors involved in the
complex process of Brownfield regeneration prevents its rapid growth.
The analysis of the Ecka feasibility study provides the conclusion that all the negative effects of
Greenfield investments in the case study are minimal. If the example is viewed from:
1. The economic aspect, the site Ecka is
located at the crossroads of important
communication flows. Highly effective
urban transport infrastructure releases the
city from the additional costs in terms of
building the new communications. Also, by
the associating with the Bagljas zone for the
common and distinctive enterprise in the
form of clusters, the creation of a dominant
industrial and business centre is avoided and
the balance of peripheral zone with the city
centre is established. Besides Ecka direct
impact on the nearest environment (increased
employment, exports, taxes to be paid to the
state), it indirectly influences the economic
growth and the economic development of
transition countries - the location is well
connected with the centres of economic
development in Belgrade, Novi Sad, in
other cities of Banat, as well as Hungary
and Romania, which is an advantage in the
process of attracting investments;
2. The environmental aspect, Ecka industrial
zone has no negative impact on the population
due to the distance from the nearest residental
zones, as well as the anticipated protective
550

greenery around its edges, but also along
the main routes of communication on site.
It was found that there are no risks for the
public health in the construction phase, and
prior to the operational phase, it is necessary
that the future production facilities obtain
the license in order to perform its function
without environmental risk;
3. The social aspect, the site Ecka is
uninhabited, so there is no basis for the
emergence of gentrification in this location.
New economic development and new
employment opportunities, with an increase
in living standard in the case of Ecka
Greenfield site have only positive effects.
Also, the land which is proposed for the
industrial zone is classified as the public
land, which implies the absence of private
property, ie. resolved property correlations.
The reduction in the number of actors
involved in the process of land trade leads
to raising the number of interested investors
for Greenfield sites, which may become the
landowners, not just users of land as before.
The paper reviews the most important effects
of Brownfield and Greenfield investments, based
on the fundamental principles of sustainable development with special reference to the example
of the Ecka industrial zone. Since this overview
is given in the form of the final conclusions resulting from the analysis of the aforementioned
principles, some future research may address the
profound analysis of only one of several offered
aspects, with the aim of understanding the modern
city needs and facilitating its further development.
(Endnotes)
1. Brownfield sites are defined as: “(...) areas and
facilities in urbanized areas that have lost their
original way of using or are hardly used. They
often have, or are expected to have, environmental
load and there are ruined manufacturing and
other facilities. For many reasons, brownfield
sites are the big part of the built areas in many
cities. These sites have the negative impact on its
wider environment, not only economically, but
also in aesthetic, psychological and social terms
“(Gligorijević et al., 2007, p. 12).
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2. “Municipal Strategy for Sustainable Development” includes four basic elements of analysis:
infrastructure, economy, environment and social
development (MSP- NE, 2008, p. 38.).
3. Stable ground includes the geological structure
which is composed of paleozoic and mesozoic
rocks on the bottom, which are covered with
anthropogenic materials on the surface (MSPNE, 2008, p. 63.).
4. The costs for this include: checking the land
capacity for building, the demolition of existing
inadequate facilities at the site, the construction
of major infrastructure lines and the installation
of primary and secondary infrastructure (MSPNE, 2008, p. 174).
5. Taking into account that this part of the paper
emphasizes the economic effects, the wider
context of Ecka site is considered. That is why
the transport infrastructure is noted here, not in
the first part which deals with the utility and
energy infrastructure. Transport linkage is
in regard with other parts of the city, not the
equipment of the site in terms of mobility.
6. As these are the global environmental parameters that are relevant to any area of the world,
it is clear that the results can be successfully
compared with the current situation in our
environment.
7. According to the Swiss formula for the classification of brownfield sites, which reads:
value of recycled land - (preparation costs +
transformation costs)> 0,
Brownfield sites are classified into three groups:
1 - A brownfield category (sites in the central
parts of the city with the domination of the
central activities);
2 - B brownfield category (sites in the former,
abandoned industrial zones);
3 - C brownfield category (sites outside the
urban and rural areas) (Stojkov, 2007, p. 55).
8. Before the new Law on Planning and
Construction (August, 31, 2009) was adopted,
the local government had the status of landuser,
while the status of land ownership belonged to
Republic of Serbia.
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