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Optimisation of reloading
segments of internal
transportation systems
Alan Topcic, Ramiz Selo, Edin Cerjakovic
University of Tuzla, Faculty of Mechanical Engineering, Bosnia and Herzegovina

Abstract
The aim of designing of internal transportation
systems, regardless to used transportation devices
and numbers of specificities that characterize them,
is work with minimal delays, the optimal level of
efficiency and corresponding capacity of engaged
transportation devices. Deviations from the optimal
capacity imply an inefficient usage of equipment,
affect the creation of queuing, or the accumulation
of material in various stages of the process, which
ultimately results in increase costs of the entire production process. Flow of materials mostly in production systems is integrating factor, and at the same
time area in which there are numerous possibilities
for savings and rationalization. Appearances of the
material accumulation (queuing) usually comes at
reloading points, i.e. places in which are directly
connected the different transportation processes or
phases. Taking into account the stochastic behaviour of internal transportation system elements, the
characteristics of involved transportation resources
and defined optimization conditions it is clear that
the modelling and optimization of these segments is
associated with numerous difficulties and problems.
This paper presents the methodology for optimization of the number of involved reloading devices of
internal transportation system by the principles of
acceptable waiting time in the dispatch of transportation units as well as with maximal degree of utilization of engaged devices in the same time. Applied
optimization methodology is based on: monitoring
of the real systems parameters in a given period of
time, statistical data processing, system simulation
by numerical statistical simulation algorithm and
optimizing of number of engaged reload devices.
2010

Results of application of presented optimisation
concept for optimisation of engaged reloading devices number on specific internal transportation systems is: to achieve a satisfactory simulation model
accuracy of existing internal transportation systems, rapid identification of “weak” points within
observed internal transportation systems, enabling
the prediction of behaviour of the internal transportation systems and its segments, increase efficiency
degree and flow at reloading segments, rationalization of reloading devices number, reducing of the
inter phase - processing stocks, better utilization of
engaged workers/devices, boosting of production
equipment capacity, and reducing of materials flow
duration within the production systems.
Key words: internal transportation, reloading
segments, stochastic systems, Monte Carlo simulation, optimisation
Sažetak
Cilj projektovanja sistema unutarnjeg transporta, bez obzira na korištena transportna sredstva
i brojne specifičnosti koje ih karakteriziraju, je
rad sa minimalnim zastojima, sa optimalnim stepenom iskorištenja angažiranih transportnih sredstava i sa odgovarajućim kapacitetom. Odstupanja
od optimalnog kapaciteta impliciraju neefikasno
iskorištenje opreme, utječu na stvaranje redova
čekanja, odnosno nagomilavanja materijala u pojedinim fazama procesa što u konačnici rezultira
povećanjem troškova cjelokupnog proizvodnog
procesa. Kretanje materijala u najvećem broju
proizvodnih sistema predstavlja integrirajući faktor, a istovremeno i područje u kojem se nalaze
259
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brojne mogućnosti uštede i racionalizacije. Do pojave nagomilavanja materijala najčešće dolazi na
pretovarnim mjestima tj. mjestima neposrednog
povezivanja različitih procesa ili faza transporta.
Uzimajući u obzir stohastiku ponašanja elemenata sistema unutarnjeg transporta, karakteristike
angažiranih transportnih sredstava kao i definirane
uslove optimizacije jasno je da je problem optimizacije i modeliranja ovih segmenata povezan sa nizom poteškoća i problema. U radu je prezentirana
metodologija optimizacije broja angažiranih pretovarnih segmenata sistema unutarnjeg transporta
po principima prihvatljivog vremena čekanja na
otpremu materijala uz uslov maksimalnog stepen
iskorištenja istih. Primijenjena metodologija optimizacije zasnovana je na praćenju parametara
rada realnih sistema u određenom vremenskom
periodu, statističkoj obradi podataka, simulaciji
rada sistema numeričkim statističkim simulacionim
algoritmom, te optimizaciji broja pretovarnih segmenata. Rezultat primjene prezentiranog koncepta optimizacije broja angažiranih pretovarnih
segmenata, na konkretnim sistemima unutarnjeg
transporta je: postizanje zadovoljavajuće tačnosti
modela postojećeg sistema unutarnjeg transporta,
brza identifikacija “slabih” mjesta, omogućavanje
predviđanje ponašanja rada sistema unutarnjeg
transporta i njegovih segmenata, povišenje stepena iskorištenja i protočnosti primopredajnih segmenata, racionalizacija broja pretovarnih uređaja,
smanjenje međufaznih-procesnih zaliha, bolje
iskorištenjem rada rukovalaca, povišenje kapaciteta
proizvodne opreme, te smanjenje vremena trajanja
transporta materijala unutar proizvodnog sistema.
Ključne riječi: unutarnji transport, pretovarni
segmenti, stohastički sistemi, Monte Carlo simulacija, optimizacija
Introduction
Irrespective to kind of manufacturing or production process, the common link is transportation. It is generally known that the transport and
manipulation of materials are essential elements
for rationalization within the production system.
Respectively, one of the most important tasks
related to the problem of internal transportation
systems is a continuous development and applica260

tion of new methods aimed to rationalize material/
goods flows, i.e. transportation unit flows.
Uncertain delivery of transportation units, deviation of production process working parameters,
changes in working orders, ensuring of short terms
delivery to the customers, cancellation of certain
production systems segments, etc. resulting in time
inconsistency of material flows within the production system, and occasional by appearances of
longer or shorter delays of transportation units. The
transportation units moves along the entire network
of transportation lines within production systems,
where depending to the external influences intensity,
the transportation units movement accelerates, slows
or temporarily stops. Those deviations from optimal
transportation regime lead to the creation of queuing at some stages of the process. This provokes the
consequence reducing of overall production system
utilization degree. At highly developed manufacturing systems and related transportation unit flows
main goal is optimization of all its segments, by the
principle: transportation unit flows = flow of capital.
Significant features for optimization of transportation unit flows are material transfer operations with
the aim to synchronize the transportation activities
together with other manufacturing processes.
At the present stage of transportation technology
development, there is a constant tendency in finding of modern / new methods for definition of the
optimal parameters of transportation systems or its
individual segments. At the complex transportation
system (with multiple transportation lines and multiple reloading places, associated with storages) for
more reliable representation of internal transportation system behaviour, instead of the conventional
analytical methods, modelling algorithms that allow development of transportation process models, without knowing of the exact mathematical
principles of the process can be applied. The above
algorithms are known as the numerical statistical
simulation algorithms, where statistical simulation
is generally defined as the use of random numbers
sequences in order to run simulations [1].
Balancing of transportation unit flows
Transportation unit flow system involves the
movement of materials/goods within the frame of
2010
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the production system, and its spatial, temporal
and organizational connections. From proper selection of transportation unit flows to the considerable extent, depends the production effects and
cost-effective business of enterprise as a whole
[2]. In accordance with VDI 3300 transportation
unit flow is defined as a chain of events in obtaining, processing, and distribution of the material/
good within a specified area. One of the tasks of
designing and working processes managing is balancing the relationship between elements of the
working system, jobs that should be carried out,
the connection between them and their characteristics in order to achieve stabile output values in
accordance with given conditions of environment
and defined objective function [3]. Given the fact
that operations that are performed along the transportation unit flows, as well as characteristics of
working systems that perform these operations are
different, balancing methods of the transportation
unit flows are very difficult to perform in practice
and the queuing and/or deflection of technical systems efficiency degree can appear.
Reloading segments of internal
transportation systems
With increasing of mechanization and automation degree within internal transportation proc-

esses in the foreground emerges increasingly a
common problem of interaction between different transportation devices in terms of connections
among transportation operations. Linking of individual transportation devices and coordination
of its work may provide common functional and
temporal effects of the various elements of the
transportation system. Combination of various
typical or different transportation devices which
work and interact together to meet the specific
transportation tasks represent a transportation system. Based on previous considerations it can be
concluded that the basic task of the internal transportation systems, moving of materials/goods –
transportation units, is done by affluence (several
lines in one) or by branching (single line in several) of transportation lines, by which connections
between upload and delivery places are made. Intersections where the connection between individual devices of transportation system are facing to,
presents nodal points of the internal transportation
system network. If these processes are being observed for a longer period of time, the amount of
transportation units which is brought into a nodal
point (Qd) must be equal to the amount of transportation units that is brought out from the nodal
point (Qo), Figure 1.
Nodal points of the internal transportation system which besides connecting of individual transportation devices, carried out service operations

Figure 1. Nodal point of the internal transport network system
2010
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by accepting and/or delivering of transportation
units, with mandatory submission to requirements
of the transportation task, called reloading segment of the internal transportation systems. The
whole process of the transportation devices arrival
at reloading place, theirs acceptance and disposal
at the appropriate place presents a service process which depending on performances can be described by various indicators: the number of operating devices, the number of operatories who
carry out service process, speed of service process, the length of the queue, duration of service
process, the number of cancellation during service
process, etc.
Simulation of internal transportation systems
The goal of designing and developing of any
kind of transportation system is to create a system that meets the desired functions, along with
achievement of highest performance at the lowest price. There are many possibilities to analyze
the transportation systems, such as experimenting
on the system itself, “on paper” system analysis,
mathematical solving of problems, development
and production of prototypes, and a solutions that
in recent years seen an expansion – computer
modelling and simulation of studied transportation
systems [4]. Computer simulation is one of the
three main techniques that are commonly used in
designing and developing of all types of systems,
including transportation systems and presents a
medium approach between analytical modelling
and prototyping. Performance and operation of
computer simulation is based on the model of analyzed system that at internal transportation system
can be presented as an abstract network of interconnected lines – serving channels that define a
spatial structure of production systems.
For insight of conditions changing within
complex dynamic transportation systems in relation to its behaviour, due to their outstanding stochastic cannot be determined, application of simulation experiments based on probability theory
and statistical methods allows relatively accurate
determination of mutual relationships and dependencies between individual segments of studied
internal transportation system. Numerical statis262

tical simulation algorithms are designed to solve
deterministic or, in majority, stochastic tasks with
complex characteristics. The principles of these
algorithms are relatively simple. Solutions for defined analytical models are obtained on the basis
of numerical testing of experimental models, by
determination of statistical parameters through
developed simulation algorithm. By this way, the
approximate solution of a given analytical task is
gain that meets the set criteria function with a certain degree of confidence [5]. One of numerous
statistical algorithms that found remarkable usage
in engineering practice, especially in describing of
problems associated with internal transportation
flows issue is a Monte Carlo algorithm. The mentioned algorithm is based on application of random
number generators for numerical optimization of
the observed processes [8] i.e., optimization is an
iterative process, which through a series of steps
leads to a final decision in accordance with predefined optimization criteria.
Optimisation of reloading segment of internal
transportation systems
In accordance with the previously presented
theoretical assumptions modelling and optimization of reloading places of internal transportation
systems within production systems of following
Tuzla based factories were observed: Brewery
Tuzla, Salt factory Tuzla and Dita Tuzla, Figure
2. Observed reloading segments are characterized
by a large assortment of products, different transportation devices used, different types of packing
products, etc. that additionally complicates theirs
optimization. In all three considered cases were
forklifts as reloading devices are involved and the
adopted transportation units are palette of products. Namely, the palette as a common integral
element of all observed reloading segments of the
observed internal transportation systems in a satisfactory manner presents and describes: the transport intensity of products, the intensity of external
transportation devices traffic on reloading place,
engagement of forklifts, and thus the behaviour of
entire reloading segment of internal transportation
system.
2010
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a)
b)
c)
Figure 2. Review or reloading segments (delivery of material, palletisation and dispatch) in production system
a) Brewery Tuzla,
b) Salt factory Tuzla,
c) Dita Tuzla
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Table 1. Review of forklifts activities on analysed reloading segments

65

76

202

186

28

13

15

14

mixed pallets

68
4

Preparation of

97
42

Delivery from
production

55
110

Classification

63
23

Unloading

60
12

Loading

76
125

Classification

60

Number of cycles
per work shift

23

Delivery

Average time of activity
duration [s]

181

Unloading

Dita Tuzla

58

Loading

Salt factory Tuzla

57

Classification

16

20

Delivery

Number of days

83

Unloading

25

59

Loading

Brewery Tuzla

No. of measurements daily

Delivery  for
packing

Total measurements: 400

Capacity utilisation
degree-work
Stand by degree

0,7875

0,7675

0,6875

0,2125

0,2325

0,3125

On the other hand, the work of selected reloading devices – forklifts, is characterized by significant degree of autonomy, numerous influential
factors that causing a high degree of stochastic
processes which complicate determination of their
operating parameters/regimes and optimization of
the analyzed reloading segments of internal transportation system. In order to obtain experimental
data that were used in the optimization process in
all three studied internal transportation systems
methods of operating parameters monitoring in
the time period of three years are used (recording
of working parameters by “return” method and
the method of current observations). The following data are collected: the intensity of transportation units flow - in total and by product range, the
intensity of external transportation devices flow
(trucks, trains), duration of characteristic activities
execution of reloading devices (Table 1), working performance of reloading devices, etc. Based
on collected data and values necessary to perform
certain characteristic activities the number of required reloading device on each studied reloading
segment of the internal transportation system was
determined.
After data collection the comprehensive statistical analysis was performed. Computer software
Matlab application is created for the purpose of
statistical analysis and determination of theoretical
statistical distributions that describe the engage264

ment of reloading devices. Determining of the theoretical statistical distribution was carried out in
accordance with the statistical tests: KolmogorovSmirnov test, Anderson-Darling test, Wilcox’s test
of equality of two populations and equality of the
medians. By defining theoretical statistical distributions that describe the involvement of reloading devices (Table 2), Matlab software is designed
to perform simulations of the observed reloading
segment of internal transportation system based on
the Monte Carlo algorithm. Considering that the
operation of the internal transportation systems is
characterized by a dominant discrete changes of
state that occur in a particular time – simulation
time, with the possibility of realization of a numerous events, the developed simulation model
is based on the discrete approach in the frame of
defined simulation time.
The time interval of simulation duration is essentially a unit of measure, and in particular cases
daily monitoring of parameters on the shift level
is conducted, i.e. for the simulation time interval
daily shift is adopted, which determines the number of forklifts needed to load the pallets on the
external transportation devices and dispatch them
from the factory. Input parameters for the simulation are presented in the table 2, where the number
of simulation experiments is determined arbitrarily. As it is presented in the table 2, in the process of
input parameters definition there is the possibility
2010
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Table 2. Tabular review of input data used for performance of Monte Carlo simulation of reloading
segments of studied internal transportation systems
Brewery Tuzla

Salt fact. Tuzla

Dita Tuzla

Gama

Weibull

Weibull

a=3,5

a=1,56

a=1,4

b=0,75

b=2

b=1,8

Simulation time [day]

303

330

258

Number of simulation experiments

1000

Theoretical statistical distribution
Parameters

Simulation

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Initial no. of R.D. [pcs]

1

2

2

2

3

1

1

2

2

3

1

1

1

2

2

No of addit. R.D. [pcs]

3

2

3

4

2

2

3

2

4

2

1

2

3

1

2

Critical delay [pcs]

1000

1000

500

Simulation

1

2

3

4 5

1

2

3

4

5

1

2

3

4

5

Initial no. of R.D. [pcs]

1

2

2

2 3

1

1

1

2

2

1

1

1

2

2

No of addit. R.D. [pcs]

4

2

3

4 2

4

3

4

2

2

1

2

3

1

2

Critical delay [pcs]

of choose the type of simulation, i.e. the choice of
reloading devices number according to the following options:
a) Constant number of reloading devices;
b) Constant number of reloading device, with
subsequent continuous engagement of
additional reloading devices, when a critical
number of none loaded pallets is reached;
c) Constant number of reloading device, with
subsequent temporary engagement of
additional reloading devices, when a critical
number of none loaded pallets is reached.
The option with a constant number of reloading
devices is the case when it engages in servicing
tasks pre-defined number of reloading device that
is constant for the entire duration of simulation.
This kind of simulation depends on the number of
available reloading devices and selected parameters of theoretical statistical distribution, resulting
in the appearance of two characteristic cases. In
the first case achievement of the maximum level
2010

6

1000

2000

500

1000

Variable
number of
additional
reloading
devices –
R.D.

4

2000

Constant
engagement
of add.
reloading
devices –
R.D.

2

1000

SIMULATION TYPE

Constant number of reloading devices

1000
1000
Considered number of forklifts [pcs]
6
8
1
2 4
6
1
2 4

of reloading device efficiency with a simultaneous
increase in waiting time at loading is occurred i.e.
almost linear increase in the number of non loaded
pallets over the time, which ultimately results in a
overloading of a storage and the impossibility of
further pallets supply in the storage - apparently
evidence of the lack of reloading capacities. The
second case is characterized by a certain degree of
reloading devices efficiency, resulting in loading
of pallets in external transportation devices with
a significantly shorter waiting period. This mode
clearly points to a large number of reloading devices, which directly implies a reduction in their
level of efficiency on the one side, but reduction
of loading duration on the other side. In fact the
first option represents the current state of forklifts
engagement on serving operations in the analyzed
internal transportation systems. The results of
simulation experiments for the first option are presented in the table 3.
Options with an constant number of reloading
device engaged initially, and subsequent continu265
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Table 3. Tabular review of simulation experiments results for option with constant number of engaged
reloading devices
No. of reloading devices
„backfilling“
Theoretic utilisation degree

Brewery Tuzla
1, 2
3
>4
yes
no
1
0,87
0,68

ous engagement of additional reloading devices
(remain in use until the end of the simulation), engaged when a pre-defined critical number of none
loaded pallets is reached, presents solution that in
terms of practical applications has not particular
significance. In this way, in the first simulation
interval, the initial devices operate with a maximum degree of efficiency, but after reaching the
critical number of non loaded pallets by engagement of additional reloading devices decreasing
efficiency degree of these segments is occurred.
Of course, the average level of efficiency of reloading devices is in some cases higher than in the
first simulation options and significantly depends
on the theoretical statistical distribution which describes the intensity of pallets flow, the number of
initial reloading devices, as well as by the number
of additional engaged reloading devices.
Options with a constant number of reloading
devices with subsequent occasional engagement
of additional reloading devices, means engagement of certain pre-defined number of additional reloading devices, when a pre-defined critical
number of pallets that are waiting for loading is
reached. When the number of pallets that are
waiting for loading is reduced to zero, i.e. when
all pallets in stock are loaded to external transportation devices, additional reloading devices
withdrew from reloading sites, and only an initial
reloading devices continue to work. By this way
the maximum degree of utilization of reloading
devices, initially as well as occasionally engaged,
at reloading site is achieved, and loading waiting
time of pallets is in essence middle between the
two previous cases. Of course, as well as in previous cases, the great impact of adopted theoretical
statistical distribution, the number of initially engaged reloading devices, and the number of additionally engaged reloading devices has occurred.
Characteristics of studied reloading segments
of the internal transportation systems allows the
266

Salt factory Tuzla
1
2
>3
yes
no
1
0,89
0,71

Dita Tuzla
1
2
>3
yes
no
1
0,79
0,62

implementation of this simulation option because there are: possibilities of defining the initial number of reloading devices, possibilities of
occasional engagement of additional number of
reloading devices if it is necessary, limitations
of available storage space, and the potentials for
planning of transportation units dispatch which
can be basis for the organization of transportation
units dispatch at just-in-time principles. Applied
organisation model described by this simulation
option, besides optimization of reloading devices
number with a maximum degree of efficiency and
appropriate waiting time for loading, by adoption
of appropriate input parameters provides: insight
into the required storage space, if it is necessary
customisation of storage space to adapted working
conditions or even attune the number of initially
and additionally engaged reloading devices to
available storage space. Review of results for all
three available options in the developed simulation
model for reloading segment of internal transportation system in Salt factory Tuzla is presented by
Figure 4. It is important to underline that the presented diagrams that are the result of the accomplished simulations, in order to facilitate monitoring of the simulation output results by simulation
experiment: the number of pallets that arrive at the
reloading place, the number of pallets waiting at
the loading and the number of pallets that are not
loaded on external transportation devices and remain for the next day-turn/shift, is divided by the
load capacity of forklifts per shift, that is: with 59
in the case Brewery Tuzla, with 125 in the case of
Salt factory Tuzla and 42 in the case of Dita Tuzla.
Graphical representation of the adopted solutions
which for concrete working conditions in all three
studied reloading segments of the internal transportation systems presents possible options for the
reorganization of transportation unit transfer by
third simulation option is presented in Figure 5.
2010
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a)

b)

c)

Figure 4. Review of simulation experiments results for Salt factory Tuzla
a) constant number of reloading devices - one forklifts involved (with review of arrivals, waiting, delays and unloading of transport units);
b) one initially engaged forklifts, two extra continuously engaged forklifts, and 1000 pallets that remain for the next day or shift (shown utilization level, average latency and average waiting time per
simulation experiments);
c) one forklifts initially engaged, three additional temporary engaged forklifts, and 1500 pallets that
remain for the next day or shift (shown the number of arrivals, waiting, unloading and delays per
simulation experiment)

2010
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Presented way of simulations execution in addition allows planning of forklifts engagement in
certain intervals, allows relatively fast loading of
pallets on hold, and withdrawal of additionally engaged forklifts with a maximum possible degree of
utilization. Of course, faster loading and less waiting
can be achieved by engagement of additional number of forklifts, however, because of available space
within the storages, engagement of more than six
forklifts simultaneously in any interval, will disable
the normal service process. It is important to emphasize that any of these cases can be used for further
consideration. For considered cases that provide the
maximum degree of efficiency of reloading devices,
enable the planning of transportation units dispatch
by just-in-time principles at highest degree, variation of simulation input parameters (Table 2) have
been made in order to generate: data that describing
the behaviour of the studied reloading segments of
the internal transportation systems, provide planning
of required number of reloading devices – forklifts,
and determination of number and length of engagement intervals for reloading devices.
Due to their high degree of stochastic, analysed

reloading places are very complex, and it is not
possible to describe them with exact mathematical models. Because of that the algorithm based
on Monte Carlo simulation method is applied. The
accuracy level of developed simulation model is
acceptable, which is evident though comparison
of efficiency degree of involved reloading devices
- forklifts obtained by experimental observations
with values of efficiency degree of appropriate
number of involved reloading devices obtained by
simulation (Table 5).
As visible in the table above, two simulations
for each reloading place with different number
of forklifts that are engaged in tasks of reloading
have been made. In situ following of forklift tracks
working parameters showed that the number of
forklifts that are operational is close to number of
forklifts determinate by simulation.

Table 4. Overview of simulation results for third simulation options that can be possible option for organization of work at observed reloading places
Brewery Tuzla

Salt factory Tuzla

Dita Tuzla

Number of constantly engaged
forklifts [pcs]

2

2

2

Number of additionally temporary
engaged forklifts [pcs]

4

2

1

Critical number of non loaded
pallets [pcs]

700

750

500

Number of intervals of constantly
engaged forklifts [day]

18,2380

19,0800

3,9880

Average duration of intervals with
initially engaged forklifts [day]

14,2919

16,2854

69,0546

Number of intervals of additional
temporary engaged forklifts [day]

17,3940

18,1980

3,1170

Average duration of intervals with
additionally engaged forklifts [day]

2,7245

2,1707

0,1413

Review of forklifts engagement in a
simulation experiment
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Brewery Tuzla

Salt factory Tuzla

Dita Tuzla

a)

b)

c)

Figure 5. Graphical representation of possible solutions for specific work conditions in all three studied reloading segments of the internal transportation systems
a) one simulation experiment with a review of arrivals, waiting, delays and unloading of transport unit,
b) degree of efficiency, average delay and average waiting time per simulation experiments,
c) 1000 simulation experiments with review of the number of arrivals, waiting, unloading and delays per
simulation experiment
Table 5. Overview of experimental and simulation results of utilization degree of reloading segments
of the internal transportation systems
Experimental
results
Brewery Tuzla

0,79

Salt factory Tuzla

0,77

Dita Tuzla

0,69

2010

Simulation results
Number of
engaged forklifts
3 - continual
4 - continual
2 - continual
3 - continual
2 - continual
3 - continual

Utilisation degree
0,87
0,68
0,86
0,71
0,79
0,62

Average value
0,775
0,785
0,705

269

technics technologies education management

Conclusion
The results of working parameters data processing of analyzed objects have pointed the existence of different trends in transportation unit
flows and intensity of forklifts engagement in a
function of time. Time dependence of these trends
is expressed at Brewery Tuzla and Salt factory Tuzla, while in the case of Dita Tuzla, it is not significantly manifested. These differences of time
dependencies of intensity of transportation unit
flows arise due to existence of correlation between
the product range and market demands for products. So, during planning of intensity of reloading
devices engagement, mentioned time dependencies should take into account, to avoid unforeseen
“backfilling“of reloading segments – storages, or
lack of reloading devices capacity which would
result in undue supply of market with products.
Statistical data processing of researched working parameters of analyzed objects showed the
statistical laws that describe the behaviour of the
studied reload segments. Adopted theoretical statistical laws are the foundation for modelling and
optimization of analyzed reloading segments of
the internal transportation systems by numerical
statistical simulation algorithms.
Developed simulation algorithm integrates
functions that describe the three typical manner of
reloading devices engagement including the number of engaged reloading units. Those typical manners of reloading devices engagement can be formulated as: continuous, combination continuous
plus an additional continuous when the backfilling
of reloading places appeared and continuous plus
occasional additional if needed. Parameters presented as output from simulation algorithm (Table
4 and Figure 5) allows the generation of output
data set that provide the preconditions for planning of appropriate number of engaged reloading
devices. In the interpretation of these results following factors must be taken into account, such
as: trends of increased intensity of transportation
unit flow, type of reloading devices, type of external transportation devices, way of transportation
unit delivery to the reloading place, the existence
of buffer, the conditions that prevailing: in the
reloading place, in the storages, on the reloading
ramp, in production system, etc.
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Abstract
The paper presents developing a web-based intelligent tutoring system named LEWITS. LEWITS
(Learner Ontology Web-Based Intelligent Tutoring
System) is aimed to use an ontology based student
model and adaptation scenario of learning materials
tailoring to individual student characteristics conceptualized in LeMONT ontology. The proposed
learner modeling system relies on learner ontology,
using Semantic Web technologies, based on the
IMS LIP specifications and extended with new Psychological preferences concept. The LEWITS system architecture with its components Learner Profile Editor and Learner Modeler, suited for implicit
and explicit ontology-based user modeling, is presented. It is also shown that LEWITS is modeling
student data using certainty factor theory and fuzzy
logic. Implementation issues are also discussed and
explained in detail.
Key words: learner model, ontologies, intelligent tutoring systems, fuzzy logic, certainty factor
theory, personalized learning
Sažetak

U radu je predstavljen razvoj web zasnovanog
inteligentnog tutorskog sistema nazvanog LEWITS. LEWITS (Learner Ontology Web-Based
2010

Intelligent Tutoring System) je kreiran tako da
koristi model učenika opisan ontologijom, kao i
scenario adaptacije materijala za učenje prema individualnim karakteristikama učenika opisanim u
ontologiji LeMONT. Predloženi sistem modeliranja učenika se bazira na ontologiji, tehnologijama
semantičkog weba i podleže IMS LIP specifikaciji proširenoj sa novim konceptom Psychological
preferences. Predstavljena je arhitektura sistema
LEWITS sa svojim komponentama Learner Profile Editor i Learner Modeler, pogodna za implicitno i eksplicitno ontološko modeliranje učenika.
Takođe je pokazano kako LEWITS sistem modelira znanje o studentu korišćenjem teorije izvesnosti i fazi logike. Implementacija sistema je takođe
detaljno objašnjena.
Ključne reči: model učenika, ontologije, inteligentni tutorski sistemi, fazi logika, teorija izvesnosti, personalizovano učenje
1. Introduction
Modern intelligent tutoring systems, adaptive
hypermedia systems or interactive learning environments are significantly relying on the quality
of the learner/student models. Those studies have
been emphasized by the whole body of research.
User-adaptive software systems have already
proved to be more effective and usable than non271
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adaptive systems. It is pointed out in [1] that adaptive systems with clear user benefits are personalized tutoring systems which significantly improve
the overall learning progress.
The issue of adaptivity for web-based intelligent tutoring systems assumes collecting information about the student working with the system
and creating the appropriate student model, which
can then be further used to adapt the presentation
of the learning material, navigation through it, and
sequencing and annotation to the student.
In order to develop adaptive and intelligent
Web-based educational systems (AIWBES) require the building of a model of the goals, preferences and knowledge of each individual student
in order to adapt to their needs, and attempt to be
more intelligent by incorporating activities like
coaching students or diagnosing their misconceptions [2]. Depending on available information
about the learner, the knowledge structure and AIWBES features, a certain degree of adaptivity can
be achieved.
Since recently, ontologies became the main
tool for enabling interoperability, reusability, and
knowledge sharing. According to [3], ontologies
open doors to AI in Education (AIED) by introducing the possibility of reusable knowledge to
intelligent tutoring systems.
In past days, student models were often built
from scratch, but as the technology advances, reusable and sharable student models are becoming important issues and characterize the next generation
of Web-based educational systems. In creating reusable student models, ontologies play a great role
as a means for conceptual specification. Building
an ontology-based learner model one has to ensure
that the student descriptions of personal information, such as preferences or skills, and machineheld index of learner information use the same
vocabulary. In order to provide personalization to
Web-based educational systems, we have created
an ontology-based learner modeling system named
LeMONT [4]. Our system relies on a learner model
ontology which provides the necessary armature
around which student model knowledge base will
be built. It is a sharable ontology, containing common vocabulary for representing different learner
information, placed on Web-server and accessible
for various web-based applications.
272

The benefits of using our learner ontology are
numerous, providing a standardized way of representing learner information and its usage in various educational systems, as well as tracking information on long life learning.
Tailoring instructions to individual student
needs according to some specific and measurable student characteristics is one of the benefits
of Web-based education. Such idea has its roots
mainly from Bloom’s theory of “Mastery learning” [5].
Student modeling according to his cognitive
characteristics like learning and cognitive style,
and emotions or motivation as affective characteristics and tailor the teaching process according to it
is the most common. Adaptation to psychological
factors including cognitive style, learning strategy,
learning modality, and skills are discussed further
in [6]. In [7] a method for adapting e-learning systems to psychological factors has been presented.
We choose to structure our proposed learner
model according to the IMS Learner Information
Package (IMS LIP) specification [8]. The IMS
LIP specification defines a common format for describing learner information, enabling exchange
and interoperability among systems. IMS LIP is
structured in eleven groupings and includes: Identification, Goal, QCL (Qualifications, Certifications and Licenses), Accessibility, Activity, Competence, Interest, Affiliation, Security Key and
Relationship. Each grouping contains relevant
concepts for describing learner characteristics.
In order to include additional information about
learner’s cognitive and affective characteristics
we extended IMS LIP specification with a new
concept named Psychological preferences, Fig. 1.
The more in-depth approach on learner’s cognitive and affective characteristics can be found in
[9], [10], [11].
2. Student modeling in LEWITS system
As previouslu described, we have developed an
ontology-based student modeling system named
LeMONTSys. It can be applyed in numerous web
applications. For experimental usage we demonstrate student modeling in interaction with webbased intelligent tutoring system named LEWITS
2010

technics technologies education management

Fig. 1. Concept hierarchy for Learner model knowledge structure

Fig. 2. LEWITS system architecture
2010
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(Learner Ontology Web-Based Intelligent Tutoring System) and adaptation scenario of learning
materials tailoring to individual student characteristics conceptualized in LeMONT ontology.
LEWITS system creates student model by following all student activity (student tracking data)
and use such model for adaptation of learning
materials. For student modeling we used overlay
student modeling method. Besides, approximative
modeling approach based on certainty factor and
fuzzy logic are used for LEWITS resoning on student knowledge status.
Arhitecture of LEWITS system is presented on
Fig. 2. The gray area at the bottor represents student modeling process based on earlier developed
LeMONT ontology. Student information gathered
initialy trough Learner Profile Editor and student
activity during system usage are stored in Learner
Model knowledge base.
All learning materials are created as learning
objects conforming the SCORM specification [12]
and are located in LO Repository which is actually
a domain knowledge base.
The similar approach of applying IMS LIP
specification and its extensions is presented in
[13] for modeling users in knowledge management systems.
Student logs into system by ordinary internet
browser and system records information on student interaction and behaviour in Student Tracking Data knowledge base. Learner Modeler is
a module which analyze those data and generate
implicit information for editing in Learner Model.
LEWITS system can also adapt learning materials to individual student characteristics, and
here we used Kolb learning style and motivation
level for each individual student. Both, adaptation process and knowledge modeling process are
using meta-data of learning objects described by
SCORM specification and stored in LO Repository.
3.  Student modeling
Learner Modeler module read data from Student tracking data knowledge base, process them
and store in the appropriate segments in Learner
Model knowledge base.
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Fig. 3. Input and output parameters for Learner
Modeler
Activity segment contains measure of belief
and disbelief of students understanding, which are
necessary for fuzzy modeling of student knowledge level. Psychological segment updates information on student motivation if it is recognized
that low motivated student is fast moving towards
new learning materials or on the contrary, if highly motivated student doesn’t achieve satisfactory
achievements. Competency adds information on
student skills.
4. Evaluation of the student knowledge
Evaluation is LEWITS is based on certainty
factor theory and fuzzy sets. Our choice is based
on the high level of uncertainty which is the main
characteristics of web-based intelligent tutoring
systems. In order to perform fuzzy student modeling, it is necessary to have the values of measure
of belief, measure of disbelief and their border values.
The overlay modeling method provide each learning object (c) with two fuzzy values ranging
from 0 to 1.
–– MB(c) – Measure of Belief that student
understands c
–– MD(c) – Measure of Disbelief that student
doesn’t understand c
2010
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These values are used for calculating of certainty factor CF of student understanding of teaching
concept (c) and evaluation on student knowledge.
For interpetation of Student Tracking Data trough time lenght t which student has spent on some
learning object lo we have created mechanism for
calculating MB value, based on belief graph while
student working with lo, belonging to some concept c, during time t [14].

Fig. 4. Belief graph of LEWITS system
After lenghty and aproximative calculation by
introducing a number of intermediate variables,
we derived following calculation table for MB.
Another belief graph and table are created for test
score parameter, but it can’t be presented in the
scope of this paper.
Table 1. MB function values

5.  Lesson study example
The adaptation scenario is developed and described in detail in [15]. Here LEWITS system
contains newly developed course for ASP programming where each lesson has: theory, examples, practice, test, index, problem set, case study
and group discussion, presented in appropriate lo
and its meta-data Semantic density, Typical Learning Time and Resource Type.
LPE editor was used for explicit input of student data in all 11 ontology segments. For instance,
a specific student had learning style type Diverger
and motivation level low for ASP programming.
These values are obtained from earlier designed
psychological instruments.
As an example for fulfilling educational objective of learning to create an ASP site in Macromedia Dreamweaver, an instructional unit “ASP Site
Definition” is shown on Fig. 7.
Activities marked with dashes are meant to be
additional for learning process displayed through
links. Mapping learning object according to diverger type is done by adaptation algorithm described in [15].

When student finish its interaction with system
and all learning objects belonging to concept c, we
can calculate the final CF like:
CF(c) = MB(c) - MD(c)
LEWITS define four fuzzy sets for student
knowledge level after interacting with c:

Fig.5. Fuzzy sets for student knowledge level
2010

Fig. 6. Student motivation level for ASP
LEWITS is using meta-search for generating
user interface and aggregating screen learning
resources would have the following values: (1)
lecture, (2) simulation, (3) test, (+1) index, (+2),
problem statement, (+3) case study. More like, any
other student learning type and motivation level
would see different aggregation of screen learning
objects, see [10].
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Fig. 7. Student motivation level for ASP

Fig.8. LPE screen for ASP BASIC competency

Each student activity with specific learning object is written in Student Tracking Data module
with meta-data like activity duration, test score,
MB and MD measures of belief, resource type,
typical learning time, semantic density. When student finish his interaction, data will be entered in
student profile in the Activity segment.
When student finish interaction with ASP, Student modeler process data from Student Tracking
Data and derives implicit conclusion on student
knowledge by applying certainty factor theory and
fuzzy logic.
Since student for Quiz evaluation has received
MB=0.8 and for learning object Lekcija MB=0.6
and MD=0.1, a combinated value for MB, MD
and CF are:

Since for ASP ADVANCED student didn’t
show satisfactory knowledge, LEWITS calculated
MD = 0.46. At this moment student knowledge is
estimated as follows:
MD(ASP) = MD(ASP BASIC) + (1- MD(ASP ADVANCED)) =
0.1 + 0.46 * (1 – 0.1) = 0.52
Certainty factor for ASP will be:
CF(ASP) = MB(ASP) - MD(ASP) = 0.92 – 0.52 = 0.4
According to this estimation, LEWITS implicitly derives that CF=0.4 corresponds to MEDIUM
knowledge level and add such information in student profile, Fig. 8.

MB(ASP BASIC) = MB(LEKCIJA) + (1 - MB(QUIZ)) = 0.6
+ 0.8 * (1 – 0.6) = 0.92
MD(ASP BASIC) = MD(LEKCIJA) = 0.1
CF(ASP BASIC) = MB(ASP BASIC) - MD(ASP BASIC) = 0.92
– 0.1 = 0.82
Since CF value is 0.82, student knowledge level belongs to ADVANCED fuzzy set and LEWITS
system calculates and writes this information in
student profile.
Fig. 9. LPE screen wih ASP competency
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6.  Conclusion
The presented LEWITS system is aimed for usage with appropriate ontology based student model
designed according to IMS LIP specification. Besides, LEWITS can import any other student model
based on the same specification. Ontologies have
significant advantage for knowledge sharing and
reuse, and especially for reasoning possibilities. Beside intelligent tutoring systems, presented student
model can be used for other applications like skills
management systems, especially segments QCL,
Activity and Competency. LEWITS is implemented
using several web technologies: RDF API for PHP
(RAP), PHP, MySQL and Apache Web server. It is
also shown that LEWITS is modeling student data
using certainty factor theory and fuzzy logic.
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Abstract
Term elastohydrodynamic lubrication (EHL)
means a mechanism of lubrication of the different machine systems such as gears, bearings, etc.
For the case of contacts, which works in the EHL
mode, the force is transmitted through a thin oil
film. Formed oil film separates the contact bodies,
which are deformed elastically. The aim of EHL
analysis is to ensure optimal working conditions
of lubrication, i.e. to minimize the tribological
processes at the place of contact (friction, wear).
Achieving of the desired goal necessarily requires knowledge of the basic parameters of EHL
contact in specific working conditions (oil film
thickness and pressure distribution). The basic
equations that describe the EHL line contact, their
discretization and numerical solution of the set
of equations in this paper are represented. Calculations of oil film thickness, pressures transmitted
by oil film are obtained by simultaneous solving
of the system of equations for EHL model. Simultaneous solution of the equation set was obtained
numerically by using own computer program.
Key words: Elastohydrodynamic lubrication,
line contact, oil film

Sažetak
Termin elasto hidrodinamičko podmazivanje (EHL) predstavlja mehanizam podmazivanja
različitih mašinski sistemima kao što su zupčanici,
ležajeva i dr. Za slučaj kontakta koji rade u EHL
režimu sila se prenosi kroz tanki uljni film. Formirani uljni film razdvaja kontaktna tijela koja se
elastično deformišu. Cilj EHL analiza je osigurati
optimalne radne uslove podmazivanja, tj. minimizirati tribološke procese na mjest kontakta (trenje, habanje). Postizanje željenog cilja nužno iziskuje poznavanje osnovnih parametara EHL kontakta
za određene radne uslove (debljina uljnog filma i
raspodjela pritiska). U ovom radu su predstavljene
osnovne jednačine koje opisuju EHL linijski kontakt, njihova diskretizacija te numeričko riješenje
seta jednačina. Rezultati proračuna debljine uljnog
filma, raspodjele pririska u uljnom filmu dobijeni
su simultanim riješavanjem sistema jednačina EHL
modela. Simultano riješenje je dobijeno numeričkim
putem koristeći vlastiti računarski program.
Ključne riječi: Elasto-hidrodinamičko podmazivanje, linijski kontakt, uljni film
1.  Introduction
In industry most contacts are lubricated in order
to control friction and wear. In applications, such as
gears, roller bearings, seals, clutches and cam and
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tappet mechanisms, contacts operate in a specific
lubrication regime. In order to optimize the contacts
it is necessary to be able to predict the lubrication
regime in which such contacts operate [1-11].
In the cases of concentrated contacts such as
journal bearings and gears, the contacting elements
deform elastically defining the film thickness: this is
known as elastohydrodynamic lubrication (EHL).
The generated film thickness of an elastohydrodynamic contact depends mainly on the surface velocity, lubricant properties and lubricant rheological behavior at the temperatures occurring inside
the contact. Numerical solutions of EHL are very
important for industry in the design and evaluation
of both lubricants and components. These cases
require the simultaneous solution of both pressure
and film thickness, along with the behaviour of the
lubricant under these extreme conditions.
The both, finite element and finite difference
methods are used to solve EHL problems with
perhaps greater emphasis on the use of the finite
difference approach. In both cases, a major computational difficulty is ensuring convergence of
the non-linear equations solver to a steady state
solution. The finite difference (FD) method is
perhaps the most widely used numerical solution
method. Stability through wide ranges of operating conditions has been attained through use of the
different FD techniques in the low and high pressure regions.Two successful methods for achieving this are direct Effective Influence Method
and The Block-Jacobi method [12,13]. The main
purpose of the present study is to propose a complete EHL solution that can be used generally in
the analysis of line contacts. Calculation of oil
film thickness, pressure transmitted by oil film is
obtained by simultaneous solving of the system of
equations for EHL model. Simultaneous solution
of the equation set is obtained numerically by using own computer program. The approach used in
this work involves the assumption of a Newtonian
rheology.
2. Governing equations
For complete solution of the isothermal EHL
problem, we have to satisfy simultaneously the
following equations: the Reynolds equation, the
2010

viscosity-pressure relationship and equations of
elasticity. The Reynolds equation relates pressure
p , to geometry of the gap (the film thickness) h
and velocites of the running surfaces. The dimensionless form of the Reynolds equation can be
written as:

∂  ∂p
ε
∂ x  ∂ x

 ∂
 −
( ρ h )= 0 . ............... (1)
 ∂x

with the cavitation condition p ≥ 0 and p = 0
on boundaries. The function ε = ρ h h λ depends
on viscosity h , density ρ , film thickness h and
constant λ is given by:

λ = 6 ç 0 R ∗ ( v1 n + v 2 n ) ( a 3 p 0 ) ........... (2)
2

Where, a -is the half width of the contact area,
p0 - is the maximum value of the pressure, R* - is
the effective radius at contact and v1n, v2n- velocities of surfaces 1 and 2.
In EHL calculations the viscosity-pressure correlation of Reynolds is usually emploeyed, [9]:

h=

a
h ( p)

= exp  1, 9 8 ⋅ 1 0 8
h ( p0 )
 z



p0 p
1 +
8
 1,98 ⋅1 0

z


 − 1 

 



......................................... (3)
Where, z - is a pressure-viscosity index, a -is
a pressure-viscosity coefficient. Lubricant density
is assumed to vary according to relation ship, proposed by Dowson and Higginson, [7]:
0.6 x 1 0 −9 p 
ñ 
 ................ (4)

ñ=
= 1+
ñ 0  1 + 1. 7 x 1 0 −9 p 
The film thickness distribution h is known
only within an additive constant h0 and, for two
surfaces in contact, the dimensionless form of the
film thickness eqaation has form, [5]:
x2
1
h = h 00 +
−
2 2π

xcav

∫ p (s ) ln (x − s )

xmin

2

ds

....... (5)
279

technics technologies education management

The force balance equation provides additional
relationship to eliminate h 0 0 . For the force balance equation the following dimensionless form
is used:
xcav

∫

p ( s ) ds =

xmin

π

(6)
2 . ........................

2.1.  Discretization of governing equations
The governing equations are discretised on
regular grid with the direction of flow (in the x direction) and mesh spacing dx in the x direction:
x min = x1 < x2 < x3 < ... < x N − 2 < x N −1 < x N = x max

......................................... (7)
Reynolds equation (1) is discretised using central and backward differencing. The dimensionless discrete form of the Reynolds Equation (1)
can be written as, [13]:
L( p ) = ε

i−

1
2

( p i -1 − p i ) + ε i + 1 ( p i +1 − p i ) −
2

dx
−
3ρ i h i − 4 ρ i -1 h i -1 + ρ i − 2 h i − 2 = 0
2

(

)

1
i±
2

=

ε i + ε i ±1
2

, εi =

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

ρ i hi
............... (9)
hi λ

The discretised film thickness equation (5) at a
point i is given by [10]:
hi = h0 0 +

2

Di, j = (x i − x j +
− (x i − x j −

dx
dx
)(ln x i − x j +
− 1) −
2
2

dx
dx
) (ln x i − x j −
− 1)
2
2
....................................... (11)

The force balance equation is discretised as follows:
N

d x∑ pi −
i =1

π
2

= 0 . .................... (12)

The system of equation (8), (10) and (12) thus
constitutes a system of integral-differential equations with following unknown pi , hi , h0 .
2.2.  Effective influence Newton method

where, ε 1 i ε 1 denote the values of ε at
i−
i−
2 locations
2
the intermediate
midway between mesh
points:

ε

The simplest procedure is to divide the pressure
distribution into columns of uniform pressure with
N add. Influence coeficient Dij, calculates deformation at node i due to unit load at node j:

2

xi
x
1
+ d i = h0 0 + i + ∑ Di, j p j
2
2 π j
....................................... (10)

This method employs the notion of effective influence to determine the contribution from elastic
deformation in the solution of the set of approximate linear equations used in Newton’s formulation of the EHL problem [12]. When obtain the
solution of the linearised Reynolds equation by
Newton's method, pressures not close to the point
i can be ignored. The elastic deformation at a point
i due to a rectangular area of uniform pressure at
some other point is strongly influenced by the distance between the two points. This enables us to
define an effective influence region such that only
the pressures within the region need to be considered when solving the approximate linearised
Reynold’s equation. These results in a banded,
rather than full, Jacobian matrix, thus reducing the
computational work involved in the EHL calculation. Suppose p is approximation to the true solution p̂ then at point i, Li=L(p)i and Li = L( p̂ )i = 0 .
Taylor’s theorem gives:
)

where Di,j is influence coeficient. The elastic
deformation on the surface of a solid di depends
on the representation of applied normal pressures.
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N ∂ L
)
i
Li = Li +∑
+O
n =1 ∂ p n

( ( ∆ p ) ) ....... (13)

Where Li is discretised Reynolds equation (8)
at the point i. If mi is the number of effective
points, from the point i in the x direction, then
the Effective Influence Newton’s formula is of the
form:
i+mi

∑

n= i − m i

 L 1 ( p, h ) 
L ( p, h ) = 
 = 0 . ................ (18)
 L 2 ( p, h )

2

∂ Li
∆ p n + L i = 0 ............... (14)
∂ pn

The simplest form of the Effective Influence
Newton’s method makes use of three adjacent
nodal points in linearising the original Reynolds
Equation. This is the method employed by Dowson and Wang in solving the EHL problems and is
of the form:

∂ pi
∂ Li
∂ Li
∆ p i −1 +
∆ pi +
∆ p i +1 = − L i
∂ p i −1
∂ pi
∂ p i +1
...................................... (15)
Equation (15) results in a system of linear
equations with three diagonal matrix coefficients,
which is solved with the method of Gauss-Siedel.

Where ( p , h ) represents the two dependent
variables of the systems. One way to solve the
problem is to apply the basic Block-Newton method for the coupled system (18). In this case the
determining system for the changes, dx, is

 L 1 ( p, h ) 
= −

 L 2 ( p, h )

film thickness d h , from one iteration to the next, are

d p = p k +1 − p k , d h = h

1
i−
2

(p

i −1

)

− p i +ε

1
i+
2

dx
−
3 ρ i h i − 4 ρ i -1 h i -1 + ρ i − 2 h
2

(

(p
i−2

i +1

)

− pi −

)= 0

∂ L1( p i , h i )
∂ pi

bi =

L 2 ( p, h ) = h i − h 0 0 −

2

2

+

1

π

∑D
j

i, j

p j .... (17)

Let us assume that a non-linear operator is discrete representation of a coupled system of two
analytical equations (16), (17), i.e.
2010

− h k . ........ (20)



= −  ε 1 + ε 1 
i+
2 
 i−2
;

∂ L1( p i , h i )
∂ hi

ci =

= −1, 5 ρ i d x

∂ L 2 ( p i , hi )

di =

∂ pi

=

1

π

∂ L 2 ( p i , hi )
∂ hi

DI , I

;

=1

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

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

k +1

The partial derivatives in equation (19) in index form can be determined from equations (16)
and (17) i.e.

2.3.  The Block-Jacobi method

L 1 ( p, h ) = ε

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

Where the changes of the pressure d p and the

ai =

The discrete equations (8) and (10) can be written in operator form as:

∂ L 1 ( p, h ) 

∂h
 d p . =


∂ L 2 ( p, h )  d h 


∂h

 ∂ L 1 ( p, h )

∂p
J d x = − L ( x ) ⇔ 
∂ L ( p, h )
 2

∂p

Substitution of equations (16), (17), (20) and
(21) into equation (19) yields to two-by-two matrix system in index form.
a i

c i

b i   p k +1   f i 

 =   . .............. (22)
d i  h k +1   g i 
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With coefficients:

( k +1)

pi

f i = − (ε ki − 1 p ki −1 + ε ki + 1 p ki + 1 ) −
2

2

− d x (2 ρ ik−1 h i k−1 − 0.5 ρ ik− 2 h i −k 2 )
g i = h00 +

xi

2

2

+ ∑ D i, j p j ................ (23)

( k)

= pi + w ( pi

( k +1)

(k)

− p i ) .......... (28)

Where w is under-relaxation factor in the range
0,6-0,7. The optimum value for the factor of relaxation is assigned by varying the values of factor w,
Figure 1.

j ≠i

Solving the system of equations for the unknown variable of pressure we come to a state

ε

i−

1
2

p i −1 + ( a i − b i c i ) p i + ε

i+

1
2

p i +1 =

= −b i g i − d x (2 ρ i −1 h i −1 − 0.5 ρ i − 2 h i − 2 )

...(24)

Equation (24) results in a system of linear equations with three diagonal matrix coefficients, which
is here solved by the Gauss-Siedel method. Written
in the compass notation equation (24) has the form:
aW
, i p i −1 − a P
, i pi + aE
, i p i +1 = b P
, i ........ (25)
whereat we have:

The new values of pressure pi are than used
to calculate the elastic deformation and the film

k
k
aW
, i = ε 1 ; aE
, i = ε 1 ; aP
, i = a i − bi c i ;
i−

2

i+

2

bP, i = −b i g i − d x (2 ρ i −1 h i −1 − 0.5 ρ i − 2 hi − 2 ) i
(26)
......................................

The equations (13) and (25) are solved using
Gauss-Siedel iteration method. The procedure of
solving equation (25) is presented here (the procedure is identical for equation (13) ). The method
of Gauss-Siedel consists of iterative procedures
which have the state:
pi

1
=
a W, i pi(−k1+1) + a E, i pik+1 − b P, i ........ (27)
a P, i

(

)

(k )

In every iteration the approximation pi
is evaluated on the entire grid. Having obtained
(k )

( k +1)

a new approximation p i
pi
puted on the entire grid using:
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thickness hi using equation (9). The film thickness
constant h0 is updated using the force balance
equation (10) and is given by:
N
π

h 0 0 = h 0 0 − c  − d x ∑ p i  ............. (29)
i =1
2


2.4.  Numerical solution

( k +1)

Figure 1. Dependence of the number of iterations from the relaxation factor

to pi( k ) is com-

Where c is a small constant taken, here as 10-3.
The technique employed to analyse the convergence
of the solution is based on the change in the solution
from one iteration to the next.
3. Numerical results
A own computer program was developed on
the basis of the exposed EHL mathematical model
and algorhythm for numerical solution using two
approaches (Effective influence Newton method,
The Block-Jacobi method). The validity of the
program and discussed accessions for linearization of EHL problem were tested on several examples.
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Comparative result of the estimated pressure
distribution and oil film thickness are shown in the
Figures 2 and 3. Input data for the computer program are given in Table 1. Coincided results for
two of the discussed accessions can be seen in the
shown Figures 2 and 3..

Figure 3. Pressure distribution and film thickness along the contact

Figure 2. Pressure distribution and film thickness along the contact

The influence of load and speed on pressure
distributions and film shapes, based on the dispelled mathematical models and developed computer program in this work, are shown in the Figures 4 and 5. A test example, which exhibits the
influence of load on the distribution of pressure
and fluid thickness film, is shown in the Figure 4.
It can be seen that the distribution curve approaches to the Hertzian distribution and that the oil film
thickness decreases with the increase of load in the

Table 1. Input data for line contact simulation (Fig.2 and Fig. 3
Input data

Figure 2

Figure 3

1

1,3

vsum

[m/s]

Maximum total pressure

p0

[MPa]

400

Relative radius of curvature

R

[m]

0.02

Temperature

J

[°C]

Summary Velocity

*

50
h0= 0,04; z0=0,05

Lubricant: mineral oil

a= 2;

Material

Steel - steel

2010
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Figure 5. A test example for influence of speed on
the pressure and oil film thickness distribution at
the EHL contact is given in the Figure 5. Increasing the velocity of contact surfaces results in a deviation of pressure distribution in the oil film from
the origin Hertz distribution. By contact surface
speed increasing, the distribution of pressure deflects from the Hertz distribution whereabouts the
film thickness grows (dimensionless parameters:
W- load parameter, U- speed parameter, G- materials parameter).

Figure 5. Effect of surface velocity U on pressure and film thickness for following dimensionless parameters G=4.522×103, W=7.371×107
: a) U=5.05×10-11, b) U=0.8416×10-11, c)
U=0.8416×10-12
4.  Conclusions
Figure 4. Effect of load W on pressure and film
thickness for following dimensionless parameters
G=2500, U=10-11: a) W=3x10-4, b) W=3×10-5
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According to the exposed mathematic model
of EHL line contact, accomplished discretization
of the basic equations and presented numerical
model for their solution, the own computer program was developed for the analyse of pressure
distribution in fluid films and estimating fluid film
thickness. Results, which were acquired by the
developed program, show good compliance with
the results of other authors and, in the same time,
the program itself is stable concerning the convergence of solutions. Accordingly to the out carried
computations, it can be noted that the Hertz pressure distribution for dry contact surfaces changes
2010
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(this fact is especially noticed in the case of less
loads and larger velocity), and it is very significant in furry analyses regarding to the piting effect
by cog wheels. Greatest changes are occurred at
the in and outcome area of contact.
The conclusions from this study could be summarised as follows:
–– A numerical solution to the EHL of a line
contact problem is presented (contact
cylinder – straight area).
–– Based on mathematical models for EHL
line contact problems, the own computer
program, for analysing effects of load and
speed on pressure distributions and film
shapes in a liquid lubricant, was developed.
–– The curve distribution of the pressure
approaches to the Hertzian distribution
whereat film thickness decreases with
increasing load.
–– Pressure distribution in the fluid film
deviates from the Hertzian distribution with
increasing contact surfaces speed whereas
film thickness grows.
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Abstract
This paper presents the results concerning researching the needs for marketing managers in Serbia. The research was carried out by the help of the
questionnaire containing 52 questions. Statistical
Package for the Social Sciences (SPSS) was used
in processing the research results. Polling was carried out from May to October, 2009 in all Serbian
regions.
On the ground of this polling it can be conluded
that marketing managers consider their care about
company’s market position as their basic task. A
considerable number of managers think that five-year-experience is not necessary for doing the
job of marketing managers. They also think that,
beside university education, these managers need
additional specialization. According to the opinion of marketing managers, appreciation and status
of marketing in the company respresents the most
important factor for success of marketing function. This indicates that marketing function hasn’t
been given an appropriate position and role in Serbian companies. In any case, marketing managers,
among other things, should be generators of changes and approach of Serbia to the world economic
trends.
1.  Introduction
Marketing manager is reletively a new job in
our companies. Transformation of classical commerce and sale sectors into modern marketing sectors is not a fast and easy process. Marketing as a
business function which connects companies with
286

the market demands a great number of managers
(products, markets, foreign countries, etc.). The
sphere of marketing managers' activities depends
on company's business sphere, its size, as well as
the markets on which the company performs its
business activities.
It is considered that marketing managers should be able to estabilish flexible connections with
the market, to create new jobs and to suggest
changes of products and markets on the ground
of observing the activities in their surroundings.
According to Jober and Fahy, a modern marketing
concept can be explained as fullfilling corporative
aims through satisfying the needs of buyers better
than the competitors do (Jober and Fahy, 2006).
It is easy to understand the reasons for orientation towards marketing, but it is more difficult to
achieve this orientation in practice. According to
Peters and Waterman, common values and beliefs
are necessary pre-conditions for successful implementation of marketing (Peters, Waterman, 1982).
Achieving this aim can be a problem for companies with long tradition which haven’t put buyers
on top position. Another dimension is related to
the skills for understanding and reacting at buyers’ requests or, how Peters and Waterman called
it «approaching and being near buyers» (Peters,
Waterman, 1982).
In their reasearch, Kohli and Javorski (Kohli
and Javorski, 1990) came to conclusion that the
starting point of market orientation was collecting information which included not only needs
and aptitudes of buyers, but also, the analyses and
interpretation of the factors that influenced these
needs and aptitudes. Besides, they concluded that
collecting information wasn’t only the responsi2010
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bility of marketing sector and that individuals (for
example, engineers at conferences) and the sectors often collected information informally. After
that the information should be distributed around
the company by using formal and informal means.
Kohli and Javorski described the examples of two
companies for consumer goods in which marketing managers created and delivered periodical bulletin to employees in order to make easier spreading information while in another manufacturing
company a manager encouraged the process of
spreading information by «telling stories».
Thirdly, the focus on buyers presumes the application of market oriented strategies and the wish to
satisfy the needs of buyers better than competition.
However, as Davidson stated, realistic situation on
the market should be harmonized with company’s
advantages (Davidson, 1998). When trying to enter
new markets, companies should be aware of their
own corporative advantages and disadvantages.
Next, organizational structure has to reflect
marketing strategy. Marketing strategy is changing according to the changes of markets and certain changes of the structure and system should be
done in order to apply new strategies. According
to Saunders and Wong, this may include the usage
of new distributive systems, removing obstacles
between the sectors in order to initiate innovations or making new alliances (Saunders, Wong,
1985). The final dimension of management which
sets in motion the market is implementation that
demands announcement of the strategy in order to
protect it from those who are dealing directly with
buyers. For example, impossibility to make buyers and distributors accept marketing strategy will
probably have unsuccessful results.
The research results of polling marketing managers in Serbia are presented in this paper. The interviewed answered 52 questions. Statistical Package for the Social Sciences (SPSS) was used in
processing the research results. The polling was
carried out from May to October, 2009 in all Serbian regions. The following references were used
in creating questions for the questionaire (Peters,
Waterman, 1982; Kohli, Jaworski, 1990; Sanders, Wong, 1985; Hooley, Lynch, Shepherd, 1990;
Schlender, 2005; Benton, 1987; Moss Kanter,
2003; Tadida, 2004; Brown, 2001; McGovern,
Court, Quelch, 2004; Vandermerwe, 2003).
2010

2.  The need for marketing managers
In a company which is doing business in market oriented surroundings marketing manager is,
together with a financial manager, a key person
who a managing director can rely on. A rapid
increase in workload which is the main characteristic of competitive conditions on the modern
market, makes management and coordination of
the work very complex. On the other hand, diversity of work demands the existance of specialized
managers who will be directly involved in solving specific problems. For all these reasons it is
important to open the position of executive director or vice-president for marketing in company’s
organizational structure.
The main tasks of this manager are to coordinate:
1) preparation and making marketing strategy
on different levels in the organization,
2) organization and control of marketing
strategy performance on different markets
and taking corrective activities, and
3) doing different operational marketing jobs.
However, together with the position of executive director there is a need for employing a range
of specialized managers for managing particular
marketing tasks. Their specialization can be functional (advertising manager, sales manager, etc.)
or regional (geographical) or segmented (different
target groups of customers).
The number of marketing managers in Serbia
will, no doubt, be increased in strained competitive conditions on the market. It is possible to identify a great number of factors that will contribute
to employment increase of experts with university
diploma who will work on the following positions: changes in needs and habits of customers
in the shopping process, changes in distribution
channels, increase in the number of companies in
service sector, newly estabilished companies, disintegration of the ex-Yugoslav market, etc. Taking
into account all mentioned circumstances, the increase of needs for marketing managers in Serbia
can be expected in the future.
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3.  Necessary characteristics of marketing
managers
In order to talk about necessary knowledge of
marketing managers, it is useful to create a desirable profile of someone who is doing this job. A
possible list of desirable characteristics of marketing managers may be the following:
–– taking risks, optimum, but not too big, which
makes business different from gambling;
–– accepting failures; it can happen to anyone,
but successful managers are different from
unsuccessful ones beacuse of their reactions
in such situations;
–– self-confidence, they rely on their abilities
and not on good luck;
–– persistence in overcoming problems and
obstacles;
–– setting aims with clearly defined parametres
and terms can help in concentrating efforts
and controlling results;
–– positive attitude towards feed-back information about the achieved results makes possible
the comparison of the achieved and planned;
–– initiative and personal responsibility are necessary characteristics of marketing managers
in order to undertake new tasks and activities;

–– using services and other resources indicates
their ability to evaluate the situation and ask
for help or advice when necessary;
–– uncertain life presumes their ability to
commit themselves to their work which
results may be different from pains taken;
–– energy to work overtime and influence on
cooworkers to work as much as a certain job
demands.
The characteristics important for a certain marketing manager depend on particular company
and market, the type of marketing jobs and similar.
The poll, which was carried out in Serbia shows
how marketing managers rank the importance of
particular personal characteristics for successful
job performance (picture 1.).
4.  Successful  marketing managers
The basic parametre for evaluation of someone’s work is successful performance of that
work. Therefore, marketing managers were asked
to evaluate the criteria of their own success according to importance, for the sake of the survey.
Distinguishing particular criteria indirectly speaks
about the jobs that these managers perform.

Picture 1. Average rank of the most important characteristics of marketing managers
288
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From the obtained marks (picture 2) it can be
concluded that marketing directors in Serbian
companies consider the care for the market position of their company as their basic task. (conquerred new markets, market share, image, loyalty of customers, etc.). However, it is surprising
that all activities related to financial issues of the
company are evaluated badly. It seems that marketing managers do not consider themselves fully
responsible for profitability of some products or
for the turnover of the product’s stock. Such a
relationship with certain types of marketing jobs
can be explained by two influential factors: Firstly,
marketing managers in Serbian companies and in
some companies in developed countries do not
often have direct control over price calculations
and managing monetary flux. The second reason
for this relatively narrow orientation of marketing
managers may be found in their negative relation
towards some knowledge necessary for monitoring financial effects of marketing.
5.  Education of marketing managers
Picture 3. shows the knowledge that are, according to opinions of Serbian marketing man-

agers, critical for their everyday work. They pay
the greatest importance to knowledge from the
sphere of marketing, economics, finance, organization and informatics. Marketing managers predict the most important place to these spheres of
knowledge in the future. Marketing and informatics have the leading positions according to their
importance. When marketing is in question, it can
be said that experts from this sphere want their
sphere to be well-known to other managers in the
company as well. Informatics is a completely different case because marketing managers do not
have enough knowledge from this sphere but they
consider it very important in everyday work.
Picture 4 points at the conclusion that marketing managers insufficiently know informatics.
The picture presents the answers to the question
about the spheres that Serbian managers and marketing managers know the least. It is interesting
to compare the opinions of marketing managers
and all surveyed managers. It can be asumed that
the interviewed mentioned the spheres that they
considered important for performing the job of
a manager as those they knew the least. On the
ground of this asumption, it can be concluded that
marketing managers mentioned informatics and
marketing as spheres they considered important

Picture 2. Criteria for successful marketing managers – average marks
2010
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but least known. After these two they mentioned
psychology and quantitative methods (statistics
and mathematics).
In relation to the opinions of all surveyed managers those from the sphere of marketing consider
their own special knowledge - marketing and informatics the most important. However, the nega-

tive point is the fact that they are less interested
in psychology and quantitative methods which
are important for successful marketing managers. Finally, it should be said that law, as a professional sphere, has a bad and unfavourable status
in opinion of marketing managers. According to
the answers of our marketing managers it can be

Picture 3. Marketing managers’ knowledge critical for their everyday work

Picture 4. Comparative marks of professional spheres according to their significance
290

2010

technics technologies education management

concluded that they are more inclined to creating
policy and less to operational business activities.
Therefore, it is not surprising that law and economics are less interesting to marketing managers.
When employment of new people is in question,
even 69,6% of the interviewed marketing managers
put on top position their own marketing function or
their own company while ranking possible sources
for recruiting new people. One of possible solutions
for this is a wish to compensate insufficient knowledge from critical spheres by transferring experience during common work in the company.
6.  Assumptions for successful marketing in
the company
Average assumption marks for successful work
of a marketing function are presented in the picture 5. Status of marketing in the company represents a very important factor of success, even
more important than available financial means.
This is an indicator which shows that in domestic companies marketing does not have a desirable
status and that marketing managers still spend a
lot of time and energy on justification of their own

existence and the existence of marketing function
itself. The most significant factors - information
support and availability of people with necessary
knowledge follow the factor of marketing status in
company's organization.
7.  Characteristics of marketing managers
in Serbia
Information about the basic features of Serbian
marketing managers can provide useful data concerning future education of marketing managers
and better adaptability of educational system to
the needs of this profession. The most interesting
information are about professional knowledge of
today’s managers. The survey results are presented in the table 1.
The data confirm that marketing managers in
Serbian companies are mainly economists with
university diploma. After them are professionals
of various technical directions, depending on the
company they work for.
The table 2 presents the results about the work
experince of the total sample of managers and
marketing managers. Marketing managers are

Picture 5. Average marks of assumptions necessary for success of marketing function
2010
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Table 1. Characteristics of Serbian marketing managers
Profession
Secondary school
College education
Higher education
Specialization
Master studies
Ph.D. studies
Total:

Economics
2,08%
18,74%
43,54%
0
4,16%
0
68,79%

Law
0
0
2,08%
0
0
0
2,08%

Organization
0
0
0
0
0
0
0

Technology
0
0
22,90%
0
4,16%
0
27,08%

Other
0
0
2,08%
0
0
0
2,08%

Table 2. Information about the age and work experience of the total sample of managers and marketing
managers
All managers

Marketing managers

Age
Average
Standard dev.
Min – max

45,805
7,513
26-63

42,429
6,916
26-57

Work experience
Average
Standard dev.
Min- max

21,322
8,221
2-41

17,681
7,355
3-33

Work experience on leading positions
Average
Standard dev.
Min- max

11,765
7,877
0-35

8,409
6,446
1-30

The time spent abroad
Average
Standard dev.
Min – max
% Of those who have not stayed abroad
% Of those who have stayed abroad less than 2 years

0,827
2,215
0-22
73,2%
17,0%

0,714
1,414
0-5
70,0%
16,3%

younger, concerning the age and work experience,
than the average of the total sample of managers
which is a favourable feature. According to the
opinions of marketing managers the age line for
doing this job may be even lower. More than 20%
of the interviewed think that the best age for marketing manager are up to 35 years of age, and even
96,6% of them consider the age of 45 as a limit for
these managers.
Another fact that cannot be marked as favourable is that a great number of marketing managers
have never been abroad. Those who visited a foreign country have spent there a shorter time than
managers from the total sample. The lack of contacts with foreign countries points at the need ot
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these experts to get to know foregn markets. This
need is especially important for marketing managers because they are expected to prepare their
own offer according to the standards of developed
markets and, in the same time, to provide the survival of their companies on domestic market in
the competition with foreign companies which are
present there.
A factor analysis has been done of marketing
managers’ attitudes concerning the following:
success criteria of marketing managers, preconditions for successful marketing function, the most
important criteria for marketing leaders’ selection.
The factor analysis has given six factors which are
used to explain 67,4% of the total variant in the
2010
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answers of marketing managers. By grouping the
answers we have got different profiles of marketing managers in Serbian companies. Descriptive
names have been added to these profiles, according to free interpretation of researchers.
The first profile – self-confident, market
oriented:

–– pre-condition for the success of marketing
function is accepting the possibility of failure,
–– pre-condition for the success of marketing
function is a good information base.
The forth profile – oriented towards market
and customer research:
–– success of marketing managers is measured
by company’s image,
–– success of marketing managers is measured
by customers’ loyalty,
–– pre-condition for the success of marketing
function is a good information base.

–– success of marketing managers is measured
by profitability of products and services,
–– success of marketing managers is measured
by conquered market share,
–– success of marketing managers is measured
by conquered new markets,
–– pre-condition for the success of marketing
function is respect of marketing in the
company,
–– pre-condition for the success of marketing
function is marketing orientation of top
management,
–– criterion for selection of marketing managers
is their ability.

–– success of marketing managers is measured
by the number of commercially successful
new products,
–– suggestions of marketing managers are
sustained by top management.

The second profile – analytical, financially
oriented:

The sixth profile – frustrated and made
impossible:

–– success of marketing managers is measured
by turn-over coeficient,
–– success of marketing managers is measured
by prompt payment,
–– success of marketing managers is measured
by profitability of products and services,
–– criteria for selection of marketing managers
are their commercial abilities.

–– success of marketing managers is measured
by efficiency – savings in marketing costs,
–– pre-condition for the success of marketing
function is financial support,
–– pre-condition for the success of marketing
function is (unfulfilled) marketing orientation of top management.

The third profile – careful, oriented
towards cooperation:
–– success of marketing managers is measured
by people’s satisfaction with the way of work,
–– pre-condition for the success of marketing
function is availability of necessary people,
–– pre-condition for the success of marketing
function is cooperation with external institutions,
2010

The fifth profile – insecure in status:

It is obvious that marketing managers who
work in Serbian companies have different status
because the status of marketing is also different.
It is favorable, however, that self-confident managers represent the most important profile. They
have a highly respected position in the company
and they know what is expected from them. Unfortunately, it is not possible to neglect the last
two categories of managers whose status in their
companies have caused deviations in their way of
thinking. These categories of marketing managers
have some very unaccepted attitudes concerning
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their work performance (for example, the success
of marketing managers is related to the savings
of marketing costs). Such people struggle unsuccessfully for financial support of marketing. They
feel rejected from top management because they
are not satisfied by the support and also because
they are in a constant struggle for adoption of their
suggestions. Their discontent is often constant and
therefore such managers become obstacles in development of marketing function.
The second and the forth profiles of marketing
managers represent opposite opinions about the
role of marketing. The first are oriented towards
short term sale results and the second towards long
term market position. Such a difference is, most
probably, the result of previous education or previous experience. It would be the best if the attitudes
of these two profiles were combined. This could
be achieved by certain corrective innovations of
knowledge from the spheres that some managers
are less inclined to.
Finally, the third profile of marketing managers
is represented by team players who are ready to
gather co-workers and external institutions. This
useful feature should be transferred to other marketing managers and other managers, as well as
taking into account multi-disciplinary character
of the planning process and realization of modern
business strategies.
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8.  Conclusion
On the ground of research results and experiences from other countries it is possible to form
the following conclusions about the present state
and the future role of marketing managers in Serbian companies:
–– the number of companies and the number
of business activities in which marketing
managers are involved are permanently
increasing;
–– the status of marketing and marketing
managers in domestic companies has not
been regulated in the right way yet;
–– the consequences of this inappropriate
status cause certain deviations in the way of
thinking of today’s marketing managers;
–– marketing managers themselves notice
insufficient level of knowledge from some
spheres both in their own education and in
education of other managers: informatics,
marketing, etc.;
–– certain essential knowledge (psychology,
quantitative methods) is marked as necessary
by these managers.
The aim of this research was to find out the
extent of harmonization between the theory and
practice of management in Serbia. It can be expected that the results of this research will be longlasting because of the universal character of results’ interpretation. The purpose was to examine
the present state of marketing managers in Serbia,
as well as to observe the problems and to offer solutions. The selected sample was representative so
the obtained research results made possible coming to quality conclusions.
The interpretation of research results, as well
as the comments that followed the certain answers
on perceptions of Serbian marketing managers
could help managers in recognizing and making
distinction between good and bad practice. In this
way it is possible to make changes according to
good practice of marketing managers. Finally, the
research can contribute to development of consciousness in relation to the position of marketing
managers in Serbia and the need for its permanent
improvement.
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Abstract
Unused blood obtained by slaughter of animals
is great contaminant of the environment. On the
other hand, if industrial blood are collected and
processed using the corresponding technological
procedure in a factory for processing of other animal by products on the separate line, it is possible
to obtain high-quality animal feed that is reach in
deficient essential amino acids, vitamins and mineral substances, especially iron.
Object of investigations was plant for processing of blood that implicates expansion of program
of production by introducing a new line for processing of blood into the existing object for processing of the animal by products. Based on the
conducted analyses it is possible to obtain conclusion concerning the sustainability of the planned
investment for the realization and of its effects.
Discussed economic analysis of processing of animal raw materials which is given in the study refers
to the effects of total investments that represent closed
techno – economic complex. With overview of total
necessary investments and their putting into relation
with the total incomes it is possible to establish that the
coefficient of return of the total assets amounts to 1.2,
thus indicating the very successful production.
Key words: blood, blood processing, economic analysis
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Sažetak
Neiskorišćena krv i drugi otpad animalnog porekla dobijen klanjem životinje je veliki
zagađivač voda u Vojvodini. Sa druge strane,
ako se industrijska krv sakupi i preradi po
odgovarajućem tehnološkom postupku u fabrici
za preradu ostalih životinjskih sporednih proizvoda, može se dobiti visokoproteinsko hranivo za
ishranu životinja bogato u najčešće deficitarnim
esencijalnim aminokiselinama, vitaminima i mineralnim materijama, a naročito gvožđem.
Predmet investiranja je pogon za preradu krvi i
ostalog animalnog otpada, koji podrazumeva diverzifikaciju proizvodnog programa uvođenjem nove
linije za preradu krvi i drugog animalnog otpada.
U klanici krv se sakuplja u zatvorenom sistemu sa eliminacijom zdravstveno neispravne krvi.
Radi sprečavanja koagulacije krvi, u rezervoar za
prihvat krvi, dodaje se antikoagulant.
U pogonu za preradu, sirova krv se iz prihvatnog
suda pumpom sa usitnjivačem prenosi u koagulator,
a zatim pod pritiskom u centrifugalni dekanter. U
koagulatoru krv se zagreva direktnom parom na 8090 °C, pri čemu dolazi do koagulacije belančevina.
U dekanteru se odvaja čvrsta faza krvi koja u sebi
sadrži izvestan deo vode, od tečne faze. Oceđen koagulum pada direktno u međurezervoar sa pužem iz
kojega se prazni direktno u pneumatski top.
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Posredstvom vazduha pod pritiskom iz pneumatskog topa, krv se prebacuje u sterilizator. U
sterilizatoru se krv steriliše na temperaturi od 133
°C, pri pritisku od 3 bara u vremenu od 20 minuta.
Po završenoj sterilizaciji pritisak se svodi na nulu i
nastavlja se sušenje mase na temperaturi od 90 °C
u vremenu od 20 minuta. Nakon toga, delimično
osušena krv se iz sterilizatora pomoću pužnog
transportera odvodi u prihvatni rezervoar iz kojeg se pužnim transporterom-dozatorom odvodi i
dostavlja u kontinuirani sušionik u kojem se krv
suši do sadržaja vlage 7-10%.
Osušena krv se preko elevatora i transportera
hladnjaka odvodi do prihvatnog bunkera. Iz bunkera pomoću pužnog izuzimača krvno brašno dospeva u koš iznad mlina čekićara iz kojeg preko
dodavača dospeva u mlin čekićar. Samleveno
krvno brašno se pneumatskim putem prebacuje i
ventilatora u prihvatni silos za krvno brašno, a zatim uvrećava na vagi za uvrećavanje
Na osnovu izvedenih analiza izvodi se zaključak
o prihvatljivosti planirane investicije za realizaciju i
efektima iste. Izložena ekonomska analiza prerade
animalnih ostataka data u nastavku rada odnosi se
na efekte ukupnih ulaganja koja čine zaokruženu
tehno – ekonomsku celinu. Uvidom u potrebne investicije i stavljanjem istih u odnos sa ukupnim prihodima moguće je ustanoviti da je koeficijen obrta
ukupne imovine preko 1,2 što ukazuje na potencijalno veoma efektivnu proizvodnju.
Ključne reči: krv, obrada krvi, ekonomska
analiza
Introduction
Blood are the product obtained during slaughtering of animals and it is classified as by product of slaughtering. On the slaughter line, during
dripping of blood, bleed out some 50% of the total
blood, corresponding to about 3% of live weight
of animals. Consumption of blood as a raw material for nourishment in Serbia is very limited
(Okanović et al., 2009). Otherwise to say, it means
that almost total quantity of blood that is obtained
at slaughtering is discarded. On the basis of data
on structure and quantity of slaughtering in the period of 1 year, we have calculated that in Serbia
yearly 43.596 tons of blood is poured out into sew2010

age or water currents and soil (Ristić et al., 2003).
Having in mind that blood contains some 20%
of dry substances, of which some 90% represent
valuable proteins, it is very simple to find data that
with blood, in one year, 8.719 tons of pure, nutritionally valuable proteins, which are possible to
be utilized, are thrown away (Baras et al., 2003).
Viewing as the whole, unused blood obtained at
slaughtering of animals, is a great contaminant
of water. Biological Oxygen Demand (BOD5) of
blood amounts to about 100.000 mgO2/l (Ristić
et al., 2006). Ristić et al. (1996) cite Baras et al.
(1991), which reported that the contamination of
water streams in SFRJ for the year 1989 corresponding to water pollution caused by about one
million of inhabitants.
It is useful to mention that, with collection of
blood using the appropriate procedures, it is possible to obtain different products for human consumption, first of all products that can be used as
functional additives for obtaining of meat-based
products, and, applying special processing methods, it is possible to obtain a raw material for
pharmaceutical industry or for manufacturing of
the functional foods (Radenković et al., 2001;
Matekalo-Sverak et al., 2007).
On the other hand, in industrial blood is collected and with corresponding technological treatment in a factory for processing of other animal
by products converted into useful products, it is
possible to obtain high-proteinaceous animal feed
rich in their, mostly deficient essential amino acids, vitamins and mineral substances contents, especially the iron content (Ristić et al., 2008.)
Paper objective
The meat processing and livestock production
created large amounts of animal waste. This is
in addition to creating economic losses and may
cause problems related to environmental pollution. As a result, treatment with this type of waste
has significant economic potential. In accordance
with the time, the main aim of this paper is to determine the economic effectiveness of investment
in plant for processing animal waste.
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Material and mehtods
Research of economic parameters investment
in plant for processing animal waste is based on
identification of the total costs. Calculation of certain categories of expenses is based on production
indicators determined on the basis of technological data. Used data concerning a specific project,
whose implementation is in progress. The basic
data source was used accounting documents and
various types of internal documents, observed the
business entity.
Results and discussion
Basic aspect of the investment in enlargement
of the existing assortment of the enterprise for processing of by products of animal slaughtering by
introducing of the facility for treatment of blood
of slaughtered animals. It is significant to stress
out the disposal of animal wastes, prevention of
contamination of the environment, water and soil
(Okanović et al., 2008). This activity takes into
account basic ecological principles and health aspects of human environment. Product that is obtained from blood processing plant is: blood flour,
which is used as a raw material for production
of feeds for fishes, poultry and pets (Nježić and
Okanović., 2009; Ristić et al., 2008).
In slaughter house, blood is collected in the
closed system, with the elimination of sanitary unsafe blood. In order of prevention of blood coagulation, into blood collecting tank anticoagulant has
to be added. In a plant for processing, raw blood is
from recipient tank with pump with comminuter
transferred into coagulator, and after that, with
increased pressure, it is introduced in centrifugal
decanter. In coagulator, blood is with direct steam
heated up to 80 – 90°C, when proteins coagulate.
In decanter, solid phase of blood, containing some
water, is separated from the liquid phase. The
drained coagulum drops directly into intermediate tank with a screw, from which it is emptied
directly into a pneumatic ’gun’. With aims of the
pressurized air from the pneumatic gun, blood is
transferred into a sterilizer. In sterilizer, blood is
sterilized at the temperature of 133°C, under 3 bar
absolute pressure, for 20 minutes. After the steril298

ization, pressure is reduced to the atmospheric one,
and further drying of the mass is continued for 20
minutes at 90°C. Thereafter, partially dried blood
is with aims of a screw conveyer transferred into
recipient bin, from which is with another dosing
screw transferred into a continuous dryer, where
is finally dried to some 7 – 10% of water content.
The dried blood is over an elevator and a conveying cooler transferred into a recipient bin. From
the bin it is taken out with a screw and transferred
to the receiving bin mounted above the hammer
mill, and from there, with dosing unit, in is introduced into hammer mill. The ground dry blood
flour is pneumatically with a fan transferred into
a silo for blood flour, and from there it is sacked
with sacking unit with scales (Ristić et al., 2008).
Calculated rentability coefficient amounts to
1.14, what can be judged as very satisfactory.
Analysis of structure of incomes shows that greater part of incomes represent services for disposal,
although it is evident that the named values are
relatively equilibrated (Figure 1.).

Figure 1. Structure of incomes
As the production volume is defined by the
technological plant, dominant effect on economic results of business are defined by prices of the
performed services and of the merchandised products. In accordance with this, the significance of
individual services, i.e. of products, are defined
over their shares in total realized incomes. Dominant category of incomes in the scope of services
aimed to safe disposal represent with more than
one half of total incomes of services, followed by
incomes of disposals of died animals and incomes
for disposal of bones and blood. Observing incomes from selling of products, it is very simple to
2010
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conclude that the dominant effects have incomes
from meat-bone flour and from the obtained technical fats, while shares from other groups of products were much lower.
Complete insight in economic effects could be
realized only after analyzing of structure of costs
which represent fundament on which these incomes were realized (Table 1.).
Table 1. Structure of the business costs
Costs
Materijal costs
Other costs
Amortizacion
Wages
Taxes
Total

Structure (%)
38,18
6,05
7,45
46,97
1,35
100,00

In total costs dominant categories are costs for
salaries and material costs (Marko i sar. 1998).
Besides to relative high share of costs for salaries,
interesting results can be obtained by analyzing of
permanent and variable costs. In that case, only
material costs (composed of costs for energy, costs
for maintenance and manufacturing services) are
considered as variable. Specificity of the observed
production is that costs for basic material do not
exist, as they are covered by performing of services. In concordance with this, fixed costs make
more than 70% of total costs. Relatively high
share of the fixed costs in the total costs of production creates high risk of the whole business. Very
often is this fact neglected, as the increase of the
production volume is followed with high business
leverage and creation of the very dynamic growth
of profits. On the other hand, in the case of drop of
production volume, enterprise very easily creates
high losses (Andrić, 1998).
However, with insight to into necessary investments and putting them in relation with total
incomes, it is possible to ascertain that the coefficient of turnover total property is more than 1.2,
indicating to potentially very effective production.
Observing the return of investments, it is possible
to find out value of a little bit bellow 7 years for
total investments including productive costs, or
even less than 6 years for only capital costs. In
concordance to the high share of the fixed costs, it
is clear that processing of animal wastes, besides
2010

to solving of a number of the ecological problems,
can be fully economically justified.
Conclusion
Unused blood, obtained at slaughtering of
animals, is great polluter of the environment. Its
processing creates valuable proteinaceous feed,
containing high quantities of essential amino acids, vitamins and mineral substances. Solutions
for adequate applications of blood must, besides
to technological and ecological standards, fulfill
economic criteria as well.
Based on the performed calculations and analyses of the obtained data, it was possible to conclude that there exist high economic effectiveness
and ecologic acceptability of the planned investment into equipment for treatment of blood.
By insight into the necessary investments and
putting them together in relation with the total incomes, it is possible to find out that coefficient of
return of the total property is very high and the
period of return of investments is relatively short.
Based on all what is just discussed, it is possible
to conclude that the processing of animal wastes,
besides to solving of a number of ecological problems, with adequate technological solutions can
also offer good economic results.
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Abstract
By using the layer overlapping model in MapInfo, alternatives have been given and algorithm
was analyzed by fuzzy matter element in this paper. An example has been given to calculate the
Ω distance closeness and sequence alternatives by
their value. Moreover, the satisfactory plan which
could be referred by the decision maker is provided.
Key words: fuzzy matter-element algorithm;
decision-making model; flood control & evacuation plan
1.  Introduction
At present, flooding is a great trouble in some
cities at the southeast of China. The formation and
development of flooding is mainly influenced by a
lot of aspect such as ocean, meteorology, hydrology, geomorphology, soil, plant and social and
economic activities. Its complexity, emergency
and uncertainty lead to a complicated system engineering of decision-making process which needs
interbrain, trans-regional, interdepartmental, interdisciplinary cooperation and comprehensive
analysis. The start and end-result is to try our best
to minimize the loss and the casualty of flooding.
Thus, the basic task of the flood control headquarters is to list all the possible solutions according to
the real-time conditions, historical experience and
preplan. Then, choose the best one through comparative analysis. Based on the analysis of general
decision-making theory, a flood control decision2010

making model is put forward, which could identify
the flood evacuation evaluation index in terms of
the feature of the flood evacuation. A comprehensive analysis method is used to identify the weight
of the index so as to sequence the solutions and
then select the best solution.
There were some research on the decisionmaking for preventing and avoiding disasters in
recent years [1-3]. Chengyu Sun have proposed
a method of voluntary withdrawal for hedging
against the building industry. Elvezia M. Capolina have schemed out a directional model of the
withdrawal and removal for the problem of insufficient capacity for fireproofing resettlement;
Chen Yueming have studied on the evacuation
by the simulation method based on two criteria
of withdrawal (reducing casualties and property
losses). The well-known scholars Chen Hong and
Li Fawen issued a hedging program by using the
comprehensive analysis method. These traditional
programs primarily used historically inundated
area to roughly delineate the possibly inundated
area, combined with the division of inundated area
in various administrative regions to determine the
transfer sites. With the development of RS/GIS
and other high technologies, authors adopt one
kind of withdrawal programs which integrates
GIS technology, expertise experiences and fuzzy
matter-element mathematics and other decisionmaking techniques. Compared to the traditional
withdrawal and transfer programs, such withdrawal program is effective in avoiding human preferences for the weights of evaluation goals and the
optimal options, combined with experts’ opinions
to give a comprehensive evaluation. Based on the
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idea of optimum decision-making options for the
transfer of GIS, the authors propose a fuzzy matter-element evaluation decision-making model
under the Euclidean close-degree, which is more
scientific and effective in implementation.
This paper will choose the number of the evacuation person during the flood control as the decision-making goal for the limitations of space.
2.  Flood control decision making
A. Major Objectives of the Flood Control Decision-making
The objectives include:
1. Dispatching of the flood control works.
The dispatching of the reservoir and the
detention basin are included to decrease the
flood peak and volume making the flood
discharge through downstream channels to
the sea.
2. The emergency repair and danger removal
of flood control works, levee, and channel
works. It includes activating the flood
warning system in time, organizing
emergency team to take part in the danger
removal and convey the material for flood
control, reinforcing the supervision of the
reservoir, detention basin, levee and channel
works to ensure the safety of these works.
3. Disaster prevention and relief. It includes
that promptly organizing the retreat of the
masses and property in the retarding basin
and beach area and using emergency solution
in case of breach such as opening up new
spillway and detention area to narrow the
field of the flood disaster and organizing the
disaster relief.
B. Flood Control Decision-making Model
The workflow of the flood control decisionmaking could be divided into four phases. It is
shown in figure1.

Figure 1. Process of the Flood Control Decisionmaking
Information collection stage：the collection,
settlement of ocean, meteorology, hydrological
information, works information, disaster information and so on.Forecast stage: the prediction of formation and development of storm surge and flood
disaster. Decision should be made in advance, that
is, the plan of operation of the flood prevention
and precaution should be made before the flood. It
is the major reason for risk of decision that error
and promptness of the prediction could not meet
the requirement. Design plan stage: depending on
prediction of the hydrologic and disaster information on rivers, flood control situation could be put
forward so as to reach to the content and goal of
the flood control decision. And then based on the
previous result, solutions could be designed and
evaluated on the risks.Decision-making stage:
realizing the circumstances of the flood control,
decision aiming at minimizing the loss of life
and property should be made and implemented
through expert consultation and analysis with the
principle of people-orientation and the part should
give way to the whole.
3.  The evaluation of the flood evacuation
decision
A. Establishment of the Evaluation Index System
There are a lot of factors influencing the evacuation routes selection of the people and property at
the floodplain including the shortest distance, the
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main road, the shortest time, emergency shelter
capacity, safety of the emergency shelter, mental
health of people, condition of the vehicle and road
etc. In order to operate conveniently, 5 indexes
were chosen in the evaluation: the shortest distance, the main road, the shortest time, emergency
shelter capacity and safety of the emergency shelter.The technical route of the flood control and
evacuation decision-making model is as follows:



 X
X 
X
w =  n 1 , n 2 , ⋅⋅⋅, n n  = {w1 , w2 , ⋅⋅⋅, wn }
∑ Xi ∑ Xi
Xi 
∑
i =1
i =1
 i =1


......................................... (1)
X = { X 1 , X 2 , ⋅⋅⋅, X n }
AX = λmax X
2) Entropy Method
The entropy of system could be calculated by
Batman Formula, the total entropy is:
 (n + n )!
E = k ln  1 2  ....................... (2)
 n1 !n2 ! 

Figure 2. Flood Control and Evacuation Decisionmaking Model

For the information entropy could be used to
measure the utility value of the information of the

B. Identify The Weight of The Evaluation Index

value of the comprehend sive evaluation of e j is
zero.Therefore, the utility value of some index is

1) AHP Method

determined by the difference between 1 and e j ,

The procedure of AHP can be summarized as
follows: Firstly, model the problem as a hierarchy
after exploring the aspects of the problem at levels from general to detailed. Secondly, establish
priorities among the elements of the hierarchy by
making a series of judgments by experts according
to knowledge, experience and value, based on pair
wise comparisons of the elements. Thirdly, build
the judgment matrix A = {aij }

n× n

j index, when it is unordered, e j = 1 , the utility

that is, h j = 1 − e j . Thus, the key issue to evaluate
the weight of the index by entropy can be solved
by the value coefficient. The value coefficient is
growing in line with the importance of the evaluation. The weight of the index is as follows:
wj =

hj

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

n

∑h
j =1

j

and calculate

the eigenvalue λmax and the get the eigenvector
X = { X 1 , X 2 , ⋅⋅⋅, X n } from AX = λmax X of λmax
.Finally, after a consistency check done for the
judgment matrix A, normalize the eigenvector to
get the weight vector.

3) Comprehensive Analysis
Weight vector of w could be got by AHP and
weight vector of w could be gain by entropy method. The model is as follows: W = tw + (1 − t ) w .The
value of t is determined by the difference of each
part. The calculation formula of t is as follows:
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n
G .............................. (4)
n −1

e) The constraint condition of the road quality

In which G is the different coefficient of each
part of AHP.

According to the constraint conditions above,
alternatives meeting these conditions could be calculated by layer overlapping model in MAPINFO.

t=

n

G = 2∑ Pn −
i =1

n +1
....................... (5)
n

N is the number of the index, and P1 , P2 ,... Pn
is the new sequence from small to big of each part
of the AHP.

C. The Fuzzy Comprehensive Analysis of the
Flood Control Evacuation Plan
It is a complicated system of the flood control
evacuation which consists of a lot of factors on
how to determine the evacuation route of the flood.
Therefore, the fuzzy method is suitable for it.
1) The Selection of the Flood Evacuation Plan
Based on GIS
When there are several alternatives could be
selected, preparatory selection should be carried
first to make the decision. Ω is the plane of the
flood area and x = ( x1 , x2 is the evacuation point
in the plane, yi = ( yi1 , yi 2 )(i = 1, 2, ⋅⋅⋅, n) is the destination. n is the number of the destinations which
are the alternatives. Therefore, the constraint conditions of the decision in the plane are as follows:
a) The time constraint condition of reaching
the destination x − yi = d ;
b) The time constraint conditions of reaching
the destination when something hapened:
Ti ≤ t ;
c) The volume constraint condition of the
emergency shelter Vi ≥ v (not less than 2 m2
per person);
d) The safety constraint conditions of the
emergency shelter Si ≥ s ;
304

Gi ≥ g .

X = Ω1 ∩ Ω 2 ∩ ⋅⋅⋅ ∩ Ω n .
2) The Fuzzy Matter-element Analysis Based
on the Analogical Degree
Based on the theory of matter-element analysis,
analyzed by Mr. Cai, the theory could be analyzed
comprehensively.
a) Fuzzy Matter-element and Complicated
Fuzzy Matter-element:
The titles of the things are M , the eigenvalue of c , and the third element R = ( M , c, x )
as a basic element to describe the object, it is
shortly named matter-element. If there is fuzzy
x , then it is fuzzy matter-element. If the M get
n character c1 , c2 ，…， cn and the fuzzy value
x1 , x2 ,L , xn ，it is called fuzzy matter-element
with n dimension.Objects with n dimension consist of the Rmn , and when Rmn changed to fuzzy
value, it is named complex fuzzy matter-element:

Rmn


M
 1
= M2

 ⋅⋅⋅
 M m

c1
u11
u12
⋅⋅⋅
u1n

c2
u21
u22
⋅⋅⋅
u2 n

⋅⋅⋅ cn 
⋅⋅⋅ um1 
⋅⋅⋅ um 2  ........... (6)

⋅⋅⋅ ⋅⋅⋅ 
⋅⋅⋅ umn 

b) The Standard Fuzzy is:

c
 1
R0 n =  c2

⋅⋅⋅
cn

M0 
u01 
u02  ......................... (7)

⋅⋅⋅ 
u0 n 
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4.  Empirical test

c) Fuzzy Analogical Degree is:
R( A, B ) = 1 −

d ( A, B ) . ................... (8)
max

max=max {d (A, B)} ...................... (9)
d ( A, B ) =

2

n

∑ [µ
k =1

A

(uk ) − µ B (uk )] ......... (10)

d) Comprehensive Evaluation:
∆ ij = (i = 1, 2, ⋅⋅⋅, m; j = 1, 2, ⋅⋅⋅, n) is the square
of the difference between R0n and
Rmn , which is:
c1
∆11
∆12
⋅⋅⋅
∆1n


 M
1

R∆ =  ∆ M 2

 ⋅⋅⋅
 M m

c2
∆ 21
∆ 22
⋅⋅⋅
∆2n

⋅⋅⋅ cn 
⋅⋅⋅ ∆ m1 
⋅⋅⋅ ∆ m 2  ........ (11)

⋅⋅⋅ ⋅⋅⋅ 
⋅⋅⋅ ∆ mn 


r ( A, B )i = 1 − ∑ ∆ ij w j / max 
j =1

n


∆ ij w j  . .... (12)
∑
j =1

n

r ( A, B )i is the resemblance of the alternative i
and the standard alternative, the more the similar.
And then is

R: Rr ( A, B )


M
 1
= M2

 ⋅⋅⋅
 M m

r ( A, B )i 
r ( A, B )1 
r ( A, B ) 2  . ........... (13)

⋅⋅⋅ 
r ( A, B ) m 

For the analogical degree is the resemblance of
the alternative plan and standard plan, sequence
could be got by it.

A. Identification of the Optimal Solution on the
Flood Control Evacuation
The N District of some city lies on the west of
the Pearl River Estuary, located at the supporting
position of the geographically geometric center of
the Pearl River Delta. But it suffers typhoon disasters every year, particularly the disasters caused
by super typhoons, storm surges. Hedging transfer
turns into a major measure to prevent and mitigate the disasters.In the flood control evacuation
system, it is a critical factor whether the decision
is correct. Decision-maker should provide several
solutions in the light of the flood disaster condition, then, select the most contented solutions. The
alternatives are called decision objects. The entire
inundated area was divided to 11 parts in this article and Nansha Island levee was selected as the
destination: safety area which was divided to 11
parts as the evacuation destinations; therefore,
there are 11 alternatives for each part.
B. Fuzzy Optimization of the Flood Evacuation
Plan
Selecting the optimization should include various factors of the evacuation and the measurement
of these factors that is the weight, and then analyzing the fuzzy evaluation index to determine the
optimal plan. Supposing the destination number is
Z site the evacuation plan is identified through the
evacuation model above in this paper.
By comparison of the Z site alternatives, the
technical evaluation index is: the shortest evacuation distance c1 , main road c2 , safety condition
of the emergency shelter c3 and the volume of the
emergency c4 .
1) The Preparatory Selection of the Plan
The

constraint

condition

x − yi ≤ d = 10000 m,
2010
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the

plan:

Vi ≥ v = 500 people，
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Si ≥ s = 3 .According to the constraint condition
above, related data are added to each layer in the
MAPINFO, and data-graph duet, then overlapping the layer which could get the feasible region
satisfying the constraint conditions. X =｛Group
of Guojia, Group of Xianfeng, Group of Longxing, Group of Zhujiang, Group of Daao, Group of
Liubei

4) The Comprehensive Evaluation of the Plans
For tab1, c1 and c2 are used to calculate the relatively optimal goal by minimum-optimal model,
and c3 and c4 are by maximum-optimal model so
as to get the relative ly optimal matrix of the fuzzy
matter-element of destination Z .

2) Determination of the Weight

Rmn

Each evaluation value under different alternatives is shown in table.1, which including the 6
evacuation plan of 4 destinations in Nansha Island.
Each weight of the index is calculated by entropy:
wi = ( w1 , w2 , w3 , w4 ) = ( 0.051, 0.048, 0.541, 0.360 )
and the weight by AHP is
Wi

According to the formula W = tw + (1 − t ) w ,
and supposing the tendency coefficient µ = 0.6 , and
the comprehensive weight of each index is:

c4 
0.400 
0.600 

1.000 . ........... (14)
0.475 

0.500 
0.550 

The fuzzy matter-element of standard plan is
identified by the maximum or the minimum of the
alternatives, and here we only get the maximum
value to form the fuzzy substance element of the
standard plan.

= ( w1 , w2 , w3 , w4 ) = ( 0.068, 0.068, 0.611, 0.253)
3) Comprehensive Weight

c1
c2
c3

 M 0.446 0.446 0.450
 1
 M 2 0.784 0.611 0.450

=  M 3 0.402 0.341 0.905
 M 4 1.000 1.000 0.667

 M 5 0.554 0.410 0.667
 M 0.340 0.320 0.450
 6

c1
c2
c3
c4 

R0 n = 

1.000
1.000
0.905
1.000
M
 0


....... (15)

To get the square value of the differences between the alternatives evaluation index and the
standard index, this is the fuzzy substance element
R∆

W = ( 0.061, 0.060, 0.583, 0.296 )

Table 1. Each Evaluation Value under Different Alternati
Serial

Purpose

1
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Index
C1

C2

C3

C4

Group of Guojia

6.84

6.84

0.45

800

2

Group of Xianfeng

3.89

4.99

0.45

1200

3

Group of Longxing

7.59

8.95

0.91

2000

4

Group of Zhujiang

3.05

3.05

0.67

950

5

Group of Da’ao

5.51

7.43

0.67

1000

6

Group of Liubei

8.97

9.54

0.45
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M
 1
M 2

R∆ =  M 3
M 4

M5
M
 6

c1
0.307
0.047
0.358
0.000

c2
0.307
0.151
0.435
0.000

c3
0.207
0.207
0.000
0.057

c4 
0.360 
0.160 

0.000.
0.276 

0.199 0.348 0.057 0.250 
0.436 0.463 0.207 0.203 

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

According to the formula Rr ( A, B )

r
 ( A , B )i

M1
M2
M3
M4
M5
M6 
0.000 0.175 0.574 0.342 0.272 0.057 

. .................................... (17)
To sequence the 6 alternatives of the 4 destinations of Nansha Island from high to low: Group
of Longxing, Group of Zhujiang, Group of Da’ao,
Group of Xianfeng , Group of Liubei, Group of
Guojia. From the process of the application and
the final conclusion, it can be seen the performance are good in the practice.
5.  Conclusions
A. To get a weight of the comprehensive
evaluation by combining the AHP with
Entropy method.
B. This article puts forward the screening
process of flood control and evacuation
solution on the basis of GIS and the thoughts
and calculation procedure when GIS and
Fuzzy matter-element method are applied to
flood control decision-making.
C. It is feasible and convenient to apply this
method to practice.
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Interoperabilnost proizvodnih sistema
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University of Belgrade, Faculty of Organizational Sciences, 11000 Belgrade, Serbia

Abstract
Electronic business demands from production companies to be interoperable with business
partners. This requires them to integrate their
subsystems and collaborate with their business
partners. It is difficult to choose an implementation standard among different and competing standards and achieve full integration with business
partners. Experience shows that the restriction to
just one data format hardly ever works out. As all
these standards are at the implementation level
(Platform Specific Languages), the recommended
solution is the specification of production system
(processes and data for exchange) by using platform independent languages and applying a model
driven architecture for the transformation of a platform independent model into a platform specific
model. Data models are designed in UPCC (UML
Profile for Core Components) neutral syntax notation, which is a metamodel for business information. This permits their subsequent representation
in different syntactical data structures.
For the modelling of production processes we
propose the use of the BPMN (Business Process
Modelling Notation) and the UPCC for designing the structure of production documents. This
process specification can be transform into any
implementation standard, such as ebXML for processes implementation and OAGIS BOD (Business Object Document) for document implementation. The overall approach is presented using an
example of a technological process.
Key words: interoperability, process model,
model of a standardized document, UML CCTS.
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Sažetak
Elektronsko poslovanje zahteva od proizvodnih kompanija da budu interoperabilni sa svojim
poslovnim partnerima, odnosno udružuju svoje
poslovanje sa kupcima, dobavljačima i krajnjim
korisnicima. Da bi ovo ostvarile, proizvodne kompanije moraju da integrišu svoje podsisteme i da
se čvrsto povežu sa svojim poslovnim partnerima.
Teško je izabrati jedan implementacioni standard
iz velikog skupa različitih i konkurentnih standarda i time postići punu integraciju sa poslovnim
partnerima. Iskustvo pokazuje da primena samo
jednog standarda ne daje dovoljno dobre rezultate.
Kako su svi ovi standardi na implementacionom
nivou (platformski zavisnom jeziku), rešenje koje
se nameće je specifikacija proizvodnih sistema
(procesa i podataka za razmenu) korišćenjem platformski nezavisnih jezika i primenom modelom
vođenog razvoja za transformaciju platformski
nezavisnih modela u platformski zavisan model.
Modeli podataka kreirani su u UPCC (UML Profile for Core Components) sintaksno neutralnoj
notaciji, koja predstavlja metamodel za poslovne
informacije. Ovo omogućava njihovo predstavljane u različitim sintaksnim strukturama podataka.
Za modeliranje proizvodnih procesa predelažemo korišćenje BPMN (Business Process Modelling
Notation) i UPCC za modeliranje strukture proizvodnih dokumenata. Ova specifikacija procesa
može biti transformisana u bilo koji implementacioni strandard, kao na primer ebXML za implementaciju procesa i OAGIS BOD (Business Object Document) za implementaciju proizvodnih dokumenata. Prethodno opisani pristup u radu je primenjen
i prikazan na primeru jednog tehnološkog procesa.
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Ključne reči: interoperabilnost, model procesa, model standardizovanog dokumenta, UML
CCTS.
1.  Introduction
The new way of doing business – e-business
– changes the business practices of all companies
including production companies. What changes in the production companies is the way new
products are developed or how current products
are redesigned. Changes also affect the communication and the business methods on the supply
and the distribution side, as well as the customer
service and the delivery of products. Electronic
business requires the producers to become more
alert, more flexible and quick to answer customer
demands. Producers must organize their production subsystems and integrate them tightly with
other subsystems as well as collaborate with their
business partners. In order to enable this, the use
of integration standards becomes very important
in the design and the implementation phases of a
production system.
The problems with integration discussed in
this paper, being that integration within a business
company or between few business partners, have
been attracting the attention of many organizations dealing with problems related to integration
and standards. There are a few initiatives addressing the solutions of the integration problem, solutions for the simplification, standardization and
interoperability of companies in the e-business. As
well, there are a few organizations dealing with the
problems of standardization. Given the fact that it
is not realistic to force the application of a single
interoperability standard, the harmonization of
standards at different levels has followed (recent
researches emphasize the importance of solving
this problem [1]). In order to make a production
system ready for interoperability, it is necessary
that it is based on the common description of the
structure and process dynamics. For the description of the structure, i.e. messages exchanged in
interaction (two entities, two applications, etc.),
we suggest the use of core components (UML
profile) and that their design is in line with that
specification. For the description of the production
310

process dynamics, we propose the use of the “concept rich” modelling language, i.e. Business Process Modelling Notation (BPMN) can be used for
the description of business processes. BPMN is a
platform independent language that enables the
creation of transformations in a concrete specification of the production process by using integration
standards that support the dynamic aspect of business processes (ebXML, BPEL, etc). This general,
platform independent specification is the foundation for the transformation definition of the interface used for the creation of business processes.
In doing so it is necessary to make it in line with
a concrete integration standard (Global Standard
One – GS1, Open Applications Group Integration
Specification - OAGIS, RosettaNet). Informally,
definitions of transformations (set of rules) are
given for transforming BPMN into BPSS (Business Process Specification Schema) and for transforming CCTS-based class diagram (Core Components Technical Specification) into OAGIS.
The core components are not seen as an approach that is limited to ebXML, but as ontology
base made of re-usable building blocks for creating shared libraries of interoperable business
documents. In order to create an interoperabilityready production system we have used a UML
CCTS profile for a precise and common semantic
definition of a business document. We will illustrate this approach with an example.
A number of industry groups are working to define and create common definitions for XML business integration standards. Zhao (2001) [2] has used
a systematic approach to show how the integration
standards (such as ebXML, OAGIS, RosettaNet,
and BizTalk) meet the requirements of e-commerce
and verify the roles of XML-based standard.
One approach for using an integration standard,
particularly OAGIS, is defined in [3]. They are used
as a formal basis for describing the supply chain
management in the manufacturing sector. The authors have used a linguistic approach to coordinate
modeling and analyzing interactions in terms of linguistic primitives. In this approach the system integration is limited to a particular integration standard. This is also the goal we pursued in our work,
but we have presented here a much broader view
which includes the harmonization of a few different
integration standards for e-manufacturing.
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There are many different XML-based languages for describing business processes: Business Process Modelling Language (BPML) [4],
Business Process Execution Language (BPEL)
[5], Web Services Choreography Description Language (WS-CDL), Business Process Specification
Schema [6], etc. However, to model them in a
graphical syntax and to apply a model driven approach leading to independent specification such
as UML and BPMN, several approaches using
UML for business process modeling have been
proposed [7] [8] [9]. These approaches focus on
the modeling of business processes internal to an
organization. Other approaches [10] [11] provide
a development process for inter-organizational
business processes. Considering the requirement
for an interoperability-ready production system,
we analyze both aspects of the technological process, internal orchestration as well as external choreography. Furthermore, we have shown the significance of CCTS for building an interoperable
business document. Due to the growing adoption
of CCTS in both the horizontal and the vertical
integration standards, it can be predicted that they
will be harmonized and made to converge.
The GEFEG [12] commercial software has been
developed to support a syntax neutral description of
the structure and content of a commercial document
and to support the development of XML-based integration standards (OAGIS, RosettaNet, XBRL,
xCBL, UBL, etc). The GEFEG tool also supports
the integration of different XML data formats as
well as EDI formats using the mapping planner
which both enable the processes of data mapping
implementation. This tool has in-built transformation rules and it is not possible to customize them.
Our approach can benefit the existing commercial
tools to automate the generation of XSD business
document using an existing specification.
2.  Production process specification
The processes in a production company include
production and business as well as research and development. Production processes are broken down
into smaller, elementary processes: technological
process, quality control, internal transport and stock
management as well as energy and water supply.
2010

Production processes are all operations, from
the entrance of materials in production until the
output of final products in the production process.
The technological process makes part of the production process that relates to work on production working places, for separate products. In the
framework of the technological system there is a
process of transformation of input elements in the
wanted shape. The technological process represents the connection of technological operations
for the purpose of transforming lower value into
higher one through human intervention.
The conceptual definition of production process needs to be captured using tree main tasks:
1. Analyse of technological process steps and
design the BPMN workflow.
2. Identify the documents which are used/
generated during process execution.
3. Design the UML class diagram for identified
documents using UPCC.
2.1.  Technological process modeling
BPMN [13] is a flow-chart based notation for
defining Business Processes that was developed
by the Business Process Management Initiative
(BPMI) and is currently maintained by the Object Management Group. The primary goal of
the BPMN effort was to provide a notation that is
readily understandable by all business users, from
the business analysts that create the initial drafts of
the processes, to the technical developers responsible for implementing the technology that will
perform those processes, and finally, to the business people who will manage and monitor those
processes. BPMN defines a Business Process
Diagram (BPD) which is based on a flowcharting
technique tailored for creating graphical models of
business process operations. A Business Process
Model is a network of graphical objects, which are
activities, and the flow controls that define their
order of performance.
Let us take the example of cog-ged rivet production at the ILR “Lola” Corporation, Belgrade,
Serbia. The technological process of producing the
cog-ged rivet consists of 14 operations [14], [15].
The technological operations are carried out at
three working places, in two companies (Figure 1).
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Figure 1. BPMN diagram of technological process for the production of cog-ged rivets.
2.2.  Identify the production documents
In the model of the production process there
are two basic flows: the flow of materials and the
flow of information, e.g. documents to transform
the necessary information through a production
company. Each production process has a specific
group of documents which are used and general312

ized during the business process, the way in which
they exchange information with other production
system processes and in which they communicate
with the environment, e.g. do the exchange of information with the environment.
For defining a standardized document model, a
study from the University of Belgrade, Mechanical Engineering Faculty, group of authors from the
2010
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Industrial Engineering Chair, has been used. The
study was based on a survey conducted at 34 production companies and on the available references
in the field. They have defined a model of production documentation system that takes into account
the standardization of each production document
separately [16]. Apart from this, the Yugoslav
standard JUS ISO 9004: 2001 [17] is used for the
entire production documentation by a few production companies: ILR “LOLA” Corporation [14],
“DMB” Rakovica [18], “IPM” Beograd [19], and
by some private production companies. A Working Order, a standard document used in a technological process is presented in this paper.
For trading partners to complete a transaction
online, the business process should specify both
the structure and the format of the business content of a message as well as the message exchange
choreography. To support B2B integration, partners must agree on a common technical dictionary
(such as CCTS).
2.3.  Production document modeling
Documents that are used in a technical process
definition must be designed for interoperability.
Defining flexible and adaptable business documents came from the UN/CEFACT Core Components Technical Specification [1]. The first step
to provide an interoperable document is to design
its structure using UPCC. UPCC specify the basic
information types, such as amount, binary, object,
code and date time, as well as refinements for complex business document structures. This syntaxneutral document design enables clean mapping
between electronic business messages definitions
across syntaxes, industry and regional boundaries.
The UN/CEFACT Core Components Technical
Specification [1] provide a new solution for the interoperability issue and for exchanging information between applications. The Core Components
Technical Specification key concepts are Core
Components and Business Information Entities.
CCTS provides a methodology for identifying and developing a common set of semantic
reusable building blocks, called Core Component
(CC), that represent the general types of business
data used for creating new electronic business
2010

documents.
The Core Component is a building block for
creating semantically correct and meaningful information exchange packages. It contains only
the pieces of information necessary to describe a
specific concept [20]. They are defined to be context independent and they can be used in different
contexts. UN/CEFACT defined set of core components that are available in the Core Component
Library [21].
There are four different categories of CC: Basic
Core Component, Association Core Component,
Core Component Type and Aggregate Core Component [1].
In Core Component Type catalog, elementary
data types are defined which are common to many
business documents. The Data Type concept allows the creation of semantic data domains through
a specification using restrictions on CCTS.
The Aggregate Core Component represents
an Object Class. Each class consists of properties which could be attributes as simple properties (Basic Core Components) and associations
as complex properties (Association Core Component). The Association Core Component structure
is defined by another Aggregate Core Component.
The Basic Core Component represents a singular
business characteristic and its set of allowed values is defined by a Data Type.
The Business Information Entity (BIE) is business data with a unique Business Semantic definition. A Business Information Entity can be a Basic
Business Information Entity (BBIE), an Association Business Information Entity (ASBIE), or an
Aggregate Business Information Entity (ABIE)
[1]. Figure 2. illustrates the relationships between
the CC and BIE concepts.
The key differentiator between the Core Components and Business Information Entities is the
concept of Business Context. The Business Context is a mechanism for qualifying and refining
Core Components according to their use under
particular business circumstances.
The Basic elements of CC are context independent. In order to be used for description of an
concrete message, it is necessary to specify the
context in which the message is used and becomes
a Business Information Entity. For every type of
CC, a corresponding BIE type is defined.
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Figure 2. Core Components and Data Types Metamodel [1].
A particular Business Information Entity may
be the result of several Context factors. These
Context factors are identified by analysing the
differences and similarities across particular Contexts which is important for determining document compatibility between partners.
A Working Order is the basic document of the
working documentation as it initiates and finishes
specific technological process. A technological process starts with the creation of a Working Order document. This document is then sent during the technological process from one working place to another,
and even to other companies. After the last operation
has been finished, it is marked that the technological
process has finished by closing the document.
The structure of the business document Working Order is specified using the UML profile for the
Core Components UPCC presented in Figure 3.
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The structure of the business document is defined using the UPCC stereotypes. It should be
noted that we define the structure of the business
document which is restricted to a specific business
context, so it becomes a Business Information Entity (BIE). UML concepts are marked as appropriate types of BIE: the class as Aggregate BIE,
the attribute as Basic BIE and the association as
Association BIE.
In order to properly define the business document structure, one should follow the searching
steps of the Catalog of Business Information Entities and the Core Component Library [21]. These
steps in the component discovery are the preparation and searching for common information building blocks candidates. An analysis of BIE from a
variety of similar Business Processes leads to the
underlying core structures and semantics of the
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Figure 3. Model of document Working Order defined using UPCC.
business document. Furthermore, BIE, which is
based upon a Core Component structure and associated semantic definitions, may be refined and/or
restricted to accommodate specific business needs.
3.  Production process implementation
Production process implementation requires
transformation of the conceptual specification into
an implementation model. To enable automated
transformation the following tasks need to be done:
1. Define the transformation rules for the
production process. Transform the BPMN
diagram elements into specific implementation standard elements (e.g. ebXML,
BPSS, BPEL)
2. Define the transformation rules for the
document structure. Transform the UPCC
class diagram into a specific XML message
format (e.g. OAGI BOD, UBL schema).
3.1.  Production process transformation
The ebXML offers an infrastructure for data
exchange, a semantic framework for commercial
2010

collaboration and a mechanism that enable companies to identify and establish business relationships between each other.
The business process modeling results in the
ebXML Business Process Specification that can
be referenced in the Collaboration Protocol Profile (CPP) and Collaboration Protocol Agreement
(CPA) between business partners. Finally, the
business processes specified in CPA lead the Business Service Interfaces towards the execution of
these processes and send the required documents.
In the modeling of a technological process,
BPMN is used and then transformed into an XML
form by using elements of the process metamodel
and ebXML DTD from [22]. In this section the
rules for transforming BPMN into ebXML are described and defined:
1. Every BPMN diagram (which has
more than two activities) represents a
MultiPartyCollaboration.
2. An activity in BPMN diagram is rendered as
a BusinessTransaction ebXML element.
3. The sequence flow in the BPMN diagram is
rendered as a Transition ebXML element.
4. The sequence flow, together with connected
activities, represents a BinaryCollaboration.
5. Every complex activity (subprocess) is
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represented through separate descriptions
which are included in the basic description of
the BPMN diagram with ebXML Included.
6. The Start event in the BPMN diagram is
rendered as a Start ebXML element.
7. The End event in the BPMN diagram is
rendered either as a Success or Failure
ebXML element.
8. Parallel gateway (forking) in the BPMN
diagram is rendered as Fork ebXML
element.
9. The parallel gateway (synchronization) in
the BPMN diagram is rendered as a Join
ebXML element.
10. When using forking to transform an activity
into several ones, the problem is solved by
rendering a single CollaborationActivity as
more BinaryCollaborations. In a situation
where several activities are transformed
into a single one through synchronization,
the problem is also solved with the element
CollaborationActivity.
11. The processors which are represented
in the BPMN diagram as “swimlanes”
are rendered as the BusinessPartnerRole
ebXML element.
12. For
each
BinaryCollaboration
an
InitiatingRole and a RespondingRole must
be defined. They suggest to processors to
initiate or do the BinaryCollaboration.
13. The document from the BPMN diagram is
rendered as a BusinessDocument.
14. The documents which are on the
activity input flow are defined in the
RequestingBusinessActivity
ebXML
element.
15. The documents which are on the acti-vity
output flow are defined in the RespondingBusinessActivity ebXML element.
3.2.  Production document transformation  
The logical definition of business document
defined above is specified in one level of abstraction and is technology (syntax) neutral, or we
should say independent of an integration standard.
To implement the document structures in runtime
environment, the mapping (transformation) rules
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must be defined.
There are a large number of integration standards which can be used for the implementation.
Which one will be used depends of a given context that could be a vertical industry, a country or a
specific business process.
An example of the implementation is the Open
Applications Group Integration Specification OAGIS standard. Members of OAGIS have designed a mechanism for the definition of APIs
necessary for building up of their models through
the Business Object Document self-describing
mechanism [23]. BOD is an architecture used for
communicating between applications or components using messages or business documents.
OAGIS is a horizontal integration standard,
which means that it defines the structure of messages exchanged in a B2B communication, independently of context i.e. industry where it is applied. That is the reason why some substandards
have been created (AIGI, STAR) that use the OAGIS standard building blocks as the foundation for
specifying the messages (business entities) in some
contexts. The basic concept of the OAGIS standard
and links to CCTS are presented in Figure 4.
BOD consists of a noun and a verb. The noun
contains the business content and the verb describes
the action. The structure of the business content is
built upon the OAGIS basic building blocks. The
basic building blocks in OAGIS are Field, Compound and Component. The Field represents the
semantics domains that are defined under a predefined simple type which corresponds to the BCC
concept. Compound is a named group of fields that
corresponds to ACC. Component represents a complex object that consists of a Field and Compound
as well as of other, previously defined components.
These concepts correspond to ACC, i.e. ASCC (for
connecting more complex components).
As new versions of the OAGIS standard (from
version 9.1) are harmonized with CCTS, so is the
information about the concrete links between OAGIS predefined basic building blocks put into the
OAGIS XML schemes. The connections explicitly defined between OAGIS and CCTS enable the
easy transformation of business entities based on
CCTS standards.
An example of this references data for a component AmountType is in Figure 5.
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Figure 4. Relationships between CCTS and OAGIS concepts.

Figure 5. An OAGIS component with CCTS information.
A UML diagram of a business document is only
defining the business document on the abstract
and the conceptual level. Therefore, it is necessary
to transform it into a standard normative, such as
an OAGIS BOD document scheme.
As we observed above, OAGIS is compliant
with the UN/CEFACT CCTS methodology. OA2010

GIS uses the UN/CEFACT artefacts (such as Core
Component Types, Data Types and Business Information Entities) and this characteristic will be
used to define an algorithm for generating the OAGIS BOD schema.
The matching algorithm may be defined as following:
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1. Start with Aggregate Business Information
Entities at the highest level of aggregation.
2. Search for the OAGIS component that
matches the ABIE definition.
3. For each supported ABIE element, establish
exact match link dependency. If there are
no OAGIS components with a suitable
definition, go to Step 4.
4. Search for the OAGIS components that
have the appropriate generic definition
and structure from which the new required
Aggregate Business Information Entity
can be formed. Establish similarity links
between these elements. Only one similarity
link can be confirmed.
5. Match component sub-elements similar
to the above steps taking into account the
parent context elements.

In Figure 6., the Working Order document elements matching results are given as an example.
Figure 6. shows examples of dependencies that
are established between the model elements and
the OAGIS XSD elements. Most components are
matched to the OAGIS components. If the appropriate component is not found, this information
will be mapped to the BOD UserArea element.
A valid matching UML model is a crucial prerequisite for generating a BOD Schema. During
schema generation for an OAGIS BOD’s create
restrictions on elements to meet the restrictions
on the ABIE (such as cardinality) from which
the OAGIS XSD element is derived. The OAGIS
overlay extension mechanism may be taken into
consideration, if the top ABIE elements could not
be matched.

Figure 6. XML Schema BOD for the Working Order.
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4.  Conclusion
The objective of this paper is to present that
process independent standards (BPMN, UML
Class Diagram - UML CCTS profile) can be used
for specifying production systems on a logical and
platform independent level. For the description
of the business content an ontological base built
upon CC is used.
The production process is described by using
BPMN with the additional annotation of messages that are exchanged between the roles. For
each document that is the basic part of message,
a UML diagram is created that describes its structure. In this way, a formal and clear specification
of the production process is given, including the
documents attached to it. In this paper, it has been
described that such a specification can be easily implemented by using different integration
standards (a multitude of different and competing XML-based document standards which have
common ontological base - CCTS).
The research done in this paper should be of
help to production companies implementing electronic manufacturing aiming to achieve full integration and interoperability.
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The error curve and error
surface i.e. the confidence
pedal and confidence
pedaloid
Krivulja pogrešaka i ploha pogrešaka to jest
pedala povjerenja i pedaloid povjerenja
J. Roser, M. Vulic
University of Ljubljana, Faculty of Natural Sciences and Engineering, Department of
Geotechnology and Mining Engineering, Slovenia

Abstract
In the engineering practice, it is impossible to
present an absolutely accurate point position. It is
crucial that besides coordinates of the measured
point, we also present its positional accuracy.
Based on the law of covariance propagation, the
equations of the point error in any direction of
hyperspace, 3D- and 2D-spaces are derived. The
accuracy of point position in any direction in hyperspace, 3D- and 2D-space is represented by the
confidence hyperpedaloid, confidence surface and
confidence curve, respectively. The confidence
hyperpedaloid is determined with hyperpedaloiddefining elements – values of main errors and their
components in hyperspace. Through analogy, it is
similar when it comes to the confidence curve and
surface i.e. confidence pedal and pedaloid. The
confidence curve and confidence surface visualization are constructed in the CAD program.
Key words: standard error, confidence pedal,
confidence pedaloid
Sažetak
U inženjerskoj praksi, nemoguće je apsolutno
točno odrediti poziciju točke. Bitno je da osim
2010

koordinata mjerene točke također predočimo
točnost određivanja položaja točke. Na temelju
zakona o distribuciji pogrešaka izvedena je
jednadžbe pogreške točke u bilo kojem smjeru
hiperprostora, 3D i 2D prostora. Točnost položaja
točke u bilo kojem smjeru u hiperprostora, 3D i 2D
prostora predstavljaju hiperpedaloid povjerenje,
ploha povjerenja i krivulje povjerenja, respektivno. Hiperpedaloid povjerenja se određuje njegovim elemenatima - vrijednosti glavnih pogrešaka
i njihovih komponenti u hiperprostoru. Analogno je za krivulju pogrešaka i plohu pogrešaka,
odnosno pedalu i pedaloid povjerenja. Također su
vizualizirane CAD programom krivulja i ploha
povjerenja.
Ključne riječi: standardna pogreška, pedala
povjerenja, pedaloid povjerenja
Introduction
The point error in any direction of hyperspace
is represented by the error hyperpedaloid, which is
defined by standard errors. The direction vectors of
the main standard errors are mutually orthogonal,
and therefore mutually independent. Confidence
hyperpedaloid is equal or larger than error hyperpedaloid which depends of defined probability.
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The point error in any direction of three-dimensional space is defined by the error surface, also
termed the error pedaloid. The latter is a member of
a family of nodal surfaces of an ellipsoid, in which
the pedaloid point coincides with the centre of the
ellipsoid. The accuracy of point position in any direction in 2D-space is defined by an error curve, i.e.
error pedal. The error pedal is a member of a family of nodal curves of an ellipse, in which the pedal
point coincides with the centre of ellipse. The accuracy estimation of unknown quantities is obtained
from elements of a covariance matrix. Covariance
matrix diagonal elements define the accuracy of
point position in coordinate axis directions and are
also the basis used to calculate the elements of error
curves and error surfaces and furthermore of confidence pedals and confidence pedaloids.
Identically as with a error hyperpedaloid, the
error curve and error surface are also defined by
the size of the characteristic standard errors and
their directionality (the direction vectors of main
standard errors are mutually orthogonal and therefore mutually independent).
The error curve and error surface can be approximated by the error ellipse and error ellipsoid,
respectively [1]. We have to be aware that the error ellipse and the error ellipsoid correctly represent
only size and direction of the main (characteristic)
errors. In all other directions, the size of these standard errors is only an approximation. Equally so,
we can approximate the hyperpedaloid with a hyperellipsoid. The accuracy of approximation is subordinated on a ratio between the sizes of the main
standard errors. The more the ratio differs from
value 1, the less accurate the approximation is.
Error hyperpedaloid
In n-dimensional space we measure the position
of the point M. The accuracy of its position in any

Let us consider the hypothetical identical point A
with absolute coordinates x1A , x2 A , x3A K xn −1A , xnA
(point A is absolutely accurate point and consequently without errors). Then the standard error of
point M in direction of point A is equal to the standard error of distance σˆ ρ (Figure 1).

Figure 1. Point M standard errors in three-dimensional space
Distance ρ between the points M and A in ndimensional space is given by the equation:

ρ=

n

∑ ( − xˆ
i =1

iM

+ xiA

)

2

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

According to the law of covariance propagation, the estimation of variance is written as
∧ 2

σ ρ =J ρ ∑

) )
XX

J Tρ . ..................... (2)

σˆ ρ … Estimated standard error of distance,

direction is expressed by covariance matrix Óxxˆ ˆ
[2], which is defined by the hyperpedaloid defining elements (sizes and directions of main standard
errors). Point M is a result of adjustment with coordinates xˆ1M , xˆ2M , xˆ3M K xˆn −1M , xˆnM and adequate

Óxxˆ ˆ … Covariance matrix of unknowns (coordinates of point M),

standard estimates σˆ xˆ1M , σˆ xˆ2 M , σˆ xˆ3 M Kσˆ xˆn−1M , σˆ xˆnM .

Covariance matrix of the point M is given in
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J ρ … Vector of partial derivatives of function ρ .
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the following way [3]:

 Qxˆ1xˆ1

Qxˆ1xˆ2
2
2 
Óxxˆ ˆ = σˆ 0 Q xxˆ ˆ = σˆ 0 Qxˆ1xˆ3

 M

Qxˆ1xˆn

Qxˆ1xˆ3
Qxˆ2 xˆ3
Qxˆ3 xˆ3
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L Qxˆ1xˆn   Σ xˆ1xˆ1
 
L Qxˆ2 xˆn   Σ xˆ1xˆ2
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M   M
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Qxˆ3 xˆ3
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Qxˆ3 xˆn

L Qxˆ1xˆn   Σ xˆ1xˆ1
 
L Qxˆ2 xˆn   Σ xˆ1xˆ2
L Qxˆ3 xˆn  =  Σ xˆ1xˆ3
 
O
M   M
 
L Qxˆn xˆn  Σ xˆ1xˆn

L Σ xˆ1xˆn 

L Σ xˆ2 xˆn 
L Σ xˆ3 xˆn  . ........... (3)

O
M 

L Σ xˆn xˆn 

Óxxˆ ˆ … Covariance matrix of unknowns (point M),

σˆ 02 … Standard error of unit weight,
Q xxˆ ˆ … Cofactor matrix of unknowns (point M).
Vector of derivatives J ρ is equal to:
 ∂ρ
Jρ = 
 ∂xˆ1M

∂ρ
∂xˆ2M

∂ρ
∂xˆ3M

L

∂ρ
∂xˆnM


 ...... (4)


Terms of vector of derivatives are partial derivatives of unknowns of function ρ . If equation
(1) is raised to the second power we obtain:
n

(

ρ 2 = ∑ − xˆi + xi
i =1
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..................... (5)
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Vector of derivatives J ρ is then
 ∆xˆ1
J ρ = −  M ,A
 ρ

∆xˆ2M , A

∆xˆ3M , A

ρ

ρ

L
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......................................... (8)
The following equations are also true (see Figure 1):
− xˆ1M + x1A

=

σˆ xˆ
σˆ ρ

− xˆ2M + x2 A
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σˆ xˆ
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σˆ xˆ
........................ (9)
σˆ ρ

ρ

ρ

ρ

− xˆnM

ρ
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n

Accordingly the vector of derivatives J ρ can
be written as:

and after derivation of the equation (5) and ordering:

σˆ xˆ1 σˆ xˆ2 σˆ xˆ3 L
 σˆ xˆ σˆ xˆ2 σˆ xˆ3
σˆ xˆn 
L
Jρ = −  1
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 σˆ ρ σˆ ρ σˆ ρ
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........... (10)
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Therefore the partial derivatives are:
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When we introduce equations (3), (10) in equation (2) we obtain:
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=−
=−
ρ
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Σ xˆ2 xˆ2

Σ xˆ2 xˆ3

L

Σ xˆ2 xˆ3

Σ xˆ3 xˆ3

L

M

M

Σ xˆ2 xˆn

Σ xˆ3 xˆn

O
L

 σˆ xˆ1
 ˆ
σρ
Σ xˆ1xˆn   σˆ xˆ
 2
Σ xˆ2 xˆn   σˆ ρ

Σ xˆ3 xˆn   σˆ xˆ3

M   σˆ ρ

Σ xˆn xˆn   M
ˆ
 σ xˆn
 σˆ ρ


σˆ xˆ1   sx1x1
  
σˆ xˆ2   sx1x2
σˆ  =  s
 xˆ3   x1x3
 M   M
  
σˆ xˆn   sx1xn


.










 ...... (11)








∧ 2

J Tρ =

1 ∧
σ
∧ 2 


σ

Σ xˆ1xˆ2

3

σ

∧

σ

R3

∧

R3

Kσ

ρ

Rn

.


Σ xˆ1xˆ3

1

σˆ xˆ

∧

R1

L Σ xˆ1xˆn  σˆ xˆ1 
 
Σ xˆ2 xˆ2 Σ xˆ2 xˆ3 L Σ xˆ2 xˆn  σˆ xˆ2 
Σ xˆ2 xˆ3 Σ xˆ3 xˆ3 L Σ xˆ3 xˆn  σˆ xˆ3  ........ (12)
 
M
M
O
M  M 
 
Σ xˆ2 xˆn Σ xˆ3 xˆn L Σ xˆn xˆn  σˆ xˆn 
Σ
Σ
and after multiplication by σˆ ρ2  s xx xsˆ1xxˆ1x s x x xˆ1xˆL2
s x x s x x s x x L
Σ xˆ xˆ2
4
  Σ xˆ xˆ
σˆ = σˆ ξ σˆ ξ σˆ ξ L σˆ ξ  s x x s1x 2x s x x 2 L


ρ

σˆ ρ4 = σˆ xˆ1 σˆ xˆ2 σˆ xˆ3 L σˆ xˆn .M Σ xˆ1xˆM3 ΣM xˆ2 xˆO3
s x x s x x s x x L
M
 Σ xˆ1xˆ1 Σ xˆ1xˆ2 Σ xˆ1xˆ3 L Σ xˆ1xˆn  σˆxˆ1 M

  Σ
Σ xˆ2 xˆn
Σ xˆ1xˆ2 Σ xˆ2 xˆ2 Σ xˆ2 xˆ3 L Σ xˆ2 xˆn  σˆxˆ2 xˆ1xˆn
L σˆ xˆn .  Σ xˆ1xˆ3 Σ xˆ2 xˆ3 Σ xˆ3 xˆ3 L Σ xˆ3 xˆn  σˆ xˆ3  .... (13)

 
 M
M
M
O
M  M 

 
Σ xˆ1xˆn Σ xˆ2 xˆn Σ xˆ3 xˆn L Σ xˆn xˆn  σˆ xˆn 

 Σ xˆ1xˆ1

Σ xˆ1xˆ2
L σˆ xˆn .  Σ xˆ1xˆ3

 M

Σ xˆ1xˆn

xˆ3

) )
XX

2

3

n

1 1

2 1

3 1

1 2

2 2

3 2

1 3

2 3

3 3

1 n

2 n

3 n

sx3 x1

sx2 x2

sx3 x2

sx2 x3

sx3 x3

M

M

sx2 xn

sx3 xn

L sxn x1  σˆξ1 
 
L sxn x2  σˆξ2 
L sxn x3  σˆξ3  . . (14)
 
O M  M 
 
L sxn xn  σˆξn 

Where matrix S corresponds to rotation matrix
 sx1x1

 sx1x2
S =  sx1x3

 M

 sx1 xn

i.e.
σ ρ =J ρ ∑

sx2 x1

Rotation

sx2 x1

sx3 x1

sx2 x2

sx3 x2

sx2 x3

sx3 x3

M

M

sx2 xn

sx3 xn

matrix

is

L sxn x1 

L sxn x2 
L sxn x3  ........ (15)

O
M 

L sxn xn 
orthonormal

matrix;

ST ⋅ S = S ⋅ ST = I and ST = S −1 . Furthermore its
determinant is equal to det S = 1 .
Substituting equation (13) into equation (14)
leads to:

4

σˆ

ρ

= σˆ ξ
 1

σˆ ξ

σˆ ξ

2

3

L

 s x1 x1
s x x
 12
σˆ ξ  s x x
n  1 3
 M
s x1 xn

  Σ xˆ1 xˆ1
 Σ xˆ xˆ
n 2
 .Σ 1 2
sx x
ˆ1 xˆ3
n 3  x
M  M
s x x  Σ xˆ xˆ
n n 
1 n

sx x
2 1
sx x

sx x
3 1
sx x

L sx x
n 1
L sx x

Σ xˆ xˆ
1 2
Σ xˆ xˆ

Σ xˆ xˆ
1 3
Σ xˆ xˆ

L Σ

sx x
2 3
M
sx x

sx x
3 3
M
sx x

L

Σ xˆ xˆ
2 3
M
Σ xˆ xˆ

Σ xˆ xˆ
3 3
M
Σ xˆ xˆ

L Σx
O
L Σx

2 2

2 n

3 2

3 n

O
L

2 n

L Σx

2 3

3 n

LΣ ΣΣxˆ1xˆn LσΣˆ xˆ1  s s s L s T ˆ

xˆ xˆ
xˆ xˆ
x x  σ ξ 
  xˆ xˆ   x x x x x x
Σ xˆ2xˆ3 LΣ xˆ xˆ ΣΣxˆxˆ2 xxˆˆn LσΣˆxˆxˆ2xˆ  s x x s x x s x x L s x x  σˆξ 
σˆ
Σ xˆ xˆ
s
s
s
s x x . Σ xˆ xˆ
L s
Σ xˆ xˆ L Σ xˆ xˆ

Oσˆ M   xMx x Mx xMx O x Mx   ξM 
MΣ   M L M Σ M
xˆ
xˆ xˆ
xˆ xˆ
sx x
s x x L s x x  σˆ ξ 
s x x 33Σ xˆ xˆ
Σ xˆ xˆ
Σ xˆ3 xˆ n L Σ xˆ 3xˆ   s x x

  

M
O
M  M 
(16)
  .......................................

Σ xˆ3 xˆn L Σ xˆn xˆn  σˆ xˆn 
Because of condition of orthogonality
Σˆ ˆ

x3Σ
s x x x1 
xˆ1 xˆ1
n 1
s x x  Σ xˆ xˆ

1 2

1 3

1 n

1 1

2 1

3 1

n 1

1

n 2

1 2

2 2

2 3

2 n

1 2

2 2

3 2

n 2

2

n 3

1 3

2 3

3 3

3 n

1 3

2 3

3 3

n 3

3

n n

1 n

2 n

3 n

n n

1 n

2 n

3 n

n n

n

s x x diagonalization
s x x L s x x   Σ xˆ xˆ Σ xˆ xwe
Σ xˆ use
L similarity
Σ xˆ xˆ   s x x s x transforsx x L sx x 
 s x1x1 For
11
2 x1
31
21
31
11
1 ˆ2
1xˆ3
1 n
n 1
n 1
mation,


 s x1x2 s x2 x2 sin

s x x s x x swhich
L
s
Σ
Σ
Σ
L
Σ
L s
be
as
x3 x2 3D xn x2
x3 x2
xncan
x2
xˆ1xˆ2 understood
xˆ2 xˆ2
xˆ2 xˆ3
xˆ2 xˆn rotations
1 2
2 2
s




sx x sx x L sx x
Σ xˆ xˆ Σ xˆ xˆ Σ xˆ xˆ L Σ xˆ xˆ
sx x sx x sx x L sx x 
x1x3
13
2 3
3 3
2 3
3 3
13
2 3
3 3
3 n
n 3
n 3
Rotation
of
can
written
as:
space.
  hyperpedaloid
  be

M
M
O
M
M
M
O
M
M
M
O
M
 M
 M
 M

s x1xn s x2 xn s x3xn L s xn xn  Σ xˆ1xˆn Σ xˆ2 xˆn Σ xˆ3xˆn L Σ xˆn xˆn  s x1xn s x2 xn s x3xn L s xn xn 

 s x1x1
s x1x2
s
 x1x3
 M
s x1xn
T

  Σ xˆ1xˆ1
s x x  Σ xˆ xˆ
1 2
n 2
s x x  Σ xˆ xˆ
n 3
 13
M
 M
sx x
Σ
n n   xˆ1xˆn

  s x1x1
Σ xˆ xˆ   s x x
1 2
2 n
Σ xˆ xˆ   s x x
3 n
 13
M
 M
Σ xˆ xˆ
s
n n   x1xn


sx x 
n 2
sx x 
n 3

M

sx x
n n

sx

sx

L sx

Σ xˆ xˆ

Σ xˆ xˆ

L Σ xˆ xˆ

sx

sx

L sx

sx

sx

L

Σ xˆ

Σ xˆ

L

sx

sx

L

Σ xˆ

Σ xˆ

L

M

M

Σ xˆ

Σ xˆ

O
L

2 x1

2 x2

sx

2 x3

3 x2

sx

3 x3

M
sx

2 xn

 Σξ1ξ1
Σξ1ξ2

= Σξ ξ
 13
 M
Σξ1ξn

3 x1

M
sx

3 xn

n x1

L
O
L

Σξ ξ

L Σξ ξ

Σξ

L Σξ

Σξ

2ξ 2
2ξ3

2ξ n

2ξ3

Σξ ξ

L

M

O
L

3 3

M
Σξ

13

Σξ ξ

3 n

2 xˆ2
2 xˆ3

2 xˆn

13
2 xˆ3
3 xˆ3

 Σξ1ξ1
 
Σξ ξ  = 
3 n
 
M
 
Σξ ξ

n n

Σξ ξ
Σξ

1 2

1 2

1 n

2ξ n

3 xˆn

1 n

Σξ

2ξ 2

Σξ ξ

3 3

O

2 x1

2 x2

sx

2 x3

3 x2

sx

3 x3

M
sx

2 xn






Σξ ξ
n n

3 x1

M
sx

3 xn

n x1

L
O
L

.... (17)

Follows:
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T

 Σξ1ξ1
Σξ1ξ2

= Σξ ξ
 13
 M
Σξ1ξn

Σξ ξ

Σξ ξ

Σξ

Σξ

1 2

Σξ

2ξ 2
2ξ3

M
Σξ

2ξ n

13

2ξ

Σξ ξ
3

M
Σξ ξ
3

technics
σˆξ 
Σξ ξtechnologies education management


Σξ2ξ2

σˆξ2 σˆξ3 L σˆξn  .


 σˆξ1 



 σˆξ2 
  ˆ  ....................
 σ ξ3 
 M 
O


Σξnξn  σˆξn 



 1 
 σˆξ2 

σˆξ1,
ues λi i=
2, K
3 



O
M
condition
  s i ≠ 0 .
Σξnξn  σˆξn 



1 1

σˆ ρ4 = σˆξ

1

Σξ1ξ1


.

ˆ
L σ ξn  




σˆξ3

Σξ2ξ2
Σξ3ξ3

xˆ2 xˆ3

xˆ3 xˆ3

M

xˆ3 xˆn

σˆξ2 = Σξ2ξ2 = λ2

n

2

n

üüüü

(

σˆξ3 = Σξ3ξ3 = λ3

(

M

L
L
O
L

)

n

n n

i =1

i

i i

σˆξn = Σξnξn = λn

)

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

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

Vectors si ( i = 1, 2, K , n ) are called eigenvectors and are carried-out from corresponding
  sξ1sysξ 
Error hyperpedaloid defining elements
tem of homogenous equations.
 1 
  sξ1ξ 2 
From point position adjustment we know its

sξξ = sξ1 sξ 2 sξ3 L sξ n  =   sξ1ξ3 
covariance matrix Óxxˆ ˆ .


  sξ1ξ1   sξ 2ξ1   sξ3ξ1 
 sξ nξ1    M 
2
 Σ xˆ1xˆ1 Σ xˆ1xˆ2 Σ xˆ1xˆ3 L Σ xˆ1xˆn   σˆ xˆ1  Σ xˆ1xˆ2 Σ xˆ1xˆ3  L Σ xˆ1xˆn 

   sξ ξ 
s

    sξ1ξ 2 2  sξ 2ξ 2   sξ3ξ 2  
ξ
ξ
 n 2    1 n 
Σ xˆ1xˆ2 Σ xˆ2 xˆ2 Σ xˆ2 xˆ3 L Σ xˆ2 xˆn  Σ xˆ1xˆ2  σˆ xˆ2 Σ xˆ2 xˆ3  L Σ xˆ2 xˆn 

sξξ = sξ1 sξ 2 sξ3 L  sξ n =   sξ1ξ3   sξ 22ξ3   sξ3ξ3  L  sξ nξ3   ... (23)
2

Óxxˆ ˆ = σˆ 0 Q xxˆ ˆ = Σ xˆ1xˆ3 Σ xˆ2 xˆ3 Σ xˆ3 xˆ3 L Σ xˆ3 xˆn =  Σ xˆ1xˆ3 Σ xˆ2 xˆ3 σˆ xˆ3 L Σ xˆ3 xˆn 


 M   M   M 
 M 
 M


M
M
O
M   M   M   M  O
M 

    sξ1ξ n   sξ 2ξ n   sξ3ξ n 2 
s

ξ
ξ
 n n  
Σ xˆ1xˆn Σ xˆ2 xˆn Σ xˆ3 xˆn L Σ xˆn xˆn  Σ xˆ1xˆn Σ xˆ2 xˆn Σ xˆ3 xˆn L σˆ xˆn 
Eigenvectors si of covariance matrix Óxxˆ ˆ are
Σ xˆ1xˆn   σˆ x2ˆ1 Σ xˆ1xˆ2 Σ xˆ1xˆ3 L Σ xˆ1xˆn 
mutually orthogonal (the dot product of eigenvec
 
Σ xˆ2 xˆn  Σ xˆ1xˆ2 σˆ x2ˆ2 Σ xˆ2 xˆ3 L Σ xˆ2 xˆn 
tors is equal to zero; sTi ⋅ s j = 0 ). When multiplyΣ xˆ3 xˆn  =  Σ xˆ1xˆ3 Σ xˆ2 xˆ3 σˆ x2ˆ3 L Σ xˆ3 xˆn  ........ (20)

ing values of main errors with eigenvectors the
M   M
M
M
O
M 
results are components of main errors in n-dimen
 
2
sional coordinate system:
Σ xˆn xˆn  Σ xˆ1xˆn Σ xˆ2 xˆn Σ xˆ3 xˆn L σˆ xˆn 
i =1

L

2

Values of main standard errors

σˆξ1 = Σξ1ξ1 = λ1

σˆ ρ4 = σˆξ2 Σξ ξ + σˆξ2 Σξ ξ + σˆξ2 Σξ ξ + K + σˆξ2 Σξ ξ = ∑ σˆξ2 Σξ ξ
2

, n ) [4]. Only roots λi answer to

are defined from those eigenvalues λi :

(18)

Equation (18) determines error hyperpedaloid,
which can also be written as:

+ σˆξ Σξ ξ + K + σˆξn Σξnξn = ∑ σˆξi Σξiξi

xˆ1 xˆ3

(

Σξ3ξ3

Relation between standard errors σˆ xˆ1 , σˆ xˆ2 … σˆ xˆn
and main (characteristic) errors σˆξ1 , σˆξ2 … σˆξn can
be expressed with eigenvalues λi and eigenvectors si

σˆξ ⋅ sTξ = sξ x

sξ1x2

sξ1x3 L sξ1xn

σˆξ ⋅ sTξ = sξ x

sξ2 x2

sξ2 x3 L sξ2 xn

σˆξ ⋅ sξT = sξ x

sξ3 x2

sξ3 x3 L sξ3 xn

1

2

1

2

3

3

1 1

2 1

3 1

of covariance matrix Óxxˆ ˆ .

M

For square matrix Óxxˆ ˆ of n x n dimension we
have to define vector s (different from zero value)
and scalar λ in the following way:
Óxxˆ ˆ si = λi si . ........................ (21)
n× x n×1

σˆξ ⋅ sξ = sξ x
T

n

1

n 1

sξn x2

sξn x3 L sξn xn ....... (24)

Error hyperpedaloid in n-dimensional space is
determined with defined values of main errors and
its corresponding components.

n×1

Equation (21) has n roots and therefore every
quadratic matrix dimensions n × n has n eigenval2010
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 sξ 2ξ 2 
s 
 ξ 2ξ3 
 M 


 sξ 2ξ n 

s

s

s
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Error surface i.e. pedal surface
Point position accuracy in any direction in
three-dimensional space is given by an error surface i.e. pedal surface. For determination of a pedal surface, standard error values σˆξ , σˆh , σˆζ and
their directions are needed.
Consider the point M which has coordinates

σˆξ 
cos λ cos ϕ 
 

 . ............... (28)
σˆh  = σˆ ρ  sin λ cos ϕ 
σˆζ 
 sin ϕ 
 
equation (26) can be rewritten as
σˆ ρ2 = Σξξ cos 2 λ cos 2 ϕ + Σhh sin 2 λ cos 2 ϕ + Σζζ sin 2 ϕ
...................................... (29)

xˆM , yˆ M , zˆM and standard errors σˆ xˆ , σˆ yˆ , σˆ zˆ .
Point A is identical to point M with hypothetical
absolute coordinates xA, yA, zA and therefore without errors. The standard error of position of point
M in direction towards point A is equal to the standard error of distance σˆ ρ .
Distance ρ between points M and A is calculated analogous to equation (1):
ρ = ∆y 2 + ∆x 2 + ∆z 2 =
+ ∆x 2 + ∆z 2 =

( − yˆ M + y A ) + ( − xˆM + xA ) + ( − zˆM + z A )
2

2

2

2
2
2
( − yˆ M + y A ) + ( − xˆM + xA ) + ( − zˆM + z A ) .. (25)

The deduction which follows is analogous
with error hyperpedaloid deduction. When threedimensional space is in question, the equation (18)
is written as:
Figure 2. Error pedaloid or error surface
 σˆξ 
 
2
Σhh
σˆ ρ = σˆξ σˆh
σˆh2 Σhh + σˆζ2 Σζζ
 σˆh  = σˆξ Σξξ +Confidence/error
pedaloid i.e. confidence/error
Σζζ  σˆζ 
surface is determined with error pedaloid defining
 σˆξ 
elements. Defining elements of error pedaloid are
 
2
2
2
ˆ
ˆ
ˆ
ˆ
=
Σ
+
Σ
+
Σ
σ
σ
σ
σ
.
.............
(26)
the sizes of main semi-axes and their directionalξ
ξξ
h hh
ζ
ζζ
 h
ity. In terms of size, maximal semi-axis of error
Σζζ  σˆζ 
pedaloid is called major (sign a), medium binor
The equation (26) define error surface (Figure (sign b) and minimal minor (sign c). In the fol2) which approximation is error ellipsoid:
lowing figures error pedaloids for different ratios
between semi-axes a – major, b – binor and c –
σˆξ2 σˆh2 σˆζ2
minor are shown.
+
+
= 1 .................... (27)
Figure 3 shows the confidence/error pedaloid
Σξξ Σhh Σζζ
with sizes of half-axes which are mutually differwhere Σξξ , Σhh , Σζζ are squares of corre- ent and also differ from zero. The most probable
sponding main semi-axes (major, binor, minor) of position of the point in any direction varies inside
ellipsoid.
the error pedaloid. Figure 4 shows the confidence/
With consideration of condition (28) evident error pedaloid with one half-axis value tending
from figure 1
to zero. The distinction between error pedaloids
because of one half-axis value tending to zero is
clearly evident from their intersections (left sides
of figures 3 and 4).
4

ξ

Σhh
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Σξξ

σˆζ  
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Figure 3. Confidence/error pedaloid for ratio a:b:c = 4:2:1

Figure 4. Confidence/error pedaloid for ratio a:b = 3:1 and c → 0
When two of the main errors have the same
value (major is equal to binor) and minor tends
to zero, the most probable position of the point in
any direction varies inside a self-touching torus
(Figure 5).
Example of a confidence/error pedaloid with
two half-axes tending to zero is shown in figure
6. The pedaloid shape is composed of two spheres
2010

with one common point – centre of error pedaloid.
In case of confidence/error pedaloid with equal
values of major, binor, minor the most probable
point position in any direction is inside a sphere
with radius equal to main standard error (Figure
7).
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Figure 5. Confidence/error pedaloid for following terms a = b ≠ 0 and c → 0

Figure 6. Confidence/error pedaloid for following terms a ≠ 0 in b = c → 0
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Qxxˆ ˆ
2 
Óxxˆ ˆ = σˆ 0 Qxyˆˆ
 Qxzˆ ˆ

Qxxˆ ˆ
2 
Óxxˆ ˆ = σˆ 0 Qxyˆˆ
 Qxzˆ ˆ


Qxyˆˆ
Qyyˆ ˆ
Qyzˆ ˆ

Qxzˆ ˆ   Σ xxˆ ˆ
 
Qyzˆ ˆ  = Σ xyˆˆ
Qzzˆˆ   Σ xzˆ ˆ

Σ xyˆˆ
Σ yyˆ ˆ
Σ yzˆ ˆ

Qxyˆˆ
Qyyˆ ˆ
Qyzˆ ˆ

Σ xzˆ ˆ   σˆ x2ˆ
 
Σ yzˆ ˆ  = Σ xyˆˆ
Σ zzˆˆ   Σ xzˆ ˆ

Qxzˆ ˆ   Σ xxˆ ˆ
 
Qyzˆ ˆ  = Σ xyˆˆ
Qzzˆˆ   Σ xzˆ ˆ
Σ xyˆˆ
σˆ y2ˆ
Σ yzˆ ˆ

Σ xyˆˆ
Σ yyˆ ˆ
Σ yzˆ ˆ

Σ xzˆ ˆ   σˆ x2ˆ
 
Σ yzˆ ˆ  = Σ xyˆˆ
Σ zzˆˆ   Σ xzˆ ˆ

Σ xzˆ ˆ 

Σ yzˆ ˆ  ..... (30)
σˆ zˆ2 

Relation between standard errors σˆ xˆ , σˆ yˆ , σˆ zˆ
(sections on coordinate axes) and main (characteristic) standard errors σˆξ , σˆh , σˆζ is, analogues
to section Error hyperpedaloid defining elements,
expressed with eigenvalues λi and eigenvectors
si of covariance matrix Óxxˆ ˆ .
From eigenvalues λi , a standard errors and eigenvectors si are defined:

σˆξ = λ1

σˆh = λ2

σˆζ = λ3
... (31)

 sξξ 
 
sξ =  sξh 
 sξζ 
 

 shξ 
 
sh =  shh 
 shζ 
 

 sζξ 
 
sζ =  sζh 
 sζζ 
 

When multiplying σˆ i by si the results are
components of main errors in three-dimensional
coordinate system:

Figure 7. Confidence/error pedaloid for following terms a = b = c ≠ 0
Error surface defining elements
From estimation of accuracy of point position we know belonging covariance matrix Óxx
[5]. Thus for every position in three-dimensional
space there is the known covariance matrix Óxxˆ ˆ :

σˆξ ⋅ sTξ = sξ x

sξ y

sξ z

σˆh ⋅ shT = sh x

sh y

sh z ................... (32)

σˆζ ⋅ sTζ = sζ x

sζ y

sζ z

With defined values of main errors and its
corresponding components we determine error
pedaloid in three-dimensional space.
Error curve i.e. pedal curve
Standard errors σˆ xˆ and σˆ yˆ in directions of x
and y axes, respectively, are acquired with adjustment of a point by parameter variation. However,
for determination of accuracy of point position in
any direction, values of standard errors only are
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not adequate. The point error in any direction in
two-dimensional space is given by the error curve,
i.e. the pedal curve. In particular we are interested
in the sizes of standard errors in directions of main

The deduction between equations (33) and (34)
is analogues to deduction between equations from
(2) to (17).

standard errors (maximal σˆξ and minimal σˆh ).
The pedal curve is determined with definition of
the sizes of main standard errors and their directionality.
In figure 8, a result of adjustment of point M

σˆ ρ4 = σˆξ σˆh  

with coordinates xˆM and yˆ M and corresponding
standard errors σˆ xˆ and σˆ yˆ is shown. Point A is hypothetically identical point to point M with absolute
errorless coordinates xA and yA (absolutely accurate
point and therefore without errors). Standard error of position of point M in direction to point A is
equal to standard error of its distance σˆ ρ .

Σξξ



 σˆξ 
= σˆξ2 Σξξ + σˆh2 Σhh
Σhh  σˆh 
...................................... (34)

Equation (34) define error curve (Figure 10).
With consideration of condition below
σˆξ  σˆ xˆ   cos θ
σˆ  = σˆ  
 h   yˆ   − sin θ

sin θ 
cos a 
= σˆ ρ 

 . ...(35)
cos θ 
 sin a 

the standard error of point position in any direction can be calculated with equation (Figure 9):

σˆ ρ2 = Σξξ cos 2 a + Σhh sin 2 a ............. (36)

Figure 9. Error pedal or error curve
Figure 8. Point M standard errors in two-dimensional space
Distance ρ between points M ( yˆ M , xˆM ) and
A ( y A , x A ) in plane is given by equation:

ρ = ∆y 2 + ∆x 2 =

( − yˆ M + y A ) + ( − xˆM + xA )
2

2

σˆξ2
Σξξ

.

...................................... (33)
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Equation (34) express nodal curve of an ellipse
with pedal point in centre of error ellipse, where
main axes are identical to main axes of ellipse [6]:
+

σˆh2
Σhh

= 1 . ........................ (37)

where Σξξ and Σhh are squares of corresponding semi-axes of ellipse.
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The most probable position of a point in any
direction in two-dimensional space is then inside
of a confidence/error curve i.e. confidence/error
pedal. Let us designate the maximal half-axis of
pedal as a, so-called major, and the minimal halfaxis – minor as b. In figure 10, the confidence/error curves for different ratios between major and
minor of confidence/error curve are shown.
In case of figure 10a value of one half-axis
tends to zero. Thus the most probable position of
the point in any direction is inside of the two circumferences which have one common point – the
centre of pedal curve.
Examples a, b, c, d, e in figure 10 present form
variations of confidence/error curve with regard to
decreasing ratio between major and minor. When
major and minor are equal, the most probable po-

sition of the point in any direction is inside the circumference (Figure 10f).
Error curve defining elements
To determine error curve we have to know sizes
of maximal σˆξ (major) and minimal σˆh (minor)
semi-axis of error curve and also their directionality (Figure 9).
With indirect adjustment of point position in
two-dimensional space we obtain not only most
probable coordinates but as well corresponding
covariance matrix:

Figure 10. Confidence/error curves for different ratios between main semi-axes (major and minor)
2010
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Σ xyˆˆ   σˆ x2ˆ Σ xyˆˆForm
 of modal matrix is then S = [s1 s 2 ] . Ei=


Σ yyˆ ˆ  Σ xyˆˆ genvectors
σˆ y2ˆ 
si of covariance matrix are mutually
orthogonal. Product of standard error values σˆ ξ ,
Qxyˆˆ   Σ xxˆ ˆ Σ xyˆˆ   σˆ x2ˆ Σ xyˆˆ 
. ........................ (38)
=
=


2 
Qyyˆ ˆ  Σ xyˆˆ Σ yyˆ ˆ  Σ xyˆˆ σˆ yˆ 
σˆh and eigenvectors s1 , s 2 result in components
of standard errors in x, y axes
Diagonal terms of covariance matrix Óxxˆ ˆ present
σˆξ ⋅ s1T = sξ x sξ y
standard square errors of point position in direction
of coordinate axes. In rotate coordinate system is
σˆh ⋅ sT2 = sh x sh y . .................... (46)
Óξξ = ST Óxxˆ ˆ S . ....................... (39)
Qxxˆ ˆ
Óxxˆ ˆ = σˆ Q xxˆ ˆ = σˆ 
Qxyˆˆ
2
0

Qxxˆ ˆ
Q
 xyˆˆ

Qxyˆˆ   Σ xxˆ ˆ
=
Qyyˆ ˆ  Σ xyˆˆ

2
0

where S is orthonormal matrix. Equation (39)
can also be written as
Óxxˆ ˆ = S Óξξ ST ......................... (40)
Matrix S is a modal matrix of matrix Óxxˆ ˆ and
matrix Óξξ is spectral matrix. Solutions of equation (40) are
1
2

λ1,2 =  Σ xxˆ ˆ + Σ yyˆ ˆ ±

(Σ

ˆˆ
xx

2
− Σ yyˆ ˆ ) + 4 Σ 2xyˆˆ  .... (41)


Eigenvalues λ1 and λ2 define sizes of maximal
and minimal error of point position.

σˆξ = Σξξ = λ1
σˆh = Σhh = λ 2 ........................ (42)
Eigenvalue λ1 has its corresponding eigenvector s1T = [ s11

s21 ] , which is defined

(Ó

ˆˆ
xx

− λ 1 I ) s1 = 0 ...................... (43)

From equation (43) results
s11 ( Σ xxˆ ˆ − λ1 ) + s21 Σ xyˆˆ = 0
s11 Σ xyˆˆ + s21 ( Σ yyˆ ˆ − λ1 ) = 0 ................ (44)
By the analogy therefore eigenvalue λ2 has its
corresponding eigenvector sT2 = [ s21

s22 ] .

s21 ( Σ xxˆ ˆ − λ2 ) + s22 Σ xyˆˆ = 0
s21 Σ xyˆˆ + s22 ( Σ yyˆ ˆ − λ2 ) = 0 ................ (45)
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Visualization
Our aim is also to visualize confidence pedals
and confidence pedaloids. Visualization is made in
four steps: (a) calculation of distance from pedal/
pedaloid centre to pedal/pedaloid point in any direction, (b) calculation of each pedal/pedaloid point
coordinates, (c) defining differential surfaces for
pedaloid and curves for pedal and (d) visualization
of pedal/pedaloid. First three steps are made in MS
Excel [7] and the fourth in CAD program Rhinoceros [8]. Each of these steps is described below.
The distance from pedal/pedaloid centre to pedal/pedaloid point in defined direction is calculated
with equation (29) for error pedaloid and equation
(36) for error pedal. The user first specifies a unit
step of angles λ and φ for pedaloid or angle α in
case of pedal (see Figure 1 and 8). Then we calculate the distances by increasing the angle λ from
‑180 up to 180 degrees and angle φ from ‑90 up to
90 degrees. In case of pedal the angle α varies from
‑180 up to 180 degrees (see Part1 in [7]).
In second step we calculate the coordinates of
each pedal/pedaloid point with equation (28) or (35)
as shown in Part2 of [7]. For defining differential
surfaces from pedaloid points is used Excel User
Defined Function (UDF) named surfaceW and for
defining differential lines from pedal points is used
UDF named lineW. This UDF’s produce text format for Rhinoceros program, see Part3 in [7] and
can be found in Excel Add-Ins named vule4acad05.
xla [9]. For visualization of pedal/pedaloid we simply copy the text from Part3 and paste it into the
Rhinoceros Command line [10]. Visualization is
also possible in another CAD programs with no or
minor changes in text format of Part3.
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Conclusion
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Abstract
Students’ communication apprehension and
learning style are evaluated by using standard
methods. Research finding revealed significant relationship between the genders, age, and race to
the communication apprehension. Level of apprehension shows predicting relationship between the
preferred learning styles.
Summary
Objective: The purpose of the study reported
here was to examine the relationships among students’ sex, race, communication apprehension, individual learning style. It would be expected that
those high in CA would prefer less active styles of
learning.
Methodology: A cross-sectional population
based survey was conducted among the students
of two state universities of Malaysia (Universiti
Sains Malaysia and Univerisiti Utara Malaysia).
Custer random sampling technique was used to
collect the data from the students of these two
universities. Self-administered questionnaire distribution technique is used to minimize the bias in
the study. Statistical Package of Social Sciences
(SPSS® 17.ver) used to analyze the data.
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Results: A total of 1079 (71.9%) students answered the questionnaire distributed. In terms
of gender, males made up 52.3% with response
rate of 68.9% (564) whereas females 47.7% in
response rate of 75.5% (515). The mean score
of PRCA among whole Cohort is 81.3. Females
show high mean score competency to, Independent (p<0.001), Avoidant (p<0.001) and Collaborative (p<0.001), while males are highly ‘Dependant (<0.001)’ instead females are highly competitive (p<0.001) as well. Avoidant characteristics is
high among Indian (p<0.001) and Collaborative
mean score is significantly higher among Malays
(p<0.001). Independent learning pros to have the
negative correlation (-0.25, p<0.041) with high
CA but positive correlation with low CA (0.37,
p<0.001).
Conclusion: Statistical significance reveals that
there is a association between students’ level of
communication apprehension and perceived learning style. Thus, the learning style reflects the alliance with level of communication apprehension.
Key word: communication skills, learning
style, grasha reichmann scale, communication apprehension, population based survey.
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Introduction
Learning, particularly which which takes place
in the traditional classroom setting, is an interactional process (Hamidah, Sarina and Kamaruzaman, 2009) . While curricular decisions, materials
development, the organization of lectures and the
like focus primarily on the teacher’s transmission
of content—and student evaluation on comprehension and retention of that content—there is
little disagreement that interpersonal perceptions
and communicative relationships between teachers and students are crucial to the teacher-learning process (Richmond, Gorham, & McCroskey,
1987, p.574).
Studies have examined the impact of communication on instructors’ affinity with students
(Frymier & Wanzer, 2006), compliance-gaining
strategies (Paulsel & Chory-Assad, 2004; Plax &
Kearney, 1992), communication style and clarity
(Andersen, Norton, Nussbaum; Chesebro, 1981),
interpersonal attractiveness and caring (Teven &
McCroskey, 1997), nonverbal immediacy (Andersen, 1979; O’Mara, Allen, Long, & Judd, 1996;
Richmond, Gorman, & McCroskey, 1987; Richmond, Lane, & McCroskey, 2006). Researchers
have reported on the relationship of instructors’
communication and students’ motivation to learn
(Christensen & Menzel, 1998; Christophel, 1990;
Richmond, 1990), and a myriad of related variables related to student and teacher interactions at
all educational levels—elementary, secondary, undergraduate, graduate, adult, and applied (Mottet,
Richmond, & McCroskey, 2006). Most of this research is concerned with either the teacher’s communication behavior or his/her perception of students’ communication behaviors. A few attempts,
largely concerned with communication apprehension, have been made to examine the contributions that students’ communication competencies,
skills, and behaviors make to the learning equation, but the effects of student communication
behaviors on the learning process have not been
saliently studied (McCroskey, Richmond, & McCroskey, 2006).
This emphasis on instructor strategies and
communication behaviors views the student as
“object.” Moreover, educators have traditionally
subscribed to a view of the learning process op2010

erating similarly for all students with an emphasis
on the amount of contact, quantity of information,
persuasion, and situational variables, as opposed
to individual differences, interpersonalness, and
the quality of interaction (Chesebro & McCroskey, 2000; Frymier & Houser, 2000). Such a onedirectional approach ignores students’ influence
in the instructional process, and their influence on
teachers and their teaching. If effective communication in the classroom is, as instructional communication theorists purport, precursor to learning
(Martin et al., 2000), it is imperative to examine
the classroom as a communicative transactional
process in which teachers and students mutually
influence each other with their verbal and nonverbal messages (Mottet et al., 2006).
A few researchers have investigated how students’ predispositions toward communication
and learning style preferences shape educational
outcomes (Dwyer, 1998; Johnson, 2003), but researchers have not examined the transactional
influences of communication apprehension with
students’ learning styles. The purpose of the study
reported here was to examine the relationships
among students’ sex, race, communication apprehension, individual learning style. While studies
have explicated problems that high CAs have in
the classroom (Mottet et al., 2006), there has not
been an investigation of differences in learning
styles related to high, moderate and low levels of
CA. It would be expected that those high in CA
would prefer less active styles of learning.
Methodology
A cross-sectional population based survey was
conducted among the students of two state universities of Malaysia (Universiti Sains Malaysia and
Univerisiti Utara Malaysia). Custer random sampling technique was used to collect the data from
the students of these two universities. Researchers
approach to students in their class rooms, library
and cafeteria places inside the university campus.
Self-administered questionnaire distribution technique is used to minimize the bias in the study.
Grasha-Reichmann model is used to indicate the
preferred learning style and for the communication
apprehension, Personal Reporting Communication
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Apprehension (PRCA) model was preferred. Both
models are validated in the Malaysian geographical setting by content and validation method. Study
duration is in between Jun-Dec 2009. This study is
under the researcher own-based work, so no financial and other conflict of interest involved under the
study context. The study approval is made through
the ethical committees of University Sains Malaysia and other local authorities.
Diverse range of students are targeted, both science (medical and social) and art fields. Statistical
Package of Social Sciences (SPSS® 17.ver) used
to analyze the data. Interpretation is made on the
basis of relationship trend among the whole cohort
of students. Current study scope is not focusing
on the proportional difference among the two different universities. All domains and sub-domains
of Grasha-scale and PRCA were taken as continuous variables to determine the revelence and correlation parameters. Gender, age and race are in
categorical variables, to see the association and
covariance by using t-Test and one way ANOVA.
Results and Discussion
A total of 1079 (71.9%) students answered
the questionnaire distributed. In terms of gender,
males made up 52.3% with response rate of 68.9%
(564) whereas females 47.7% in response rate of
75.5% (515). Based on responses, 59.0% of the
students were from 18-20 years age group, 36.9%
were in between 21-23 years rest 4.1% students
were 24 years and above. While for the ethnic
distribution, 51.3% were Malays, 41.1% were
Chinese and rest 7.6% students were Indians. The
mean score of PRCA among whole Cohort is 81.3.
In order to achieve the objective, the researcher
needed several tests such as mean (±S.D), cross
tabulation, Independent sample t-test, one way
ANOVA. Table 1 shows the mean (±S.D) of the
total evaluation score by using PRCA and Grasha
scale. In order to identify the relationship between
the demographics and interaction style, a mean
score distribution was calculated. The Table 1 indicates that there is a high mean score of PRCA
among males then females. Mean score of personal reporting communication apprehension is
reducing with the age; young learners have high
336

mean score of communication apprehension as
compared to 24 ≥ years.
Table 1. Mean score distribution among demographics
Characteristics

Mean (±S.D)

N (%)

Male
Female

77 (14.63)
62 (9.21)

564 (52.3)
515 (47.7)

18-20 years
21-23 years
24 ≥ years

73 (11.01)
70 (10.63)
65 (7.27)

637 (59.0)
398 (36.9)
44 (4.1)

Malay
Chinese
Indians

81 (13.75)
69 (11.21)
72 (9.01)

553 (51.3)
444 (41.1)
82 (7.6)

Gender a
Age a

Race a

PRCA b
86 (17.34)
402 (37.3)
High > 80
71 (10.11)
583 (54.0)
Average 51-80
45 (0.57)
94 (8.7)
Low < 51
Grasha c
Independent
2.6 (13.01)
Avoidant
3.3 (13.22)
Collaborative
3.2 (12.54)
Dependent
2.2 (10.01)
3.6 (3.76)
Competitive
Participant
4.1 (8.34)
a
Mean score was calculated from PRCA scale
b
Personal Reporting Communication Apprehension
c
Each sub-domain have specific low-high range so
mean score was calculated on whole study population.
Each sub-domain represents 100% of sample.

In order to identify the relationship between
gender and race with learning style, a t-Test was
conducted. The result in Table 2 indicates that
there is a significant relationship between gender
and Learning style except ‘Participant’. Females
show high mean score competency to, Independent (p<0.001), Avoidant (p<0.001) and Collaborative (p<0.001), while males are highly ‘Dependant (<0.001)’ instead females are highly competitive (p<0.001) as well. One way ANOVA analysis
between races and learning styles is also shown in
Table 2. From the table, the respondents that Chinese ethnic have significant high mean score in all
the leaning styles except Avoidant and Collaborative, whilst Avoidant characteristics is high among
Indian (p<0.001) and Collaborative mean score is
significantly higher among Malays (p<0.001).
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Table 2. Mean score distribution among gender and ethnic distribution
Learning style
Independent
Avoidant
Collaborative
Dependent
Competitive
Participant

Gender
Male

Female

2.4
2.1
2.9
3.8
1.8
3.3

3.8
3.0
3.6
2.2
3.1
3.5

p-value
<0.001
<0.001
<0.001
<0.001
<0.001
0.787

Race
Malay

Chinese

Indian

2.9
2.4
3.8
3.2
2.7
2.2

4.1
1.7
2.2
3.6
3.3
3.5

2.6
3.4
2.8
2.0
1.3
3.4

p-value
<0.001
<0.001
<0.001
0.025
<0.001
0.631

p - value is calculated by using independent sample t-Test with 95% CI.

Another amazing facts come across during the
analysis that ‘Participant’ characteristics is insignificant among ‘Genders’ (p<0.787) as well as
‘Race’ (p<0.631). Interestingly, evidence from
communication researches indicate that speeches
by female students are evaluated or commented on
more positively (Barker, 1966; Pearson, 1982;);
women receive higher grades whether the basic
communication course emphasis is performanceoriented or theoretical, interpersonal or public
speaking (Allen, 1984; Anderson, 1998; Pearson,
1982, Wood, 1993). Roberts and Pearson (1984)
conclude that females’ communication competence and superior decoding skills are better explanations of grade differences between males and
females than prior academic evaluation, aptitudes
measured by standardized tests, or psychological
sex characteristics.
Hughey (1984) reports that female students
have a more flexible response modes, and found
competence to be slightly better than compliance
in explaining the favorable evaluations received
by female students in communication classes. The
fact that female students tend to receive paradoxical grades in math and communication classes,
and the indication of ties to response modes suggest that some learning differences may be due
to certain sex related characteristics of learning
styles. Recent studies have provided evidence of
differences in the brains or hormones of males and
females (Baron-Cohen, 2003; Brizendia, 2006;
Cahill, 2005; Geary, 1998; Pinker, 2002) as explanations of differences in behavior. However,
credible researchers also emphasize that biology is
not destiny and that there are significant environmental influences on behavior (Anderson, 1998;
Ehrlich, 2000; Harris, 1998). So t-Test shows that
2010

there is a significant association between gender
and all the learning style except ‘Participant’,
also ethnic distribution is significantly counteract
against learning style. Thus, gender does influence
the students’ social interaction in the class room
and community setting.
Our findings are not consistent with the findings of Hamidah. J and Sarina. M (2009) as the
researcher proved the hypothesis that there is no
gender difference, but researcher analysis showed
that female students have higher scores in ‘Collaborative’, Participant’, ‘Dependant’ and ‘Competitive’ learning style than male students, so we are
similar in term of mean score distribution among
females are higher than males except ‘Dependant’
and ‘Participant’. But several previous studies by
O’ Faithaigh (2000) and Kraft (1976) shows significant gender difference within the learning style.
Thus we come to prove that female students are
more adoptive to learning style than male students.
A correlation (Pearson) was conducted to identify the linearity between the learning style of students than to apprehension level by using PRCA.
Table 3 indicates that there is a specific learning
style or behavior among the level of communication apprehension. High communication apprehension strongly (0.57, p<0.001) and significantly correlated (positive) with the ‘Avoidant’,
but strongly negative and significant with ‘Participant’ (-0.51, p<0.001). In contrast, low CA shows
significantly moderate-high positive correlation
with characteristics of ‘Independent’ and ‘Participant’, but negative correlation with ‘Dependant’
(-0.40, p<0.001).
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Table 3. Correlation among learning style to apprehension level
Personal Reporting Communication Apprehension (PRCA) a

Learning Style

High CA
Sig
Average CA
Independent
-0.25
.041
0.01
Avoidant
0.57
<.001
0.17
Collaborative
-0.01
.451
0.39
Dependent
0.33
<.001
0.21
Competitive
-0.02
.712
0.43
Participant
-0.51
<.001
-0.02
a
Pearson correlation, significance reported at p ≤ 0.05

Sig
.541
.063
<.001
.032
<.001
.537

Low CA
0.37
-0.07
0.03
-0.40
0.22
0.58

Sig
<.001
.815
.342
<.001
.027
<.001

Table 4. Communication apprehension correlation and association with learning style.
Learning style
Independent
Avoidant
Collaborative
Dependent
Competitive
Participant
a
b

G.D a

Meeting

Int. Personal a

Public. Sp a

Value

Sig

Value

Sig

Value

Sig.

Value

Sig

-0.01
-0.21
0.53
-0.27
0.37
0.51

.452
.031
<.001
.024
0.041
<.001

-0.04
0.37
0.07
0.29
0.01
-0.09

.513
.001
.725
.021
.811
.453

0.27
-0.13
0.61
-0.35
0.07
0.15

.031
.046
<.001
<.001
.091
.073

0.31
-0.03
-0.01
0.08
- 0.29
0.17

<.001
.061
.047
.041
.035
.063

G.D: Group discussion, Int. Personal: Interpersonal, Public. S: Public speaking.
Pearson correlation, with p ≤ 0.05 level of significance.

While the linearity of the learning style in Table
3 shows that Independent learning pros to have the
negative correlation (-0.25, p<0.041) with high
CA but positive correlation with low CA (0.37,
p<0.001). Similarly every learning style determines
a significant inducing character within a level of
communication apprehension. As, the Pearson correlation and significance reveals that there is a association between students’ level of communication
apprehension and perceived learning style. Thus,
the learning style reflects the association with level
of communication apprehension.
Most approaches assess learning styles along
similar lines. For example, Riechmann & Grasha
(1974) factored six student learning styles: independent, dependent, avoidant, participant, collaborative, and competitive. Others report such
dimensions as concrete experience, abstract conceptualization, active experimentation, reflective
observation (Kolb, 1976); analytic, relational,
mixed, and conflicting cognitive styles (Cawley,
Miller, & Milligan, 1976); convergent, divergent,
accommodative, and assimilative (Kolb, 1984);
and active experimentation, reflective observation,
abstract conceptualization, and concrete experi338

ence (Cornwell & Manfredo, 1994). Kolb (1984)
makes a persuasive case that heredity, past experience and environmental demands are involved in
individuals developing different learning styles.
Though it is proven that there is a significant
exposure correlation between leaning styles to the
communication apprehension but in order to identify the association of significance among learning style to that of sub-domains of Personal Reporting Communication Apprehension (PRCA),
Pearson correlation was performed. Table 4 shows
two way dilemmas, one is based on our research
findings reflect high proportion of communication
apprehension (37.5%) among students resulted as
2 students (approx) with high communication apprehension among every 5 students. As still yet
our findings not reflect the specific learning style
being contributed to which specific determinant of
the communication apprehension among students
or vice versa.
A study conducted over thirty years ago concluded that instructors’ awareness of students’
personality characteristics and learning needs are
related to levels of general anxiety experienced by
students (Dowlby & Schumer, 1971), and Smilow2010
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itz and Phelps (1989) reported that teacher and
student social styles interact with learning styles
to influence course evaluations. More specific to
the study reported here, Andersen and Bell-Daquilante found that students high in CA preferred a
more passive learning style. Lower CA and greater desire to be involved in communication were
positively associated with an active experimentation learning style and negatively associated with
a reflective observation style. Dwyer (1998) found
that students high in CA prefer reflective thought
while low apprehensives prefer active experimentation and innovative exploration. Bourhis and
Berquist (1990) found that high CAs manifest a
reflective learning style and low CAs manifest an
active style. Johnson (2003) reported that changes
in scores on communication competency as the
result of taking a hybrid basic communication
course were not related to learning styles, but that
students high in CA reported a preference for less
active experimentation.
Not surprisingly, the behaviors of high and low
CAs have been found to differ markedly in the
classroom environment. Even though no meaningful relationship has been found between CA and
intelligence (Bashore, McCroskey, & Andersen,
1976; McCroskey, Daly, Martin, & Beatty, 1998),
on average, students who are highly apprehensive
score lower on standardized achievement tests,
achieve less that their aptitudes would justify, participate less frequently in class, and are evaluated
lower by instructors than are more talkative students (Richmond & McCroskey, 1998).
Second concern is corporative handling of
teaching style to over the communication apprehension reflects the learning style. For example,
Collaborative learning style shows high positive
correlation with the Group Discussion sub-domain
of communication apprehension. Hence educator
should encourage more community involve based
teaching, presentation orientation and Oral discussion in class environment would possibly facilitate
the process of reducing the high communication
apprehension. Table 4 indicates the association
and trend of learning style in term to determine
the specific dormitory of communication apprehension.
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Conclusion
It is concluded that young learner are lean towards more communication apprehension as compared to learner age 24 years and above. Students
in age group of 18- 20 years, 6 students with high
communication apprehension in every 10 students. Students of age group of 21-23 years lend 3
students with high communication apprehension
in every 10 students, but student’s age 24 years
and above only 1-2 students among 20 students.
Our research based analysis hence identified
that communication apprehension is significantly
correlated with the specific learning style. So by
understanding the social interaction of students in
the classroom, educators are able to identify those
who would require help. Thus, the educators can
design an instrumental pedagogy to meet the style
preferences of students. In addition, the educators can implement several strategies to improve
on the learning process that is being reflected students’ academic achievements.
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Place, statistics, semiotics
and values as a basis for
sustainable social planning
– an experiment
Markovic Plestovic Anna
Earth Sciences, Cathedra of Social an Economic Geography, University of Szeged, Hungary

Abstract
The place as a social-geographical entity is
gaining more and more attention in social sciences, among them in geography, economics and
social engineering in particular. The differences
in the social capital of places are one of the main
factors held responsible for the assimetries and
inequalities of regional and local developments,
since it affects the local embeddedness of global
(development) processes. In this paper some society- and value-linked aspects of the complex
concept of character of the place as a reason for
different local responses to the global processes
and the constraining factor of development was
examined. An attempt is made to partially recover
the set of values inherent to the character of the
place, as manifested in the set of values inherent
to the place-based community by interpreting the
semiotics of statistic data, and to demonstrate the
impact these values have on local choices, policymaking and its outcomes related to the discourse
of modernity. The rationale of this course of research should be to lead to better incorporation of
„real places” into the strategic planning in order to
contribute to a more realistic, realizable and placesensitive planning and policy decisions.
To this ends a sketch of proposed methodology
was outlined, that suggests the statistical data can
be comprehended as cultural artefacts depicting the
regulatory landscapes of their creation, which allows to the textual interpretation of such data, and
the contextualization within the context of place.
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The statistic data related to employment structure
and it’s changes along with data of local investment
structure was examined for Subotica municipality,
and in order to point out peculiarities that have the
meaning of local-value-laden occurences, compared to the data of Zrenjanin municipality which
is in similar setting, regarding geography, economy,
hierarchy, politics and even history, but has a strong
discontinuity in hereditary local set of values. The
interpretation was carried out throug the framework
of extensive personal knowledge and experience of
the two places. The comparation has shown, that
the place-specific set of values of Subotica – landand house-ownership based social legitimation – as
well, as the specific values of Zrenjanin – industry
and city life as a higher existence – produces a readable form in the statistics.
The interpretation of data supplemented with
the knowledge of local situation and practices to
which the statistic has no sensitivity shows that the
different locus-specific set of values results in different local social structures and different policy
choices in localization of global processes. It also
seems that these values can be traced through the
identification of particularities in the statistic data
for a place in comparison to the data of another
place that exists in similar political, geographical
and economical environment. As a consequence,
the policy choices in different places are likely to
favour cathegories inherent to the local community, which should be taken into consideration in
order to to enable a realistic and realizable social
planning and policy
2010
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Key words: place, social capital, geographical
contingency, semiotics of data,
Sažetak
Pojam mesta kao društvenog i geografskog
entiteta dobija sve više pažnje u društvenim naukama, a i među njima najviše na polju geografije,
ekonomije i društvenog inžinjeringa (social engeneering). Razlike u društvenom kapitalu pojedinih mesta su jedan od najvžnijih faktora koji se
smatraju odgovornim za asimetrije i nejednakosti
regionalnog razvoja, budući da on značajno utiče
na mogućnost lokalnog uvezivanja (embeddedness) globalnih (razvojnih) procesa. U ovom radu
se razmatraju neki vrednosno i društveno vezani
aspekti kompleksnog pojma karaktera mesta, kao
uzroka različitih lokalnih odgovora na globalne
procese, i kao ograničavajućieg faktor razvoja.
Ovo je pokušaj delimičnog otkrivanja seta vrednosti inherentnih karakteru mesta i manifestovanih
u lokalnoj zajednici, kroz interpretaciju semiotike
statističkih podataka, i pokušaj da se prikaže na uticaj ovih vrednosti na lokalne odluke, lokalnu razvojnu politiku i njihove rezutate u odnosu na diskurs modernosti. Razlog za ovaj pravac istraživanja
je potreba da se „stvarnost mesta“ u većoj meri
uključi u strateško planiranje, kako bi doprinelo
realističnijem, ostvarivijem i mestu primerenijem
planiranju i razvojno-političkim odlukama.
Ovde skiciran predlog metodologije predlaže
da se statistički podaci tretiraju kao kulturni artefakti koji odslikavaju regulatorne (društvene)
predele svog nastanka, čime bi se omogućilo da
se ovi podaci interpretiraju kao tekst u kontekstualnom okviru mesta kao entiteta.
U tom smislu obrađeni su statistički podaci strukture zapošljavanja i njenih promena za
opštinu Subotica, i radi ukazivanja na posebnosti
koje imaju karakter nosioca lokalnih vrednosti, podaci su upoređeni sa podacima za opštinu
Zrenjanin, koja se nalazi u sličnom geografskom,
ekonomskom, hijerarhijskom, političkom, pa čak
i istorijskom okruženju, ali gde postoji i izražen
diskontinuitet u nasleđivanju lokalnog seta vrednosti. Interpretacija je sprovedena i preko širokog
ličnog poznavanja oba mesta. Poređenje je pokazalo da specifični lokalni set vrednosti Subotice
2010

– društvena legitimacija kroz vlasništvo zemlje i
kuće – kao i specifični set vrednosti Zrenjanina
– industrija i gradski način života kao viši oblik
postojanja – proizvode čitljive forme u statistici.
Interpretacija podataka dopunjena poznavanjem lokalne situacije i prakse za koju statistika
nema osetljivosti pokazuje da različit set lokusspecifičnih vrednosti rezultuje različitim lokalnim
društvenim strukturama i različitim razvojnopolitičkim odlukama u lokalizaciji globalnih
procesa. Takođe bi se moglo zaključiti da se ovi
setovi vrednosti mogu otkriti kroz identifikaciju
posebnosti u statističkim podacima nekog mesta
u odnosu na podatke drugog mesta koje se nalazi u istom ili sličnom političkom, geografskom i
političkom okruženju. Usled razlika ovih vrednosti razvojne politike će na različitim mestima verovatno biti naklonjene inherentnim kategorijama
lokalnog društva, što bi trebalo uzeti u obzir u cilju
omogućavanja realnijeg i ostvarivijeg društvenog
planiranja i razvojne politike.
Ključne reči: mesto, društveni kapital, geografska sadržanost, semiotika podataka
Introduction
In eastern half of Europe, especially in it`s southeastern part in the last 25 years the processes leading to functional and spatial integration of Europe can be considered as global processes of most
immediate impact and influence. The idea of integration, as conceived in the western part of the continent, carries values and assumptions determined
by a complexity of historical, social, economic, cultural and other, even climatic and topographic factors. In terms of movement the integration – and the
transition as the form that integration processes take
in the eastern part of Europe – thus can be considered a process of expansion, and as such shows
the intention of temporal and spatial compression
or temporal annulation of the significance of space
[1], as the globalization processes do.
In the eastern part of the continent determined
by partially different conditions and background,
the receptivity and reactions to this processes are
different from state to state, region to region and
even from place to place. The responses vary on
a wide scale between reception and refusal, de343
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pending on a multitude of interrelated factors and
conditions that according to Christopher Alexander (1979) [2] can be described as the character
of the place, traditionally and poetically referred
to as genius loci. Analysing the reasons for different responses leads to the conclusion that in order
to gain a full comprehension of possibilities and
probable directions of development, the character
of the place should not be left out of consideration, moreover it should be grasped in its wholeness
and temporality.
Aiming to determine the character of the place that limits the possibilities of development and
sets the outlines of more realistic, place-sensitive
policy-making, development planning and spatial
menagement, following the strain of Alexander,
we have to begin with understanding that this character is described by patterns traceable from successive events that take place in the area. Those
patterns of events are always interrelated with geometric patterns inherent to the place, that can be
traced in both tangible and intangible dimensions
of the place. As the science devoted to the relations of space, place and society, geography, particularly the contemporary hybrid of postmodern,
nonrepresentational and economic geographies
with still fuzzy contours, open to the results of other social sciences seem to be able to develop an
approach to these patterns that could be adequately complex and still applicable in practice of social
engineering. Geographer Ron Martin (2001) [3] in
his article about the linkage between geography
and public policy argues that „the improvement of
socioeconomic welfare has to be one of the primary aims of the discipline: the essential motivation
is to change the world not just to analyse it. This
means several things. It behoves us to expose and
explain the inequalities and injustices that contemporary economic-political systems routinely produce. It also requires us to interrogate and evaluate existing policies and policy-making practices
to reveal their limitations, biases and effects. And
it means seeking to exert a direct influence on policy-making processes, at all scales, with the aim
of producing more appropriate and more effective
forms of policy intervention.” ([3] p 190). To determine the simple operative patterns that determine the character of place, in my belief, could
provide geographers with the tool for descriptive
344

notation and analysis that approaches the level of
abstraction of a „score of a Composer”, for which
Hägerstrand [4] argued. My claim, as well as Ron
Martin’s “derives in part from a personal belief
that a subject such as ours, which studies contemporary societal, economic and environmental
systems in which we are ourselves active agents,
has a commitment to generate and disseminate
knowledge that both informs others of how those
systems operate and how they might be changed.”
In this paper I shall make an attempt to partially
recover the character of the place, as manifested in
the set of values inherent to the place-based community by interpreting the semiotics of statistic
data, and to demonstrate the impact these values
have on local choices, policy-making and its outcomes related to the discourse of modernity.
Conceptual framework – reemerging places
„The advent of modernity increasingly tears space away from place by fostering relations between
„absent” others, locationally distant from any given
situation of face-to-face interaction. In conditions
of modernity, place becomes increasingly phantasmagoric: that is to say, locales are thoroughly penetrated by and shaped in terms of social influence
quite distant from them.“ ([5] 1 S p. 19)
After and by the annunciation of globalization
in the beginning of the 1990-es, the locales, the
individualities of places, the place-based identities
were seemingly deemed to oblivion, and as such
lamented by many. Contrary to these expectations,
the importance of place seems to reinsert itself through the existing and enduring as well as through the newly created spatially bound inequalities
of development. The most striking re-insertion of
place is contained in the arguments stating the geographical as well as social existence of „places
of vulnerability”, where attention is payed to people living in hazardous places or in places made
to be hazardous through external social, political
and economic forces. In these vulnerability studies and in vulnerability reduction practice, relegating location to “second place” is considered
unrealistic by many authors, like Wisner, Hewitt,
Weichselgartner, and others. „ (...) occupants of
places, communities or buildings, knowingly or
2010

technics technologies education management

unknowingly, inherit and become subject to the
vulnerability of place. Places have longer existence than people. People come and go, immigrate
and emigrate, live and die, in places that have longer histories than those of people’s occupancies or
people’s lives.“ ([6] p 193)
As the geographer D. Harvey [7] notes, the time-space relations are fundamental to social relations, yet time has tended to receive much more attention than space. This priority given to time over
space is not entirely misplaced, since according to
Harvey the time mirrors the evolutions of social
practices, but at the same time not enough attention is payed to the practices themselves, and therefore the practical approach lacks an understanding of the power and mechanisms through which
„location, place and spatiality reassert themselves
as seemingly powerful and autonomous forces in
human affairs.“ ([7] p. 175.)
The geographical place, that was treated by
the positivist movement in social sciences as a
mere container or background to social or economic activities, regained its importance through a
number of research activities trying to theoretize
and assess the impact the place, especially it’s
complex, geographically contained human agens
and its internal structures and processes have on
the localized forms of appearance of global processes. While the economic geographers argue
that „(...)The territorialized relationships between
actors and space are also highly intertwined in
the sense that firms produce places through their
place-based activities and places produce firms
via prevailing sets of institutions, rules and conventions (see Dicken 2000; Dicken and Malmberg
2001; Hudson 2001; Bathelt et al.2004; Tallman
et al. 2004).” ([8] p 46, references in the original),
the economic science also experiences a so called
“geographical turn”, and criticizes the economic
geography that it does not incorporate “real places”, and that in their models regions and locations
are just points without any particular characteristic; the economic space is homogeneous. Hence,
these models cannot take into account patterns
of uneven regional development and structural
changes. In their opinion, these models fail when
incorporating the diversity of regional structures
that mainly characterize developing countries, but
also those developed ones. ([10] in: [9]).
2010

The influence of the diversity of local and regional structures to the levels of development was
contested in a number of geographical researches,
such as the research of the total factor productivity (TFP) conducted for 199 European regions
over the period 1985-2006, analyzing the determinants of differences in the efficiency levels across
regional economies [11], which has shown that
regional disparities are larger and more persistent
when compared to cross countries differences, at
least within the industrialized countries and that
a large part of the TFP differences across the European regions are explained by the disparities of
the intangible assets: human capital, social capital
and technological capital. The authors state that „
As a matter of fact, in the industrialized economies the ability to compete in the open markets is
increasingly based on production factors like the
quality of labour, the degree of cohesion, the level
of trust in the society and the accumulation of technological capital. However, there is a lack of systematic studies on the effects of different kinds of
intangible assets on the economic performance at
the regional level.” ([11] p 1). Of the intangible assets the social capital, that in general is considered
a set of informal norms and values shared among
members of a community, only recently has been
taken into consideration as a relevant variable in
explanation of local and regional differences. It
seems though that the territory- or locus-specific
character of social capital accounts for a large part
of existing and enduring differences.
The understanding of the nature of social capital
and the explanation of the underlaying mechanisms
of it`s localization along with the effects it has on
the outcomes on economic and social actions has
been the main concern of the developing field of social engineering focusing mainly on the creation of
social value. On this course the term embeddedness
widely accepted by human geography, economic
geography, economics and management studies,
has been broadened, and besides structural inerpretation of the term as the frequency and reach of
network connections in the communities characterizing the strenght of the network actors, it included new dimensions wherefrom new meanings are
considered, like cognitive embeddedness (shared
structured patterns of mental processes), cultural
embeddedness (shared collective understandings)
345
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and political embeddedness (a struggle for power
among actors and institutions). Even the moral embeddedness (supposedly shared norms and values,
and resulting beliefs) is considered to affect important processes and outcomes of the social engineering [12].
In this paper I suggest an approach to the place
„from inside“ by trying to establish the local set of
values that belong to the „real place“ and which
define the constraints of the possibility of localization and of cognitive, political, cultural and moral
embedding of global processes in the specific locus. The originality of this paper lays in the approach that tries to establish the boundaries posed by
the locality from the actual occurences at the place
as proposed by the non-representational current of
the human geography, using the main fabric of the
classical economic geography – the statistic data
which consentually describe the „state of affairs“
at a location in relation to the discourse of modernity – conducting a postmodernist deconstruction
of the data trough contextual and semiotic interpretation. No similar experiments that I am aware
of were conducted in the region of Southeast Europe, and to the present moment I could not locate
such in the wider scientific community.
The value of this work could be the new, integrative approach that could contribute to a better understanding of the reasons for the low level
of local realization of globally defined strategies
and and the also low level of realization of plans
conferring the set of values from strategical-global
to tactical-local level. Through it this experiment
could contribute to a more realistic and locus-sensitive planning as well as to a sustainable and efficient spatial and social management.
Basic lines of suggested methodology –
semiotic analysis of statistic data
As the geographical work on the localisation
of the globally expansive neoliberal processes has
shown, the processes of neoliberal localization
unfold in place-specific forms and combinations
within particular local and national contexts [13].
Indeed, following this line of thought, I should argue that neoliberalism is a value-laden and valuetransferring expansive global process, that tends
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to alter places of its localization according to its
contingent ethical, philosophical, economic, organizational, etc. values. These global values are locally accepted, rejected or altered/reinterpreted to
the extent and depending on the conformity with
the locally present set of values and on the depth
of embeddedness of these local values. Therefore
patterns of neoliberal localization, as well as the
localization of other globally expansive valueimplementing processes in any national or local
context can be understood adequately only through an exploration of their complex, contested interactions with inherited national and local regulatory landscapes. The interaction of the universality of a global process with the individuality of a
space-society segment as described here based on
Brenner and Theodore [14] can be thought of as
the interaction of time (the process) and space (the
locality, the local regulatory landscape). These
local regulatory landscapes, being in themselves
immaterial and shaped by a complex of historical,
political, geographical, religious, ethnic, economic
and other factors and their interactions, are often
elusive, intangible, unmeasurable, unsusceptible
to definitions and identifications.
In cultural geography practice the linguistic approach has been widely accepted in studies which
treated cultural artefacts as texts that could be read
and interpreted to uncover hidden meanings [15].
Even though the statistical data could also be comprehended as cultural artefacts depicting the regulatory landscapes of their creation, the method has
not been applied to recover the geometrical patterns
and hidden meanings contained in statistical data
relevant to a locality. In this paper I shall try to approach the geometric patterns defining the Subotica
municipality in Serbia through reading and interpreting the semiotics of statistical data regarding the
changes of the structure of employment along with
the structure and effects of the investments in situ,
drawing on assumption that the mathematical-statistical „picture” of the place is the result of multiple and complex interactions of choices, policies,
economic and social surroundings with the locally
defined set of values that shape the „ways things are
done” and the final outcomes.
To that end the statistical data are here considered in their capacities of expressing the global set of
values, the imagery of modernity or development,
2010
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the description of „what is globally desirable“ –
notably for the time being the development level
of a local society is contested to a knowledge- and
service-based society with the presumption of relative low participation of the agricultural or industrial sectors – since the statistic data categories are
collected, defined and processed in order to provide
a basis for establishing the level of presence/absence of processes or phenomenons in accordance
with the global consensus on values of a period in
defined loci. The mobility, movement, generation
of power through mobilization, creation through
mobilization and the growth are accepted and used
as central iconic terms of modernity, and drawing
from that, the cathegories of statistics can be treated
as terms containing different amount and intensity
of movement, from stillness which stands for zero
or very low movement level and the slow-turning
industries, like extensive agriculture, to flow which
stands for maximum level and speed of movement
and the fast-turning industries like consultancy services or banking. In this discourse the material- and
space-bound activities and objects are considered
„slower“ than the matter- and space-free activities
or objects. Consequently, the investment or engagement in the real estates can be considered much
slower (being equated to stillness by its immobile
material-producing component) than the investment in infrastructure networks (through which the
matter flows), and infinitely slower than investment
or engagement in communications (being equated
to flow by the relative low material linkage and the
movement of immaterial information). The presence or absence of flow-related investments and activities, as shown by the statistics, denotes the level
of modernity at the place, or the concurrence of the
local sets of values with the global trends.
On the other hand, the extent to which the global
processes and values are affected by geographically contingent agency and structure in their
localization, the real local structural impact or embeddedness of these locally imported global values
– the penetration depth of these formally and statistically present values through the fabric of local
society – is not depicted in the statistics, nor can it
be directly extracted from it. One possible way of
correcting the statistical picture designed to measure the accordance of the place to the requirements
of modernity is through comparation with other si2010

milar places, from which the differences and particularities that are the result of the local impact, the
focal points of local values and perceptions of each
place can be pointed out and interpreted as the aforementioned dynamic categories. In order to gain a
realistic picture of the size, depth, capacity and radius of changes the categories and indicators that are
related to the character of the place have to be selected and interpreted, through the character of the
place or through comparation to other similar places. The differentiation of local values in this work
is also based on a wider research into the character
of the place through the interconnections of changes of the social values and the built environment
through the life-span of the city, which provided an
intrinsic knowledge of the local ways and values of
Subotica.
In the case of Subotica, only one city, Zrenjanin
could be taken into consideration for comparation.
Both cities are in similar geographic conditions
of Vojvodina region, the other cities of the region
being considerably smaller, or, in case of regional
Capitol Novi Sad, considerably larger. Both Subotica and Zrenjanin have an industrial-agricultural background, are rougly of same size and level
of development. Both are at the same level of the
hierarchy of places, and are affected during their
existence by similar political and economic surrounding. The only substantial difference between
the two cities is the fact, that, unlike the population of Subotica, the population of Zrenjanin has
changed following the World War II to a high extent. As a result a social discontinuity occurred, so
that the new population could not carry on the hereditary local social values and spatial perception,
which had far-reaching consequences on the structure of society and the values in the social focus.
The comparation is made in order to distinguish
the patterns of Subotica, therefore the patterns of
Zrenjanin shall not be worked out in full here.
In the temporal dimension for this comparation
two end-points of an eleven year transition period were taken into consideration. A longer span is
complicated to analyse, since in the previous socialist régime the statistics operated in a substantially different framework of property and production relations, as well as a different employment
and investment policies. The year 1996 was taken
as the time in which the forms of previous régime
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were still present, but the transition has started,
while the year 2007 was the last year (in the time
of research) taken into account by the Statistical
Authorities in the Statistical Yearbook of Serbia
[16], [17].
Stillness and flow in social setting of Subotica
As expected, the structure of employment, or
the image of social mobility implicated by the
changes in employment structure seen through the
official statistics data for Subotica draws a picture
of an industrialized local society that is innovativative and is readily responding to the global trends
of restructuration by shifting towards a servicebased economy. According to the statistics [17] in
2007. only 3,8% of the total employed population
was bound in agriculture, 30,4% in industry and
mining, and 4,6% in construction industry, which
amounts to 38,4% participation of the primary
and secondary sectors in total employment, while
the tercier sector engaged 61,6% of the employed
population. However, based on the knowledge of
local conditions and ways, one should also say
that these figures are very much of a surprise considering that the local identity or identities incorporate very much of the agricultural traditions in
which the „love of land“ is locally perceived as
the love of the fertile soil, the ownership of which
is the basis of self-legitimation in the community.
An interesting coincidence presents itself in all of
the local strategic documents, which, regardless
of their subjects, see agriculture and food production as a vital component and a particularly emphasized strenght and possibility for any development. Agriculture in local perception is basically
not of industrial character, it is an identity, a way
to inherit and preserve the „good old times“, memories of the families, values, etc.. The particularity
of the place is that the ownership of the land and
involment in agricultural production does not exclude living in the city or working in industry or
services sectors, on the contrary, only the person/
family who has or have had land and a house in
the city has a legitimity in the community. A permanent „hidden“ agricultural activity – production
of agricultural goods for the market along with
the employment in industry or services – which
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is not recongnized by statistics is present in the
city. The same pattern was established in a previous analysis in the history and structure of built
environment, insofar as the local community is so
reluctant to demolition of the houses, that during
the history of city no house was teared down to
make place for ever growing traffic. Based on this
knowledge one should expect a stronger bond to
the agricultural production and an atomized industrial and service structure dominated by small
enterprizes and trades.
As a comparison in Zrenjanin, where the population has been changed to a high extent after the
WW II. through colonization by the population
coming from underdeveloped regions of Yugoslavia devastated by war, the number of agricultural
employees is almost the double of the number in
Subotica, and still, the ownership of the land is not
the basis for legitimation in the local community,
since the land does not stand for inheritance of
values, and basically living in the city or having
a house in the city here excludes involvment in
open-field agriculture.
The following table shows the changes in the
employment structures of Subotica and Zrenjanin
during the last ten years, both in numeric and relative values.
The most obvious change during the period is
the decrease in overall employment, which is decreased in Zrenjanin by 9.295 employees, which
almost equals the decrease in agricultural and industrial employment (-9.184 employees). Compared to that, in Subotica the overall number was
decreased by less, only by 3.205 employees. On
the other hand, the number of employees in agriculture and industry was reduced by 7.396 employees, which leads to the conclusion that around
four thousend persons shifted to other categories
belonging to the tercier sector. Comparison by
categories shows an overall decrease in Zrenjanin,
except in the categories of healtcare and other services, where the number grew by 481 employees.
In the same period, in Subotica only the employment in communal services, financial services, education and culture was decreasing (total of -1410
employees), while the employment in commerce/
trade has grown significantly (+2181). The growth
in other services categories was under +200 per
category. The growth that is also significant, even
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Table 1. The structure and changes of employment – comparative data 1996-2007. Source: Statistic reviews of
Serbia 1996. and 2007. [16] and [17]
Subotica

Zrenjanin

1996
95.231
48.586
51,0%
37.882
78,0%
10.704.

2007
102.020
45.381
44,5%
34.686
76,4%
10.695

1996
87.946
41.020
46,6%
37.555
91,5%
3.465

2007
91.104
31.725
34,8%
27.091
85,4%
4.634

2.495
6,6%

1.327
3,8%

3.016
8,0%

1.931
7,1%

17.292
45,6%
1.102
2,9%
20.889

10.567
30,4%
1.599
4,6%
13.493

15.466
41,2%
3.688
9,8%
22.170

8.023
29,6%
3.032
11,2%
12.986

736
1.9%
3.298
8,7%
243
0,6%
2.588
6,8%
1.691
4,5%

850
2.3%
3.520
9,4%
354
0,9%,
2.434
6,5%
842
2,2%

1.189
3,1%
2.638
6,9%

671
1.9%
5.479
15,8%
363
1,0%
2.757
7,9%
346
0,9%
2.964
8,5%
1.206
3,5%
2.618
7,5%

1.165
3,1%
2.654
7,1%

809
3,0%
2.720
10,0%
155
0,5%
1.970
7,3%
362
1,3%
524
0,2%
1.081
4,0%
2.437
9,0%

Healthcare

3.460
9,1%

3.631
10,5%

3.108
8,3%

3.206
11,8%

Other services
(Supposedly craftsmen)

1.150
3,0%

1.158
3,3%

458
1,2%

841
3,1%

1. Total workforce
2. Total employed (2/1%)
3.Categorized employees (3/2%)
4. Non-categorized employees (2.-3.)
Agriculture
Agriculture, forestry, fishery and melioration
Industry
Industry and mining
Construction industry
Total (Agr.+Ind.+Min.+Const.)
Services
Electricity-, gas- and water supplies
Commercial/trade
Tourist industry
Transport, warehousing, communication
Financial services
Real-estate market

This category did not exist in the statistics preceding the transition

Public and social services
Education and culture

larger than in commerce, appears in the previously
non-existent reale-state market category (+2.964).
The interpretation and evaluation of these
changes should start from the fact that both cities
have undergone intensive industrialization during
the sixth and seventh decade of the XX century, in
which period large factories were built, employing
2010
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-

up to several thousend workers per factory, and in
the same period the local production and services
were organized in agro-industrial complexses on a
territorial basis. Due to this course of development,
the relative weight of the employment in primary
and secondary sectors was relatively high in both
cities even in 1996 – Subotica 55,1%, Zrenjanin
349

technics technologies education management

59%. The fragmentation of Yugoslavia, the economic embargo, the political, social and proprietory transformation led to the decrease in production
or bankruptcy of major companies. Most of them
was shut down during the 90-es, and only few of
them had re-started production with more or less
success. The important fact is, that the same processes had influenced the employment structure
of the two cities in different directions. In Zrenjanin, where the population of the city is relatively
„new“, the society is firmly bound to the industrial
production, which was perceived by the newcomers after the WW II. as the means to ensure a higher, urban lifestyle. Therefore the relative weight
of employment in primary and secondary sectors
was decreased only by 11,1% during the ten years
period, while the society is focused on reviving
and developing the industrial production, the agriculture which here has an industrialized character
included. On the other hand in Subotica, where
the population has a very low mobility rate since
the beginning of XIX century, the hereditary, well
preserved system of values considers the industrial worker (managers included) not a higher, but
on the contrary, a lower social and cultural status,
since the industrial worker has no land or property, which is the only basis for social legitimation
in Subotica. Consequently, along with restitution
of private property the former industrial workers
in Subotica were easily transformed to private
enterpreneurs, which could be evaluated as very
„modern and adaptive“, but these enterprises usually retain a very low profile, and rarely extend
their radius of influence during their existence. An
interesting illustration of this thesis appears if we
compare the employment data with the number
of subjects operating in a category. In Subotica,
the commerce/trade (grossist and retail sale are
not differentiated in this item) category with its
relative weight of 15,8% of total employment is
the strongest among the categories of tercier sector. The 5.479 employee is employed locally by
911 companies involved in grossist sales and 309
retailers (the data obtained for the Regional Economic Development Agency), which amounts to
an average of 4,5 employees per company. Still,
in the reality the average numbers tend to be even
lower, given the fact that the retail companies
owning the objects engaging the most commerce/
350

trade employees have their headquarters in other
cities, which leads to the conclusion that the local grossist and retail companies are mostly small
family businesses employing one or two people.
The land- and house-property based social and
individual legitimation that is characteristic for the
local social consensus on values in Subotica also
can be traced in the recently introduced statistic
employment category of real-estate market. The
number of employees in this category (2.964) is almost ten times the number of employees in tourist
industry or financial services sectors, and is in fact
very close to the employment number in healthcare. The number of employees in real-estate market is almost equal to the sum of the employment
numbers in education, culture, public and social
services. At the same time in Zrenjanin the realestate market employs only 524 people, which is
approximatly 1/6th of the healthcare employment,
1/5th of the commerce/trade employment, 1/4th of
the employment numbers in transport or in education and culture, and ½ of the public service employees.
Interpretation and cross-comparation of statistical data thus shows, that the statistically established services-dominated postindustrial society
in Subotica really covers a low-profile trade activity with short-radius of influence and an accentuated perceptual and social value of the real-estate,
which, given the low external mobility of the
population and the lasting inward-turned spatial
orientation of the society can be described like a
predominantly internal or closed market. These
patterns are characteristic of a society on a treshold between the medieval and the industrial era,
much more, than to a nominally postindustrial
society. 24,3% of total employment is in the two
mentioned categories, while the standing of the
knowledge, development, social and welfare issues in the local consensus of values is illustrated
by the fact that the public services, the social and
communal services, the culture, education and
healthcare together participate only by 23,4%
in the total employment. As for comparison the
commerce/trade and the real-estate market take
up only 10,2% of total employment, while in the
other mentioned categories, related to social, educational, development aspects the 27,8% of total
employment can be found.
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As shown, the low spatial mobility in Subotica
combines with low social mobility. The typical
local consensus on values has not changed during the era of socialism, it was only temporarily
adapted to the lack of the immanent legitimation
basis (private property). With the transition and
reinstallation of private property the hereditary
social identity and structure based in agriculture,
craftmanship and low-profile enterpreneurship
was reinstated.
The stability-based inward-centered mentality
as defined by agriculture and craftmanship, as well
as the movement-based, outward-turned mentality
as defined by industry and services also influences
the local policy-making. The influence is most obvious in the local treatment of an important issue
of global economy – how to attract investments.
The structures of realized investments in the period 2000.-2009. for Subotica and Zrenjanin [18]
can be compared from tables 2. and 3.
The basic difference of the two investment
structures can be seen in the amounts of the realized and committed investments and in the sources
of investments. The total amount of investments
for Subotica (272 million euro) is smaller than
the total amount for Zrenjanin (303 million euro).
The comparison of the investment sources shows
an even bigger difference: 94,4% of the total investment in Zrenjanin comes from private investors, while in Subotica these investors participate
in 75,2%. Regarding the types of investments, in
Zrenjanin the investments into industrial production is the dominant type, while in Subotica the

investors aim mostly at trade/commerce, which
is understandable given the closeness of the latter to the EU border, a very attractive fact to the
big retail-chains targeting the EU customers from
across the border. Their much greater presence in
Subotica compared to Zrenjanin contributes to the
overall impression of trade/commerce oriented investment structure.
The biggest difference, though appears in the
job-creating efficiency of the investments. While
in subotica 260.000 euros of investment creates
one job, in Zrenjanin the calculation is made based
on 24.000 euros per job created, which leads to the
simple conclusion, that the job-creating effect of
the investments in Zrenjanin is almost ten times
the high of the efficiency in Subotica.
The committed investments in Zrenjanin are
aimed towards further strenghtening of the industrial production, while in Subotica no further
investments in production are planned. The committed investments in Zrenjanin are expected to
create 8.015 jobs, which together with jobs alredy
created by realized investments is five times the
number of jobs created and expected in Subotica.
The local municipal budgeds are planning to
participate in investments mostly in the fields of
construction and infrastructure devlopment. The
ratio of these investments in Subotica is 5:1 in favour of construction, while in Zrenjanin the ratio
is 1:1. These ratios along with the participation of
the municipal budgets in investments (much higher in Subotica) suggests that Zrenjanin, which has
a much less favourable position in terms of acces-

Table 2. The structure and sources of investments for Subotica 2000.-2009.. Source: Investment monitoring in
partner cities and municipalities in Serbia, USAID – Urban Institute – MEGA (Municipal Economic Growth)
Programme, 2009 [18]
Realized
Planned
Jobs created
Type
investment
investment
of
Realized
Planned
(million euro)
(million euro)
investm.
private
public
private
public
private
public
private
public
Producti.
60
0
0
0
180
0
0
0
Trade
54.6
0
65
0
256
0
1.000
0
Constr.
25
0.6
0
50.2
0
20
0
1.270
Infrastr.
0
12.8
0
1
0
0
0
0
Loc. Econ. dev.
0
2.5
0
0
0
125
0
0
other
0
0.3
0
0
0
20
0
0
Total
139.6
16.2
65
51.2
436
165
1.000
1.270
155.8
116.2
601
2.270
2010
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sibility, is aiming to neutralize the setbacks of its
position by increasing the internal (and external)
momentum of movement, that is in accordance
with the movement(industry)-based social structure and set of local consentual values, while in
Subotica the local self-government is manifesting
the inward-turned, stability(house, land)-based set
of values in the choice of priorities. The policy
aimed to attract investment does not build on the
relatively favourable position of Subotica – near
the border, main railroad line, on the main traffic
corridor – but on the contrary, the built objects that
denote non-movement are considered much more
attractive for investment, than the enhanced possibility of flow (which infrastructure development
could encourage and support).
The spatial interventions in Subotica are showing a pattern of building up matter-density for the
last 250 years, through which the grid of streets defined in XVIII century was constantly filled with
more and more matter (buildings), enhancing stability and reducing movement in space and society. This pattern is one of the basic organizational
patterns of society of the place, and as such is is
one of the most important constraining factor to
the realization of strategies and plans, wherefrom
a concluson can be drawn that the strategies, plans
and activities in accordance with this tendency have
much better prospects of realization than those that
are aiming to increase movement in locus, thereby
posing a threat to the stability-based local consentual set of values – the local social perception.

Conclusion
In this paper an attempt was made to read and
interprete the statistical data of as cultural artefacts
depicting the regulatory landscapes or the local
consensus on values of their creation, in order to
determine the character of local society that affects
the local forms of appearance of global processes
and the restrictions to their impact on local society. The determination of locus-specific values for
Subotica was made through comparison with the
most similar city in the environment, Zrenjanin.
The interpretation of data encompassed the structure and changes in the structure of employment
during the past 11 years of transition, and the
structures of the investment in a somewhat shorter
period of 8 years.
The interpretation of data supplemented with
the knowledge of local situation and practices to
which the statistic has no sensitivity shows that the
different locus-specific set of values results in different local social structures and different policy
choices in localization of global processes. It also
seems that these values can be traced through the
identification of particularities in the statistic data
for a place in comparison to the data of another
place that exists in similar political, geographical
and economical environment.
The two cities that exist in a similar setting have
shown some significant differences in the field of
change of the employment structure. Though the
statistics denotes Subotica as more advanced into

Table 3. The structure and sources of investments for Zrenjanin 2000.-2009.. Source: Investment monitoring in
partner cities and municipalities in Serbia, USAID – Urban Institute – MEGA (Municipal Economic Growth)
Programme, 2009 [18]
Realized
Planned
Jobs created
Type
investment
investment
of
Realized
Planned
(million euro)
(million euro)
investm.
private
public
private
public
private
public
private
public
Producti.
54.40
0
#VALUE!
0
2.627
0
#VALUE!
0
Trade
0
0
70
0
0
0
1.240
0
Constr.
0
7.75
0
0
0
0
0
0
Infrastr.
0
0
0
7.3
0
0
0
3.000
Loc. Econ. dev.
0
0.17
0
1.5
0
0
1.000
0
other
0
0
0
0
0
0
0
0
#VALUE!
#VALUE!
Total
54.4
7.92
8.8
2.627
0
3.000
(232)
(5.105)
62.32
240.8
2.627
8.105
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transition to a service-based economy, while Zrenjanin changes at a slower pace, the interpretation of
the changes from the point of locally entertained
values is quite different. Subotica shows a tendency
to conserve the values of a pre-industrial era: land
and house ownership as social and individual legitimation and consequently strong bondage to agriculture as the basis of identity, while Zrenjanin as
a result of the discontinuity in the heredity of social
values has embraced the values of industrial society.
As a consequence, policy choices in Subotica are
more likely to favour cathegories of stability and
low movement, while in Zrenjanin policy choices
are aimed to support and enhance movement.
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Abstract
Rumors and gossips have both becomes inevitable parts of our social life, which have enormous
effects on our daily activities. Although numerous
authors have proposed different definitions for the
two terms, no clear boundary can be considered
between them. They can have both positive and
negative affects. Although they can help to create
social bounds and public relations among people,
yet they can destroy the true image of others or
mislead people. This article focuses on the roles
that rumors can play in a city and discusses their
consequences, as well as ways to manage them.
Key words: Rumor, Gossip, City, Rumors
functionality
Introduction
- Have you heard anything about the oil crisis
in the Middle East?
* No, what’s it about?
- I have heard that they have stopped producing oil, so in few days there will be fuel shortage
in our region. Therefore, we are going to have a
severe crisis. So start collecting food and water.
Remember not to tell this to anyone.
The above scenario is an example of how a
rumor started from a true story. The fact is that
there might have been a shortage of oil production
in the Middle East in that specific period of time;
however, the person who shared the news with his
friend exaggerated and changed the truth. In fact
his personal judgment resulted in a rumor about a
probable sever crisis in the city.
354

All of us come across various rumors and gossips
in our daily lives. They can affect the way we decide, think or take action, and shape our behaviors.
Rumors can have both positive and negative
impacts, though their negative influences seem to
be far more than their positive ones.
No matter what the source of rumor is, depending on the recipients’ attitudes, the rumor may
strengthen or fade away.
Below is an example of how rumor can come
into place and spread in the workplace (Wells and
Spinks, 1994, p. 25):
One day a truck backed up to the door of an office building and some workers unloaded a carton
in the hallway, got back into the truck, and drove
away. The rest of the afternoon, employees in the
office were wondering what might be in the carton
in the hall. It became the sole topic of conversation
at the afternoon coffee break and around the water
fountain. But, by the next morning, the question had
been answered. Everyone “knew” what was in the
carton. It was a new computer that the company
had purchased. No one knew, or cared, just where
the answer came from, but everyone was sure that
they now knew the contents of the carton.
Yet, by that afternoon a new question had been
raised that occupied employees’ minds. That question was “How will this new computer affect us
and our jobs?” After all, they knew that computers
do work that could be done by people, and do that
work more rapidly and more efficiently. They also
knew that computers often take the place of human
workers. Since the company was installing a computer, concern over how it would affect their jobs
was a natural spinoff. But no one seemed to know
the answer.
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However, by the next morning, everyone did
know the answer. Approximately half the office
staffs were going to be released. After all, what
should one expect? The company surely wasn’t
going to retain everyone on the payroll plus bear
the expense of a computer network. The computer
would replace about half the employees.
So, that question was answered, although no one
knew just where the answer came from. The new
question that arose that afternoon should be obvious. Since about half the employees were to be dismissed, exactly who would lose their jobs and who
would not? That unanswered question became the
topic of conversation for the afternoon. Of course,
by the next morning, that question had also been
answered. “Mr. Jones does human contact-type
work that cannot be done by a computer, so his job
is safe.” “Ms. Smith has been with the company
for thirty years, much longer than anyone else, so
surely they would not release her.”
“Some position would be found for her, so her
job was safe.” However, “Mr. Greene does accounts receivable and accounts payable work that
can be done easily by a computer”, and so on. The
fate of each employee had been determined.
That did not end the process. By that afternoon,
the question had become, “Is there anything that
we can do about this to protect our jobs, and if so,
what?” But, no one seemed to have a solution. The
next morning, several solutions were being considered, and informal plans were being made to hold a
meeting after work that day to consider those solutions. Among the proposed solutions was the possibility of joining an existing union or forming a
union of their own.
However, that afternoon some workers arrived
at the office building, uncrated the machine in the
carton, installed it, and put it into operation. It was
a new soft drink Machine!
The story shows how uncertainty and lack of
communications may result in rumors to be created and spread in the working environment (Risberg, 1997). As it was seen in the story, the rumor
started from an unclear raw idea and then it got
exaggerated and spread throughout the organization, to the certain that it created a huge level of
anxiety and stress among people. As Michelson
and Mouly (2000) point out, rumors can provoke
2010

people’s concern and create anxiety within organizations by warning people about some negative
outcomes in the future; something that people
have fear from.
Obviously, if the manager of the above organization had informed the employees about the
new facility, no one would feel threatened by that
strange carton. This is what we call it is lack of
proper communication in the organization. One of
the main sources in which a rumor can arise is lack
or mis-communication between different parties.
Research indicates that organizational structure
where employees are faced with conflict and ambiguity most likely result in the creation of rumors
at the workplace (Akande & Odewale, 1994). In
other words, if the manager does not have proper
and regular communication with his subordinates,
his decisions may easily be interpreted differently
and start a new rumor. If rumors continue to infect the whole of the organization, it can lead to an
internal crisis within the organization. That’s why
some researchers have focused on the importance
of communication to avoid and reduce the creation of rumors and sources of anxiety within the
organization (Marks, 1982; Shrivastava, 1986).
Just as destructive and annoying are the rumors
within the organization, so are the gossips about
the organization externally. Rumors about the organization in the society can be harsh and create a
very negative impact on the company and its sales.
As soon as a negative rumor begins to spread,
sales often fall drastically (Kobinah & Mizerski,
2003). An example of this is the rumor about McDonalds’ use of red worms in their hamburgers in
the late 1970’s; a rumor which simply decreased
their sales by almost 30% in the region (Assael,
1995; Tybout et al., 1985; Wilkie, 1990).
Michelson and Mouly (2004) mention that a
positively relationship exists between the frequency of gossip and some common human needs such
as social acceptance or need for dominance. It is
also believed to be negatively related with a need
for achievement.
We strongly believe that the definitions of rumor and gossip are not clearly distinguished.
Hence, we will go over some of the existing definitions for the two terms.

355

technics technologies education management

Rumor, gossip, and grapevine definition
and comparison
Like most terms in human science there is no
unique definition for rumor, gossip and grapevine. Some scholars have used the terms with an
equal meaning, while others have defined rumor
as a subset of gossip (Waddington & Fletcher,
2005) or vice versa. Harney (2006) talks about the
similarity between the terms of rumor and gossip;
however, he believes that rumor spreads in a wider
social field, whereas gossip is limited to a group or
a smaller social network. Tebbutt and Marchington (1997) have also, acknowledge the similarity
between the two; but, believe a rumor is more dispersed than gossip. Michelson and Mouly (2000)
discussed the identical serving function of the
two terms; however, they emphasis on the different motivation for each of them. Whereas, rumor
serves as a desire for clarification the other mainly
serves for personal ego.
Although, there are many dissimilarities among
these definitions most of the definitions emphasis
on the role these terms play in shaping our beliefs,
values and social life (Michelson & Mouly, 2004).
Moreover, it can be said that gossips and rumors
influence social cohesion, serve as a critical talk
about third parties (Gilmore, 1978) and serve as
a source of pleasure (Tate, 1997). Furthermore,
they show the emotions of individuals (anger, annoyance, and anxiety) toward a person or a problem. The most important aspect of these terms is
their similarity in providing third hand information about a subject. No matter how big or small
the circulating network of gossip or rumor, giving
information about a third party is what that makes
them similar. For instance when two people are
gossiping, they tend to talk about a third person.
They are showing to one another how they feel
and judge that person. Comparably when rumors
circulate it tends to give information about a third
party whether it is a person or an organization.
Usually, rumors that circulate within an organization are raised due to lack of knowledge. Probably
the biggest difference between rumor and gossip
is the role of knowledge. As Difonzo et al. (1994)
have put it together “Rumors are speculations that
arise to fill knowledge gaps or discrepancies. This
function differentiates rumor from gossip, which
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is meant primarily to entertain or convey mores.
Gossip is a tasty hors d’oeuvre savoured at a
cocktail party; rumor is a morsel hungrily eaten
amid an information famine”.
On the other hand these two terms are associated with grapevine. Grapevine is the informal
way of information transmission within an organization or society. The difference among the grapevine and rumors is due to the fact that a grapevine
tends to be more accurate than a rumor. Any unofficial information that is spread within any entity
tends to be a grapevine. However, this information
may be incomplete and inaccurate to some extent.
Within an organization the incorrect and incomplete information can be damaging to a company’s
productivity (Wells & Spinks, 1994). Nevertheless, a grapevine is a fast way to pass some information in an organization.
Some authors believe that gossip is a kind of
entertainment (Difonzo et al., 1994) and that rumors spread via gossiping (Waddington & Fletcher, 2005). The similarity of these two is in passing
information about a third party. For Michelson
and Mouly (2000) the function served both by
gossip and rumor are the same but the motivations are different. These two terms are different
than grapevine because of the type of the information that passes around. As it is realized grapevine
is informal information about something with a
great amount of accuracy although not complete.
Categories and Functionality
Michelson and Mouly in their article “Do loose
lips sink ships?” (2004) have defined four categories for gossip/rumors based on their functionalities.
As they have put it together these different types
of rumor are wish fulfillment (pipe dream), anxiety
(bogey), anticipatory, and aggressive rumors.
Based on their definition, a wish fulfillment rumor is an expression for a possible solution to a
problem that a person wants to solve. Also, when
people face an uncertain situation (for example
possibility of job cuts due to a merger or economic
downturn), anxiety rumors tend to develop. On the
other hand, if an ambiguous situation arises, then
anticipatory rumors that tend to guess the outcome
will develop. However, the most destructive ru2010
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mor that any organization (person) can face is the
aggressive rumor that is intended to harm.
No matter what kind of rumor is in place one thing
is obvious; rumors will have some kind of positive
or negative consequences on the level it is surfed.
Furthermore, rumors have a tendency to serve different purposes with different consequences.
As Michelson and Mouly (2004) have put it
together, “In spite of the tendency to ascribe rumor and gossip as morally reprehensible, not all
of these outcomes are shown to be harmful within
organizations”. However, most people have a
negative image toward rumor because even most
of the rumors that are intended for good purposes
will have a destructive effect.
There are many theorized functions about rumor and gossip, but they are particularly aimed
at informing people, attracting their attention or
to entertain them (Rosnow, 1977). The reason behind this is that rumors can act as a way to get
to know about required information with which
one can influence other people. Rumors can also
entertain people and bring joy and pleasure to
them (Ben-Ze’ev, 1994; Gabriel, 1995; Haviland,
1977; Ogasawara, 1998). Similarly, Waddington
and Fletcher findings (2005) showed that gossips
could also act as a means to get rid of daily stress
and re-gain support and reassurance.
Rumor and Gossip in the City
We have briefly mentioned the positive and
negative functions of rumors and gossips so far. But
let’s look more precisely at the functions of rumors
in the city. From one hand, rumors can play an important and positive role in the profitability of some
of the professions. An example of this can be found
in housing and real estate profession. As Kapferer
(1990) pint out, the opportunities for such businesses
can be increased through circulating rumors, word of
mouth, and whispers of information in favor of their
profession. They can simply affect people’s decision
to purchase or rent a real estate by producing rumors
about forthcoming changes in the landing sector
and spreading it in the society. Rumors may have
positive impacts within the organizations as well.
That’s why Rogers and Rogers (1976) argue that
managers can use rumors as an opportunity rather
2010

than a threat or fear. Akande and Odewale (1994)
also believe that managers can manage rumors and
consider it as meaningful and comprehensible facts.
Other researchers even go further and consider gossip as a source of cultivating more intimate relationships while keeping group formal structures at work
(Noon and Delbridge, 1993).
In the introduction a short story showed how a
rumor may develop in a city. There is no way to
stop rumors. They are developed no matter what is
done to prevent them. Yet, proper communication
is an effective tool in preventing rumors to flow
and managing them. However, as Waddington
and Fletcher (2005) have pointed out, with the enhancement of communication within the organization, rumors may shift from organizational issues
to the individual ones.
On the other hand, rumors can play a negative
role in the cities. There are several examples how
rumors can interfere with cities’ affairs. For instance, although it was pointed out earlier that rumors in real estate issues can benefit the housing
agencies, yet it may have very negative impacts on
the society at large and even create an un-balanced
pricing which may lead to a crisis. Tourism industry can also be highly affected by rumors about
and words of mouth (Nateghi-A, 2000). Rumors
about probable disasters or crisis can also be very
misleading and create uncertainty and fear among
people. Therefore, city managers need to work
hard in order to prevent rumors that will have an
effect on the city’s urban affairs.
To know how to manage rumors within the city,
one first must know how it will circulate. There
are various ways how rumors are spread; most
importantly through short messages (SMS), internet, and daily social communication, of which the
media-type ones have increased the spreading rate
of rumors tremendously.
Another major thing that should be considered
is that a rumor may force a reality. This means
what in the beginning was false may end up true.
Rumor has an invisible force that may change
the decisions. A person may lose his job because
of it; in contrast another person may end up as a
manager because of the rumor made by him. In
other words, rumors have the ability to create new
beliefs which may be accepted as facts by others
(Barth, 2002; Stewart & Strathern, 2004).
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Having said that, the role of urban managers in
preventing, identifying, and controlling negative
rumors is highly important.
Conclusion
Rumors and gossips as a way to express personal emotions have the potential to either arouse
anxiety or to enhance relationships and create extra opportunities. The key to success in managing
rumors is to identify their different types, affects,
and functionalities.
Cities, due to their special social systems and
great bond of relationships, face more important
challenges regarding rumors and their affects.
Therefore, it is very important to manage rumor
functionalities within the city.
This article discussed different types of rumors
and their functionalities, and investigated the affects of rumors on the sub-systems within a city.
Authors have emphasized that the roles of urban
affairs managers in controlling the consequences
of rumors is of significant importance.
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Abstract
By applying analysis of differences in development of curriculum concept, the authors present
the idea that two basic structural components of
this concept can be identified. This is discussed
in the first part of the thesis. The second part of
the thesis gives practical possibilities of tuition
planning according to the curriculum methodology using the example of Electrical Engineering
teaching. The third, central and according to the
authors, most significant part of the essay, points
out that the curriculum components are, both by
their structure and logical sequence, fully compatible with the subsystems and elements of control
in cybernetic systems.
Hence the belief of the authors that tuition
planning using the methodology of curriculum
modeled in cybernetic regulatory circle could create possibilities of managing, regulation and more
impartial evaluation of the overall tuition planning
process. The validity of such affirmations is justified by a short illustration of application of this
concept in all educational systems, with minor
exceptions, its effects being established only by
application of classical positivistic pedagogical
methodology.
Key words: Curriculum, cybernetic model,
teaching Electrical Engineering, tuition planning
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Introduction
Resulting from different methodology
approaches there are three main curriculum concepts: subject-oriented (academic curriculum),
curriculum directed towards the society-oriented
to personality socialization and a curriculum directed towards the student, based on individual,
optimal development and student personality actualization (J. Klep, 2004.).
In academic curriculum concept, most important for all educational systems and tuition generally, the term “curriculum” is most often used in
connection with changes in educational systems
and teaching as a new design of a tuition plan and
program. With reference to the content-related
definition of this term, considerable differences
arise: starting from the opinion that the curriculum
represents an attempt to bring the fragmentation
of the subjects to their harmonization through the
curriculum construction, that it represents school’s
existence and program, dynamic activity system;
to the broadest definitions in the USA which
equalize this term with European understanding
of the core of didactics (V. Poljak, 1984).
Within this variety of views on academic curriculum concepts, our analysis has been directed
to identification of curriculum components which
appear in most of the definitions of this term and
are the following:

2010

technics technologies education management

1. Presumptions on conditions
1.1 Students: psychological, social and
cultural characteristics;
1.2 Teachers: professional, psychological,
social and cultural characteristics;
1.3 Material conditions: premises, means and
sources for studying.
2. Curriculum precisely defines educational
and pedagogical objectives and results of a school,
subject, studying and teaching, with an attempt to
connect chosen aims and tasks and make them operational. The aims are set also with regard to the
future needs of the students.
3. Curriculum is an overview of educational
programs serving given aims the realization of
which can be followed and evaluated.
4. In addition to the content in curriculum
programs, operational methodical instructions,
strategies and means for content realization and
methods for learning and teaching are given, thus
accomplishing the unity of teaching material and
method.
5. Curriculum also includes organization of educational work, choice, interfusion and alternation
of tuition types.
6. In all curriculum models there are, as components, control and assessment-as a model of
curricular evaluation. This evaluation refers to
summative evaluation (estimation of realization of
aims and results as a whole) and formative evaluation (estimation of certain parts or processes) and
the necessity of having both of them prevail.
Models of curricular evaluation were presented
in pedagogic literature of the former Yugoslavia,
three decades ago (M. Koletic, 1976). However,
this issue, although always current, remained
within the domain of theoretical, pedagogic didactic discussions. Only at the beginning of 21st
century, the first attempts of practical program
packages creation according to this methodology
started appearing in this area.
Model of a tuition plan
Having in mind unquestionable didactic advantages of this methodology towards tuition plan2010

ning, the authors tried to design a model of a tuition
plan that would wholly comprise the mentioned
curriculum components. They chose the subject
of Electrical Engineering taught in the 2nd grade
of secondary technical schools in the Republic of
Serbia. Reason for the choice of this subject lies in
its exact quality and the possibility of precise defining of all tuition plan components, starting from
objectives and results to impartial evaluation.
Model of curriculum for the subject Basics in
Electrical Engineering (2nd grade of secondary
technical school, 2 classes per week, 74 classes of
tuition per year), educational profile: car mechanic
([4]).
1.  Presumed conditions
–– electrotechnical instruments and devices;
–– standard electrical material and accessories
for installation;
–– measuring instruments for measuring electrical power strength;
–– electromagnetic and electrodynamic instruments;
–– transformers;
–– synchronous and asynchronous motors;
–– electronic generators;
–– electronic systems in motor vehicles.
Presumed conditions have been determined on
the basis of tuition program content for this subject ([4]). For the purpose of conciseness only the
most important are mentioned.
1.1.  Presumed conditions for students
–– knowledge, abilities, motives, interests and
values important for successful mastering of
tuition program in Electrical Engineering;
–– competence to take part as a subject in
determination of objectives, choice of content, methods, types and means of tuition
work.
–– ability to evaluate his/her work, as well as
the work of his/her associates.
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1.2.  Presumed conditions for teachers
–– professional, psychological & pedagogic and
methodic& didactic competence of a teacher;
–– idea on objectives, results and strategies in
teaching and learning;
–– ability to motivate and establish social
interaction between the students;
–– ability to assess his/her work, as well as the
students’ work.
Presumed conditions for students and teachers
are established on the basis of knowledge tests and
skills and personality tests and can be entered into
data basis as subsystem of informational system
of a school.
2.  Objectives and results
2.1.  Objectives
–– students get to know the construction,
operation and role of electrotechnical
and electronic machines, devices and
equipment applied in industry;
–– getting to know the means for electric
power supply to machines.
2.2.  Results
After completing 2nd grade of the school, students will:
–– know the basic laws and principles of
electrical engineering, as a basis for
operation of machines and devices;
–– know the construction, manner of
operation and work characteristics of
motors, generators, transformers energy
transmission plants and electronic devices
applied in mechanical engineering;
–– be able to perform minor interventions
in operation of electrical equipment in
machines and devices;
–– know how to interpret electrotechnical
documentation;
–– understand significance and importance of
work safety measures and means.
362

Objectives and results of teaching and learning
should include all three aspects of learning: cognitive (knowledge and skills), affective (opinions, interests and values) and psychomotor (movements,
actions, operations, sensory and speaking activities).
3.  Thematic units and content
The program can be realized through nine units:
1. Introduction (1)
2. Electrostatics (5)
3. Direct currents (10)
4. Electromagnetism (9)
5. Alternating currents (10)
6. Production and transmission of electric
power (2)
7. Electrical machines (12)
8. Control systems (10)
9. Electronics (15)
4.  Terms
––
––
––
––
––
––
––
––
––
––
––
––
––
––

Electrical Engineering (Electrotechnics)
Electrostatics
Electricity
Kirchoff’s Law
Ohm’s Law
Joule’s Law
Electrical generator
Electrolysis
Electromagnetism
Alternating currents
Electrical power
Electrical machines
Electronics
Control systems

5.  Student activities
The program should be realized through exercises with the following activities:
–– resistance measuring;
–– measuring electrical power;
–– measuring temperature with thermoelement;
–– measuring electricity, voltage and power;
–– independent linking of electrical installation
2010
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materials according to the given diagram
and other.
6.  Teacher activities
–– in evaluation of exercise results takes in
consideration precision, tidiness and speed
of exercise performance;
–– takes care of precision in measuring
instruments reading;
–– points to correct work place organization
and proper use of equipment and tools;
–– ensures economical use of material;
–– points out the significance of work safety
measures application.
7.  Teaching methods
––
––
––
––

verbal & textual;
illustrative & demonstrative;
laboratory & experimental;
practical work methods.

8.  Types of teaching strategies
––
––
––
––

individual and individualized work;
pair work;
group work;
frontal teaching.

9.  Evaluation
–– knowledge tests, ability and personality tests;
–– practical testing;
–– oral testing.
Even superficial analysis can show that the
structural curriculum components are fully compatible with the system, elements and control processes in cybernetic regulatory circle.
Dynamics and functioning of the system of
teaching planning by curriculum method can be
represented by the following cybernetic model
(picture 1.):

Picture 1. Cybernetic model of teaching planning applying the curriculum method.
2010
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In the process of teaching planning and realization of curriculum during the academic year,
modeled according to cybernetic regulatory circle,
teachers represent MANAGING SYSTEM (REGULATORS), while students represent MANAGED SYSTEM (REGULATED PART). Managing system chooses managing actions on the basis of defined objectives and results of managing
(ENTRY). Management is realized according to
general positive teaching rules (the principles) by
choosing exemplary material and optimal strategies, media and types in corresponding teaching
organization. During the teaching process the
structure of mental dispositions of a student is affected in order to have his/her behavior changed.
Both systems are affected by different external
factors, positive and negative, which should be
taken into consideration. The regulation in cybernetic model is realized in the feedback system and
curriculum effects are established by evaluation
(EXIT). Depending of achieved effects (WHAT
IT IS) influence is made to the MANAGING
SYSTEM and by applying correction, new and
better solutions are found for achievement of desired values (WHAT IT SHOULD BE).
Concluding discussions of this essay raise two
unavoidable basic questions: what are the advantages of curriculum methodology for general
planning of teaching? Where can we find expected
advantages if the curriculum is modeled in cybernetic regulating circle?
Concept of curriculum, by contrast to traditional planning which is mainly directed to realization
of teaching material, takes into consideration all
the teaching factors, from conditions, factors in didactic triangle, course and organization of teaching until its evaluation.
Curriculum gives the preference to objectives
and results of teaching. Results (expected achievements) are the achieved results of teaching, determining such knowledge, skills, values and moves
which a student should gain and develop during
one teaching stage. They are produced from defined aims thus actually representing their concretization. According to them, other key elements of the course of teaching are determined:
content, strategies and didactic roles of teachers
and students. In this way curriculum exactly directs teachers to the ways of their realization, thus
364

substantially facilitating and making the process
of teaching evaluation impartial. This is especially
significant when we know that even today teaching objectives in a great number of teaching programs for some subjects, are given in a very general and ambiguous way(K. Voskresenski, 1996).
Advantages of curriculum as a hypo-thetical
model in cybernetic regulating circle can be best
and fully found by applying the system analysis
as a methodology procedure of system research
within the system theory (N. Potkonjak, 1982).
In that sense connections and relations between
basic subsystems of Regulator and Regulated part
model, can be analyzed, as well as other connections and relations between the curriculum components and also within each component.
The nature and character of these connections
and relations can be studied, as well as their harmonization with defined results, dynamics and
efficiency of functioning. Typical connections
and relations in a curriculum would be: teacherstudent, teacher-results, strategies, media, forms,
organization, etc., as well as relations student-student and many others. All that can be a starting
point for finding even better solutions and creation
of a curriculum model with new and better alternatives that would lead to rationalization and efficiency of the overall tuition.
There are real possibilities of measuring interaction between connections and relations, as well
as the power of them. This research can be done
by applying classical pedagogic methodology, but
we are of an opinion that thanking to information technologies the conditions for mathematical
analyses, cybernetisation and modeling of pedagogic system of teaching planning, exist today.
In this way the cybernetic model of curriculum
would enable three stages especially important for
the teaching efficiency: managing, regulating and
evaluation.
Measuring curriculum effects would be especially important for all schools because these
effects are generally hidden and only assumed.
Therefore schools could be objectively financed
according to results achieved.
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Curriculum praxis
What is the practical significance of the cybernetic & mathematical methodology approach to
the curriculum concept can be seen from the following overview:
A law was brought in England in 1998 according to which the general objectives and content
of the education should be given in the National
Curriculum (The National curriculum ([6]). This
curriculum consists of three compulsory and several non-compulsory core subjects. Apart from the
content, the curriculum prescribes specific knowledge, key skills, understanding, standards, graded
objectives of achievement, results and manner of
student advancement assessment. Evaluation of
teaching and student achievement is done by standardized tests taken after each phase of schooling.
In Slovenia, each subject is planned by curriculum methodology. The Slovenian curriculum includes the following components: purpose of the
subject, general objectives, operational aims, key
terms, method instructions, possible correlations
between the subjects and evaluation. Assessment
is made on the basis of set standards of knowledge
in cognitive, affective and psychomotor sphere.
In the USA (North Carolina Standard Course
of Study, ([8]), the following components can be
found in plans for teaching subjects: instructions
for subject realization, desired aims and tasks for
qualifications on eight levels, correlation with
other subjects and glossary. Assessment is made
according to the set standards on knowledge and
skillfulness on cognitive, affective and psychomotor level.
There is a common curriculum in Canada (The
Ontario Curriculum, [9]), for kinder-garten children to students of 12th grade. It includes 4 aspects
(social, scientific, artistic and practical). The components are general and detailed expectations for
student achievement according to studying fields
for each grade, key terms and in addition, the roles
of parents, teachers and students are defined.
The Republic of Croatia does not have the national curriculum. In 2005 the Croatian National
Educational Standards (HNOS) were brought.
However, according to literature, county councils
in many schools discuss “curriculum components”
which emphasize the importance of moving the
2010

center of educational process from the content
to aims and results, i.e. the activities are directed
towards the student and the process of studying
which points to the significance of stimulating,
development directed environ-ment. Indicators
of school curriculum are defined, as well as the
objectives, tasks and student and teacher activities
([10]).
In the Republic of Serbia we have found a solitary, but according to all curriculum components
well outlined document under the title “Special
bases for teaching program for 7th grade of elementary education” ([11]). This curriculum model
has never started operating. However, during the
recent years the schools themselves, in planning
the teaching have started to appreciate structural
curriculum components, present also in the production of textbooks for some of the subjects.
Conclusion
The above overview shows that planning and
programming of tuition by applying curriculum
methodology can be found in all educational/
school systems, in some to greater extent, in some
to lesser extent and in different ways. Curriculum
effects, from national to each school’s, are established by assessment, by use of standardized or
non-standardized tests.
Therefore, both theoretical and practical reasons point to the need for cybernetic modeling
of curriculum by mathematical, quantitative accounts of its effects, which would enable management of tuition planning, regulation and especially
efficient quantitative mathematical evaluation of
this process. This concept could contribute to the
educational systems to become more rational, efficient and economical.
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Relevant factors for
promotion on-line shopping
in Serbia analysis
Analiza relevantnih faktora za unapredjenje
on-line kupovine u Srbiji
Dragica Radosav, Zeljko Eremic,
University of Novi Sad, Technical faculty “Mihajlo Pupin”, Serbia

Abstract
On-line purchase is the sphere that is getting
on significance in companies business operations.
Contemporary business millieu is faced up to frequent changes. The market has its own challenges,
and companies are making efforts to meet them on
the best possible way. In recent years very important is need for on-line purchase use understanding in order to achieve competitive advantage in
goods and services trade. For good business strategy building it is necessary to know factors that
affect on-line shopping advancement and use relating existing knowledge. Influential factors on
buyer’s attitude about on-line purchase are noted.
It is observed that customers unwillingly give their
credit cards numbers, but are very interested in
saving time while shopping, just as to have greater
choice possibility, and thereby pay reduced prices
for the same goods or service.
Interesting field of this research is on-line purchase in Serbia and its object is useful information
on substantial factors of on-line shopping gathered
by presenting interviews and analysis results. The
importance of the research is in acquiring knowledge about respondent categories tending to more
positive view about on-line purchase and how
person educated in informatics is influenced to
recognize advantages of this way of buying. This
knowledge are basic for essential business decision making.
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Polling carried out under research, included
974 respondent replies. It was executed by questionnaire distributed to e- mail respondent’s addresses and the very questionnaire was previously
appropriately designed for the following statistical
analysis.
The basic purpose of this research was, based
on the analysis results, to point to statistically important influence of belonging to demographic
category just as to question the impact of informatics technology using level on the respondent’s
stand about on-line shopping.
Methods used for statistical analysis were: Multivariate Tests, Multivariate Analysis of Variance
and Tests of Between-Subjects Effects. The points
of view on relevant factors for on-line purchase
improvement were introduced as the result of different level of respondent’s computer literacy just
as demographic categories interviewing.
Male persons in their fifties and secondaryschool education level who are e-banking services
users have more affirmative attitude about money
saving by using on-line purchase. Persons in their
thirties and fifties consider that on-line shopping is
time-saver and about security more definite viewpoint have males who are already using Internet
5-10 years and besides are e-banking services users.
Internet Using Frequency didn’t have significant influence at the standpoint on any of these questions.
It was concluded that belonging to some of the others respondent’s categories is statistically important
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to the attitude about money and time saving just as
safety of the on-line purchase, which are notable
factors for its improvement.
Key words: on-line, shopping, security, privacy.
Sažetak
On-line kupovina predstavlja oblast koja sve
više dobija na značaju u poslovanju preduzeća.
Savremeno poslovno okruženje je suočeno sa
čestim promenama. Tržište ima svoje izazove, a
preduzeća se trude da te zahteve ispune na najbolji
mogući način. Poslednjih godina veoma je važno
razumeti potrebu korišćenja on-line kupovine za
sticanje konkurentske prednosti u trgovini robama
i uslugama. Za stvaranje dobre poslovne strategije neophodno je poznavati činioce koji utiču na
unapređenje on-line kupovine i iskoristiti znanja
koja postoje u vezi sa tim. Uočeni su činioci koji
imaju uticaj na stavove kupaca o kupovini putem
mreže. Primetno je da kupci nerado daju brojeve svojih kreditnih kartica, ali su veoma zainteresovani da uštede vreme potrebno za obavljanje
kupovine, kao i da imaju mogućnost većeg izbora,
i osnovu toga za istu robu ili uslugu plaćaju po
nižim cenama.
Oblast interesovanja ovog istraživanja predstavlja on-line kupovina u Srbiji, cilj je da se predstavljanjem njegovih rezultata dobijenih anketiranjem i analizom, prikupe korisne informacije o
bitnim činiocima kupovine preko mreže. Značaj
istraživanja je u nastojanje da se dođe do saznanja
koje su to kategorije ispitanika sklonije pozitivnom
stavu o on-line kupovini, i kako informatička obrazovanost pojedinca utiče na uviđanje prednosti
ovog načina kupovanja. Ova saznanja predstavljaju osnovu za donošenje bitnih poslovnih odluka.
Anketiranje, sprovedeno u okviru istraživanja,
obuhvatilo je odgovore 974 ispitanika. Obavljeno
je slanjem upitnika na adrese e-pošte ispitanika, a
sam upitnik je prethodno bio prigodno osmišljen
za kasniju statističku analizu.
Osnovni cilj ovog istraživanja bio je da se,
na osnovu analize rezultata, ukaže na statistički
značajan uticaj pripadnosti demografskoj kategoriji, kao i da se ispita uticaj stepena korišćenja
informatičke tehnologije na stav ispitanika o online kupovini.
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Metode upotrebljene za statističku analizu:
multivaraijatni testovi, multivarijatna analiza
varijanse i testovi kontrastiranja. Predstavljeni su
stavovi o relevantnim faktorima za unapređenje
on-line kupovine kao rezultat anketiranja ispitanika različitih nivoa informatičke pismenosti i
demografskih kategorija.
Izvedeni su zaključci da pozitivniji stav o
uštedi novca korišćenjem on-line kupovine postoji kod muškaraca, srednjeg nivoa obrazovanja
koji su korisnici usluga elektronskog bankarstva
i pedesetih su godina. Da se on-line kupovinom
vreme štedi smatraju pre svega tridesetogodišnjaci
i pedesetogodišnjaci, a pozitivan stav o bezbednosti izraženije imaju muškarci, koji koriste Internet već 5-10 godina, i pri tome su korisnici usluga
elektronskog bankarstva. Frekvencija korišćenja
Interneta nije pokazala značajan uticaj na stav o
bilo kom od ovih pitanja. Izveden je i zaključak da
pripadnost nekoj od ostalih kategorija ispitanika
ima statističku značajanost na stav o uštedi novca,
vremena i bezbednosti on – line kupovine, a koji
predstavljaju važne faktore za njeno unapređenje.
Ključne reči: On-line, kupovina, bezbednost,
privatnost
1. Introduction
1.1._On-line shopping as shopping model
In order to understand on-line purchase as shopping model, the definition of e-trade may be cited.
“Core definition of e-trade can be regarded buying
and selling of products, services and information
by networks. That means that e-trading is appearing concept which describes process of shopping
and selling apropos exchange of products services
and information by computer networks including
Internet.”, [1].
Present-day business models tend toward consumer roles as more essential. “Goal of new technology in business is connecting technological capabilities with something that consumer wish. The
best business technological solutions are harmonizing technological capabilities with wishes and
needs of peoples as consumers, instead to change
behavior of shoppers in conformity to new technological solutions (possible, but hard job). By
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understanding that consumers represents main resource of company, consumers are in the focus of
all company’s business activities in goal to make
superior values for consumers”, [2].
1.2._On-line shopping system
On-line shopping represents connecting activity between consumers and sellers with interactive
computer service (two way cable electronic system). These services are using for electronic catalogues of products and services presentation, [3].
One typical on-line purchase starts when user
directly or indirectly (via search engine), enters to
seller’s Web site. When consumer is on desired location, most of sellers allow him to put in the chart
chosen products or services, and to choose desired
pay method. Cash-in process follows when consumer’s data in necessary scope are collected, for
paying and delivery, Next step is receiving e-mail
with information about realized purchase by great
deal of consumers. Some of shops realize credit
card numbers delivery via phone, if they don’t have
confidence to e-mail communication security.
While creating own on-line selling system it is
required installing order generation system. Personalized relation with customers is the difference
between electronic and traditional selling.
Every action in area of e-trade must be synchronized with existing actions inside company in
order to achieve maximum efficiency. Also should
not be forgotten that installing of those systems is
very expensive and requires a lot of resources, [4].
Existence of former consumer’s database and
their transactions is key required resource, on
which information necessary for business decisions making are based. Besides [4], it is also important to set three subsystems:
–– Electronic catalogue - that enables
characteristics review of the observed
product or service. This also includes
electronic chart
–– “Back office” system - generate orders,
verify payments, realize supplies, store
managing and data on consumers updating
systematize.
–– User support - for the purpose of information
offering to the users as soon as possible.
2010

1.3._Characteristics of on-line shopping
system
According to [4], characteristics for on-line
purchase system existence are:
–– Easy data inserting and maintenance on
potential and already existing consumers,
–– Sale planning and products stocks
management,
–– Fast and efficient orders generating,
–– Fast service on consumer’s demand
providing,
–– Delivery monitoring
–– Returned goods monitoring
–– Invoices, payments and credits.
Databases on former consumers and their transactions are necessary to be created or adopted. It is
desirable to enable electronic payment and strictly
take account of consumer’s private data security
and privacy.
2._Methodological research scope
Presented research of empiric – theoretical
character was performed by Internet interview and
should give responses on some category respondent’s belonging influence regarding the viewpoint of on-line shopping advantages over classical purchase method.
This research subject is chosen due to its more
expressed influence on trade field and its development dynamic. Research planned by this project
enabled replies obtaining to different parameters
influence: money and time saving just as on-line
purchase safety relative to classical trade models.
There is social, psychological, financial and
technological aspect of the research subject.
Wider subject of this research is defining respondent adherence to certain demographic groups
influence and technologies using level influence
on definite standpoint about on-line shopping
preference in comparison with classical shopping.
When more specific research subject was concretized and it was found that affirmative respondent view is influenced by their tendency to technology use level or adherence to certain category
concerning:
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–– Money saving
–– Time saving
–– Safety feeling
Similar researches were conducted abroad but
with considerably greater sample, like the ones in
[5]. Researches performed in Serbia provides useful information although, by their scope, cannot be
compared with researches in developed counties.
One of them is described in [6] as the example.
2.1._Research subject operation definition
Owing to its complexity research subject was
studied in all of its essential structure elements:
–– In order to realize the research persons
of different computer literacy level and
demographic groups inclined to cooperate
in research were needed. On the lines of
stated, persons out of the firm Getel d.o.o.
from Sremska Kamenica, Serbia e-mail list
were polled.
–– Decision to choose exactly on-line
purchase as the research object is in the fact
that this is the most common and the widest
type of e-business. Average consumer in
most cases has interaction precisely with
this type of e-business, while other types
of that kind have mainly less participant
involved as they often requires computer
literacy of a higher level.
–– Research subject covers offered i.e. known
characteristic of persons and their stands
about on-line shopping.
–– The importance of Information Technology
using and qualification to the certain
respondent category for on-line purchase
improvement is approved by Multivariate
Tests, Multivariate Analysis of Variance
and Tests of Between-Subjects Effects
using (described in [8]).
All dimensions of the research subject relevant
for defining statistically important influence of
qualification to certain category and technique using level to on-line shopping efficiency was covered by the research.
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2.2._The research goals
This research basic goal was to determine statistically important influence of qualifications to
demographic category and informatics technology using level to respondent’s viewpoint about
on-line purchase based on theoretical researches
and analysis results. Close to basic research goal
also secondary goals were set:
–– To question and define respondent’s
qualification to demographic category
and information technology using level
influence to their attitude about money
saving when using on-line shopping.
–– To question and define respondent’s
qualification to demographic category
and information technology using level
influence to their standpoint about time
saving when using on-line purchase.
–– To question and define respondent’s
qualification to demographic category
and information technology using level
influence to their viewpoint about safety
when using on-line shopping.
The purpose of the obtained results based on
stated goals is to help marketing experts in Serbia,
to involve this knowledge in their on-line purchase
development strategies.
2.3._The research hypothesis
General and sub-hypothesis were set based on
former researches results and what was stated in
research subject and after that highlighted in research goals and tasks.
This research project general hypothesis is
“Qualification of examinee to specific demographic category, and his level of using IT have
statistically significant influence to positive attitude about on-line shopping.” Sub-hypothesis
should approve or disapprove existence of:
–– Affirmative stand about money saving while
on-line purchasing
–– Positive view about time saving while on-line
shopping
–– Affirmative attitude about safety while online purchasing
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2.4._The way of choice, the size and the
construction of a sample
Research samples are represented by Internet
users registered in Getel d.o.o. company form
Sremska Kamenica electronic contacts database,
the firm engaged in selling products via Internet.
Examinees previously gave consent to their addresses storage in Getel d.o.o. company database.
Sample was made out of respondents from all
parts of Serbia and the research was executed by
mid-2008.
It was questioned 974 of different gender, age
and education level examinees. The respondents
were also contrasted regarding frequency and Internet duration using just as if they are e-banking
services users. Collected data on examinees were
presented through diagrams. Some respondent
categories were presented in sample concerning Gender (Graph 1), Education (Graph 2), Age
(Graph 3), Internet Using Frequency (Graph 4)
Internet Using Duration (Graph 5) and E-banking
Services Using (Graph 6). To the question if they
are e-banking services users the examinees replied
Yes or No.

Graph 2. Examinees diagram as against Education Level

Graph 3. Respondents diagram in proportion to
the Age

Graph 1. Respondents diagram compared to
Gender
Graph 4. Examinees diagram in comparison to
Internet Using Frequency
2010
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2.6._Research variables
The research includes more variables divided
in two groups: dependent and independent ones.
Independent variables are respondent’s characteristics and dependent ones cover their views concerning factors that affect on-line shopping advantages as compared to classical purchasing models.

Graph 5. Respondents diagram as against Internet Using Duration (expressed in years)

Independent variables are:
–– Gender
–– Education
–– Age
–– Internet Using Frequency
–– Internet Using Duration
–– E-banking Services User
Dependent variables are:
–– Standpoint on money saving by on-line
purchasing as against classical shopping
models
–– Viewpoint on time saving by on-line
shopping regarding classical purchasing
models
–– Stand about safety when on-line purchasing
as compared to
2.7._Data Analyze

Graph 6. Examinees diagram in proportion to
E-banking Services Using
2.5._Techniques, procedures and measuring
instruments of the research
On-line poll was used in the research and all
needed information storage. Information received
were inserted in database and driven into software
environment for statistical processing SPSS (Statistical Package for the Social Sciences [8]).
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To study independent variables influence to
set of dependent variables method of Multivariate
analysis of variance has been used. Each of independent variable influence to all three variables of
attitudes about on-line shopping was individually
under observation.
Wilks’ Lambda test was applied to examine important difference between heterogeneous categories of respondents and three views about on-line
purchasing variables jointly observed (money and
time saving and safety). This Multivariate Statistical Test was applied in order to diminish probability of making the error on incorrect discarding
zero hypothesis that appear when greater number
of differences were individually tested.
The importance of differences between examinees distinct categories concerning individual
stand variables was examined by F-tests. For testing importance of differences among pairs of ob2010
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served groups it was used Tests of Between-Subjects Effects. Three of these quite different testes
were applied, and are distinguished by strictness
i.e. false important results avoiding error probability (Scheffe’s test as the strictest, Tukey’ as less
strict and LSD one as the least strict).
3._On-line interviewing system
3.1._On-line interviewing system realization
System used for interviewing realization in this
research was designed and created especially for
this purpose by the author of the project. Prior
conditions required for this system realization
were:
–– Database with sufficient numbers of
respondents e-mail contacts
–– Web site that enables poll setting in HTML
page form
–– E-mail server for sending e-mails to
respondents
–– Database ready for information storage
received as response from the respondents
Questionnaire as the example is on the page
www.anketa.biz.nf/anketa03.html [March 20, 2010].
After information received from the examinees, redirection to Web page for questionnaire
results acceptance was performed. Massage of appreciation to respondent for the time spent while
filling questionnaire is appeared on that page. The
user cannot see inserting information sent into database. Data from e-mail or Web page are sent to
Web page for results acceptance via GET parameters embedded into URL and generated after information confirming filled by respondent.
In table 1 is presented part of the table in database, where can be seen saving modality of ex-

aminees replies. The explanation of table columns
meaning is following:
–– id (auto incremented table primary key)
–– ipaddress (IP address out of which reply
came)
–– time (insetting information
moment in database table in format
YYYYMMDDHHMMSS)
–– p1 (Question: “Your Gender”; Replies:
1.”Male”, 2.”Female”)
–– p2 (Question: “Your education level?”;
Replies: 1. “Primary school”, 2. “Vocational
school”, 3. “Secondary school”, 4. “High
school”, 5. “Collegiate school”. 6. “College
and more”)
–– p3 (Question: “How often do you use
Internet?”; Replies: 1.”I don’t use Internet”, 2.
“Once a month”, 3. “Once a week”, 4.”Once
a day”, 5, “Several times per day”)
–– p4 (Question: “Your Age”; Replies:
1.”Younger than 20”, 2. “20 to 29”, 3. “30 to
39”, 4. “40 to 49”, 5. “50 to 59”, 6. “60 and
mp5 (Question: “How long have you been
using Internet?”; Replies: 1. “I don’t use it”,
2. “Less than one year”, 3. “1 to 2 years”,
4. “3 to 4 years”, 5. “5 to 6 years”, 6. “7 to
10years”, 7. “More than 10 years”)
–– p6 (Question: “Does on-line purchase via
Internet save money when compared to
classical shopping?”; Replies: 1. “Entirely
agree”, 2. “Partly agree”, 3. “Neutral”, 4.
“Partly disagree”, “Entirely disagree”, 6. “I
don’t know”)
–– p7 (Question: “Does on-line shopping via
Internet save time when compared to classical
purchase?”; Replies: 1. “Entirely agree”,
2. “Partly agree”, 3. “Neutral”, 4. “Partly
disagree”, “Entirely disagree”, 6. “I don’t
know”)

Table 1. Part of examinee’s answers saved in database’s table
id
27
28
29
30
31
32
2010

p1
2
1
1
2
2
2

p2
3
3
3
5
4
5

p3
5
5
5
5
5
4

p4
4
4
4
3
5
4

p5
5
6
6
7
7
4

p6
1
2
2
2
2
6

p7
1
3
3
1
1
6

p8
1
2
2
4
2
6

p9
1
1
1
1
1
2

Ipadress
213.240.51.190
91.148.88.152
91.148.88.152
78.30.165.96
77.105.15.201
93.86.65.169

Time
20080702074626
20080702074740
20080702074829
20080702074852
20080702080128
20080702080200
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–– p8 (Question: “Does on-line purchase via
Internet is safe when compared to classical
shopping?”; Replies: 1. “Entirely agree”,
2. “Partly agree”, 3. “Neutral”, 4. “Partly
disagree”, 5. “Entirely disagree”, 6. “I don’t
know”)
–– p9 (Question: “Are you the user of e-banking
services?”; Replies: 1. “Yes”, 2. “No”)
This way received data are appropriate for export to some of the statistical data analysis systems
resembling here used software SPSS. Also those
data may further be used in some Data Mining
systems.

Graph 7. Respondents “bar” diagram according to
the attitude about money saving in on-line purchase

4._Research results
4.1._Experimental research results
When questionnaire got its final content story
and when its electronic version was created, it was
sent to examinees e-mails in its electronic form.
The respondents got the option to reply when it
is suitable to them. Respondent’s viewpoints just
as time and IP addresses from which reply came
were recorded into database.
4.1.1._Representation of received answers
(dependent variables)
It was revealed that the most of examinees have
positive standpoint about money saving while online shopping (Graph 7).
As it may be seen out of Graph 8 a large examinees majority have more affirmative view about
time saving while on-line shopping.
By processing and poll analysis, it is established
that great deal of examinees partly agree with the
viewpoint that on-line shopping is safe, but there
is significant percentage of those who assume
that this type of purchasing is not safe enough.

Graph 8. Respondents “bar” diagram according
to the stand about time saving in on-line purchase

Graph 9. Respondents “bar” diagram according
to the standpoint about safety in on-line shopping
374
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Table 3. Descriptive Statistics

4.1.2._Tests
Statistics Tests, in this work context, will be
illustrated observing education influence on examinees attitudes about money and time saving
and safety while on-line purchasing. Other tests
are following this pattern only other independent
variables (Gender, Age, Internet using Frequency,
Internet using Duration and e-banking Services
user) have been used instead of education.
Wilks’ Lambda lest (when using Multivariate
Tests) indicated considerable distinction between
different education categories of respondents replies (Wilks’ Lambda = 0 p<0.01).
F-tests for three dependent variables demonstrated that only on one view - about money saving there are distinctions between examinees of
different education categories (Table 2)

Arithmetical means of different education levels of respondents groups on variable about money saving by on-line shopping are presented in
descriptive statistics table. (Table 3).
Scheffe’s Between-Subjects Effects Test indicates that there are considerable differences
between examinees with completed secondary

Table 2. Multivariate analysis of variant - groups observed with Education as independent variable.
Source
EDUCATION

Dependent
Variable

Type III
Sum of Squares

df

Mean
Square

F

Sig.

Noncent.
Parameter

Observed
Power(a)

Money saving by
on-line shopping

24.179

3

8.060

7.562

.000

22.686

.987

Time saving by
on-line shopping

3.447

3

1.149

1.132

.335

3.396

.306

On-line shopping
safety

9.443

3

3.148

2.101

.099

6.304

.538

Table 4. Tests of Between-subjects Effects where independent variable is Education
Dependent
(I)
Test
Variable
Education

Secondary school
Collegiate school
College and more
Primary school
Secondary
Collegiate school
school
College and more
Primary school
Collegiate
Secondary school
school
College and more
Primary school
College and
Secondary school
more
Collegiate school
Primary
school

Scheffe

Money saving by on-line shopping
2010

(J) Education

Mean
Difference
(I-J)
-.23
-.77
-.54
.23
-.54(*)
-.30(*)
.77
.54(*)
.23
.54
.30(*)
-.23

Std.
Sig.
Error
.336
.340
.332
.336
.122
.098
.340
.122
.111
.332
.098
.111

.921
.159
.450
.921
.000
.023
.159
.000
.215
.450
.023
.215

95%
Confidence Interval
Lower
Upper
Bound
Bound
-1.18
.71
-1.73
.18
-1.47
.39
-.71
1.18
-.88
-.20
-.58
-2.92E-02
-.18
1.73
.20
.88
-7.60E-02
.54
-.39
1.47
2.92E-02
.58
-.54
7.60E-02
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school education on the one hand and college and
collegiate school on the other hand.
It was noted that respondents with secondary
school education have distinctly positive stand
about money saving as against respondents with
college and collegiate school education. (Table 4).
In table 4, pairs of arithmetical means (college
and secondary school) and (collegiate school and
secondary school) are the only ones that are statistically different and at the same time in both pairs
secondary school has arithmetical mean lower
value (2.03) in regard to college (2.34) and collegiate school (2.57) as presented in Table 3. It is
important to mention that data are so organized
that lower values (gravitating towards number
1) have importance of substantial compatibility,
and greater values (gravitating towards number
5) have importance of substantial incompatibility
with the attitude.

Conclusion
Taking into consideration great, above all, economic and cultural importance of on-line purchase
in modern world, researches like this one has important both social and scientific validity. Particularly, this research indicates trends about on-line
shopping in Serbia, which are still below economic and technologic developed countries level.
In view of this research effectuation the following conclusions were made:
–– On-line shopping as more safe and money
saving are estimating examinees who are
males (Wilks’ Lambda = 0 p<0.01)
–– In relation to secondary school education
examinees, those ones with collegiate
school and college deem, to a lesser degree,
that on-line shopping saves money (Wilks’
Lambda = 0 p<0.01; Scheffe test reveals
difference).
–– About the viewpoint concerning money
saving when on-line purchase more
affirmative attitude have respondents of
50-60 years old than those of 20-30. More
definite standpoint about time saving
have examinees 50-60 years old in relation
to those of 20-30 and 40-50, and to a
376

lesser extent respondents of 30-40 years
of age with respect to 40-50 years old.
(Wilks’ Lambda = 0.01 p<0.05; Tukey test
indicates difference)
–– On-line shopping as less safe are estimating
examinees who are using Internet a couple
of years just as very old Internet users.
(Wilks’ Lambda = 0.04 p<0.05; LSD test
demonstrates difference)
–– Differences in views of respondents who
are using Internet several times per day and
others are not important (Wilks’ Lambda =
0.65 p<0.05)
–– E-banking services users evaluate on-line
purchase as more safe and economical in
terms of money saving. (Wilks’ Lambda =
0 p<0.01)
Generally speaking it might be concluded that
more affirmative standpoint about money saving
by using on-line shopping exists among male persons of 50-60 years old, with secondary school
education level, and are e-banking services users.
On-line purchase is time-saver judge, in the first
place, examinees of 30-40 and 50-60 years and
definite viewpoint about safety have men using
Internet already 5-10 years and are also e-banking
services users. Internet using Frequency didn’t notably influence to the attitude about any of these
questions, but it might be concluded that other
independent variables like qualification to some
other respondents categories does have statistically considerable effect on their stand about money
and time saving or safety of on-line shopping that
are important factors for its advancement.
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Abstract
Education is today considered a prerequisite
for survival and development of modern societies.
The paper presents a concept of a distance learning model used for education of future technical
engineers which has been developed for the learning needs in teaching graphic communication. Basic components of the model are described along
with a projected scenario for the model implementation: from preparation of the teaching material,
program environment for learning process management and work strategy, through implementation of the teaching process itself, to assessment
of students and the quality control of the operation
of the system. The paper describes all participants
and activities involved in the model, as well as the
results of its implementation reported so far. Statistical analysis was done by means of the software
package Mathcad Professional. Finally, according
to the results gained after research, which are here
presented, it has been established that the distance
learning model in graphic communication teaching has a statistically significant influence on efficiency of the teaching process.
Key words: distance learning, graphic communication, university education, Fisher test

Sažetak
Obrazovanje se danas smatra uslovom opstanka i razvoja modernih društava. U radu je izložen
koncept modela učenja na daljinu u obrazovanju
inženjera tehničkih struka, koji se razvio za potrebe
učenja u nastavi grafičkih komunikacija. Opisane
su osnovne komponente modela i jedan projektovan
scenario realizacije modela: od pripreme nastavnih
materijala, programskog okruženja za upravljanje
procesom učenja i startegije rada, preko realizacije
samog procesa nastave, učenja, do ocenjivanja rada
studenata i provere kvaliteta rada sistema. U radu
su opisani svi učesnici i aktivnosti koji su zastupljeni u modelu, kao i rezultati njegove dosadašnje primene. Statistička analiza realizovana je putem programskog paketa Mathcad Professional. Na osnovu
dobijenih i prezentovanih rezultata utvrdilo se da
model učenja na daljinu u nastavi grafičkih komunikacija ima statistički značajan uticaj na efiksanost
nastavnog procesa.
Ključne reči: učenje na daljinu, grafičke komunikacije, visoko obrazovanje, Fisherov statistički
test
1.  Introduction
Education in the European Union has undergone significant changes over the past decade.
There are tendencies to create an educational
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system which would enable greater mobility of
students and teachers through implementation of
programs leading to widely recognized degrees.
Apart from this, the concept of lifelong learning
which comprises continual education of adults is
highlighted as a way to solve the problem of disharmony between their education and the changeable demands of the labor market which constatnly impose new knowledge and skills requirements.
Traditional forms of education with teaching
going on in campuses of educational institutions
cannot properly and efficiently respond to these
challenges. Being an alternative in some cases
and a sole acceptable solution in others, electronic
education is seen as one of established priorities
in the educational reform of the European
Union. This is confirmed in many programs
and initiatives such as eLearning, Leonardo da
Vinci, Socrates, Erasmus Mundus, eContentplus,
Digital Libraries having a direct or indirect
connection with electronic learning. [1]
Technological scenario of the distance e-learning process involves the participants connected to
the Internet who can freely communicate via the
Internet. Distance learning participants are:
–– Teachers, whose role is to prepare teaching
material, observe students’ activities over
the course of the semester, offer them help
and assistance and assess their work. They
can do their activities on the university
premises or in distant localities.
–– Distance learning system administrators
whose task is to process and publish
teaching material, administer system users
and maintain the system.
–– Students, whose task is to learn using the
course material and online tutorials in
synchronic and asynchronic regime. Beside
this, students must do homework, tests and
examinations. Both the students who study
in traditional classroom settings and those
taking distance learning courses can use
this e-learning system.
Implementation of electronic learning is a great
challenge for educational institutions in developed
countries as well. Preparation and development
of digital educational material requires teachers’
hardwork and time, but also some information
2010

knowledge and skills. In addition, the educational
institution in question has to possess technical prerequisites and information and communication infrastructure environment.
2.  Experiences in distance learning
Distance learning can be understood simply
as a process of transfer of knowledge and skills
through a network with a use of computer applications and environment in the learning process.
These applications and processes involve learning
via Web. Web pages should help students find necessary information about course, get the necessary
learning material (of multimedia character) and
have possibility to test and check their knowledge.
Web pages properly designed should stimulate
thinking, discussions and students’ active participation in the course. The elements which should
be involved in Web pages dedicated to the relevant
course are:
–– Information about the course and the
teacher – Course name, teacher’s working
time, information about the printed
material, course review, working rules.
–– Communication in the group – Access to
the teacher’s e-mail, discussion group for
student-student communication, problem
report forms.
–– Assignments and tests – Distribution
of assignments and tests for on-line
completion and handing-in, answer key,
frequently asked questions.
–– Teaching material – Lessons available in
the form of Web pages and download files.
–– Demonstrations, animations, video, audio
– Material which cannot be presented in a
classical text format should be involved.
–– Reference material – List of material
in printed or electronic form which
supplements the teaching. To avoid
problems with copyrights, these articles
should be public property. As an addition,
students can be offered links to other
Internet pages and similar courses available
on the Internet covering this topic as
well as to the university library and other
resources which can supplement the course.
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Teaching contents prepared in this way have
different characteristics than traditional information sources:
–– the content is current and dynamic,
–– it can be from primary resource,
–– it is easy to manipulate the information, and
–– students can participate online.
While the Internet assists individual learning,
researches show that with the teacher’s mediation
this interaction in real time increases efficiency
and supplements distance learning courses. Students need to be directed and this can be done by
instructor’s feedback or by a possibility to discuss
with the fellow students. Without interactivity and
connections with the rest of the world, distance
education becomes an impersonal and superficial,
unnatural form of learning.
Briefly, one could electronically select the following: what to learn, where to learn, when to
learn. Absence of institutional vision and definition of guidelines for use of new technology in
teaching is the greatest problem. A lack of appropriate technical and professional support to teachers is also evident. E-learning is somewhat different form of education which gives more freedom
to attendees than a classical way of education.
Unlike traditional workshops “face to face” where
attendees are mostly passive and receive information from a teacher, e-learning requires interactivity of attendees throughout course duration.[2]
2.1.  Prerequisites for qualitative e-learning
E-learning development requires certain prerequisites. They can be divided in the following
big groups:
1. Clearly defined desire for permanent
education and advancement as well as a welldefined strategy of the education system
development and knowledge advancement
made by the state authorities. The Ministry
of Education of Serbia has made the first
step by adopting the education sector
development strategy 2005-2010. One of
the aims is to introduce modern methods
and forms of work and distance learning in
all educational institutions.
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2. Information literacy must be at a higher
level. Information education must begin as
early as in primary school with the accent
on application and use of information
technology. After completion of primary
school children must attain the user-level
knowledge and be able to use the Internet
for browsing and collecting information,
and text and table processing software and
multimedia software.
3. Infrastructure is another prerequisite for
e-learning development. For independent
learning a student needs a PC, Internet access
(permanent or at request and sufficient
for standard web browsing) and access
to electronic knowledge resources. An
institution organizing distance learning must
have the following available technological
prerequisites: Web server, Database
server, Application server, Electronic mail
server, Permanent Internet connection,
Infrastructure safety elements.
4. Legal regulations are necessary. They
enable Internet payment services, electronic
signature, validity of documents on the
Internet and taking online exams in the
further future. Apart from this, it is necessary
to protect software and prevent software
piracy in this area.
2.2.  Implementation of distance learning
Distance learning development has reached
one of the turning points in the world today. A
great number of world recognized higher education institutions have introduced this category of
learning in their programs of study as a compulsory and contemporary manner of education. These
are well-thought programs which involve a great
number of students. Some of the most important
USA institutions which have included distance
learning in their work are University of Minnesota, University of Phoenix, Columbia Network
for Engineering Education. In Europe there are
important initiatives for distance learning development implemented through European Distance
Education Network (EDEN) and European association of Distance Education Teaching Universi2010
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ties (EADTU). Open University in the UK has set
some standards for this type of education which
served as a model for institutions organizing distance learning in Spain, Germany, the Netherlands
and Portugal. In its documents, such as e-learning
Action Plan, the European Commission strongly
supports development of distance learning, i.e. eeducation in all EU member states. The European
Commission has elaborated a precise plan to offer distance learning and e-education to students
in universities in all member states. The resolution
of the European Council gives priority to this kind
of education in further development of education
in the EU.
The system of information technology education in Serbia does not comply with the needs of
employers. Formally educated professionals are
not flexible enough. Such a situation cannot ensure
increased competitiveness of young professionals
from our country. Employers are not satisfied with
the knowledge and skills their employees have
acquired during their formal education. Many of
them are left to their own resources and their selfeducation abilities. Local communities and universities must be close allies of their graduate students and help them manage to find employment
and new information and knowledge they need
for their profession. A concept of continual professional education is an approach which needs to
be used as a prevention of failure in the choice of
school and profession.
On the other hand, traditionalist approach to
teaching as a way of knowledge acquiring by
classical teaching on this level has its weaknesses
and shortcomings especially due to insufficient
quantity of time that young people have. Therefore, there have been efforts to find a solution in
On Line learning where the attendees would select
the field they want to study and which they are interested in, while the new knowledge they acquire
would be promptly applicable in their workplace
or in another form of their engagement. The experiences of the surrounding countries show that
many attendees claim to have learned more in
online courses than in traditional workshops. The
arguments for this are:
–– Significant visualization – well laid out
texts, plenty of diagrams, the use of flash
animations and short films.
2010

–– Active learning – attendees must be
concentrated on what they are doing because
they can make no progress until they answer
the questions correctly. All attendees must
be equally active.
–– Individualistic approach to learning – it is
necessary to adjust courses to a wide range
of attendees having different learning styles,
levels of knowledge and personal abilities
and with personal work pace.
Implementation of distance learning in Serbia is
not strategically founded and has no detailed plan
of development. Certain institutions have started
their own distance learning systems; however,
most of those projects have failed due to financial
reasons or poor organization of the project itself.
Individual cases which can be found in our environment: Technical Faculty in Čačak, master studies for electronic learning - www.e-lab.tfc.kg.ac.
rs; Mechanical Engineering Faculty in Krgujevac
- www. mfkg.kg.ac.rs; Mechanical Engineering
Faculty in Belgrade, electronic classroom - www.
mas.bg.ac.rs; Faculty of Information Technology www.fit.edu.rs.
Introduction of distance learning can be seen as
evolutionary development of new kind of education. Distance learning is at the same time a challenge and a tool for improvement and advancement of educational processes here and is one of
the cornerstones for new and enhanced ways of
knowledge management.
3.  Graphics – leanguage of engineering
How to increase the effectiveness and efficiency of education of professionals in mechanical technique in our conditions and in the era of
expansion of new information and discoveries and
great requirements for as reliable and economical
design as possible?
It is understandable that in entanglement of
today’s tremendous social changes, education of
professionals and scientific-research work are receiving a great attention. Year after year, contents
and methods of work change, the existing technique and technology become outdated and are
replaced by the new, more productive ones. These
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changes must reflect in educational contents on all
levels of education. All the world is changing and
education is the key factor for these changes.
Every engineer or technician needs to know
how to express their ideas through technical drawing. As a means to express ideas, a drawing allows
communication with all mankind. Creativity development is a fundamental task in development
of society.
Graphic communication is one of forms of
communication and all graphic forms are especially important for an engineer and technical science.
Engineering graphics is a language used by engineers to transfer ideas and information necessary
to design new technical appliances and systems.
This language includes drawings, sketches, plans,
arrangements, diagrams, remarks and instructions.
In engineering, graphics has three main goals: to
analyze and show designs, transfer information
about designs and note development of designs
and all the changes in it. Engineering graphics includes formal sketches and informal sketches, all
diagrams and plans and sometimes relations of
non-physical ideas also, if those relations can be
graphically presented.
Estimation and creation of changes in the content of work is of great importance so that the future professionals educated in secondary schools
and at universities could get appropriate innovated educational contents. Innovation in education
means content structure change, change in methods and tools aimed at enhancement and advancement of education. The recent system has been
placed in a subordinate position to teachers. Students have occupied a peripheral position. New
information technology provides student-centered
educational process while teachers occupy a peripheral position and play a role of coaches who
offer assistance and help to students when they
need them. [3]
4.  Development of distance learning model
in graphic communication  teaching
This model ensures that the students acquire
basic knowledge in formal technical drawing
through practical exercises performed in limited
time and within limited content.
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General research hypothesis – distance learning model in graphic communication teaching has
statistically significant influence on teaching process efficiency in higher technical education.
Sub-hypotheses of the research:
–– distance learning model in graphic
communication teaching contributes to
advancement of students’ professional
knowledge in finding solutions to real
technical problems;
–– distance learning model in graphic
communication teaching provides higher
level of students’ intellectual abilities
and skills development than the classical
approach to learning for the same time;
–– graphic communication teaching based
on a distance learning model increases
students’ motivation in teaching process in
comparison with the classical approach to
learning.
The analysis of the term shows that several categories are considered: graphic communications,
model, distance learning (electronic learning, Internet services) efficiency of teaching.
Graphic communications – to master the international language of technical professionals
means to acquire knowledge in graphic presentation of different objects, i.e. knowledge to graphically present shapes and dimensions in the most
rational way as well as the knowledge to interpret
such drawings.
Model is every theoretical, i.e. conceptual or
practical, real system analogue to the object of
research used to research certain basic object or
system.
Distance learning means that a learner and a
teacher are physically separated during the teaching process, while technologies (radio, video,
printed material, computer data) are used to bridge
the distance between them. Fast development of
information-communication technology has introduced modern forms of distance learning, eLearning being by far one of the most interesting ones.
Internet classrooms with proper equipment
offer possibilities to advance educational work
through distance learning. Learning in a network
of computers via the Internet is a basic idea of this
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system. The Internet is used to create conditions
for interaction between a user and teaching content, lecturers (authors) and other participants in
the distance learning model. This software solution should meet all anticipated needs in performing graphic communications teaching within higher education in technical areas.
Efficiency of teaching process is measured by
the time and energy which a teacher uses to prepare and students to learn certain teaching content.
Efficient teaching is the one which ensures acquiring of professional knowledge, skills and abilities
in problem solving and highly reliable and permanent knowledge as well.
4.1.  Scenario for the operation of the
system
Development of dLearn system allowed distance learning. It is a model of Web-based system
od distance learning with 9 modules (user and license management, administrative module, module for user data management, module for teaching material maintenance, knowledge test module,
registration for exams module, e-mail messages
sending module, various reports generating module, module for publishing according to SCORM
- Shareable Content Object Reference Modelstandard). Students and teachers have an easy and
quick access to system contents, which provides
greater efficiency and quality of educational process. Teachers can easily complete activites needed to implement distance learning: preparation of
course content using the Internet, course design,
creation and setup of teaching contents, observation of the students’ work and tutorials, student
assessment. On the other hand, students can have
access to courses, teaching contents, various resources available on the Internet (digital libraries,
online magazines, etc), communice with teachers and other students (different synchronous and
asynchronous forms of communication), do tests
and monitor their progress and knowledge acquisition, take exams.
The teaching was weekly-based and lasted
for seven days. The students’ activities and tasks
were defined in advance. Online activities comprised the following: the students had to review
2010

the teaching units planned for the current week;
for each teaching unit the students had to solve
a series of problems which allowed us to collect
data about effectiveness of their learning; tutorials; after a teaching unit had been reviewed their
work was based on self-testing.
For the successful work of projected learning
system it is necessary to define scenario of its
development and implementation (Table 1).
In this case the scenario was projected in the
following way [4,5]:
Table 1. Scenario of development and implementation of the model
Calender of activites
(9 teaching topics – theory,
practical exercises, test)
Teaching topic I: Adjustement of basic CAD
parameters (6 lessons)
Teaching topic II: Basic and auxiliary drawing
methods (4 lessons)
Teaching topic III: Stylization and text editing on
the drawings (4 lessons)
Teaching topic IV: Methods of object modification
on the drawing (3 lessons)
Teaching topic V: Forming and editing of figured
dimensions (3 lessons)
Teaching topic VI: Graphic communication in
engineering (4 lessons)
Teaching topic VII: Preparation and printing of
technical documentation (3 lessons)
Teaching topic VIII: Practical exercises (exercises:
Start 2D, End 2D, Exercises for self-control:
Examples 2D; Drawing formats; Graphic
communication; Records)
Teaching topic IX: Exam questions
Final meeting and evaluation

The main purpose was to show the statistically
significant possibility to raise the efficiency of
graphic communication teaching provided by theoretical researches and electronic learning model
application in higher technical education.
Procedures and instruments:
–– questionnaires – to establish the level of students’ knowledge about possibility of distance
learning, before and after the experiment,
–– testing – to establish the level of students’
knowledge about graphic communication
teaching, before and after the experiment.
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The research was carried out in 2008/2009
academic year during Graphic communication
systems classes at the Technical Faculty “Mihajlo
Pupin” in Zrenjanin at the following departments:
Management of Technical Systems and Production Management. It involved 54 students, 23
of them in control group and 31 in experimental
group. This technique provided comparison between the results of the two groups, one taught in
a traditional way (control group), the other taught
in experimental way (experimental group).
Implementation of the learning system in real
conditions can offer the most reliable report on efficiency of its scenario.
4.2.  Fisher F- testing the hypothesis on
teaching efficiency [6]

establish (in)equalities of grades given to students
attending the same course. Testing of significance
of differences between statistical values is done by
comparing value couples of two series of statistical data, by analysis of variances. Significance of
difference between the two arithmetic means was
examined on the basis of grades which the two
groups of students of the same class received for
the course Graphic Communication Systems. A
set of grades for each group is formed in separate
files: studenti1.prn and studenti2.prn. Mathcad is
used to process them as numerical data, forming
vectors of grades S1 and S2 via address with defined path. Number of students is not the same for
each group and only one grade is registered for
each student. For the purpose of a more efficient
and suitable application, a tabulation of data (vector of numbers i.e. grades) will be interpreted and
illustrated separately and the results of the F-test
will be graphically presented later.

The final testing and checking of the answers
was followed by statistical F-testing of hypothesis on teaching efficiency of the course Graphic
Communications Systems, of the control and exStatistical processing of the grade sample
perimental groups of students based on the grades
variances.
Vectors of grades of two populations of students:
The basic function of analysis of variances is to
first group: S1 := READPRN( "studenti 1.prn" );
establish whether there are statistically significant
second group: S2 := READPRN( "studenti 2.prn" );
deviations between selected characteristics of two
or more groups in the population. In pedagogical
meaning they can be, for example, grades given
for students’ knowledge, time periods for teaching
different units and the similar; in other words, the
values whichBroj
can be
quantified.
If this difference
testiranih
u~enika
prve grupe: Number of testing students of first group:
between characteristics of groups is ascertained n1 := length ( S1), n1 = 23 ;
as statistically significant, then it is evidence that
Number of testing students of second group:
they do not belong to the same population and that n2 := length ( S2), n2 = 31 ;
pedagogical conclusion based on them is unreliAccepted probability error of hypothesis on hoable. If it is ascertained that this difference is sta- mogeneosity of grades: a := 0.10, a = 10 %
tistically insignificant (it is small or non-existent),
Accepted probability of hypothesis on homothen it is evidence that the groups are made, for geneosity of grades: 1 − a = 0.9 , 1 − a = 90 %
example, of students belonging to the same popuStandard deviation and variance of sample:
lation and that pedagogical conclusion based on
first group:
them is reliable. Calculation of variances and all
stdev ( S1) = 1.3927
var ( S1) = 1.940
other procedures that follow are in fact simple if
second group:
the user has certain prior knowledge so he could
stdev ( S2) = 0.9624
var ( S2) = 0.926
interpret interim results and final results. They are
Objective assessment of variance of sample:
established by already tested statistical procedures.
These procedures will be illustrated here on the results obtained after using Fisher F-test which can
384
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Control vector of neighboring F values:

first group:
v1 :=

n1
n1 − 1

⋅ var ( S1)

( F1 F F2 ) = ( 0.504 2.1188 1.9077 )

v1 = 2.0277

second group:
v2 :=

n2
⋅ var ( S2)
n2 − 1

Testing of hypotheses on homogeneosity of
grades samples

v2 = 0.957

Minimal, middle and maximal assessment of
the sample:
first group:
min ( S1) = 6

mean ( S1) = 7.87

max( S1) = 10

;

max( S2) = 10

.

second group:
min ( S2) = 7

mean ( S2) = 9.097

F - testing the hypothesis on teaching efficiency
Number of degree of freedom:
first group:
υ1 := n1 − 1
υ1 = 22 ;
second group:
υ2 := n2 − 1

υ2 = 30

.

Upper threshold of significance:
 a , υ1 , υ2 

2


F1 := qF 

F1 = 0.504

Lower threshold of significance:



F2 := qF  1 −

a

, υ1 , υ2 
2


F2 = 1.9077

Variable F of distribution:
F := if 



v1
v1 v2 
> 1,
,

v2
v2 v1 

F = 2.1188

Note: Variable F should be set to be greater
than 1. In this sense “if” function is used.
Scaled values of independent variable:
q := 0 , 0.02 .. 4

k := 0 .. 1

Hypothesis H0: σ 01
basic sets are equal.

2

2

σ 02

2

that the variances of

2

Hypothesis H1: σ 01 ≠ σ 02 that between variances of basic sets there are significant differences.
Reliability interval:
a
2

< pF (F , υ1 , υ2) < 1 −

a
=0
2

Area of accepting hypothesis H1:
F1 < F < F2 = 0

Test criterion: If:
a) the result is 1, hypothesis H0 is accepted
b) the result is 0, hypothesis H1 is accepted.
Hypothesis H1 is confirmed. In this case it can
be observed that assessments of variances differ
significantly and that it can be assumed that one
group of students had better results than the other.
This is why zero hypothesis is rejected according to which differences are not significant and
main hypothesis is confirmed: that distance learning model in graphic communication teaching has
statistically significant influence on efficiency of
teaching process. According to what was previously said it can be concluded that the proposed
model of learning contributes to advancement of
professional knowledge of students in solving real
technical problems. The method of pedagogical
research presented here can be a basis for development of an expanded model of pedagogical experiment based on new and more extended data.
4.3.  Result of the questionnaire on attitudes
on distance learning before and after
research

Fig. 1. Graphic presentation of hypotheses testing based on F distribution
2010

Questionnaire is a non-standard measuring instrument used at the Technical Faculty “Mihajlo
Pupin” in Zrenjanin to estimate and give opinion
on distance learning. The objective of this ques385
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tionnaire was to establish number of users who
had prior experience in some of the distance learning systems. This is how information about the
number of users who changed their attitudes or
opinion after using distance learning system was
obtained.
To the question one “Do you know what distance learning system is?” the following results
were obtained: 55,55% of users did not know what
distance learning system was and had never used
it, while 44,44% of them had heard of it (fig. 2).

Figure 2. Results of students’ answers to the first
question
To the question “Do you think that the distance
learning system is better than the classical form of
teaching?”, considering that a large number of users had not used distance learning system, 74,07%
(40 users) answered that they did not know if it
was better, 16,66% (9 users) answered that it was
not, and 9,26% (5 users) answered that it was better (fig. 3).

Figure 3. Results of students’ answers to the second question
To the question if they would like to use it, the
users answered that they would not, i.e. 12,96% (7
users), while the number of users who would like
to use it was 44,44% (24 users), and 42,59% (23
users) answered they did not know (fig. 4).
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Figure 4. Results of students’ answers to the
third question
After completion of the experiment, the users were again given the questionnaire to establish their attitudes and opinions about distance
learning and were asked how distance learning
improved results of learning (they were asked to
circle more answers which they considered closest
to their opinion).
The questionnaire needed for evaluation was
filled in at the final testing. This questionnaire
offered an opportunity to students to give their
opinion by answering the following questions:
about the model of learning they had taken part
in, about any technical problems they may have
faced, preciseness of the online course material,
if the teaching material had been adapted to their
pre-knowledge, if the organization of the course
and the process of learning had been customized
to students’ needs, if there was motivation for
learning (learning was more interesting, learning at own pace and capacities, shortened time
of learning, time was no “wasted” on lectures attendance), if they had a feeling of being isolated,
if communication via Internet with teachers and
instructors had been difficult, if students’ expectations were fulfilled in that system of learning, if
the applied system of learning had been the right
one for a particular student, if the course material of a particular course could be learned by using this system, if the applied system of learning
could be more efficient…
4.4.  Result of recent researches and
discussion
The experiment established the following:
–– distance learning model in graphic
communication teaching has statistically
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significant influence on teaching process
efficiency in higher technical education
– it was confirmed by empirical research
(initial and final knowledge test), so it can
be concluded that the suggested model
used in graphic communication teaching
contributes to a more efficient knowledge
acquision
–– distance learning model in graphic
communication teaching provides a higher
degree of development of intellectual
abilities and skills of students, i.e. provides
a higher degree and consistency of direct
knowledge of students than the classroombased learning for the same time – it was
confirmed in the results of the test repeated
after one month which showed that the users
who were involved in distance learning
system had acquired the course material
more consistently and at a higher degree
than the control group.
–– graphic communication teaching based
on distance learning model increases
motivation of students in teaching process
in comparison with classical approach to
teaching – it is confirmed on the grounds of
a questionnaire given after the experiment
where the obtained results show that the users
give precedence to distance learning because
of more interesting presentation of teaching
material (83,87%), work at their own pace
(74,19%) which increases the motivation
because users can give themselves realistic,
achievable aims which make them more
motivated for further work. The motives
of the users are also influenced by the time
needed to learn new material, and after the
experiment the users (as many as 64,51%
of them) think that distance learning system
affects the shortening of time necessary
to learn. Relatively small number of users
(32,25% of the users), mentioned the time
spent at lectures as one of the reasons, which
can lead to a conclusion that the users think
that time spent at lectures is not wasted.
According to everything mentioned, it can
be concluded that a greater percentage of
users are motivated to work in this way.
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The greatest contribution of this research is creation of a distance learning model in higher technical education where the starting point was experiences of other countires, but having in mind all the
features of higher education institutions in Vojvodina and their environment which were considered
in electronic learning implementation.
Considering schools and universities worldwide which develop and introduce distance learning systems, conditions for development of a system which is currently being implemented at the
Technical Faculty “Mihajlo Pupin” in Zrenjanin
have been created. Structure and scenario of the
operation of a trial model and its application are
described in this work and the results obtained after being used by the students will be helpful for
its further development.
Results of the recent development and application of this distance learning model show its advantages, but also reveal some problems:
The observed advantages:
–– the learning envirionment can be chosen – it
depends on the media used as a means for
learning (learning at work, at home…),
–– possibility to choose own way of learning –
active or passive learning, different degrees of
interaction: “traditional” written material with
own notes taking, interactive simulations,
discussion with other participants (e-mailing,
teleconferences, …), higher level multimedia
– graphs, animations, sound…
–– work at own pace – leaners review the
material at their own pace and as many
times as they want,
–– practical work with various technologies –
information about what is learned is acquired
along with additional knowledge and skills,
–– independent learning – teachers also learn
from students who search for information
resources.
The observed problems:
–– possible occasional disorientation in
learning process with the freshman students
–– Solution to this problem could be better
engagement of teachers in the following
activities: as clear definition of learning
directions as possible, continuous observation of their work, encouragement of active
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learning via the Internet using various
teaching techniques and knowledge tests,
intensive discussion on the forum to clear
up problems and doubts about the reviewed
material.
5.  Conclusion
The results obtained in this research have confirmed and verified the fact that today educational
i.e. teaching process cannot be conceived without
use of the computer. Experiences and knowledge
acquired in researching possibilities of distance
learning model application are described showing
their significant influence on teaching process efficiency in higher technical education. Research
parameters were obtained after knowledge of students using this model had been tested and are here
given, as well as the students’ attitudes and opinon
about distance learning in general and about the
used model in particular.
According to the results of the students who
took part in the trial learning model application, it
could be said that the work which used the model
of described structure and scenario has been successfully accomplished.
The results of this research offer grounds for
further research aimed at:
–– students as potential electronic learning
users from the point of view of their needs,
motivation to use this kind of education and
their technical equipment.
–– application of the results to advance teaching
activities in higher institutions in Vojvodina,
–– considering possibilities of application of
the results Serbia-wide.
In addition, further work lays ahead and it
should comprise improvement of courses and
their development, better multimedia presentation
and especially encouragement of interactivity. The
trial model is currently being implemented with
first-year students at Technical Colleges of Applied Sciences in Novi Sad and Zrenjanin. This
experience is a good example of the need for multidisciplinary approach in graphic communication
teaching and of possibility to apply high information technology in teaching.
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Comparison of the value of
therapies using corticosteroids
and non-steroidal antiinflammatory analgesics in post
surgery after surgical removal of
impacted mandibular third molar
Uporedna vrijednost terapije kortikosteroidom i
nesteroidnim antiinflamatornim analgetikom na
postoperativni tok nakon hirurškog odstranjenja
impaktiranog mandibularnog trećeg molara
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1
2

Community Health Center in Zenica, Bosnia and Herzegovina
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Abstract
This paper compares the impact of therapy with
non-steroidal anti-inflammatory analgesics and
corticosteroids to intensity of post-surgery pain,
swelling and trismus after oral surgical removal
of impacted mandibular third molar. Two medicaments were used, 15 mg Meloxicam and 32 mg
Methylprednisolone. The Independent sample ttest was used for comparison of patient groups.
Statistically significant difference at the significance level of p < 0.05 was found between the
patient groups. Application of individual therapy
using only corticosteroids and only non-steroidal
anti-inflammatory analgesics gave statistically
significant difference in all monitored post-surgery
parameters after oral surgical removal of impacted
mandibular third molar. Pain was more intensive
in corticosteroid therapy, and Meloxicam therapy
lead to more intensive swelling and trismus.
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Sažetak
Ovaj rad upoređuje utjecaje terapije nesteroidnim antiinflamatornim analgeticima i kortikosteroidima na veličinu postoperativnog bola,
otoka i trizmusa nakon oralno hirurškog tretmana
odstranjenja impaktiranog mandibularnog trećeg
molara. Ordinirala su se dva lijeka, preparat
Meloxicama od 15 mg i Metilprednizolona od
32 mg. Za poređenje grupa pacijenata korišten je
independent sample t-test. Utvrđena je statistički
značajna razlika na nivou značajnosti p < 0.05
između grupa pacijenata. Aplikacija terapije sa
samim kortikosteroidom i sa samim nesteroidnim antiinflamatornim analgetikom polučila je
statistički značajnu razliku za sve praćene post389
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operativne parametre nakon oralno hirurškog
odstranjenja impaktiranog mandibularnog trećeg
molara. Bol je bio intenzivniji kod terapije kortikosteroidima, a terapija Meloxicamom je dala
intenzivniji otok i trizmus.
Ključne riječi: impaktirani zub, otok, analgetici, kortikosteroidi.
1.  Introduction
Expected post-surgery complications, such as
pain, swelling and trismus, were the most common companion to the surgical removal of impacted mandibular third molars. In the post-surgery period after such surgery, even complications
that were rated as severe and permanent can occur,
in the form of paresthesia n. alveolaris inferior, n.
linqualisa, and in the form of fracture of mandible,
etc.
Justification of such research, from an ethical
point of view, has been exceptional, considering
that the patients were indicated for surgical intervention, and there is no experimental provocation
of post-surgery complications due to research.
Therefore, quite often, surgical removal of impacted mandibular third molars is used as a model
for the evaluation of medicines which have their
place in post-surgery therapy [1, 2].
To prevent post-surgery pain, swelling and trismus after surgical removal of impacted mandibular third molars, painkillers are usually prescribed.
Recent literature indicates that in addition to giving analgesics, corticosteroids are given, especially for the reduction of post-surgery edema. There
are numerous studies about their pharmacokinetic
and pharmacodynamic properties.
The aim of this study was to compare the effects of therapy with non-steroidal anti-inflammatory analgesics Meloxicam with corticosteroid
Methylprednisolone on post-surgery pain, swelling and trismus after oral surgery removal of impacted mandibular third molars.

The study included 40 patients with indication
for surgical removal of impacted mandibular third
molars with fully completed growth and development of roots, with mesioangular position (Winter
class II). The same surgical approach was applied
(Sicher cut) with standard surgical instruments
and a uniform manner of vestibular corticotomy
for each patient. Patients were divided into 2
groups randomly. Each group included twenty patients of both sexes, aged 18 to 45, without contraindications to medications and anesthetics applied during this study. Impacted mandibular third
molars or molars were diagnosed at each patient,
after clinical examination and radiographic analysis of the corresponding images, one of which is
required orthopantomogram.

Figure 1. Percentage of male and female patients with Methylprednisolone therapy

2.  Materials and methods
2.1.  Subjects
390
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Figure 2. Percentage of male and female patients with therapy Meloxicam

Figure 3. Percentage of impacted teeth in male
patients with Methylprednisolone therapy
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Figure 4. Percentage of impacted teeth in male
patients with therapy Meloxicam

Figure 5. Percentage of impacted teeth in female
patients with Methylprednisolone therapy
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Figure 6. Percentage of impacted teeth in female
patients with therapy Meloxicam
Kidney or liver disease, allergic reactions to
some of the research drugs, pregnancy and lactation, blood discrasia, gastric ulcers, heart disease
were used as the exclusion criteria for this research study. All selected candidates were free of
pain and other symptoms of inflammation.
Patients who had inflammatory symptoms including swelling, hyperemia and decreased mouth
opening prior to surgery and those who were not
subjected to pre-surgery measurements or did
not accept the required measurements during the
planned inspection on the second and seventh
day after surgical treatment were excluded from
this study. Patients who were taking analgesics or
anti-inflammatory medications within 24 hours
of surgical treatment and those who changed the
treatment plan on their own initiative were also
excluded from the survey.
Impacted teeth were extracted under local anesthesia in a dose of 4 ccm 2% xylocaine with
adrenaline (1: 80 000), with the prior consent of
patients.
2.2.  Procedure
The study used two drugs, Meloxicam (Melox
Fortae) of 15 mg (non-steroidal anti-inflammatory
analgesic from the group of selective inhibitors
392

of cyclo-oxygenase-2, COX‑2) and Methylprednisolone (Medrol) of 32 mg (glucocorticoid with
synthetic origin). Both drugs were applied per os,
according to the application scheme.
The first group of subjects was applied with individual Meloxicam therapy in a dose of 15 mg,
one hour before surgery and the next two days in a
dose of 15 mg per day.
The second group of subjects was applied with
individual Methylprednisolone therapy in a dose
of 32 mg, one hour before surgery and twelve
hours after surgery, in a dose of 32 mg.
Adequate pre-surgery and post-surgery measurements were performed for each patient during
check-ups according to the research protocol. That
was used as a basis for estimation of pain level,
swelling and trismus during the second and seventh post-surgery day.
In this study, the level of post-surgery pain after surgical removal of impacted mandibular third
molars was assessed from statements given by patients according to VAS (visual analog scale).
By measuring the interincisal distance of maximum open mouth with caliper, we estimated the
level of post-surgery trismus.
The level of post-surgery swelling is estimated
from the measurement of specific facial points using cephalometry.
3.  Results
For the purpose of statistical data analysis from
the aspect of their significance, we used the following statistical methods:
–– Column Pie charts for graphical representation
of the characteristic parameters of the
controlled group of patients.
–– Independent samples t-test for significance
of differences between characteristic of the
samples given in parametric form.
Table 1 presents the values of t-test for groups
with individual therapies with Methylprednisolone and with Meloxicam
Results of F-test and t-test given in Table 1,
lead to the following:
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Table 1. Values of F and T for tested groups with individual Methylprednisolone therapy, and individual Meloxicam therapy.
Degrees of freedom
Average
Df
difference
33. 778
8. 718
bol_B2_step
38
. 8000
7. 083
bol_B7_step
. 940
38
1. 0500
5. 233
-15. 278
triz_T2
38
-7. 5985
-16. 384
triz_T7
1. 705
38
-6. 0050
13. 120
-11. 160
UM_LUO_2
38
-. 1114
10. 499
-10. 027
UM_LUO_7
38
-. 0598
3. 972
-14. 992
T_LUU_2
38
-. 0595
12. 265
-14. 070
T_LUU_7
38
-. 0411
3. 044
-10. 858
T_G_2
38
-. 0329
-9. 711
T_G_7
1. 452
38
-. 0229
* The value of difference with significance level 0.05
bol_B2_step = pain level, second post-surgery day
bol_B7_step = pain level, seventh post-surgery day
trizmus_T2 = trismus level, second post-surgery day
trizmus_T7 = trismus level, seventh post-surgery day
UM_LUO_2 = mandible angle - lateral angle of the eye, second post-surgery day
UM_LUO_7 = mandible angle - lateral angle of the eye, seventh post-surgery day
T_LUU_2 = tragus - lateral angle of the mouth, second post-surgery day
T_LUU_7 = tragus - lateral angle of the mouth, seventh post-surgery day
T_G_2 = tragus - gnation, second post-surgery day
T_G_7 = tragus - gnation, seventh post-surgery day
parameters

F

t

1. There is a statistically significant
difference for all the parameters (pain,
trismus and swelling) in patients with
Methylprednisolone therapy and Meloxicam
(t-values are higher than threshold 2.03 with
significance level of p < 0.05).
2. Pain is more prominent in
Methylprednisolone therapy and trismus
and swelling parameters are higher in the
Meloxicam treatment.
3. Dispersion of results is larger for most
parameters in Meloxicam therapy in relation
to Medrol therapy (F-values were greater
than threshold with significance level of
p < 0.05), which can be interpreted as
a lower effectiveness of the therapy for
certain parameters (pain, trismus after the
second post-surgery day, and all swelling
parameters except T_G_7).
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Standard error of
difference
. 09200
. 14800
. 49735
. 36652
. 00998
. 00596
. 00397
. 00292
. 00303
. 00236

4.  Discussion
The basis for performing clinical experiments
in estimation of various drugs after surgery is surgically induced inflammation, which is manifested
by classic symptoms, such as pain, swelling, heat
and various functional impairments.
The release of potassium, serotonin and histamine from injured cells, and release of bradykinin
from damaged blood vessels, are caused by tissue
damage during surgery. This causes the appearance of activated nociceptors, change in tissue
color and edema, in the form of tissue response.
Bradykinin causes the release of prostaglandins
and activation of nociceptors. Prostaglandins
stimulate increased permeability of blood vessels,
formation of primary hyperalgesia and increased
sensitivity of nociceptors. Transmission of nerve
impulses from irritated afferent nerve fibers causes
release of P-substance, inside and around the site
of tissue injury, and it is responsible for further release of bradykinin and histamine, which in turn
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activate other nociceptors and deteriorate reactive
response to tissue injury.
Through pharmacological control of the inflammation volume, the intensity of post-surgery pain,
swelling and trismus can be significantly reduced.
To prevent post-surgery pain, swelling and trismus, painkillers are usually prescribed. Recent
literature indicates that in addition to giving analgesics, corticosteroids are also used, especially
for the reduction of post-surgery edema. There are
numerous studies about their pharmacokinetic and
pharmacodynamic properties.
Therefore, one way to reduce the post-surgery
inflammation is to use corticosteroids [3]. Cortisol
and synthetic analogs of cortisol are capable of disrupting the physiology of the inflammation process,
and thus, supriming development of the local fever,
redness, swelling and sensitivity to touch, through
which inflammation can be identified.
Ustun et al. in 2003 compared the effects of
Methylprednisolone given intravenously at 1.5
mg/kg and at 3 mg/kg on pain, swelling and trismus after surgical removal of impacted mandibular third molars [4]. Doses were administered one
hour before surgery. They did not find a statistically significant difference (p > 0.05) as a result of
the study for trismus, swelling and pain between
the two groups. There were no major clinical benefits of large doses of Methylprednisolone.
Grossi et al. in 2007 compared the effect of
submucosally applied corticosteroid dexamethasone [5]. The doses were applied in the form of
submucosal injection of 4 mg and 8 mg after application of local anesthesia. In comparison to placebo treatment, they found statistically significant
(p < 0.05) differences compared to the swelling
size for the second post-surgery day for both doses. There was no statistically significant difference
compared to the swelling size for the seventh postsurgery day. They concluded that parenteral use of
dexamethasone at a dose of 4 mg, gives statistically significant swelling reduction. However, there
was no significantly greater benefit from higher
doses, 8 mg of dexamethasone.
Laureano Filho et al. in 2008 compared the
effects of pre-surgery prescribed dexamethasone
at a concentration of 4 mg and 8 mg on swelling,
pain and trismus after surgical excision of impacted mandibular third molars [6]. As a result, they
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have found a statistically significant difference between the swelling level and trismus in favor of
higher doses (p < 0.05). Statistically significant
difference for pain level (p > 0.05) was not found.
In addition to application of corticosteroids, it
is possible to achieve post-surgery inflammation
reduction by controlled synthesis of prostaglandins, which play a major role in the induction of
pain, inflammation and fever.
Preventive strategies to reduce post-surgery
pain and inflammation are based on the known
ability of non-steroidal anti-inflammatory analgesics to block arachidonic acid cascade [7].
When non-steroidal anti-inflammatory analgesics are prescribed before surgery, drug absorption
and distribution can happen before the initiation of
tissue trauma and before occurrence of the synthesis of prostaglandins and before inflammatory response [8]. Prevention of inflammatory responses
can reduce post-surgery complications of tissue
trauma, especially post-operative pain.
Premedication with non-steroidal anti-inflammatory analgesics in oral surgery removal of
impacted mandibular third molars proved to be
effective and useful [9]. It appears, according to
recent literature, that there is a trend of pre-surgery
application of analgesics [10].
Some drugs in pre-clinical trials have shown
analgesic properties, with great expectations, but
the expected analgesic effects were absent when
used after oral surgery [11]. In our study, Meloxicam was administered at 15 mg, according to the
scheme established by study protocol and authentic difference was determined, with regard to
pain, compared to the group which applied only
Methylprednisolone. Post-surgery pain was lower
in the Meloxicam therapy compared to therapy
with Methylprednisolone (Table 1). Post-surgery
trismus and swelling were lower in the Methylprednisolone therapy compared to therapy with
Meloxicam (Table 1).
Lopez Carriches et al. in 2006 compared the
efficiency of corticosteroid Methylprednisolone
versus non-steroidal anti-inflammatory analgesics
diclofenac in the treatment of inflammation and
trismus after surgical removal of third molars [12].
Patients treated with non-steroidal anti-inflammatory analgesics showed a significantly stronger
swelling in facial measurements (p < 0.05) 24
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hours after surgery. There were no statistically
significant differences in trismus development for
anti-inflammatory therapy used.
Leone et al. in 2007 compared the efficiency of
corticosteroid Methylprednisolone, and analgesics
Ketoprofen in patients who were initiated with
surgical removal of impacted mandibular third
molars after the application of local anesthesia
[13]. With the addition of Paracetamol, patients
were administered intravenously with Ketoprofen
100 mg or Methylprednisolone 1 mg/kg. They noticed only a marginal difference between Methylprednisolone and Ketoprofen for pain relief after
oral surgery.
5. Conclusion
Application of therapy only with corticosteroids and only with non-steroidal anti-inflammatory analgesics yielded a statistically significant
difference for all the observed post-surgery parameters after oral surgical removal of impacted
mandibular third molars, with the significance
level of p < 0.05. Meloxicam therapy resulted in
a significantly lower pain levels and significantly
higher swelling and trismus levels compared to
treatment with Methylprednisolone.
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Permanent theoretical
and practical education
of teachers technical and
information profile
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Abstract
Education is faced with great demands in the
world and it is logical that education in our country
has to satisfy the same demands. Developed technologies in education need the introduction of libraries, information systems, centreswith diferent
knowledge sources Renewed contents in Technical and Information Education in primary schools,
as well as the trends concerning application of
modern information technologies in the teaching
process have emphasized the need for permanent
improvement of the teaching process by the means of permanent education of teachers. Having in
mind correlation of two scientific spheres within
this subject, technical and information, education
of teachers must go in two directions: professional( technical- technological- information) and
methodic, as skills and arts of pedagogical adaptation of the teaching contents. Further development
of Technical Education is directed towards methodic innovation, first of all by introducing modern
teaching methods and problem- solving way of
teaching, supported by information and communicative technology, which means using educational
computer softwares.
1.  Introduction
Fast development of technologies has caused
many changes in process of education itself. New
standards have been adopted, but problems in re2010

alization and application of these standards were
unavoidable. Many organizations put great efforts
into researching the possibilities of new technologies in process of education.
Teachers have a special responsibility here, for
they are the ones who transmit international experiences to the pupils and scholars who build the future for their successful integration into the world
educational community and for competing in the
global society and world employment market as
well as developing their skills necessary for future
activity. Frequent changes of legal regulations and
numerous projects in the countries of western Balkans are directed towards reforming educational
systems. However, there is a considerable number
of teachers, at all levels, who haven’t acquired basic professional, psychological, pedagogical and
methodical education during their studies.
It is evident a particular neglection of practical
components in methodical education of teachers.
Therefore, development trends of school, especially teaching system, should include not only
educational contents but the ways of teaching and
learning as well. This problem is particularly evident in high schools and at universities where a
great number of highly professional teachers and
professors without elementary methodical education work. All mentioned diminishes educational
effects of the teaching process, especially during
preparation, planning and evaluation phases.
Renewed contents in the subjects Technical
and Information Education in primary schools,
as well as the trends concerning the application
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of modern information technologies in the teaching process have focused the need for permanent
improvement of the teaching process by continual
training of teachers. Having in mind correlation
of two scientific spheres within this subject,
technical and information, education of teachers must go in two directions: professional( technical- technological- information) and methodic,
as skills and arts of pedagogical adaptation of the
teaching contents. Further development of Technical Education is directed towards methodic innovation, first of all by introducing modern teaching methods and problem- solving way of teaching, supported by information and communicative
technology, which means using educational computer softwares.
In educational systems of the nearby developed countries professional training of teachers is
carried out through various forms: individual, formal and informal. Individual professional training with the aim to acquire new knowledge, both
in professional and general education, teachers
realize independently according to their own interests by selecting the most appropriate spheres,
providing and studying professional literature, attending courses, media, the Internet etc. Formal
educational training includes education through
different ways of post-education and, in this way
acquiring new professional and academic vocations and titles. Finally, in order to renew, enhance
and profound professional, pedagogical, didactic,
methodic and general knowledge, as well as to introduce themselves to innovations in Information
science and Technical education, the teachers attend various seminars, courses, conferences etc.,
within informal professional training and after
passing professional exams. Strategic objectives
in trends concerning continual system of professional teachers' development contribute to higher
quality of learning and teaching process which
will, on the other hand, provide students optimum
development. That will help them to become professionals with qualities compatible to the standards in western European countries.
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2.  Teacher’s competence
A teacher is a key factor of the teaching process and his/her competence represents a dominant feature of a successful educational system
and it fulfills its educational objectives. It is now
necessary to carry out a preparation of teachers for
their future, somehow changed role in the teaching process in which he/she is becoming a creator,
designer and coordinator of the teaching process.
What is the state in our educational system concerning modernization of the teaching process? As
a part of the research [4], an experiment was carried out to examine whether the usage of electronic
teaching means (computers and educational softwares) raises the level of the acquired knowledge
in teaching Information Science and whether this
usage improves motivation of students to work at
these classes. The experiment was carried out by
the method of parallel groups. In the same time,
a survey of teachers on the ways of performing
the teaching process was done too. By analyses of
the collected data provided by teachers’ survey the
following was concluded : a dominant teaching
form in our educational system is a frontal way of
teaching. The data show that the teachers mostly
carry out a frontal way of teaching, then a pair
work and thirdly, group work. A special feature
of subjects supported by information means has
not contributed to modernization of the teaching
forms so the predominant teaching form in teaching Information science is still frontal. Certainly,
some schools or teachers that are trying to exchange a frontal way of teaching for some more
modern ways should not be neglected, especially
because of the fact that some are really successful.
A dominant philosophy of teaching is a traditional
one. Such an approach is characterized, among
other things, by traditional methods of teaching.
All mechanisms of the educational system which
influence the methods of learning and teaching
favour traditional methods, particularly lecturing
methods. The focus is on teachers, not on students. In the same research it was concluded that
a teaching/lecturing method is predominant in our
educational system and that this way of teaching
favours mechanical memory. A strict mastering of
the subject matter is still focused on pure reproduction and not on developing practical skills, arts
2010
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and abilities. Evaluation is still often carried out
in front of the board by reproducing the written
matter and not by the means of computers or other
practical indicators.
On the bases of teachers’ answers concerning
the greatest problems in modernization of their
work, the following stands out:
1. fear of changes, new obligations, additional
work
2. lack of their knowledge for the work on
computers, fear of students’ superiority
in using computers and other modern
equipment
3. fear of losing their status as central figures in
the teaching process
These problems represent the greatest restraint
in the whole process of introducing information
technology in the teaching process. The teachers’
role should be better knowledge transfer to their
students and making them healthy users of computers. In order to achieve these goals they must be
computer literate which means using IC technologies without frustration. Older teachers who spent
most of their working life in non-digital world
have the greatest fear. The solution is, first of all,
in strategic institutional actions- standardization
of the teaching process (licensed software, training programs, introducing compulsory information subjects at Pedagogy faculties). The teachers
will need a great help in presenting teaching contents via computers in the best way. It is necessary
here to harmonize the teaching contents with new
technologies, which can make problems to authors
of the teaching materials and to electronic systemadministrators whose task is to include written
materials, pictures, audio and video records, simulations. On the other hand, new technologies are
developing very fast and it is necessary to follow
up constantly everything that is going on in this
sphere. However, negative improvisation should
be avoided, which means that the problem must
be solved institutionally. Only licensed software
may be used in teaching and they should be the
result of cooperation of teachers, school psychologists, pedagogy experts and programmers. This
is the only way to make a quality product that
can be used in teaching. It would be determined
by curriculum in what situations teachers can be
2010

creators of e-materials and also when they must
follow the training instructions. In order to eliminate traditional frontal approach, this new way of
teaching should develop the whole personality
and make conditions for social development. A
teacher should be the person whose task is to direct this process towards individual development
in a social atmosphere. Competence that a modern
teacher of Informatics should have, according to
OECD directions from 1998, are the following:
–– Competence
–– Pedagogical skills
–– Knowing technologies
–– Organizational competence and collaboration
–– Flexibility
–– Open-mindedness
3. The most frequent problems which
teachers of Informatics have to solve are
The most frequent disturbing factors in teaching
Informatics occur on computers, no matter if they
are technical (damage, old-fashioned computers,
etc.) or because the problems are in computer software. When these problems appear a teacher has to
solve them somehow and because of that his/her
position is a difficult one. The problem must be noticed, solved, if possible, or reported by the teacher.
That means that teachers must handle the class situation constantly and keep everything under control.
Tranquility and quick reactions, as well as communicative skills are the most desirable characteristics
for teachers of Informatics. Beside this, the teachers
need to know the subject matter they teach well.
Normal functioning of teaching Informatics
implies making appropriate conditions to students in order to master the subject matter better.
Teachers should try, considering the current situation and disturbing factors, to find the best possible solution to the problems. Teachers’ qualities,
readiness and adaptability to handle the existing
problems are of great significance here. The problems may be different, from damages (software,
hardware) on computers, projectors or on the network to natural disasters and problems in electrical energy supply.
In extreme conditions, such as big natural disastres (earthquakes, floods, storms or extremely cold
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or hot days) the role of teachers is to keep their
students safe and to prevent possible misfortune
and self-injuries.
In not so extreme situations the teachers should
try to eliminate disturbing factors. If a noise is a
disturbing factor then the teacher should find the
source of it and try to eliminate it.
Considering frequent changes of versions and
appearance of new software, permanent courses
for knowledge innovation should be organized
and a regular supply of new professional literature provided. Because of that, it is necessary to
provide good computer equipment and a room
for studying and learning only for teachers. The
need for permanent education and frequent program changes represent more difficult conditions
of work in comparison to other subject teachers.
For all this, our opinion is that the teachers of this
subject should be given reduction of compulsory
classes per week because the teachers of Informatics have to spend considerable time in learning.
These more difficult work conditions and a general financial situation in the sphere of education
represent the reasons for fluctuation of the teachers of Informatics –they often change their job of
teachers for some other job or they start teaching
other subjects. Another problem is that, for the
maintenance of equipment it is necessary to employ a professional who could be a kind of assisting demonstrator in laboratories besides taking
care about the equipment. .
4. Vocational seminars
The objectives of vocational teachers’ seminars are both professional development and individual progress of the teachers and increasing
efficiency and quality of the educational system
in the country.
In the following part of this paper we are going
to present an example of a vocational seminar under the title: Methodic processing of the teaching
contents in the subjects Technical and Information
education in primary schools.
The seminar program, which will be presented,
is adapted to current demands, necessary for using
and applying computers in teaching and professional training of the teachers. It is based on neces400

sary knowledge that teachers in junior and senior
classes should have from the field of Informatics
and Technical education,as well as on different
needs in various teaching topics of this subject.
The program is oriented towards aquiring practical, applicable knowledge and skills which will
help teachers in easier mastering and realization
of the teaching contents. The process of enhancing teachers’ methodic skills in working out the
technical and informative contents will motivate
teachers to introduce new, modern achievements
in the teaching process, to acesss the relevant information on the Internet and, in that way, to make
the whole process more efficient. Finally, the program enables teachers to improve their computer
literacy and to use computer educational software
more efficiently so they could apply their knowledge in realization of their educational, teaching
activities. This is the way to make the subject
Technical and Information Education more interesting for students; it can also raise their motivation for studying, keep their attention during
classes and improve quality and efficiency of the
teaching process.
The general goal of the program is offering vocational knowledge and skills to the teachers of
Technical and Information education, by giving
them methodic work out of the subject’s teaching
contents. The specific goals are:
–– vocational training of the teachers in the
field of technical science
–– vocational training of the teachers in the
field of Informatics
–– acquiring skills of the teachers in methodic
realization of the teaching of Technical and
Information Education
The target groups of the program are teachers
of Technical education and Informatics in primary
schools.
The expected effects of the program are: acquiring competence of the teachers for innovation of
organization and realization of the teaching process in order to improve efficiency of teaching
these subjects in primary schools.
The anticipated procedure of monitoring and
evaluation of the program realization is: measuring teachers’ satisfaction after the seminar by surveying them.
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Different activities, concerning monitoring and
evaluation through periodical collecting feed-back
information from the teachers about the effects of
the applied methodic skills in their work, are also
anticipated.
Description of the activities:
1. Methodic points of the organization of TIE:
teaching methods (problem and project
teaching method), individual and group class
work, modern teaching means, knowledge
evaluation techniques.
2. Realization of the teaching contents in the
field of Technical science
3. Realization of the teaching contents in the
field of Informatics :
- computer drawing, MS Visio, Google
SketchUp ()
- making PowerPoint presentations
- interface technologies, ports and computer management
- computer networks, the Internet, e-mailing
4. Multimedia material in teaching Technical
and Information Education- modeling
and simulation: The class organization in
teaching TIE from V to VIII form supported
by presentations within teaching units;
using graphs, animations, video, interactive
educational software simulations, e-tests for
evaluation of TIE, etc. everything adjusted
to the teaching program. Modernization,
improving quality, efficiency and effects of
the teaching process, individualization, saving
time concerning preparation and realization of
the teaching process, application of IT instead
of classical teaching means, application of
the newest technological achievements,
better students’ interests, efficient and more
objective knowledge evaluation and other
advantages. The material for presentation is
authorized and it is designed for the teachers
of TIE, as well as for the students from V-VIII
forms in primary schools.
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Fig.1. Intro screen of Multimedia Educational
Software for Google SketchUp made at Tecchnical Faculty »Mihajlo Pupin«[5]

Fig. 2 Educational software “Math games” for
Preshool
5.  Conclusion
In the near future the vision of global knowledge where the information which should be made
available to public becomes «public goods» will
come true. Such a tendency is called a «tendency
of open approach» and it supports the idea of open
electronic approach. Traditional learning is becoming absolutely insufficient without the implementation of modern electronic models for learning.Modernization of the teaching process means
rationalization of it, making it more efficient and,
in the same time, adjusting it with modern requirements of technological society. There are, certainly, some problems in realization of such changes.
The problems are numerous and various and the
structure of the teaching process is a complex one.
The very essence of this paper is in the attitude
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that in our society exists a need for establishing
a concept of permanent improvement of teachers,
the concept which has been already established
in the nearby countries.Teachers’ readiness to be
partners in educational and knowledge-acquiring
process of their students’ development represents
a usable role of teachers that is a base for further
professional activities of every individual in the
society. These are the valuable steps in preparing
young eople for further active and permanent selfeducation. State educational institutions and other
relevant organizations have to recognize these
problems in order to establish appropriate standards for quality preparation, as well as certification of the teachers.
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Abstract
This paper presents the parts of research which
relationship marketing and customer satisfaction
incorpotare as an integral part of theoretically (in
general) defined model for providing satisfaction of customers requirements [7]. This research
also included an interviewing of companies and
experts from Republic of Serbia. The objectives
was to show that the relationship marketing concept and customers satisfaction can be accepted
and implemented in Serbian economy.
Customers' satisfaction is explained from the
standpoint of relationship marketing: how much
modern Serbian companies take care about customers' requirements and satisfaction, if they
recognize the elements of relationship marketing
in their own business activities and how they evaluate them concerning their business significance,
how they manage and organize the recognizing
processes of customers' requirements together
with measuring customers' satisfaction; what methods they use, how they incorporate the effects of
researching, monitoring, measuring and analyses
in their own business. Also, research compares a
companies’ and the experts’ opinion.
Key words: customer satisfaction, relationship
marketing, process
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Sažetak
U ovom radu prezentuju se delovi istraživanja
koji marketing odnosa i zadovoljenje korisnika,
kao sastavni deo, uključuju u generalizovani teorijski model za obezbeđivanje zadovoljenja zahteva korisnika [7]. Ovo istraživanje takođe uključuje ispitivanje preduzeća i eksperata sa teritorije
Republike Srbije. Cilj je bio da se pokaže prihvatlivost i primenljivost koncepta marketinga odnosa i zadovoljenja korisnika u Srpskoj privredi.
Zadovoljenje korisnika objašnjeno je sa stanovišta marketinga odnosa: koliko savremena srpska
preduzeća vode računa o zahtevima i zadovoljstvu
korisnika; da li prepoznaju elemente marketinga
odnosa u sopstvenom poslovanju i kako ih ocenjuju u smislu značaja za sopstveno poslovanje;
kako upravljaju i organizuju procese prepoznavanja očekivanja zahteva korisnika, odnosno merenja zadovoljstva korisnika - koje metode pri tome
koriste; na koji način efekte istraživanje, praćenja,
merenja i analize ugrađuju u sopstveno poslovanje. Istraživanje takođe komparira mišljenja preduzeća i eksperata po ovim pitanjima.
Ključne reči: zadovoljstvo korisnika, marketing odnosa, proces
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1.  Introduction
Modern society demands from companies to
take full moral and legal responsibility for their
activities, especially in protecting both customers'
interests and the environment. Modern business
philosophy implies that an organization is responsible for its actions and activities towards all agens
in its surroundings. New marketing paradigm represents marketing directed towards improving relations with customers that is based on data base,
interactive marketing and web marketing. This
modern marketing concept demands from companies to take an effort and find out the needs of a selected market in order to satisfy customers' needs
more efficiently and successfully than competitive companies and to do all that in the way which
maintains and improves wellfare of customers
and the whole society. Relationship marketing
represents a considerable step ahead in approaching marketing, going from thinking about it only
in categories of conflict and competition towards
categories of cooperation and interdependence.
The term “relationship marketing” (RM) was
first introduced by Berry [4] in a services marketing
context. Managing relationships is, however, nothing new in business. Many entrepreneurs do business by building and managing relationships without using the term relationship marketing. Relationship marketing, defined as marketing activities that
attract, develop, maintain, and enhance customer
relationships [4, 6, 16], has changed the focus of a
marketing orientation from attracting short-term,
discrete transactional customers to retaining longlasting, intimate customer relationships. Many
firms have established relationship marketing (or
loyalty) programs to foster customer loyalty towards their products and services [38]. The bases
of relationship marketing has been described best
as the formation of “bonds” (links) between the
company and the customer [37]. As existing literature suggests business can build customer relationships by initiating one or several types of “bonds”,
including financial, social, and structural [5, 6, 27,
32, 40]. However, much should be learned about the
relationship between “bonds” initiated by a company and customer perceptions and behavior [17].
This connects RM with some terminologically and
conceptually researched phenomena which can be
404

considered crucial for this research. They are: values, creating values for customers and customers’
satisfaction. The results are customers’ loyalty and
general improvement of company’s performances.
The question of measuring customers’ satisfaction
represents one of the key issues of this paper, as
well as the research itself.
Value is an important element in managing
long-term customer relationships [34]. Because
definitions of value vary according to the context
[2, 12, 18, 19], some researches [21] conceptualize
value as an result of consumption experiences. In
Babin’s [2] study, value is defined as a subject’s
relativistic preference after his or her interactions
with things or events. In developing marketing
activities firms must recognize that customers receive benefits from their experiences and that a
well-designed marketing mix can enhance perceptions of value [34]. Therefore, customers’ experiences with relational bonds may influence their
value perceptions.
Several consumer behavior studies have focused on the perceived value of marketing activities. Various literature references have evaluated
details such as shopping trips [2] and sales promotion activities [1, 9] according to their utilitarian
value, or the worth of the acquired economical
factors and their emotional or hedonic value generated from these activities. In this study [22], the
researchers propose that customers’ utilitarian or
hedonic value may be improved by economic or
emotional marketing activities taking care about
relational “bonds”. When consumers highly value
these bonds, they are motivated to be loyal.
Customer satisfaction (CS) can be defined in
different ways. According to Kotler [25], satisfaction is “the level of a person’s felt state resulting
from comparing a product’s perceived performance (or outcome) in relation to the person’s expectations.” Briefly, satisfaction level is a function
of the difference between perceived performance
and expectation [39].
In the contemporary global economy and highly
competitive business environment, it might be fatal for a business organization to be non-customer
oriented [11]. In fact, only those customer-centered
organizations that can deliver value to their customers will survive in the modern business arena.
To “make” highly satisfied and loyal customers,
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organizations throughout the world are striving to
produce world class products and services of high
quality. For a long time, CS is considered to be the
key success factor for every profit-oriented organization as it affects companies’ market share and
customer retention. In addition, satisfied customers tend to be less influenced by competitors, less
price sensitive, and stay loyal longer [11].
Many executives seem to trust their intuitive
sense that high customer satisfaction will eventually translate into higher loyalty and with it ultimately into improved company performance [31].
Thus achieving high customer satisfaction has become a central focus of corporate strategy for most
firms [20, 21]. However, “despite the claim that satisfaction ratings are linked to repurchase behavior,
few attempts can be found that relate satisfaction
ratings to actual repurchase behavior” [29]. That the
validity of this assumption is all but given, is nicely
illustrated by Reichheld [36], who reports that while
around 90% of industry customers report to be satisfied or even very satisfied, only between 30%
and 40% actually do repurchase. Some researches
have consequently even gone as far as to question
the usefulness of satisfaction measures in general
[35]. Apparently, current knowledge doesn’t fully
explain the prevalence of satisfied customers who
defect and dissatisfied customers who do not [3, 14,
23, 24]. One of the reasons is that the relationship
between satisfaction and retention is not a linear
one, but moderated by several different variables.
Oliva, Oliver, and MacMillan [30] stated that “the
response function linking (…) satisfaction to customer response may not operate as is frequently assumed because the complexity of the relationship
may be underestimated”.
There is a broad available technical (or marketing) literature thet supports moves towards formalizing the measurement of customer satisfaction. This supporting base is concerned primarily
with such issues as:
–– developing different concepts of customer
satisfaction which can be evaluated [15];
–– designing effective customer satisfaction
data collection and reporting systems,
varying in sophistication [28];
–– adopting methods for institutionalizing
customer satisfaction measurement into
organizational control systems [26]; and
2010

–– developing systems for responding
effectively to customer dissatisfaction and
customer complaints [37].
In fact, it has been noted that customer satisfaction measurement has proved to be one of the most
successful products for market research agencies
through the recession [10]. The market research
industry offers a full range of products in this area:
customer satisfaction survey methodologies; focus groups to study customer satisfaction issues;
standardized packages for monitoring customer
satisfaction; and the computer software needed to
analyze and report customer satisfaction data to
management. However, the key issue in this area
is somewhat different from this focus on measurement techniques and reporting systems.
The question is what effect the measurement of
customer satisfaction has – both on the implementation of marketing strategies of service, quality,
and so on; and in the internal market of employees, managers, distributors, and all those on who we
rely to implement our marketing strategies [33].
Evans, J. and Laskin, R. [13] present a model of
effective marketing process which, in some way,
shape everything said before in a coherent whole.
The model is in a cyclic form with three sub-processes: (1) inputs (understanding customer expectations, building service partnerships, empowering
employees and Total quality management (TQM));
(2) positive outputs (customer satisfaction, customer loyalty, quality of products/services and increased profitability); (3) checking phase (customer
feedback and integration). The authors define relationship marketing as a “process by which a company builds a long-lasting relationship with possible
and the existing customers in such a way that both
sides (sellers and buyers) are focused on commonly
defined objectives, which is in harmony with previously mentioned definitions”. It is also emphasized
that achieving the objectives of relationship marketing can be realized through: (1) understanding
customers’ needs, (2) treating customers as partners
(3) providing satisfaction of all customers’ needs by
employees; this may demand initiative and efforts
on the part of employees that exceeds norms of
the company and (4) providing the best quality according to customer’s individual needs. Efficiently
positioned relationship marketing will lead towards
405
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the following positive outputs: (1) high percentage
of satisfied customers, (2) higher loyalty of customers, (3) customers' perception on products/services higher quality and (4) increasing profit of a seller company. Relationship marketing is a continual
process which demands the following from companies: (1) continual communication with customers
(provides correct definition of requirements) and
(2) to integrate relationship marketing process into
strategic planning (enables better resource management and anticipation of future customers' needs).
Brookes and Little [8] enhance the explanation of
the effective marketing process by saying that this
concept is based on data base management, interactive market communication and web marketing.
The main directions of this research, from the
standpoint of business, are: relationship marketing
with customers which deals with the influence of
customers’ satisfaction on competitiveness and realized profit; methods for measuring customers’ satisfaction and techniques which enable implementation of such data in the strategy and, in that way, improve relations between companies and customers.
2.  Background of the research
Primary objective of this research is to establish: facts, attitudes and opinions concerning
introduction and providing quality management
system in the Republic of Serbia economy – modeling of measuring process and monitoring customers’ requirements, as well as specific experts’
requirements in the sphere of quality.
Secondary objective – customers' satisfaction
should be explained from the standpoint of relationship marketing concept:
–– how much modern Serbian companies
take care about customers' satisfaction and
requirements,
–– if they recognize the elements of relationship
marketing in their own business activities
and how they evaluate them concerning
their business significance,
–– how they manage and organize the
recognizing processes of customers'
requirements together with measuring
customers' satisfaction; what methods they
use,
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–– how they incorporate the effects of
researching, monitoring, measuring and
analyses in their own business.
More information about the research, the sample, collecting and processing of research data
have been presented and explained earlier in [7].
Here, we are presenting only basic notes. Target
groups in the research are:
–– companies (production and/or services), as
a primary group,
–– experts, in the sphere of quality and/or
marketing, as a control group.
Surveying of available companies and experts
was primarily realized by e-mail survey. The survey was mainly realized in November and December 2007 and in January 2008. and included
about 600 companies and 100 experts. Data base
of Serbian Chamber of Commerce1 was primarily
used during the selection of companies and at selecting the sample of experts it was used data base
and conatcts in JUSK – United Association of Serbia for Quality2, as independent and sufficiently
representative body for Serbia. The invitation to
take part in the research accepted 84 companies
and 37 experts.
3.  Results of the research
Research results point at the fact that the majority of companies 63 (80,8%) (out of 78 (92,9%)
that responded) apply relationship marketing. This
fact was confirmed by the experts; 32 (91,4%)
(out of 35 (94,6%) who answered) said that it was
possible (in some way) to apply relationship marketing concept in domestic companies.
Both companies and experts consider input elements of relationship marketing concept significant,
or significant enough, which the table 1 presents.

1 http://www.pks.rs
2 http://www.jusk.org
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Table 1. Comparative review - average grades of significance of input elements in relationship marketing concept
Input elements of relationship marketing
concept

Average grades of the interviewed
in companies

Average grades of
the experts

Understanding customer expectations

4,31

3,88

Building service partnerships

3,92

3,42

Empowering employees

3,66

3,71

Total quality management

3,76

3,26

Table 2. Comparative review of average significance grades of output elements in relationship marketing concept
Output elements of relationship marketing
concept

Average grades of the
interviewed in companies

Average grades of the
experts

Quality of products/services

4,64

4,06

Customer satisfaction (effects: complaints,
repeated purchase, recommendation)

4,44

4,26

Customer loyalty

4,04

4,09

Increased profitability

4,19

3,91

Figure 1 shows in what degree the analyzed
companies are conscious of their customers'
expectations and also the experts' estimation concerning the ability of the companies to work in our
conditions. Structurally, the opinions do not differ,
although the average grades of agreement between
customers’ expectations and delivered value vary:
4,19 (companies) – 3,05 (experts). This question
was answered by 82 (97,6%) companies and 36
(97,3%) experts.

Figure 1. Parallel review of companies and experts’ attitudes related to precise knowing of customers’ expectations
2010

Further on, it was expected that companies and
experts express their opinions on the values delivered to customers, through products and/or services.
70 (88,6%) of the interviewed in companies out
of 79 (94,1%) and 17 (56,7%) experts out of 30
(81,1%) point at: quality, functional characteristics
and reliability. Comparative review of companies
and experts’ answers is presented in Figure 2.
Comparative review of the average grades which
the interviewed gave about the significance of output elements in relationship marketing is presented in Table 2. It should be emphasized that all the
elements were evaluated as significant both by companies (81 (96,4%) of the interviewed answered)
and experts (35 (94,6%) of the interviewed).
The part of the questionnary related to the processes of identifying expectations, monitoring and
measuring customers’ satisfaction had to provide
insight in several elementary questions:
–– how the companies, generally, carry out
processes,
–– to establish management and organizational
division of responsibility over processes,
–– to establish the best methods, techniques or
activities for data obtaining and analyses,
–– the ways at which the results of researching
needs, especially customers’ satisfaction
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influence business
marketing realization.

and

relationship

The experts had to confirm, in some way, the
companies’ attitudes from the standpoint of their
knowledge, experience and affinity by aswering
the questionnary.

Figure 2. Review of attitudes – companies and experts, related to the value delivered to customers
When they were asked to say if they had a special defined process for identification of customers'
expectations, the majority of the interviewed in
companies, 66 (79,5%) out of 83 (98,8%), gave
positive answers. A part of them 14 (16,9%) connected this process to some process in their orga-

nization, only in 3 (3,6%) companies, this process
was not defined at all. Similar structure of the answers was given by experts: 31 (83,8%) of them
said it was necessary to define this process and
only 6 (16,2%) of them thought that this process
could be joined to some other process.
The situation is similar when the process of
monitoring, measuring and analyses is in question: 69 (82,1%) of the interviewed in companies
said that this process existed as separately defined
one, 14 (16,7%) said that it was a component of
some other process and only 1 (1,2%) thought that
it didn’t exist. This time, the experts were almost
unique in opinion that the process had to be separately defined and only 3 (8,1%) of the interviewed
said that it could be a part of some other process.
Considering the question which demands definition of management and responsibility over processes, identification of expectations, monitoring,
measuring and analyses, a certain generalization
can be noticed in the answers given by experts when
they are compared to those obtained in companies.
No matter, we can find some similarities which are
presented in the Table 3a for proces identification
of expectations and Table 3b for proces monitoring, measuring and analyses. Statistically significant difference in the answers of different types
of companies is noticed considering the question
about management/responsibility over processes –
identification of expectations (p = 0,005) and the
answers are given separately. Totally, 68 (80,9%)

Table 3a. Comparative review of management and responsibility over processes identification of
expectations
Process identification of expectations
Companies

Given answers - companies
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
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Top manager and/or owner
Executive management
Developement unit manager
Marketing unit manager
Trade/sale unit manager
Quality unit manager (or QMS
manager)
Unit managers (generally)
Staff in direct contact with
services customers or those
directly involved in services
realization.

Experts

1
1 (5,6%)
1 (5,6%)
3 (16,7%)
5 (27,8%)

2
15 (14%)
10 (9,3%)
12 (11,2%)
4 (3,7%)
18 (16,8%)

3
6 (9,2%)
3 (4,6%)
4 (6,2%)
15 (23,2%)
14 (21,5%)

3 (16,7%)

9 (8,4%)

9 (13,8%)

10 (13,5%)

3 (16,7%)

9 (8,4%)

6 (9,2%)

-

-

10 (9,3%)

6 (9,2%)

4 (5,4%)

13 (17,6%)
7 (9,5%)
25 (33,8%)
13 (17,6%)
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companies and 35 (94,6%) experts answered the
question about the process of identification of expectations and the question related to the process of
monitoring, measuring and analyses 71 (84,5%)
companies gave the answer.
It is interesting to notice the moving of responsibility (both companies and experts agree in this)
from marketing top manager, for the process identification of expectations, towards sale top manager, for the process of monitoring, measuring
and analyses. Especially expressed significance
of organizational units (sectors) can be noticed:
trade/sale, marketing, development sector and
quality sector.

Comparative review of the answers that are
related to the phases in which research of needs
and measuring satisfaction are carried out is presented in Tables 4a and 4b respectively. Here is
noticed a statistically significant difference in the
answers of different-type-companies concerning
the phases in which research of needs and expectations (p = 0,001) and measuring satisfaction
(p = 0,002) are carried out, so the answers are
presented separately. Totally 83 (98,8%) companies answered the question related to the process
of identification of expectation and 80 (95,2%)
companies gave the answer to the question concerning the process of monitoring, measuring
and analyses.

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

Given answers - experts

Experts
10 (12,7%)

Top management and/or executive management

(a)

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

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

(b)
(c)
(d)
(e)
(f)

Table 4a. Comparative review of the phases in which research of needs and expectations is/should be
carried out
Research of needs and expectations
Companies

Offered answers
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

2010

Definition of policy and objectives
Research of needs and expectations
Definition of resources for products/
services realization
During reconsideration of contracts
Through validation of some phases
(designing products and/or services)
During realization of activities
(realization of products and/or services)
After the realization of business or
product delivery
Through post-sale and services activities

Experts

1
5 (20,8%)
6 (25%)

2
23 (18,7%)
17 (13,8%)

3
18 (16,5%)
17 (15,6%)

13 (11,7%)
30 (27%)

1 (4,2%)

9 (7,3%)

15 (13,8%)

7 (6,3%)

5 (20,8%)

18 (14,6%)

15 (13,8%)

12 (10,8%)

6 (25%)

14 (11,4%)

13 (11,9%)

11 (9,9%)

-

20 (16,3%)

10 (9,2%)

10 (9%)

-

17 (13,8%)

8 (7,3%)

6 (5,4%)

1 (4,2%)

5 (4,1%)

13 (11,9%)

18 (16,2%)
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Table 4b. Comparative review of the phases in which measuring satisfaction of customers is/should be
carried out
Measuring satisfaction
Companies

Offered answers
1

2

3

Experts

(a)

Definition of policy and
objectives

2 (6,5%)

10 (10,8%)

11 (11,6%)

14 (11,9%)

(b)

Research of needs and
expectations

6 (19,4%)

9 (9,7%)

18 (18,9%)

20 (16,9%)

(c)

Definition of resources for
products/services realization

-

8 (8,6%)

5 (5,3%)

7 (5,9%)

(d)

During reconsideration of
contracts

5 (16,1%)

11 (11,8%)

10 (10,5%)

10 (8,5%)

(e)

Through validation of some
phases (designing products
and/or services)

9 (29%)

10 (10,8%)

6 (6,3%)

14 (11,9%)

(f)

During realization of activities
(realization of products and/or
services)

-

8 (8,6%)

14 (14,8%)

9 (7,6%)

(g)

After the realization of
business or product delivery

6 (19,4%)

27 (29%)

18 (18,9%)

21 (17,8%)

(h)

Through post-sale and services
activities

3 (9,7%)

10 (10,8%)

13 (13,7%)

23 (19,5%)

Table 5. Comparative review of methods and activities for reseraching customers’ attitudes
Offered methods and activities
Firms

Experts

(a)

Observing

25 (9,7%)

12 (13,2%)

(b)

Interviewing customers

75 (29,1%)

32 (35,2%)

(b)1

personal interview

33 (24,8%)

(b)2

postal interview

(b)3

(a) Reserch of
Needs

(b) Measuring of
Satisfaction

Firms Experts

Firms

Experts

13

2

13

5

18 (30%)

15

11

17

11

33 (24,8%)

8 (13,3%)

13

6

16

3

e-mail interview

31 (23,3%)

12 (20%)

11

8

16

6

(b)4

anonymous interview
on larger sample when
interviewer is present

10 (7,5%)

11 (18,3%)

4

9

7

6

(b)5

telephone interview

16 (12%)

4 (6,7%)

7

2

7

2

(d)

Solving complaints

45 (17,4%)

10 (11%)

(e)

Monitoring of proposals for improvement (products/
services) suggested by customers

32 (12,4%) 11 (12,1%)

(f)

Solving complaints on products

47 (18,2%) 11 (12,1%)

(g)

Monitoring of products “behavior” during usage
(defects)

25 (9,7%)

410

8 (8,8%)
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Table 6. Comparative review of the ways in which the results of analyses of customers’ satisfaction
in companies are integrated in relatioship marketing
Offered answers

Companies

Experts

Through corrective/preventive measures

64 (31,8%)

20 (21,3%)

(Re)definition of policy, objectives and tasks

35 (17,4%)

19 (20,2%)

Planning in the future period

48 (23,9%)

24 (25,5%)

Through training of employees

33 (16,4%)

20 (21,3%)

16 (8%)

11 (11,7%)

“Good practice” – collective experience

Generally, it is good to realize both research
of needs and expectations and measuring satisfaction in all mentioned phases, taking care that
going from definition of policy and objectives towards post-sale and service activities the focus of
these activities is moving from research of needs
and expectations towards measuring satisfaction. This process is presented in mentioned tables
4a and 4b.
Methods and activities for researching attitudes, acceptible in opinions of experts and companies to be used in research of needs and expectations and in measuring satisfaction of customers
are presented in the following comparative review
(Table 5).
The most important methods and activities are
customers’ interviewes, especially personal interview and postal interview. The least attention, in
opinion of the interviewed, is paid to monitoring
of products in use.
Customers’ satisfaction is integrated in business of the whole organization. This is, according
to the research, the reality in Serbian companies.
81 (96,4%) companies and 36 (97,3%) experts
confirmed this fact in their answers (Table 6). The
encouraging fact is that the “system of award and
punishment ” is almost completely excluded in
companies (5 (2,5%)), while the experts do not
consider it at all.
With a certain difference in opinions, the companies and experts give advantage to corrective/
preventive measures and planning, while the least
attention is paid to collective experience.

2010

4.  Conclusions
Organization management directed towards
building relations with customers should result in
achieving loyalty of customers. Making supply
that overcomes consumers’ expectations creates a
positive interaction between consumers and products. Final result of this interaction is a satisfied
and positively surprised consumer. Relationship
marketing is a concept that implicits a long-lasting
relation based on mutual interests of companies
and customers, in such a way that both sides (seller and buyer) are focused on common objectives.
Relationship marketing is, in its basic form, present in domestic companies, which this research
has showed.
Customers’ satisfaction represents a key output
of relationship marketing, therefore a significant
attention as paid to this phenomenon in Serbian
companies. Identification of expectation and monitoring, measuring and analyses are the processes
by which customers’ satisfaction is integrated in
relationship marketing.
This research has showed that there are certain
differences concerning the following questions:
how relationship marketing is set and led, what
methods are used in integration of customers’ satisfaction in relationship marketing and, further
on, how relationship marketing is integrated in the
process of strategic planning in the organization.
Serbian companies should pay a special attention to implementing new approaches to marketing,
both in conceptual and in organizational sense.
Here, we think about a broader acceptance of a new
marketing model, characterised by technological
developmant and also about the model of integrated marketing communication, which represents a
communicational component of marketing.
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The work on the model showed certain imperfections, such as limitation in geographic sense –
only Republic of Serbia was included in the survey. The further work on the model would go in,
at least, two directions:
–– towards spreading the research to the
countries in the region,
–– towards factor analysis and creation of a
mathematical model in order to check the
elements and ties within the model.
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Book review

Information technologies
Informatičke tehnologije

Dzafer Kudumovic
Faculty of Mechanical, University of Tuzla, Bosnia and Herzegovina

The book “Information Technology” by Ćamil
Sukić and Mensura Kudumović, published by
Sejtarija doo Sarajevo, is intended primarily as a
basic textbook for students of the Faculty of Informatics and Information Technology, and can
successfully serve students of those schools which
taught topics of computer science and information
technology as well as all interested parties who
wish to complement their knowledge in these areas. Textbook Information Technology is written
with aim to provide an adequate methodological
approach to a wide range of topics from information technology.
Even from the title is obvious that this book
introduces the reader to the basic scientific principles and methodology of information technologies and their practical application in various economic, social and scientific areas.
Despite the diversity and rapid pace of changes
in the field of information technology some basic
concepts are universally applied, and that is why in
this book the emphasis is given on such concepts.
In the presentation material authors seek a real
measure in degree how deep to go into details, taking into account the target group which is intended
for this textbook. The book is
University textbook and contains a total of 11
chapters.
In the first chapter with adequate approach are
defined and explained in detail the terms used in
computer science as well as the subject of studies and information technology, computer science
and information systems.
The following chapters of textbook contain
theoretical basis of computer systems, mathematical modulating of the corresponding physical laws. Taking into account the new concepts in
the field of computer systems the seventh chapter
deals with the microprocessors and microproces414

sor technology. The eighth chapter deals with the
information systems, methodology of life cycle
of the system as well as management information systems. Regardless of the type of job that
we perform, sooner or later we always meet with
databases and information systems and the need
for methods of collecting and analyzing data. For
those reasons in detailed are explained these areas.
The next chapters deal with the Internet and operating systems.
The authors have set a goal to present at one
place the organization, procedures and means
used in information processing or to say application of information technologies, aware of difficulty of such an approach and taking into account
the target group to this textbook is dedicated.
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UPUTSTVO ZA AUTORE

Sve rukopise za ttem treba slati na e-mail adresu: ttem_bih@yahoo.com
Svaki upućeni časopis dobija svoj broj i autor (i) se
obavještavaju o prijemu rada i njegovom broju. Taj broj
koristit će se u svakoj korespondenciji. Rukopis treba
otipkati na standardnoj veličini papira (format A4),
ostavljajući s lijeve strane marginu od najmanje 3 cm.
Sav materijal, uključujući tabele i reference, mora biti
otipkan dvostrukim proredom, tako da na jednoj strani
nema više od 2.000 alfanumeričkih karaktera (30 linija).
Rad treba slati u triplikatu, s tim da original jedan prilog
materijala može biti i fotokopija. Način prezentacije
rada ovisi o prirodi materijala, a (uobičajeno) treba da
se sastoji od naslovne stranice, sažetka, teksta, referenci,
tabela, legendi za slike i slika. Svoj rad otipkajte u MS
Wordu i dostavite na disketi ili kompakt disku Redakcijskom odboru, čime će te olakšati redakciju vašeg rada.
Naslovna strana
Svaki rukopis mora imati naslovnu stranicu s naslovom rada ne više od 10 riječi: imena autora; naziv
ustanove ili ustanova kojima autori pripadaju; skraćeni
naslov rada s najviše 45 slovnih mjesta i praznina; fusnotu u kojoj se izražavaju zahvale i/ili finansijska potpora i pomoć u realizaciji rada, te ime i adresa prvog autora
ili osobe koja će s Redakcijskim odborom održavati i
korespondenciju.
Sažetak
Sažetak treba da sadrži sve bitne činjenice rada-svrhu
rada, korištene metode, bitne rezultate (sa specifičnim
podacima, ako je to moguće) i osnovne zaključke.
Sažeci trebaju da imaju prikaz istaknutih podataka, ideja
i zaključaka iz teksta. U sažetku se ne citiraju reference.
Ispod teksta treba dodati najviše četiri ključne riječi.
Sažetak na bosanskom jeziku
Prilog radu je i prošireni struktuirani sažetak (cilj),
metode, rezultati, rasprava, zaključak) na bosanskom
jeziku od 500 do 600 riječi, uz naslov rada, inicijale imena i prezimena auora te naziv ustanova na engleskom
jeziku. Ispod sažetka navode se ključne riječi koje su
bitne za brzu identifikaciju i klasifikaciju sadržaja rada.
Centralni dio rukopisa
Izvorni radovi sadrže ove dijelove: uvod, cilj rada,
metode rada, rezultati, rasprava i zaključci. Uvod je
kratak i jasan prikaz problema, cilj sadrži kratak opis
svrhe istraživanja. Metode se prikazuju tako da čitaoci
omoguće ponavljanje opisanog istraživanja. Poznate
metode se ne navode nego se navode izvorni literaturni
416

podaci. Rezultate treba prikazati jasno i logički, a njihovu značajnost dokazati odgovarajućim statističkim
metodama. U raspravi se tumače dobiveni rezultati i
uspoređuju s postojećim spoznajama na tom području.
Zaključci moraju odgovoriti postavljenom cilju rada.
Reference
Reference treba navoditi u onom obimu koliko su
stvarno korištene. Preporučuje se navođenje novie literature. Samo publicirani radovi (ili radovi koji su
prihvaćeni za objavljivanje) mogu se smatrati refe-rencama. Neobjavljena zapažanja i lična saopćenja treba
navoditi u tekstu u zagradama. Reference se označavaju
onim redom kako s pojavljuju u tekstu. One koje se citiraju u tabelama ili uz slike također se numeriraju u skladu s redoslijedom citiranja. Ako se navodi rad sa šest ili
manje autora, sva imena autora treba citirati; ako je u
citirani članak uključeno sedam ili više autora, navode
se samo prva tri imena autora s dodatkom “et al”. Kada
je autor nepoznat, treba na početku citiranog članka
označiti “Anon”. Fusnote–komentare, objašnjenja, itd.
Ne treba koristiti u radu.
Statistička analiza
Testove koji se koriste u statističkim anaizama treba prikazivati i u tekstu i na tabelama ili slikama koje
sadrže statistička poređenja.
Tabele i slike
Tabele treba numerirati prema redoslijedu i tako ih
prikazati da se mogu razumjeti i bez čitanja teksta. Svaki
stubac mora imati svoje zaglavlje, a mjerne jedinice (SI)
moraju biti jasno označene, najbolje u fusnotama ispod
tabela, arapskim brojevima ili simbolima. Slike također,
treba numerisati po redoslijedu javljaju u tekstu. Crteže
treba priložiti na bijelom papiru ili paus papiru, a crnobijele fotografije na sjajnom papiru. Legende uz crteže i
slike treba napisati na posebnom papiru formata A4. Sve
ilustracije (slike, crteži, dijagrami) moraju biti originalne
i na poleđini sadržavati broj ilustracije, prezime prvog
autora, skraćeni naslov rada i vrh slike. Poželjno je da
u tekstu autor označi mjesto za tabelu ili sliku. Slike je
potrebno dostavljati u TIFF formatu rezolucije 300 DPI.
Korištenje kratica
Upotrebu kratica treba svesti na minimum. Konvencionalne SI jedinice mogu se koristiti i bez njihovih
definicija.
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