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Continuous monitoring
system in tunnelling
Milan Medved1, Milivoj Vulic2
1
2

University of Maribor, Fakulteta za energetiko, Slovenia,
University of Ljubljana, Faculty of Natural Sciences and Engineering, Slovenia,

Abstract
Predating tunnel or other underground constructions, a main grid is in need of establishing,
and within the data it encompasses, all other networks employed for surveying puposes of objects
and structures both above and under ground should
consistently be incorporated. When speaking of
a deformation network of this sort, the author of
the article proposes a specific type of monitoring
system furter elaborated upon in the article, and
with an emphasis on an departure and improvement from previous systems in terms of accuracy
and reliability, online availability, cost efficiency,
safety and lack of influence upon the environment.
Online data acquired through the use of the
proposed system is processed so as to render it
suitable to being individually adapted in accordance with multidisciplinary and interdisciplinary expertise, which one can then employ over
all control parameters of construction events and
consequences.
Because an enormous number of differing sensors is available for such a system, and also because of the possibilities of interdisciplinary collaboration involved in the use of a monitoring
system, a particular monitoring system is designed
for a particular planned object in a particular location. The following article will discuss the designing of such a particular system, and illustrate its
benefits further, both theoretically and with the application of a specific monitoring example, which
has already been carried out and which tangible
provides procedures, obtained results, accuracy
analysis et al.
Key words: Continuous monitoring system,
inclination, accuracy, geolocating sensors, geotehnical sensors.
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Introduction
Throughout the last couple of years, development of measuring equipment has been advanced
by a significant margin. Recently, it seems frequent
and in fact almost the presumed course of events to
come across measuring instruments which already
feature an installed computer, firmware and software, all of these features aimed at offering more
user-friendly services. The firmware we speak of
is constantly being developed and upgraded, with
an emphasis of best fitting the systems and products it is required to work with in an attempt to
take over more and more of the purely measuring part of the procedure, in such a way providing
the user with more time to apply him or herself to
more creative tasks centred around the measuring
procedure.
As is the case with the the Internet and its recently acquired omnipresent popularity, communicational devices also seem to be most everywhere now, inspiring the two technological services to merge together in the form of a new type
of system, one that seems to be the ideally applied
to monitoring procedures.
The monitoring system which we speak of
has all of the characteristics mentioned above;
the instruments and tools are implemented into
the monitoring system in the form of sensors, the
firmware and software are linked in the data centre
(GNSS Spider, Leica GeoMoS), the data is sent
by communicational channels (wire, wireless,
optical, radio, GSM...) to the data centre, the information is processed in the data centre and then
this same data is finally archived and presented. In
order to finalise insight and system requirements,
the Internet is subsequently also applied to be used
as a means to approach the system.
663
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The sensors applied are not only geodetic (sensors for geolocating, TPS, GPS, NIVEL ...). It is
also possible to use other sensors, many of them
of widely varying varieties. They are to be applied directly should they emit a digital signal, and
through an analogous to digital converter should
they emit an analogous signal.
All in all, the resulting measuring system is of
an open kind, providing the possibility of configuring a net of sensors of very different sorts. Not
only is it possible to configure this monitoring system in such a way, but it is also possible to add
new sensors to it during exploitation, as well as
it is possible to change sensor positions or eject
sensors which are no longer necessary. This all is
continuously being done on-line and in real-time
in an attempt to mold the monitoring system quite
literally into what its primary purpose has always
been: monitoring. In such a system, we are presented with a constant overview of what is happening in the system and surrounding it. No longer
would there be a need to compromise and use the
classical monitoring system.
One of the consequences of the above facts is
also that this new monitoring system becomes relatively cheap, at least compared to older systems,
in terms of the amount of data gained per unit of
time for the same financial resources used.
The Lipica Experimental Site
Marmor Sežana (Sežana) have, at the apex of
interest for experience harvesting and advancement in relation to the subject matter, put up an experimental site for NTF (Ljubljana) and Geoservis
(Ljubljana), pictured in Figure 1. Due to financially relevant reasons, only the sensors permitting us
to put surveillance over the location (movements)
have been used, although naturally it is possible to
use a wide range of different sensors. Two types of
GNSS sensors were employed during the set-up:
the single frequency sensors (Leica GMX901) and
the dual frequency sensors (Leica GMX902GG),
the position of the tangential plane of the subsidence surface, in terms of measurement points, for
which a two-axis (the axes being under a right
angle) inclinometer (Leica NIVEL 210) was used,
along with temperature measurements.
664

Figure 1. The Experimental Site in Marmor
Sežana, Represented Schematically.
The Choice of Sensors
Monitoring systems employed in geosciences
of course ought to employ geolocationing, explaining the choice of sensors in such a situation.
Geolocationing using Total Stations and its array
of instruments and tools is already well established, whereas the question of height accuracy in
observations while using GNSS is still a trifle more
sensitive. It is apparent that throughout GNSS
observations, height determination will present a
critical problem. That is precisely why we have
wished to gather experiences with these types of
sensors exactly; monofrequential ones may come
at a lower market price, but also come equipped
with a lower accuracy, especially compared to duofrequential ones. We expect a profusion of measurements per unit of time (one measurement per
second), so we have wanted to test whether this
contributes to an increase in reliability so much as
to render monofrequential sensors a valid investment. The equipment installed and subsequently
used in this experiment is represented in Figure 2,
pictured below.
A two-axis inclinometer is used because, besides the 3D surveillance of a material point's location, it also provides us with the means to follow its tangential plane, which may consequently
bring us geomechanically valuable information.
In regard to rigid bodies, geodesy is also able to
Volume 5 / Number 4 / 2010
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Figure 2. The Equipment Installed, Represented Visually.
benefit from decreasing the number of GNSS sensors per object, for when a body is rigid, it is possible to calculate the 3D coordinates of any given
number of points on such a rigid body, and all this
from scarcely one GNSS sensor and one two-axis
perpendicular inclinometers. The latter is also the
superior choice when speaking about observations
conducted upon one body that consider only the
relative (mutual) changes in coordinates, rather
than the »all GNSS« sensors, precisely because
of the already touched-upon poor height accuracy
and consequently also relative (mutual) changes
in heights. We also want to test whether the combination of two-axis perpendicular inclinometers
is of an accuracy sufficient to foreshadow fissures
(in rigid bodies).
A combination of a single GNSS sensor and a
sigle set of two perpendicular inclinometers applied on one measurement point additionally also
offers the option to use virtual sensors on such real
or virtual points.
It goes without saying that the temperature is
in correlation with the happenings. The manufacturer has, due to this, preemptively also installed
a thermometer to be used in combination with the
above two-axis perpendicular inclinometer.

Volume 5 / Number 4 / 2010

The Choice of Time Intervals
Until recently, monitoring systems in geosciences have felt the backlash of the errors of geolocating being conducted quite rarely. It is infrequent
to learn that the observations, for example at the
surface level and/or on the level of objects staying on the surface, have been made hourly, much
less of an even smaller interval. Yet the nature of
changes upon objects is such that it requires observations of a short in addition to a long period.
Thus, we have decided to conduct measurements
with our system and their subsequent processing
of data in both short and long time intervals. The
short time intervals are of 10min, 30min and 1h,
and the long intervals of 3h, 6h, 12h and 24h. Extremely short intervals of 1s or less have also been
planned to be carried out. Extremely long intervals have also been planned and are to be carried
out, but analysis has not been completed. The frequency of observations' registration should always
be experimentally adaped to the best suited of observed processes.
When we speak of measurements at intervals,
this does not presuppose that in a specific interval,
we will observe only once, but rather that the measurements will be completed every second, and
that within all the measurements in this specific
665
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interval, processing will be completed to select the
most representative of the measurements, with its
belonging assessment of accuracy. We have therefore also put up intervals of measurement in our
site so as to gain experience regarding the accuracy of monitoring systems for all types of monitoring occurring in geosciences.
Monitoring in Tunneling
What subsides in tunnel construction is the
rock above the tunnel path, the ground surface and
the stability of objects upon such a surface that is
of coursewithin the area of influence of tunneling. Monitoring of the above tunnel path can and
must be carried out as soon as a part of the tunnel
has been excavated, and preferably before the elements for the subsequent part of the tunnel path
of the tunnel are given. It is also necessary to secure that the tunnel path monitoring is carried out
at constant intervals as well as for all of the built
parts of the tunnel path. Such monitoring usually
does not require short time intervals.
The interval for such monitoring of underground
convergences becomes more accurate the shorter
the conduction interval is (with a 10 minute interval
being satisfactory). With such monitoring, the earlier the interval is begun, the more the data gained
also speaks about the cumulative concurrence of
the sub-surface building and the geological properties of the material built within. Without a question,
it indicates whether it has come to the settling i.e.
balancing of the massive. This convergence is the
cause of ground subsidence and displacement.
Monitoring on the surface is most informative
when it is started up on a longitudinal profile just
before the advancing face has engulfed the profile
into its zone of influence. Data gained regarding
the reaction of the ground to the excavation of the
tunnel may give our tunnel constructing processes
an optimal speed with which to henceforth proceed
with the advancing face, so as to make the influences of the tunneling on the environment as miniscule
as possible. We are also provided with data regarding when consolidation of the material has occurred
in such a way. Depending on the tunnel material,
the lengths of intervals between observations ought
to be anywhere from 10min to 1h.
666

Within the zone of influence of the tunneling,
the observational interval for the monitoring of
surface objects is 10min or less. The duration of
all previously mentioned intervals should be optimised to the best suit of the monitored processes.
On the surface, it is necessary to constantly
have the monitoring system encompass points on
the profile that runs traversely, while the points on
the longitudinal profile are monitored until consolidation of the terrain occurs. In accordance with
practical experience, monitoring of traverse profiles in actual tunnels is begun at the moment at
which we can safely predict that the profile shall
be engulfed within the zone of influence. This
monitoring system must be interpreted within the
coordinate system of the tunnel.
So that the influence of tunneling on the surface
and objects on the surface would register, the zone
of influence of the tunneling would have to permit
that measurements, their processing and evaluating are all conducted every 12h and 24h. In agreement with this, the experimental site Lipica II has
been put up to obey intervals of 1h, 3h, 6h and
24h. Preliminary results have been obtained when
the acuracy of the arithmetic mean over a period
of 24h was compared, as well as based on observations conducted every 10min, and the accuracy
of post-processed measurements, all according to
the date from the arithmetic mean over a period of
119 to 136 days (Rošer et al., 2009).
Error Analysis
Standard deviations calculated in both these
ways follow one another and point towards the
possibility to measure ground movements greater than 1.2cm, and upon objects, after of course
securing an appropriate constellation of, relative
movements larger than 3mm, both these pieces of information with a probaility of 99%. The
data, however, refers only to the GNSS measurements, for which a least squares adjustment was
employed to process the redundant observations
acquired.
This has resulted in a general overview of the
coordinates of all the measured points as well as
their standard deviations. Coordinate changes in
points signify movement of those particular points
Volume 5 / Number 4 / 2010
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over the time period of the afore-mentioned coordinate changes. Below, the time interval of measurements used for error analysis is 24 hours. The
analysis is of course analogous for other time intervals.
In geodetical observations, the true position of
any point is never quite known. The most probable point coordinates in the case of redundant observations are then taken to refer to the arithmetic
mean [1]. We will express this using vector forms,
so that when:
Y = ( Y d a y1 , Y d a y 2 , K , Yd a y n ) ,
X = (X day1 , X day 2 , K , X dayn ) ,

H = (H day1 , H day 2 , K , H dayn ) . .............. (1)

and e = (1,1,K,1) , also a vector quantity, need1
424
3
ed for summation,
these arithmetic means can
n
then be represented simply as:
X, e ˆ
H, e
Y, e ˆ
Yˆ =
,X =
,H =
.......... (2)
n
n
n
where Yˆ , X̂ , Ĥ are taken to be the most probable coordinates, Y, e , X, e , H, e are taken to
be the sum of the individual measurements Yday,
Xday, Hday, and n is taken to be referring to the total
number of observations/days. In the next step, the
residuals are calculated as:
vY = Y − Yˆe , v X = X − Xˆe , v H = H − Hˆ e ..... (3)
and standard deviations as:

s Yday =

vY , vY
, s Xday =
n −1

s Hday =

vH , vH
n −1

vX , vX
n −1

,

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

where s Yday , s Xday , s Hday are taken to be the
standard deviations of a group of observations
of the same quantity, vYday , vXday , vHday are taken
to be the residuals of an individual observation,
vY , vY , v X , v X , v H , v H are taken to be the
Volume 5 / Number 4 / 2010

sums of squares of the individual residuals, and
n is taken to be referring to the number of obser2
2
, s Xday
,
vations/days. Variances are equal to s Yday
2
s Hday
, the squares of the standard deviations. We

can then simplify the equation further, to be expressed as:
v day , v day

s Yday =

n −1

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

Frequently, we will desire to estimate the unknown coordinates based on one or more of a series
of observations. The sample mean Yˆ , X̂ , Ĥ are
then taken to be standard estimates of vYday , vXday ,
vHday [2].

s Yˆ =

2
s Yday

n

, s Xˆ =

2
s Xday

n

, s Hˆ =

2
s Hday

n

.... (6)

Of course, the above all refers to the GNSS
measurements, but if required, the monitoring system can be spread out into a robotised total station
and/or level, due to a different kind of nature of
the observed objects.
Exemplified below are the measurements of obsevation points GMX1, GMX2 and GMX3 results
in our experimental site, addressing the total periods
of 136, 119 and 151 days, respectively, and presented on the basis of 10 minute and 24 hour intervals.
Table 1. Error analysis results for 24 hours time
interval on observation points GMX1, GMX2 and
GMX3.
Point

GMX1

GMX2

GMX3

n = no. of days

136

119

151

s Xday [m]
s Yday [m]

0.0003

0.0010

0.0006

0.0008

0.0014

0.0005

0.0010

0.0012

0.0011

0.0000

0.0001

0.0001

0.0001

0.0001

0.0000

0.0001

0.0001

0.0001

s Hday [m]
s X̂ [m]

s Yˆ [m]
s Ĥ [m]
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CQ values for observation points GMX1,
GMX2 and GMX3 are also exemplified below,
which well agree wand from which it is apparent
that they are indeed in agreement with the calculated mean standard deviations s X̂ , s Yˆ and s Ĥ
from Table 1.
Table 2. Coordinate Quality (CQ) values for
GMX1, GMX2, and GMX3.
Point
CQ [m]

min
max

GMX1
0.0001
0.0001

GMX2
0.0001
0.0001

GMX3
0.0001
0.0002

The Team Involved with the Monitoring
System
Any team used to keep a monitoring system
working is always multidisciplinary, due to the fact
tha monitoring in geosciences has always been very
much an interdisciplinary practice. The advantage
here is that after a monitoring system is established,
the team is on a stand-by regime. The system supervisor exclusively is employed on a daily basis, and
even then only half an hour to an hour every day.
To maintain this monitoring system, no more than
two people with an acceptable response time of 3h6h are needed; the first being there to maintain the
software and the second in order to maintain the
hardware. Other experts might occasionally also
come in handy, namely geologists, miners, surveyors, geophysicists and other scientists.
Conclusions
Information gained over a set period of time
while employing the least amount of engaged resources is greatest when speaking of a real-time
monitoring system. Such a system guarantees that
the measurements will be put into a time-frame,
resulting in an extracted knowledge that not only
diagnoses deformations for us, but also pinpoints
exactly when they begin and how they process,
thus detailing their kinematics for a broader understanding of the subject matter, as well as the
easier prevention that undoubtedly follows from
such an understanding. Such a system is logically
also the only sort to render a viable option out of
668

the search for correlation between differng measurements in time.
A very large number of varying types of sensors may be plugged in, virtual ones as well, to
adjust to the characteristics of the specific process,
and these same sensors can be plugged in, plugged
out and relocated at will. Like this, the monitoring
system takes care to continuously adjust itself to
the nature of the problem.
On a final note, this system also places no influence, much less hazard, on the environment.
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Continuing Education and
Workforce: The Case of
Bosnia and Herzegovina
Kontinuirana edukacija i zaposleni: Slučaj
Bosne i Hercegovine
Ensar Sehic, Amra Rizvic, Boris Tihi
School of Economics and Business, University of Sarajevo, Bosnia and Herzegovina

Abstract
We study continuing education and workforce
of Bosnia and Herzegovina (B&H). Our assessment of readiness of the B&H employees to engage in continuing education is based on original
sample evidence of 365 employees. We conduct
econometric analysis by using nonlinear best response model (logit model) which we estimate
by implementing maximum likelihood method in
STATA 11. We demonstrate that certain factors are
positively correlated with the B&H employee investments in continuing education. Our research
results illustrate that employee’s education level
as well as education level of the head of household in which employee was raised positively impact attitude toward continuing education. Readiness to further engage in education also increases
with the middle-level management responsibility,
and business functions of accounting and procurement. Furthermore, we establish significant positive relationship between continuing education
and monthly incomes of more than 2000 KM,
and between 1501 and 2000 KM. Our study of
the sampled workforce in B&H also shows that
employee’s age, the operations management responsibility, and business functions of finance and
marketing are negatively correlated with employee investments in continuing education.
Key words: continuing education, workforce,
logit model
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Sažetak
Ovo istraživanje se odnosi na kontinuiranu
edukaciju i zaposleno stanovništvo u Bosni i Hercegovini (BiH). Naša analiza spremnosti zaposlenih u BiH da se kontinuirano educiraju se bazira na originalnom uzorku of 365 zaposlenih. Za
potrebe rada provedena je ekonometrijska analiza i
korišten je best response logit model koji smo ocijenili metodom najveće vjerodostojnosti (MLE) u
STATA 11 softverskom paketu. Pokazali smo da su
određeni faktori pozitivno korelirani sa ulaganjem
bosanskohercegovačkih zaposlenika u kontinuiranu edukaciju. Rezultati našeg istraživanja pokazuju
da nivo edukacije zaposlenika, kao i nivo edukacije
glave porodice u kojoj je zaposlenik odrastao imaju
pozitivan uticaj na nastavak obrazovanja. Spremnost za uključenje u dalje obrazovanje je također
povećana sa odgovornostima koje zaposleni preuzimaju na nivou srednjeg menadžmenta i poslovnih
funkcija računovodstva i nabavke. Pored navedenog, potvrdili smo signifikantan pozitivan odnos
između kontinuirane edukacije i mjesečnih primanja većih od 2000 KM i primanja između 1501 i
2000. Naše istraživanje provedeno na uzorku radno
aktivnog stanovništva u BiH također pokazuje da
dob zaposlenika, odgovornost na nivou operativnog menadžmenta, te poslovne funkcije finansija
i marketinga su negativno korelirane sa ulaganjem
zaposlenih u kontinuiranu edukaciju.
Ključne riječi: kontinuirana edukacija, radna
snaga, logit model
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1. Introduction
Continuing education has been the subject of
fruitful research during the past several decades.
It is certainly a distinct form of learning involving
dialectical thinking and contextual reasoning that
are characteristic for adults (Smith, 1990). Other
characteristics of continuing education are epistemological awareness of how we actually know
what we know and what this insight means to us
(Kitchener, 1983,) as well as learning to learn capacity in relation to individual learning styles in
particular situational contexts (Cell, 1984).
For adults engaged in the process of learning,
self-reflection is vital to exploring the causes, the
nature and the consequences, and linking these
to previous experience (Smith, 1990; Rae, 1994;
Brookfield, 1995; Jarvis, 1995; Reid and Barrington, 1997). Previous research in this field has
been focused on methods that can enhance individual’s ability to learn (Knowles, 1990; Rogers
and Freiberg, 1993) with particular focus on value
of learning to the adult learner (Harri-Augstein and
Webb, 1995). Previous research has also assessed
underlying motivational factors linked to continuing education (Knowles, 1990; Kroenhert, 1995).
Biologists and social scientists have long claimed
that learning can take place outside of institutions
that provide formal education (Resnick, 1987). This
is certainly true for adults who are members of the
workforce. Systematic analysis of learning beyond
classical educational settings has been of particular interest to those studying continuing education
(Marsick and Watkins, 1990; Bentley, 1998; Dale
and Bell, 1999; McGiveney, 1999; Rogers, 2003).
We admit appreciation for theoretical work
produced by Eraut (2000), Coffield (2000), and
Colley, Hodkinson, and Malcolm (2002). However, we are much more interested in understanding
the applied side of the problem of continuing education. In particular, our research is aimed at the
question of readiness of workforce in Bosnia and
Herzegovina to engage in continuing education. To
our knowledge, Hodzic (2008) is the only study of
continuing education in the context of Bosnia and
Herzegovina (B&H). While Hodzic (2008) offers
only descriptive analysis, we provide technically
more rigorous study of the same subject and present econometric analysis of it.
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2. Central Problem
We offer some theoretical perspective to the
central problem of our research. There are two
equally debatable theoretical approaches to understanding the role of education in labor markets.
Traditional labor market models explain interactions among economic agents (employees and employers) either through the human capital theory
or the signaling model.
The essence of the human capital theory is that
expenditures on education increase individual’s
market skills, productivity, and earnings. The
theory declares “productivity” as the link between
education and earnings. Education enhances a person’s innate ability with the specific tools needed
to be more productive at work (Becker and Tomes,
1979). This increased productivity results from a
particular set of job skills acquired through specific coursework and an increased ability to reason
logically, and to communicate more effectively.
So, higher levels of education and higher levels of
income are not merely correlated, but rather, additional schooling causes increased earnings due to
improved productivity (Becker and Tomes, 1979).
Theoretical foundations of the signaling model
do not entirely contradict the human capital theory. Thus, while in some cases, more education
does improve productivity (i.e. specific job skills),
in most cases, education and earnings are merely
correlated because employees use education to
signal their innate abilities. That is, they differentiate themselves from others who lack innate abilities. Employers then use education as a screening device to recruit those individuals. Standard
economic theory explains that due to asymmetric
information, the adverse selection problem arises
(Mas-Collel, Whinston, and Green, 1995).
Regardless of what theoretical labor market
model is used, the actual process of acquiring more
education involves both private and social costs,
and private and social benefits. For an individual,
the costs include the direct cost of school fees and
tuition, school supplies, and of course, the opportunity cost of any forgone income from potential
employment. Her benefits, on the other hand, can
be higher after-tax income she would receive upon
graduation. Moreover, for society, the cost of education is the forgone goods and services that could
Volume 5 / Number 4 / 2010
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have been obtained if the resources devoted to
schooling had been invested in their next best alternative use (Becker, 1964). The social benefit is
greater productivity. Also, lower levels of criminal
activity and an improved political process are considered indirect benefits of additional education.
Education has been the subject of research for
decades (Rogers and Freiberg, 1993). Not very
long ago, the concept of education was limited to
acquiring a high school diploma or a university
degree. Today, the concept has been broadened
to include continuing education regardless of the
type of work a person does, industry she is employed in or her age. Furthermore, today the very
definition of education has been augmented to include all forms of schooling and learning in various settings and environments that extend beyond
what has been accepted as formal education.
Bosnia and Herzegovina has been undergoing
turbulent economic, social and cultural transition
together with other countries of the South East
European region. This process of transition necessarily includes substantial transformation of the
country’s education system.
Programs promoting and fostering continuing
education have not been properly defined and as a
result have been ineffectively implemented so far
in Bosnia and Herzegovina. There is certainly ample room for improvement. Forces of global economy and competitive labor market dynamics have
indeed compelled Bosnian workforce to accept
the fact that individual career progress and ability
to keep a job necessarily depend on contemporary
knowledge (Hodzic, 2008). This is where continuing education has a role to play; it is a missing link
in the Bosnian labor market value-chain. This has
been made clear in The Global Competitiveness
Report 2009-2010 (Schwab, 2009). Indicators of
general competitiveness clearly show that B&H
is far behind its neighbors. The Global Competitiveness Index (GCI) includes the following measures concerning education: number of students
involved at primary, secondary and tertiary education, quality of educational system, quality of
education in mathematics and sciences, quality of
schools for management, costs of education, access to the internet at schools, local availability
of the domain of research and specialist education, and the level of training of employees. B&H
Volume 5 / Number 4 / 2010

severely lags behind its neighbors in all areas of
education. Particularly troubling for this research
is the fact that the level of training of B&H employees is the lowest ranked among all countries
of the South East European region.
The country’s ability to compete on the education front needs to be drastically improved. Both
government and labor force ought to take responsibility and act up on it. Government bodies through
their agencies need to provide resources for institutions where education programs can be run. Furthermore, those who are employed need to realize
that continuing education is a path to keeping a job
while those who want to be employed need to realize that it is a path to getting a job. However, prior
to government and individuals accepting the role
of education in a well-functioning labor market,
adequate legislation concerning continuing education needs to be created and implemented. Due to
numerous political, economic and social problems
that hinder economic growth, and technological
advancement of Bosnia and Herzegovina, any serious development of legislation concerning continuing education has not yet taken place.
B&H has aspirations to become a member of
the European Union (EU). Inadequate education
system is one of major hurdles that stands in front
of that goal. Certainly, without proper institutional
platform, continuing education programs cannot
be implemented. In fact, the importance of continuing education is certainly stressed by the EU.
The European policy toward continuing education
has been shaped by the Lisbon European Council
(March 2000) during which the Council acknowledged that the EU was facing major economic turbulence caused by globalization.
The Council recognized that in order for the EU
to stay competitive, it had to evolve into a knowledge-driven society. It had to become “the most
competitive and dynamic knowledge-based economy in the world, capable of sustainable economic
growth with more and better jobs and greater social
cohesion” (European Council 2000: Ch. 5). Moreover, it was recognized that continuing education
can enable successful transition to a knowledgebased economy and society, and that since Europe’s
education and training systems are the driving institutions for change, they must adapt accordingly.
Still relevant today, particular focus is put on IT
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skills, languages, entrepreneurship, technological
and social skills, and learning how to learn. Creating and maintaining a knowledge-based economy
requires creation of motivation to learn and provision of a variety of learning opportunities.
This lesson from the European Union is vital
for Bosnia and Herzegovina. Urgent transformation of its education system as well as elevating
the level of consciousness of its labor force is
crucial for the successful adoption of continuing
education in the society. It is imperative that the issue of continuing education in B&H takes a higher
position on the agenda of its government officials.
In our research, we have made serious effort to
tackle one part of this particular problem. We have
gathered original evidence in order to provide answers that concern the question of readiness of the
B&H employees when it comes to continuing education. In the following section, we explain our
methodology in researching this important issue.
3. Methodology
Since we are interested in the effect of identified factors on the probability of engaging in continuing education, we conduct our analysis using
nonlinear best response model. The particular logit formulation is adopted because of its wide usage
in the papers considering similar topic. It is worth
noticing that since the sample is large, particular
assumption on the distribution of the error term
(that is choice of the particular formulation) does
not matter as consequence of the central limit theorem. Our dependent variable either has a value of
0 (a person did not participate in continuing education in the previous 12 months) or 1 (a person
participated in continuing education in the previous 12 months). In the following model
P ( Y =1 / x ) = G ( b 0 + x b )
= G ( b 0 + b 1 x1 + L b k x k )
is a vector of independent variables;
is a vector of coefficients. The
signifies a decision to endependent variable
gage in continuing education while
includes
employee’s education level, education level of
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the head of household in which employee was
raised, employee’s marital status, age, family size,
home ownership, level of professional responsibility (top-level management, middle-level management, or operations management), business
function (department of accounting, finance, IT
management, human resource management, marketing, sales, procurement, or research & development), monthly income (more than 2000 KM,
between 1501 and 2000 KM, between 1001 and
1500 KM, or between 701 and 1000 KM), and
work experience.
is an increasing function. This insures that estimator of probability is also between
0 and 1. We implement non-linear logit model in
which the following logistic function is used:

Our primary goal is to explain the effect of
each chosen variable on the likelihood of success
Because we are using a non-linear
model, this effect will not equal a
coefficient
and cannot be understood as a marginal effect
(Wooldridge, 2000). The effect of a variable on
the likelihood
will be given by

From the above equation we can conclude the
following: (i) the marginal effect of a variable
depends on a partial derivative of a given function
and so it is not simply equal to the
parameter, and (ii) the marginal effect of an independent
variable
is not constant – in other words, it is
not the same for all values of a variable
as it
is the case in a linear regression model. The marginal effect of a variable depends on a specific
value of . We need to be cautious in interpreting
parameters that we obtain by estimating nonlinear
models of this type: indicates a change in odds
due to a change in an independent variable . If
we define
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then
When

changes by one unit, ceteris paribus,

tells us how much (in %) will odds
change.
Next, we estimate the logit model by using
maximum likelihood estimation. Given that our
sample size is satisfactory, this method of estimation provides consistent, unbiased and efficient estimates of parameters. As per Wooldridge (2000),
our likelihood function is
m

f ( y ; b ) = ∏ L ( b 0 + b 1 x 1i + L b k x k i ) i ⋅

(

i =1

⋅ 1 − L ( b 0 + b 1 x 1i + L b k x k i )
where

y

1− y i

)

is an index of observation,

total number of observations,

is the

is
a logistic function, and is a vector of parameters.
Next, we present elements of our empirical
model. We include employee’s education level because we are interested to verify whether relatively
educated employees still want to continue with education or whether relatively uneducated employees want to engage in continuing education as a
way of improving their standard of living. We follow previous studies and include education level
of the head of household in which employee was
raised. We are interested to see whether educated
families (proxied by the level of education of the
head of household) create incentives and generate
positive externalities on their family members to
further invest in education.
We include variables marital status and family
size in order to assess the effect of family responsibilities on employee’s plans to engage in continuing education. We are curious to see whether
individuals who are not married and/or who do not
have children may have more disposable income
and time to dedicate to investments in continuing
education. Similarly, we include employee’s age
and work experience as independent variables that
may be negatively correlated with a decision to
continue schooling. We suppose that as individuVolume 5 / Number 4 / 2010

als get older and acquire more years of work experience, they have less incentives to invest in their
education as potential payoff period gets shorter
and they have less opportunities for promotion.
Furthermore, we are interested to assess how
are home ownership (a sound proxy for wealth)
and reported monthly income linked to continuing
education. Prior studies have indicated that the effect of wealth and income on continuing education
is ambiguous (Jarvis, 1995). On one hand, individuals may find themselves in the comfort zone
when they have accumulated or have reasonable
opportunities to accumulate enough wealth and
thus do not find it necessary to search for ways to
obtain greater wealth (for instance, through continuing education). On the other hand, individuals
with reasonable levels of wealth and income are
in position to cover ongoing costs of living and
thus have sufficient disposable income to dedicate
to investments in continuing education.
We are curious to see how different levels of
responsibility and different business functions impact the decision to devote resources to continuing
education. We are certain that there are differences
across company responsibility levels and business
functions that relate to decisions concerning continuing education. However, we are uncertain how
those differences demonstrate themselves.
In the following section, we explain how we
gathered data and then discuss results of our empirical research.
4. Results and Discussion
In this research we test factors which affect decisions to invest time and resources in continuing
education. We focus on the active members of labor force in Bosnia and Herzegovina. Data is obtained through the use of paper and online questionnaires1. Collection of data took place between
months of June and August of 2010. We distributed
1100 electronic questionnaires and over 300 paper
questionnaires. A total of 365 of those were returned
to us: 295 were emailed back while 70 were filled

1 www.efsa.unsa.ba/nir/index.php?sid=26367&
newtest=Y
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out during in-person interviews2. We use STATA
11 for econometric analysis of the collected data.
We are interested to know whether there exists statistically significant difference among a number of
personal characteristics when it comes to investments in continuing education. Table 1 gives an
overview of independent variables as well as possible values that those variables can attain. Table 2
displays results of logit regressions.
The coefficients in the logit model are related
to the odds of being over the critical threshold in
such a way that makes their interpretation particularly convenient. The relationship can be explained in the following way: the anti-logarithm of
a coefficient is called the odds ratio; this is the factor by which the odds changes for a unit increase
in the corresponding independent variable. The
odds ratio is especially convenient for dummy
variables since a single unit change means having
a particular characteristic versus not having it.
The coefficient for education of employee is
0,120 and is significant at the 10% level. The odds
ratio is 1,128. This means that for each additional
level of education of an employee in Bosnia and
Herzegovina, the odds of continuing education
increase by 12,8%. Our research replicates what
Knapper and Cropley (2000) discovered. Previous
education positively impacts attitude toward continuing education.
The coefficient for education of the head of
household in which employee was raised is 0,128
and is significant at the 5% level. The odds ratio
is 1,137. This means that for each additional level
of education of the head of household in which
Bosnian employee was raised, the odds of continuing education increase by 13,7%. This finding
confirms previous research by Jarvis (2004) that
attitude toward continuing education is influenced
by family education values.
The coefficient for marital status is not significant and thus it is not interpretable.
The coefficient for the employee’s age is -0,080
and is significant at the 5% level. The odds ratio
is 0,923. For each year an employee in a Bosnian
firm gets older, the odds of continuing education
decrease by 7,7%. This means that employees are
less willing to continue education as they get clos2 All data is available upon request.
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er to retirement. We confirm findings of Sargant,
Field, Francis, Schuller, and Tuckett (1997) that as
individuals age they are less likely to participate
in continuing education. We reason that as their
effective work time gets shorter, they have less incentives to invest in themselves as the potential
payoff period gets shorter. Note that we initially
consider nonlinear relationship between age and
education. However, we dismiss an inverted Ushaped effect of age – that readiness to continue
education increases with age up to a certain point
and then decreases as an individual gets older –
after the coefficient for squared employee’s age
proves to be insignificant.
The coefficients for family size, home ownership and top-level management are not significant.
Therefore, they are not interpretable.
The coefficient for middle-level management
is 0,740 and is significant at the 5% level. The
odds ratio is 2,096. If an employee enters middlelevel management in B&H, the odds of continuing education increase by 110%. However, if an
employee enters operations management in a Bosnian company, the odds of continuing education
decrease by 50,9% as the odds ratio is 0,491. The
coefficient for operations management is -0,712
and is significant at the 5% level.
We infer from these results that entering middlelevel management is correlated with a substantial
increase in odds of continuing education while entering operations management is correlated with
a decrease in the same odds. Perhaps this stark
difference is explained by one important cultural
factor: employees in Bosnia and Herzegovina, a
post-socialist country, view a career move into operations management as the dead-end career move
because of the blue-collar stigma attached to operations and any function of production that is associated with the old systems of Former Yugoslavia.
The coefficient for employment in accounting
is 1,083 and is significant at the 10% level. The coefficient for employment in finance is -1,515 and
is significant at the 1% level. The coefficient for
employment in marketing is -1,282 and is significant at the 1% level. The coefficient for employment in procurement is 0,909 and is significant at
the 10% level.
From these findings concerning labor market
in Bosnia and Herzegovina, we conclude that if
Volume 5 / Number 4 / 2010

technics technologies education management

Table 1. Overview of independent variables and values that those variables can attain
Variable

Description

Edu
Edu_head

Employee’s education level
Education education level of the head of household in
which employee was raised

Mar_status

Married or not married

Age
Family

Employee’s age in years
Family size

Own_home

Home ownership

Top_man
Top-level management
Mid_man
Middle-level management
Op_man
Operations management
Acc
Employment in accounting
Fin
Employment in finance
IT_man
Employment in IT management
HRM
Employment in human resource management
Market
Employment in marketing
Sales
Employment in sales
Procur
Employment in procurement
R&D
Employment in research & development
MI_2000_plus
Monthly income of more than 2000 KM
MI_1501_2000
Monthly income b/w 1501 and 2000 KM
MI_1001_1500
Monthly income b/w 1001 and 1500 KM
MI_701_1000
Monthly income b/w 701 and 1000 KM
Work_exp
Years of work experience
Table 2. Results of logit regressions
Variable
Coefficient
Edu
0,120* (0,069)
Edu_head
0,128** (0,055)
Mar_status
-0,076 (0,337)
Age
-0,080** (0,035)
Family
0,031 (0,140)
Own_home
-0,250 (0,356)
Top_man
-0,065 (0,496)
Mid_man
0,740** (0,366)
Op_man
-0,712** (0,360)
Acc
1,083* (0,642)
Fin
-1,515*** (0,527)
IT
-0,080 (0,359)
HRM
0,502 (0,439)
Market
-1,282*** (0,460)
Sales
0,653 (0,460)
Procur
0,909* (0,514)
R&D
0,088 (0,448)
MI_2000_plus
0,987* (0,512)
MI_1501_2000
1,033** (0,457)
MI_1001_1500
0,392 (0,470)
MI_701_1000
0,357 (0,519)
Work_exp
-0,005 (0,035)
Robust standard errors are indicated in parentheses.
Level of significance: *** p<0,01 ** p<0,05 * p<0,1
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Values
8 – Primary school or less
12 – High school
16 – College
18 – Masters
21 – PhD
1 – Married
0 – Not married
From 19 to 65
From 1 to 5
1 – Owns
0 – Does not own
1 – Yes
0 – No

1 – Yes
0 – No

1 – Yes
0 – No
From 1 to 40
Odds ratio
1,128* (0,078)
1,137** (0,062)
0,927 (0,313)
0,923** (0,032)
1,031 (0,144)
0,779 (0,277)
0,937 (0,465)
2,096** (0,767)
0,491** (0,177)
2,953* (1,897)
0,220*** (0,116)
0,923 (0,331)
1,651 (0,724)
0,278*** (0,128)
1,921 (0,884)
2,483* (1,277)
1,092 (0,489)
2,682* (1,373)
2,808** (1,282)
1,481 (0,695)
1,429 (0,742)
0,995 (0,035)
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employee enters accounting department, the odds
of continuing education increase by 195,3% as the
odds ratio is 2,953. Similarly, the positive effect
is present if employee enters procurement department since the odds of continuing education increase by 148,3% as the odds ratio is 2,483.
Furthermore, our research shows that if employee enters finance department in a Bosnian company,
the odds of continuing education decrease by 78%
as the odds ratio is 0,220. Similarly, the negative
effect is present if employee enters marketing department since the odds of continuing education
decrease by 72,2% as the odds ratio is 0,278.
Once again, we confirm general conclusions
of Jarvis (2004). Employment in different functions of a firm impacts attitude toward continuing
education differently. Our research shows that
employment in accounting and procurement departments in Bosnia and Herzegovina is positively correlated with continuing education. Since
continuing education in the field of accounting is
required by law in Bosnia and Herzegovina, our
findings are well aligned with these specific labor
market conditions. Furthermore, we reason that
employment in procurement functions of a firm
requires continuing education due to the very
nature of the job. Those who execute orders and
solicit offers for a company they work for ought
to be able to understand what they are purchasing and constantly stay up to date with changing technologies, market trends and innovation
(Cox, 2001).
Our research shows that employment in finance and marketing departments in Bosnia and
Herzegovina is negatively correlated with continuing education. Our findings confirm those
of Liargovas and Chionis (2002). These authors
identify marketing and finance, in addition to
business strategy, human resource management
and international trade experience, as the internal
functions in which business practitioners in Balkan countries are most deficient. Serious barriers to the transition of enterprises from centrally
planned to market economy do exist and they are
most evident in finance and marketing functions.
Employees that are trusted with these functions
are simply not expected nor encouraged by either
internal or external forces to participate in continuing education.
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The coefficients for employment in IT, HRM,
sales, and R&D are all not significant and thus are
not interpretable.
The coefficient for monthly income of more
than 2000 KM is 0,987 and is significant at the
10% level. This means that if employee starts
earning more than 2000 KM per month, the odds
of continuing education increase by 168,2% as
the odds ratio is 2,682. Moreover, the coefficient
for monthly income between 1501 and 2000 KM
is 1,033 and is significant at the 5% level. This
means that if employee starts earning between
1501 KM and 2000 KM per month, the odds of
continuing education increase by 180,8% as the
odds ratio is 2,808. Our findings show that individuals who make reasonably comfortable living
invest some of their disposable income in continuing education.
The coefficients for the other two lower monthly income brackets (between 1001 KM and 1500
KM, and between 701 KM and 1000 KM) as well
as for work experience are not significant and
therefore are not interpretable.
5. Concluding Remarks
In this paper we have presented original evidence concerning the workforce in Bosnia and
Herzegovina; we have shown that certain factors
are positively correlated with the B&H employee
investments in continuing education. Our findings
have illustrated that employee’s education level as
well as education level of the head of household in
which employee was raised positively impact attitude toward continuing education. Readiness to
further engage in education also increases with the
middle-level management responsibility, and business functions of accounting and procurement. We
have also established significant positive relationship between continuing education and monthly
incomes of more than 2000 KM, and between 1501
and 2000 KM. Our study of the sampled workforce
in Bosnia and Herzegovina has also shown that
employee’s age, the operations management responsibility, and business functions of finance and
marketing are negatively correlated with employee
investments in continuing education.
Volume 5 / Number 4 / 2010
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Abstract
How to have a quick glimpse of the possibilities and the current status of a supplier? How can
a supplier see our production plans at a glance, in
order to timely prepare for our demands for raw
materials and thus gain business confidence from
a known customer? How can a commercial office
quickly check the inventory at remote facilities of
the retail chain? How to determine which model is
going where, who’s working better, and who is not
working hard? How to coordinate activities with
the cooperation and business partners in a better
way? However, Web applications, in addition to
all the good qualities and the ability to consolidate
operations into a single business process, to connect isolated “islands” in one unit, unify business
processes of all participants in the venture, have
certain disadvantages. One of the most obvious
problems is “poor” graphical user interface.
Key words: Web applications, Internet programming, User interface, PHP, HTML.
1. Introduction
Internet programming is the way which leads us
from industrial to a new era - a knowledge-era, a
new economy, knowledge economy. This is the era
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in which rigid firms become more flexible, initially
insensitive to the demands of the customer they
now turn to be able to make a product for a known
customer, all according to his needs, requirements
and capabilities. Companies do business in “speed
of thought”, innovations do not come by chance,
and thus they make an everyday activity. These are
the firms that are competitive on a global level, and
whose products are competitive in relation to any
others who appear on the market.
Whether users would want to use software and
accept it as a helpful tool or as a difficulty largely
depends on the characteristics of the user interface.
Graphical user interface of web applications is
mainly based on html forms, improved javascript
functions and CSS templates. Is it possible to create a web-business application that will provide user
with all the benefits, appearance of the screen and
the simplicity, intuition and ease of use of user interface in a way similar to using desktop applications?
2. Comparison of desktop and web
applications from the user interface
aspect
In order to check the extent to which Web applications can support complex characteristics of
the user graphical interface peculiar to desktop
Volume 5 / Number 4 / 2010
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applications only, we analyzed a typical business
desktop application-software package for monitoring warehouse operations, specifically the entrance of materials into a warehouse.
Appearance of the user interface of this application, made in Visual Basic 6 (Visual Studio 6),
is shown in Figure 1.
1.1 The entrance to the material storage
		 presented as a Web application
For the implementation of Web applications for
storage business, we used scripting language on
the server side, specifically PHP 5.20. The database has been taken from an existing desktop application, and it is realized as a MySql database
(ODBC driver in Visual Basic and PHP’s built-in
API in Web application were used).
The structure of the application is shown in
Figure 2.

Figure 2. The structure of “The entrance to the
warehouse” Web application
Dobavljac – supplier, prevoznik – carrier,
konekcija – connection, funkcije – functions, ulaz
osn. – Main entrance
Web version of the application consists of six
files in the working folder on the server. “ulaz_
osn.php” is the core of application and at the same
time the index of the page. Dobavljac.php and
prevoznik.php are modules of application; funkcije.php and konekcija.php are classes and mas-

Figure 1. Layout of a typical user GUI desktop application
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ter.css is CSS (CascadingStyleSheet) file which is
responsible for the graphic layout. These six files
are part of the application used for reception, i.e.
input of materials into the warehouse.
Application interface is written in HTML language with use of CSS for deploying elements to
the screen. It is about a certain number of input
fields and tables due to storage of large quantities
of information in a single window.
This example shows a part of the interface. We
can see the combination of HTML language with
JavaScript and PHP programming language. JavaScript functions in this example serve for refreshing
application’s page so that the required data can be
transferred to the server. Namely, since the PHP
programming language is the language of the server, and it works on the server, you need to refresh
the page every time you want to configure the vari<table>
<tr>

</tr>
<tr>

able, i.e. to store data in the server’s cache. In this
case, JavaScript’s built-in onBlur function and user
function mySubmit ( ) are in charge for this.
function mySubmit() {
document.formName.submit();
}
Table layout, background, size, color and font
type is determined, as previously noted, in master.
css file. In the example beneath, the layout of table
fields is performed through class = “highlight”
command.
td.highlight {
background-color:#000077;
width:85px;
}

<th style=”width:85px;”>Dobavljaè:</th>
<td>&nbsp;</td><td>&nbsp;</td>
<th colspan=”3”>Dokument dobavljaèa:</th>
<td><input type=”text” name=”sifdob” size=”10”
value=”<?php echo htmlspecialchars($sifdob); ?>”
onBlur=”mySubmit()” /></td>
<td><input type=”text” name=”nazdob” size=”17”
value=”<?php echo htmlspecialchars($nazdob); ?>” /></td>
<td><input type=”text” name=”mesdob” size=”8”
value=”<?php echo htmlspecialchars($mesdob); ?>” /></td>
<td><input type=”text” name=”ozndoc” size=”3”
value=”<?php echo htmlspecialchars($ozndoc); ?>”
onBlur=”mySubmit()” /></td>
<td><input type=”text” name=”brdoc” size=”5”
value=”<?php echo htmlspecialchars($brdoc); ?>”
onBlur=”mySubmit()” /></td>
<td><input type=”text” name=”datdoc” size=”8”
value=”<?php echo htmlspecialchars($datdoc); ?>”
onBlur=”mySubmit()” /></td>

		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
</tr>
<tr>
		
<td class=”highlight”><a href=”ulaz_osn.php?sif=<?php
		
echo $sifdob; ?>”>šifra</a></td><td>naziv</td>
		
<td>mesto</td><td>oznaka</td><td>broj</td><td>datum</td>
</tr>
</table>
680

Volume 5 / Number 4 / 2010

technics technologies education management

Within the file konekcija.php, there is a class
SystemComponent that defines the connection parameters with the database.
class SystemComponent
{
var $settings;
function getSettings()
{
// Database variables
$settings[‘dbhost’] = ‘localhost’;
$settings[‘dbusername’] = ‘root’;
$settings[‘dbpassword’] = ‘’;
$settings[‘dbname’] = ‘ebn’;

}

}

return $settings;

The specified class is an excellent example of
object-oriented programming, because by simply
calling this class on each page of the application we
do a successful connection to the database without
having to repeat and write identical code. On the
other hand, with every change in the database, i.e.
the change of code, name or user name, by simply
changing the parameters within the class we make
the change in the entire application.
Class Connection is located within the file
funkcije.php and it defines properties and methods
required for the application to work properly. It is
designed to represent a combination of embedded
PHP language features and functions tailored to
the needs of application.
The entrance to the warehouse (file ulaz_osn.
php) is the central part of the application. By using session tracking it is possible to track user
throughout his sessions on the Web site. This allows presentation of appropriate content, which
will depend on the wishes of individual user. Furthermore, this provides storage of required data
in the form of variable sessions. As already mentioned, in order to set value of the variable and put
it on the server it is necessary to refresh the page.
In that case, if the values of other variables are not
saved as variable sessions, we will lose all the data
we wanted to preserve, which means that the new
value for all variables will be NULL. Since we
planned to allow user to fill in each field of the apVolume 5 / Number 4 / 2010

plication, and with JavaScript function we enabled
page refreshing by leaving all of those fields, we
had to pay attention to assigning new values to the
variables, and preserving values of variables that
we had not changed.
if (isset($_REQUEST[‘datum’])) $datpri=$_
REQUEST[‘datum’];
else {$datpri=$_SESSION[‘datpri’];}
if (!isset($_SESSION[‘datpri’]))
$datpri=date(‘Y-d-m’);
if (isset($_REQUEST[‘sifra’])) $sifpri=$_
REQUEST[‘sifra’];
else {$sifpri=$_SESSION[‘sifpri’];}
Conditional if-else structure checks whether
we want to change the value of the variable or
keep the old one. With each new passing of PHP
code parser, it is checked whether the variable is
set (isset), if so, we assign it a new value and if
not (else), we keep its old value in the form of a
variable session. This application virtually holds
all data assigned to variable sessions, and even the
entire contents of tables in the form of multidimensional vectors (arrays).
$_SESSION[‘vekt’][$_SESSION[‘idv’]][$i]=$_
REQUEST[“im$s”];
Modules in the form of files dobavljac.php
and prevoznik.php are used for selective display
of data. Display is done via the table for selection
of suppliers or carriers in the top right corner of
the application (Figure 3).
Selecting one or the other module is done simply by changing the database query. The suppliers module performs query to the database in table
fields intended for suppliers, and then displays
results in a table on the screen. Carrier module
performs the identical task but in table fields designed for carriers. The following piece of code
represents one part of the carrier module.
if (isset($_REQUEST[‘sif’]) || isset($_
REQUEST[‘sifo’]))
{
		
$shid=$_REQUEST[‘sif’];
		
if (isset($_SESSION[‘druga’]))
		
{
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$izbd=$izbp;
			
$shid=$_REQUEST[‘sifo’];
		
}
		
$upi=”select idkomint, sif_kom, naz_kom,
		
grad, drzava from t020
		
where sif_kom regexp ‘^$izbd’ and
		
sif_kom like ‘%$shid%’ or idkomint >=
		
$sfid order by idkomint
		
asc limit 4”;
}
else if (isset($_POST[‘nap’]))
{
		
$izbo=$izbd;
		
if (isset($_SESSION[‘druga’]))
		
$izbo=$izbp;
		
$sfid=$_POST[‘dd’];
		
$upi=”select idkomint, sif_kom, naz_kom,
		
grad, drzava from t020
		
where sif_kom
		
regexp ‘^$izbo’ and idkomint > $sfid order
		
by idkomint asc limit 4”;
}

In this instance, we see the application of the
conditional structure which depending on the kind
and type of data provided gives the required results. The module is organized in such a way that
depending on the conditions, values of the variable are changed under the name $ upi. The new
value of this variable is sent as a parameter of the
user function.
$result=$mag -> query($upi);
$ mag is a Connection class object that has all
its properties and methods. Method (function)
query is the user function intended for the query in
the database. Its structure is as follows:
function query($query)
{
		
$this->upit = $query;
		
return mysql_query($query, $this->link);
}

Figure 3. Web version of “The entrance to the warehouse” application
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The function requires one parameter, which is
just a variable in the form of a query selected in
the carrier module. Finally, the function returns the
value of built-in function mysql_query () in combination with the given query. Result of the function
is passed to a new method of an object and as such
is shown inside the already mentioned table.
$isp=$mag->Rezultat($result);
The structure of function Rezultat (Result) is as
follows:
function Rezultat($result)
{
		
return mysql_fetch_assoc($result);
}

entry of new data onto the server. This task is realized through function Upis ($ resulta) which accepts the parameter identical to the parameter of
the function Result ().
function Upis($resulta)
{
$red=$this -> Rezultat($resulta);
for ($i=0; $i < mysql_num_fields($resulta);
$i++)
		
{
		
$rad=mysql_field_name($resulta, $i);
		
$row .=”im$i=$red[$rad]&”;
		
}
		
echo $row;
}		

We can see that the function Result returns the
value of the built-in mysql_fetch_assoc ($ result)
function, which takes the value of query () function as a parameter. The result of this function is of
resource type and it is manifested as a series of data
obtained from the table t020 which was sent the request. This series still passes to for loop that runs
through all elements of the series and puts them as
data in table fields for suppliers or carriers.

Data obtained from this function are stored in
an array of indexes called im, and have values assigned to them by clicking on the link. Parser recognizes whether set variables are with index im,
and if so he assigns them a value sent through the
URL. Afterwards he writes the resulting data in the
appropriate fields. Built-in PHP function addslshes
() adds a slash (/) element in front of each special
character and thus protects the program from accidental or intentional errors in its execution.

for ($i=0; $red=$mag -> Rezultat($result); $i++)
{
		
echo ‘<tr>’;
		
echo ”<td><a href=’ulaz_osn.php?”;
		
echo $mag->Upis($resulta);
		
echo „’>Prenesi</a></td>”;
		
echo „<td>$red[sif_kom]</td>
		
<td>$red[naz_kom]</td>
		
<td>$red[grad]</td>
		
<td>$red[drzava]</td>”;
		
$sfid=$red[‚idkomint’];
		
echo ‘</tr>’;
}

if (isset($_REQUEST[‘im1’]) && is
set($_REQUEST[‘im2’]) && isset($_
REQUEST[‘im3’]) &&
isset($_REQUEST[‘im4’]) && !isset($_
REQUEST[‘cetv’]))
{
$iddob=$_REQUEST[‘im0’];
$sifdob=addslashes($_REQUEST[‘im1’]);
$nazdob=addslashes($_REQUEST[‘im2’]);
$mesdob=addslashes($_REQUEST[‘im3’]);
$drzdob=addslashes($_REQUEST[‘im4’]);
$_SESSION[‘iddob’]=$iddob;
}

The obtained data in the table still need to be
selected and then inputted into input fields; in Figure 3 the data is called the Supplier’s document.
The transfer of selected data is done by sending
through the URL. Namely, we must display every
row of data as a link that leads to the same page
and in that way provide refreshing of the page and

The middle table, called the choice of material,
gets filled up by a simple query to the database and
by placing the data obtained in the table fields. We
can note the name of the first column - transfer. It
was created the same way as the upper table, in form
of a link that leads to the same page, and its task is to
transfer the selected data column to the table below.
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for ($i=0; $red=$mag -> Rezultat($resultq); $i++)
{
		
echo ‘<tr>’;
		
echo ”<td><a href=’ulaz_osn.php?”;
		
echo ”cetv&”;
		
echo $mag->Upis($results);
		
echo ”’>Prenesi</a></td>”;
		
echo ”<td>$red[sifmat]</td>
		
<td>$red[nazmat]</td>
		
<td>$red[dim]</td>
		
<td>$red[deb]</td>
		
<td>$red[klasa]</td>
		
<td>$red[jedmer]</td>
		
<td>$red[osmat]</td>
		
<td>$red[minzal]</td>”;
		
$kurs=$red[‚sifmat’];
		
echo ‚</tr>’;
}
$_SESSION[‚kurs’]=$kurs;
echo ‚</table>’;
Unlike the other tables, the bottom table (input
material log) (Figure 4) has a specific trait that, in
addition it prints the transferred data; it also allows
the user to enter certain values such as Balance,
Number of pieces and Quantity. At the same time,
this table is not pre-determined by the amount of
data that define the number of columns and rows,
but it must be formed according to the user, i.e.
number of rows of material that a user selects.
This problem was solved with the help of multidimensional vectors and user function that draws
lines and columns of the table, and at the same
time, it fills the table with data by allowing user to
complete the fields that were left empty.
if (isset($_SESSION[‘idv’]))
{
for ($i=0; $i <= 7; $i++)
{
		
$s=$i+1;

		

$_SESSION[‘vekt’][$_SESSION[‘idv’]]
[$i]=$_REQUEST[“im$s”];

}
$_SESSION[‘idmat’][$_
SESSION[‘idv’]]=$_REQUEST[‘im0’];
		
++$_SESSION[‘idv’];
echo $mag -> Tabela($_SESSION[‘vekt’],
$_SESSION[‘df’],
$_SESSION[‘dk’], $_SESSION[‘dm’]);
}

The above example of code is used to create
the table of Input material log. The variable sessions keep record of transferred table rows. We
can notice the multidimensional vectors because
in addition to the columns that are in the form
of the first index, there is also the second index
which stores data about the rows. The data that the
user enters are stored in the session variables under name $ _SESSION [‘df’], $ _SESSION [‘dk’],
$ _SESSION [‘dm’]. Function Table () which accepts four parameters is tasked to create a table
and writes the data as forwarded by the user. Function can be found within the Connection class and
as such is a method of object $mag. Function code
is as follows:
Variable $x and $y determine the number of
rows and columns the table has, and as we can see,
in the beginning this number is zero. When the
function is called and the first parameter $ arr and
the first table row is not empty, processing of data
and drawing rows and columns begins, one by
one. Empty table cells are in fact the input fields
located in the table at the end of each row and have
the JavaScript function mySubmit () which allows
refreshing the page by the change of focus and
setting new session variables. In this way the user
can enter and modify the contents of the table and
the rest of the data remains unchanged. At the end,
the function returns the variable $naprav which is
the whole table with all the data in it.

Figure 4. The table of Input material log
684

Volume 5 / Number 4 / 2010

technics technologies education management

function Tabela($arr, $stanje, $komada, $kolicina)
{
		
$maxX = $maxY = 0;
		
for ($x=0;$x<100;$x++)
		
{
			
for ($y=0;$y<100;$y++)
			
{
				
if ($arr[$x][$y]!=””)
				
{
					
if ($maxX < $x) $maxX = $x;
					
if ($maxY < $y) $maxY = $y;
				
}
			
}
		
}
		
$naprav = “<table><tr><th colspan=’13’>Dnevnik ulaza
		
materijala</th></tr><tr><th>Rb</th><th>Šifra mat.</th>
		
<th>Naziv mat.</th><th>Dimenzija</th>
		
<th>Debljina</th><th>Klasa</th><th>Jed.mer.dim.</th><th>Osn.mat.</th>
<th>Min.zaliha</th><th>Stanje</th><th>Komada</th><th>Kolièina</th></tr>”;
		
for ($x=0;$x<=$maxX;$x++)
		
{
			
$c=$x+1;
			
$naprav.=” <tr><td>$c</td>”;
			
for ($y=0;$y<=$maxY;$y++)
			
{
				
$naprav.= (isset($arr[$x][$y]))
				
?” <td>”.$arr[$x][$y].”</td>”
				
:”\n”;
			
}
		
if (isset($arr))
		
{
			
$naprav.=”<td>”;
			
$naprav.=”<input type=\”text\” name=\””;
			
$naprav.=”stanje$x\””;
			
$naprav.=” size=\”5\” value=\”$stanje[$x]\””;
			
$naprav.=” onBlur=\”mySubmit()\” />”;
			
$naprav.=”</td>”;
			
$naprav.=”<td>”;
			
$naprav.=”<input type=\”text\” name=\””;
			
$naprav.=”komada$x\””;
			
$naprav.=” size=\”5\” value=\”$komada[$x]\””;
			
$naprav.=” onBlur=\”mySubmit()\” />”;
			
$naprav.=”</td>”;
			
$naprav.=”<td>”;
			
$naprav.=”<input type=\”text\” name=\””;
			
$naprav.=”kolicina$x\””;
			
$naprav.=” size=\”5\” value=\”$kolicina[$x]\””;
			
$naprav.=” onBlur=\”mySubmit()\” />”;
			
$naprav.=”</td>”;
		
}
			
$naprav.=”</tr>”;
		
}
		
return $naprav.”</table>”;
}
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Application at the end has four possibilities to offer to the user. To save, search a new entry, print a
log or exit the application. Option Save enters all the
data entered in the fields and tables into the database.
if (isset($_POST[‘snimi’]))
{
$idmat=$_SESSION[‘idmat’];
for ($r=0; $r < count($idmat); $r++)
{
		
$rew=$mag->query(“insert into t311
		
(idm, idd, idp, idna, datprom, vremprom,
		
ozn_dok, brdok, sifdok, stanje, kom, ulkol)
		
values (‘$idmat[$r]’, ‘$iddob’,
		
‘$idpre’, $brpri’, ‘$datpri’, ‘$vre’, ‘$ozn
		
doc’, ‘$brdoc’, ‘$sifdob’, ‘$df[$r]’,
		
‘$dk[$r]’, ‘$dm[$r]’)”);
}
		
$forw=$mag->query(“insert into t410
		
values (‘$idpre’, ‘$brpri’, ‘$vozac’,
		
‘$regtab’, ‘$brlk’, ‘$jmbg’, ‘$brpas’)”);
}
Option new entry, deletes all variables, terminates the session and refreshes the page.
if (isset($_POST[‘unos’]))
{
		
unset($brdoc);
		
unset($ozndoc);
		
...
		
unset($sifpre);
		
unset($mespre);
		
session_destroy();
		
header(‚Location:ulaz_osn.php‘);
}
2.2.1. Limitations of web application 		
graphical user interface
Graphical interface developed in HTML has its
limitations both in functionality and appearance of
application, especially in optimizing applications
to run in different browsers.
The frequent page refreshing for reasons of
data input slows down application a lot and causes
the impression of discontinuity, but it is the only
possible way in this variant.
686

Print of reports can be performed only on the
server, either remote or local.
It is not possible to “scroll” data in grids and
data manipulation such as position change or resizing the grid, changing the order and width of
individual columns, etc., is practically impossible.
Due to need to refresh the screen when you enter data in any of the input fields, because the data
must be forwarded to the server from the user’s
computer in order to update it, you cannot press a
keyboard button (for example, tab or enter) if you
want to move from field to field.
The direct input of values into the grids is
achieved by inserting input objects such as text in
the places where the input is allowed, and forwarding is made with help of variable session such as
multidimensional array.
If there are too many syllables in the table, the
movement through grid lines is done by clicking
the buttons “forward” or “back”.
Conclusion
The analysis of used programming languages
used on the active servers makes clear that the PHP
programming language takes precedence in work
on the server side. Its strength is reflected not only
in price and accessibility, but more in the fact that it
has developed into a powerful and modern objectoriented language. Ease of writing code as well as
coverage of almost all areas of writing applications
and Web sites in general, leads us to the notion that
by using PHP it is possible to create a fully functional web business application that in terms of
graphical user interface characteristics is not behind
the desktop applications of the same class, and provides all the advantages of web-based applications.
However, writing the entire application showed
some drawbacks of PHP. Frequent refreshing of
pages, as well as difficulties in sharing data in web
application between components View, Controller
and Model, make creating user interface, which
would be of the same features as the desktop
version, more complicated. The similarity of the
user interface is held on, but with restrictions that
would lead users accustomed to graphical user
interface of desktop applications to frustration.
It is not impossible to make a functional applicaVolume 5 / Number 4 / 2010
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tion of e-business using PHP language only, but
is extremely impractical and too complicated and
therefore financially not profitable, and the user
gets denied for some benefits that would provide
the introduction of new technologies.
The introduction of new technology in the form
of Adobe Flex is a response to these problems.
This is a brand new technology with great features. Ease of using Flex, especially Flex Builder,
is reason enough to make every developer interested in its exploitation for the purposes of making
applications and Web pages.
Graphical user interface developed in Flex
technology is not just of the same, but better functionality that the user interface of desktop applications. In Flex technology, using built-in components, it is very easy to make interface and then
make it functional with a basic knowledge of
ActionScript3 (AS3) language. In addition to the
advantages of data manipulation in various ways,
this user interface allows users to print on their
own computers, and this is provided through builtin features of communication with the system.
The application is easy to maintain and modify if
needed, and application design capabilities are far
greater than the possibilities offered by HTML.
We have proved in a practical way that by using PHP programming language it is possible to
create an integrated Web-based e-business application that is fully functional.
We have also proved that by using PHP language it is possible to create desktop Web-based
application for e-business, and the addition of Adobe Flex for creating user interface and Web 2.0 applications, whose performance is far better than the
performance of traditional desktop applications.
The authors created web2.0 applications for
production management, accounting, management of information systems using these technologies which are the most important applications
needed for the functioning of a company.
Data services can be performed in the same
way and that is the direct and immediate communication between employees in the company, then
video and audio conferencing in real time and addition of new graphical elements that could possibly simplify the use of application and so bring it
closer to more customers thereby facilitating and
reducing training.
Volume 5 / Number 4 / 2010
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Abstract
This paper presents results of experimentally
recorded vibration analysis of industrial beater
wheel mill in power production plants to be able
to achieve improvement of stability coal powder
supply and in the same time, increasing its energy
efficiency. The common causes of vibration increasing of the beater wheel mill are specified. Vibration measurement has been performed on bearing housing of beater wheel mill using experiment.
It has been noted significant change of vibration
level during operation. Conclusion has been made
that it is possible to use vibration characteristic as
parameter of beater wheel mill state condition and
the moment estimation of it’s suspend for repair or
replacement.
Key words: beater wheel mill, spectral vibration analysis, stability, coal grinding.
Sažetak
U ovom radu prikazani su rezultati analize eksperimentalno snimljenih vibracija ventilatorskog
mlina u elektranama za proizvodnju električne
energije sa ciljem poboljšanja optimalnog snadbjevanja ugljenog praha a ujedno poboljšanja njihove energetske efikasnosti. Navedeni su najčešći
uzroci povišenih vibracija ventilatorskog mlina.
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Eksperimentima su obuhvaćena snimanja vibracija na mjestima uležištenja rotora ventilatorskog mlina. Uočena je značajna moguća razlika u
nivoima vibracija u različitim etapama rada mlina
na osnovu čega je zaključeno da je moguće iskoristiti karakteristike vibracija kao parametre za
procjenu efikasnosti rada ventilatorskog mlina kao
i procjene momenta njegovog zaustavljanja radi
remonta ili zamjene.
Ključne riječi: ventilatorski mlin, analiza vibracija, stabilnost, mljevenje uglja.
1. Introduction
Beater wheel mills, due nature of its operation can generate significant vibration and as far
as it is transferred nearby, can lead to disturbance,
damage and subsequently even to interruption of
power plant operation. Beater wheel mills are appliances designed to prepare a coal powder-air
fuel mixture for combustion in furnace chambers
of steam boilers by coal pulverizing, drying, classifying and transporting to the powder-air burners.
In the same time, beater wheel mills are important
in increasing production capacities and energy efficiently of pulverizing systems in thermal power
plants. The mills are designed for heaviest duty
and roughest operation. The robust beater wheel
and double bearing design with an oil circulated
Volume 5 / Number 4 / 2010
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lubrication system and armored housing makes,
the mill very resistant to foreign effects and sudden load changes.
The overhung beater wheel has the advantage
that all parts, which are subject to wear, are readily
accessible and can be replaced in relatively short
time. Increasing the granulation of coal powder is
usually caused by beater wheel plates wear due to
uneven wear during operation. This phenomenon
is manifested by changing the level of vibration
structures of beater wheel mill, usually reducing
stability of milling process and sudden need for
maintenance and repair.

Figure 1. Beater wheel mill measuremnet location
2. Causes and consequences of increased
beater wheel mill vibration
During beater wheel mill operation, wear of
beater plates, rotor covers, producing and increasing strong vibration due unbalance of rotor mass.
Worn rotating and sliding surfaces show fatigue
cracks. As mill ages, vibration level tends to gradually increase with only a slight change in vibration pattern. Vibration increase rapidly when beater mill approaches to the end of lifetime, producing insignificant changes in vibration frequency
Volume 5 / Number 4 / 2010

spectrum and accurse drastic amplitude changes
of vibration. As operation of rotor mill approaches
the end of its lifetime, mill generates significant
change in amplitude and frequency spectrum.
Although individual faults produce their own
characteristics vibration patterns, identification of
faults can be extremely due to production of vibration by the other component in the system [1]:
a. Unsteady vibration signal, which is
transient’s effect in system due the specific
nature of mill operation.
b. It could happen the vibrations are generated
by another system parts.
There could be different reasons for rotor mass
unbalance [2]:
–– Construction-function: unsymmetrical mass
distribution in relation to shaft rotation (exp.
engine toggle, different shaft of process
industry machines etc.)
–– Not uniform shaft material: appearance of
cavity, dross, different errors that according
during molding, minting, rolling, drawing etc.
–– Unperfected
mechanical
processing:
opening alignment errors, different wall
thicknesses, egging, not bevel, eccentric,
–– After rotor mounting: fixing elements (keys,
cut outs, nut etc.)
–– During operation usage: due residue of
products, condensation and corrosion,
cavitations errors of rotation machines,
uneven wear of rotation parts, especially
with burrs,
–– Aerodynamic unbalance: aerodynamic
unbalance which accurse due asymmetric
aerodynamic forces which it occurs due
some blades, due to errors of flow channels
or due to the mounting errors of turbo
machinery rotors, uneven blade angle, etc.
–– After rotor repatriation: due to replacement
or repair of wear parts disturbance of
primary unbalance.
Sophisticated equipment and knowledge in the
field of machine vibration condition monitoring are
needed to be able to conduct proper a reliable identification. There is no handy recognizable general
relation between rotor unbalance (as impulse) and
the characteristic system vibrations (as response).
689

technics technologies education management

The unbalance response depends essentially on
speed, the geometric proportions and mass distribution of rotor, as well as on the dynamic stiffness
of the shaft, bearings and the foundation of specific system. Machine stiffness of beater wheel mills
is unknown to owners in most cases. Moreover,
combining all of these factors will truly result in
complicated equations between the unbalance and
resulting vibration.
In other words, for a particular rotor, unbalance
vibration will have different values depending on its
operating speed, type of bearings, foundation etc.
Unbalance sequences of rotor mass and machineries are additional dynamic load as vibration and
noise and could be transferred to bearings, housing,
stand and fundament of machine and surrounding.
Based on machine rotor quality balance, depends not only on general level of vibration and
noise even their operation reliability, quality of
technological process, character and wear intensity of parts and even lifetime of machine.
2. Expected forms of vibration frequency
spectra
In the case of the unbalanced rotors, during every
period of rotation of the rotor the manifestation of
the lack of balance (expression as heavy spot connected to rotor) is generated at the same position,
respectively at the same value of the unbalance angle
[4]. The machines that are hung or trusted, including
beater wheel mill, produce 1X axial direction vibration also the same as in radial and tangential direction. It is very common advent that vibrations are
dominant in axial direction. Unbalance according
due shaft moment flections, creating axial movement of bearing housing. This could be confirmed
during experiment conduction of specific beater
wheel mill. Using time domain of vibration it is observed harmonious signal but in the frequency spectrum the unbalance appears at both bearings at 1X,
and the amplitude is proportional to the value of the
unbalance. In case of the dynamic disequilibrium,
the vibrations appear in both bearings, at both sides

of the rotor. They are radial and of counter direction,
they have a sine signal in the time domain and of 1X
frequency. Measuring the phases of the radial vibrations in the two bearings, we observe that they have
altered phases by 180° [5].
Usually, the dynamic equilibration of the rotors
is made in one or more axial planes, depending
on the forms of the rotor [5]. S The most common faults that could appears in a beater wheel
mill are unbalance, misalignment, eccentricity of
rotating part, increased in the bearing, keys and
the keyways in shafts, wear of mill rotating parts,
looseness of system elements, bent shaft of mill.
The next sources of vibration in beater wheel mill
system are mechanical and electrical defects in
electric motor. Specific forcing frequencies of rotating elements are given in Table 1. It is possible
to do calculations according to formulas in many
literatures, for example in [3].
3. Beater wheel mill vibration
measurement and results interpretation
Vibration measurement has been done by industrial accelerometer VIB 6.122 with sensitivity of
100m/g and advanced hand-held condition monitoring device Vibscanner, using supporting software for signal processing Omnitrend 2.45, producer PRÜFTECHNIK. Measuring has taken place
at two bearing support location marked on (Figure
1) as L1 and L2, in horizontal, vertical and axial
direction. For analysis, reading in axial direction is
used, because of dominant vibration change in this
direction comparing to other two directions.
Fast Fourier Transformation and spectral analysis has been used, enabling clear way of presentation of specific frequencies of complex vibration
signal. Spectral analysis is extremely efficient tool
for condition diagnostics of machines and plants.
It is possible to find out condition of machine and
device on reordered vibration spectrum for specific machine. It is s possible to perceive frequency
amplified vibration (frequency peaks) and peaks
analysis, comparing it with frequency of machin-

Table 1. Specific forcing frequencies of beater wheel mill and bearings
Forcing frequency

1x

BPFI

BPFO

BSF

FTF

BPF

Hz

16,56

170,23

127,96

55,73

7,10

165,6
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ery parts rotation (base frequency and its harmonics). Experiment has been conducted for two lifetime s of beater wheels, conducting 8 experiments
for every beater wheel. Therefore, conclusion has
been made by total 16 measurement sets on two
different beater wheels.
Any significant bearing damage frequencies
(BPFI, BPFO, BSF, FTF) has not been noted during experiment, which tells as about quality of
bearings and elimination of amplified vibration
due bearing damage. significant specific vibration
frequencies has not been concluded and not even
dominant It should be generated by beater plates
of beater wheel (BPF) which means that all beater
plates are on the proper position. Measurement
of all frequency velocity specters during experiment are conducted in axial direction. All velocity
frequency spectrum are taken from axial direction, beginning of lifetime of new beater wheel
(Figure 2), end lifetime of (Figure 3) as comparing
spectrum with overlapping one on another, pink
spectrum at the beginning and blue at the end of
lifetime of beater wheel mill rotor (Figure 4).

experiment it has been observed increasing number of harmonics of base frequency, and at the end
lifetime of beater wheel, second harmonic is significant and there is even fifth (5X) and sixth (6X)
harmonic of base frequency, and its amplitude level
is about 20-50% of first harmonic (Figure 3). Analyzing velocity spectrum over the time, it is possible
to conclude that the position of the peaks are always
related to base frequency and its harmonic.

Figure 3. Velocity frequency spectrum at location
L1AX ( end of lifetime )

Figure 2. Velocity frequency spectrum at location
L1AX (beginning of lifetime )
Vibration velocity spectrum at the beginning of
new beater wheel show dominant 1X (16.56 Hz)
peak and there are no other significant peaks (Figure
2). Amplitude level of other harmonics at the beginning is about 5-10% of base harmonic. During
Volume 5 / Number 4 / 2010

Figure 4. Comparing velocity frequency spectrums
(pink and blue) at location L1AX
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Harmonics number increase of base frequency at
the end of the wheel lifetime indicate the main problem of vibration increase which is unbalance, presents of stiffness change due to beater wheel mass
loss and due to abrasive wear of rotation parts [6].
Waterfall vibration velocity frequency spectrum presents two different beater wheels. First
two spectrums are for first beater wheel, beginning
and end of lifetime and second two spectrums for
second beater wheel also the beginning and end of
lifetime (Figure 5).

ous, due to overhung construction of beater wheel
mill. Base frequency of mill rotor rotation is always dominant and due to increasing the number
of harmonics of base frequency beater wheel mill
process operation is unstable. This indicates rotor
unbalance due to wear and process deformation
of rotating parts, respectively, losing the mass and
stiffness change at the same time.
Quality balance of rotor at the beginning, need
for rotor replacement and its unbalance progression during operation could be clearly identified
using operating frequency spectrums at the beginning and end of lifetime of the beater wheel mill,
primarily in axial direction. Continuous and quality monitoring of beater wheel mill increases safety
and productivities, reducing failure time and provide continuous operation in optimum conditions.
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Abstract
The papers discuss the necessity to change common norms and forms of teaching in education. Considering the speed and size of changes in thinking,
behavior and learning of children and adolescents,
there is a need for introducing innovations in curricula, teaching methods, supplementary activities,
etc.. All of the above will have no meaning without
changing the thinking of teachers, who must accept
the new situation, modernize its work and thus provide much-needed children’s motivation for acquiring new knowledge. Conducted researches through
questionnaire surveys of students’ readiness for the
implementation of educational games, made experimental games for the fifth grade, were tested
possible improvement of knowledge and increase
motivation for further work and teaching. The results were very satisfactory, with all the investigated students noticed an increase in the motivation,
but a certain percentage of a better understanding of
the material. Achieved an excellent basis for further
work and research in this educational area without
sufficient examination.
Key words: educational games, motivation,
modernization of teaching, personalized learning
Sažetak
U radu je razmatrana neophodnost promene
ustaljenih normi i oblika nastave u obrazovanju.
Obzirom na brzinu i veličinu promene razmišljanja,
ponašanja i učenja kod dece i omladine, postoji potreVolume 5 / Number 4 / 2010

ba za uvođenjem novina u nastavne planove, načine
učenja, dopunske aktivnosti itd. Sve navedeno neće
imati smisla bez promene načina razmišljanja nastavnika, koji moraju da prihvate novonastalu situaciju, modernizuju svoj rad i time deci pruže preko
potrebnu motivaciju za sticanjem novih saznanja.
Sprovedena su istraživanja putem anketnih upitnika o spremnosti učenika za primenu edukativnih
igara, urađene eksperimentalne igre za peti razred
osnovne škole, ispitano je eventualno poboljšanje
znanja kao i povećanje motivisanosti za dalji rad i
nastavu. Rezultati su bili veoma zadovoljavajući,
kod svih ispitivanih učenika primećen je porast motivacije, ali i određen procenat boljeg razumevanja
gradiva. Postignuta je odlična osnova za dalji rad
i istraživanje u ovoj sigurno nedovoljno ispitanoj
oblasti obrazovnog sistema.
Ključne reči: edukativne igre, motivacija,
modernizacija nastave, personalizovano učenje
1. Introduction
It is indisputable fact that teachers have certain
prejudices at the very mention of the game concept. Video and computer games bear the burden
of seriousness, idleness and above all, entertainment. In America and Western Europe, however,
computer games are being used for a quite long
time, as a tool for training, skills, and learning.
The one thing we all have to be aware of is that
today’s generations of children of all ages, from
preschool to the adolescents and students, are different. Differences are reflected in the psychologi693
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cal, developmental sense, but also with completely different opinions about life, work and learning.
The presence of developed technology, multimedia, computers, cell phones and the Internet in
everyday life of these children has greatly contributed to the development of a different world view.
Instant accessibility to information, their availability in various forms of media (audio, video)
and 3-D technology gives children a huge number
of choices for information processing that suite
them most. Partial repression of printed workbook perhaps best confirms this fact.
Their approach to learning is different, almost
always multi-tasking, doing several tasks at the
same time, wanting information as soon as possible, because the access to Internet is always there.
They have never lived in the world without e-mail
and SMS, using their superior cognitive capabilities in making quick decisions and handling of
multiple sources of sensory input stimulus [1] [2].
The main goal of this paper is to break the current prejudices in the application of educational
games for easier learning of teaching content. If
it becomes a fuse for comprehensive creating of
educational games in various subjects at primary
schools, success will be guaranteed.
2. Educational games
Educational games are specially designed to
teach people about a certain subject, expand their
horizon, encourage development, deepen the understanding of a historical event or culture, or to
help them gain particular skill, and all this during
game play.
While some teachers call these games “sweetening of a bitter pill”, which gave them very negative connotation – and they are often followed by
ridicule – they are of great help to digital natives,
because it is a medium with which they are very
familiar and in which they truly enjoy.
If we exclude classes break, brunch and some
other inter activities, primary school in fact is
comprised of three hours of learning every day,
from 8 o’clock to 14 o’clock. [3] If we assume, for
example, that the educational games are only 50
percent really important for education, if children
play them six hours on the weekend, in that way
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they would dedicate one more day for their education! Six hours is significantly shorter than time
that average digital native normally spend during the weekend on watching TV or playing other
games that are not dedicated to learning. However,
the trick is to design educational games that would
be so tempting, and that could replace other computer games and TV. Such a game would have to
be very real, not comprised solely of a rigorous
exercise wrapped in beautiful design, would have
a combination of creativity and the actual content.
There are numerous confirmations of these
statements in the studies, which did large companies. For example, Lightspan Partnership, a company that invented the game for the PlayStation in
the form of addition to the teaching curricula, has
done research in more than 400 different schools
and thoroughly analyzed the data. The fact is that
there has been an improvement of results in the
expansion of vocabulary and language skills by
25% in the examined groups, while solving mathematical problems and mathematical procedures
increased by 51% [4].
Click Health Company, which produces games
that help children to independently solve health
problems they have, carried out clinical experiments, which was funded by National Institute of
Health. They found that in cases of diabetes in children who were playing their games (compared with
a control group that played pinball) showed a significant increase in efficiency, communication with
parents and self-care of diabetes. And more importantly, urgent doctor visits for problems related to
diabetes in the examined groups fell by 77%. [5].
Accelerated learning program developed by
Scientific Learning Company, which is based on
educational games for children with problems in
reading skills, do the testing at the state level using
60 independent experts at 35 locations throughout
the U.S. and Canada. Using standard tests on all
35 sites was recorded efficiency of 90% of children who have achieved a significant improvement in one or more tested areas [6].
Another example of an excellent designed
game, which perfectly fulfills its purpose, is Animal Class. In this game the motivation of learner –
player is based on need for teaching his virtual pet,
as well as challenge of competition against other
players’ pets. One of the most important features
Volume 5 / Number 4 / 2010
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of this game series is complete freedom in teaching. The learner is free to teach whatever he wants
and the game does not constrain him. The target
group is children from 6-12 years. Pedagogical
idea in Animal Class game was to put learner (i.e.
player) in the role of teachers. The player has his
own virtual pet who wants to learn the basic of
mathematic, natural science, language and art. At
the beginning of the game pet does not know anything, so that the player has full freedom to teach
him what ever he wants, and even wrong.

Figure 2. A screenshot of the Moonbase Alpha
After meteorite impact while having precious
minutes ticking away, a team must repair and replace equipment in order to restore the oxygen
production to the settlement.
3. The organization of the research

Figure 1. Posting questions in the Animal Class
game
An interesting part of the learning is this opportunity to learn wrong. In order to help correct
thinking, in the game appears icon of the brain that
describes quality of learning (figure 1). If the quality increases the icon of the brain grows, and if
the quality decreases the brain reduces. The power
of this game lies in final results and motivation.
More than half of players have excellent results
at the end of the game. This is caused by the contemplative activities that increase motivation for
learning. One part of this motivation is certainly
freedom to try, evaluate and try again if it is necessary, i.e. learning through teaching [7].
Apart from educational games intended for
children, there are also a growing number of serious games intended for specific jobs or for learning in general. A good example is NASA, which
released a multi-player game called Moonbase
Alpha [8], wherein players assume the role of a
moon exploration team member living in a lunar
settlement.
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The problem of research is the need for a
different approach to teaching in primary school.
Learners want new methods, different ways,
non-standard means in everyday class. Some basic questions are asked: Are pupils interested in
learning through educational computer games, to
improve their memory ability and to spend time
playing games that have school teaching character? What will be the effects of learning through
educational games? Are the teachers ready and
willing to introduce the above-mentioned games
as a form of learning?
The subject of research is possibility of implementation of educational games in the curricula of
primary school’s courses.
The aim of research is to determine learners’
increasing motivation, as well as real effects of increasing knowledge in the mathematics course for
fifth grade in primary school.
Variables: The main research variable is learners’ willingness to accept educational games as a
form of learning particular teaching units in mathematics.
This general variable in examined through the
following special variables:
–– Computer literacy;
–– Interest in the application of educational
games in the learning process;
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Social variables:
–– Dependence on the gender of learners in
choosing educational games;
–– Possibility of group work
Educational variables:
–– former general accomplishment of learners
–– accomplishment in mathematic subject
–– willingness of teachers to use educational
games in teaching of their courses
Environmental variables:
–– presence of computers in school and at home
–– Psychological variables:
–– learners’ personal attitudes about learning
and knowledge, values and satisfaction with
the final results
Research methods:
We conducted experimental researches using
statistical analysis and comparative analysis.

–– Test with tasks to determine efficiency in
increasing knowledge in specific areas of
mathematics
The sample consists of two groups of subjects:
Experimental group – Sample consisted of 22
learners, of both genders. The gender structure of
learners was examined, as well as their overall
success at the end of the first semester and success
in the mathematics course.
Control group - The sample consisted of 23
learners of both genders. The gender structure of
learners was examined, as well as their overall
success at the end of the first semester and success
in the mathematics course.
The structure of learners in both groups was
fairly uniform; it is about two classes of fifth
grade. Several of the following tables illustrate
this statement.

Research techniques:
We conducted a survey using a survey sheets
that students fill in the school.
Several experiments were carried out using a
variety of educational games for different teaching
units in the mathematics course. The results were
statistically analyzed and presented in the form of
diagrams and tables
Techniques for acquiring data:
Data were collected through surveys and
knowledge tests:
–– Survey that collect data about possession
and usage of computers and the Internet.
–– Survey that examines students’ readiness for
implementation of educational games as a
form of learning
–– Survey for testing increase motivation when
learners use educational games

Figure 3. Percentage display of experience with
educational games in experimental and control
group
We have used the following research instruments:
–– Survey questionnaire no. 1 for investigation
of computer equipment, computer literacy
and Internet usage

Table 1. Period of time spent in playing games (daily).
Time playing

> 2 hours

%

< 2 hours

%

Don’t play

%

Experim. Group

14

63,64

8

36,36

0

0

Control group

11

47,83

11

47,83

1

4,34

Total

25

55,55

19

42,22

1

2,23
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–– experimental educational games for testing
eventual increase of learner’s motivation
and improved skills in the experimental
group, after which the results are compared
with the control group.
–– Survey questionnaire no. 2 investigated
the increase of learner motivation during
interacting with educational games, possibly
wish for applying educational games in other
subjects, and also investigated student’s
criticism in traditional mathematics teaching
and proposals for what should be changed.
–– knowledge test
–– Survey questionnaire no. 3, examined the
gender difference in selection of educational
games type, as well as positive features and
drawbacks of the applied experimental
games.
4. Results and analysis of the experiment
The results of the survey questionnaire no.
1, which investigated the possession of computers, mobile phones and game consoles, as well as
learner experience in using computers, Internet
and playing games, shows considerable consistency among those two groups. Connection to the
Internet posess more than 70% of students in the
experimental group and about 60% in the control
group. It is also interesting that almost every student who has access to the Internet has opened an
account at social network Facebook. Certain experience with games on computer, console, mobile phone or Internet has 100% of students in
the experimental group and 95.6% in the control
group. 63.64% students in the first control group
spend more than two hours a day playing games
while in the second control group that percentage
is 47.83%. Such high percentage of time that students spend playing games is rather expected.
The advantage should be taken for introduction
of quality educational games that are played not
only in school but also at home. The fact that only
5 students had contact with some kind of game that
could help in education and learning is depressing.
It should be noted that students from both
groups, experimental and control had traditional
schooling, after which the experimental group
Volume 5 / Number 4 / 2010

had more classes where learners carried out an
experiment with educational games as a form of
additional teaching for the purpose of better visual memorizing of certain concepts in the field of
angles and fractions. After completion of experiments with educational games in mathematics,
the field of angles and fractions for fifth grade elementary school, a great enthusiasm and keenness
of students is noticed, primarily due to innovations
in teaching, and because of games themselves. All
games that have been applied were competitive by
its nature, with the possibility of review and comparison of results.
The best students competitors are further motivated by the possibility of obtaining excellent
grades on tests. After playing games, survey number 2 and knowledge test were conducted in the
experimental and control groups.
Results of the survey questionnaire no. 2 show
pretty high motivation of students for further application of educational games in mathematics,
but also in other subjects. All 22 students stated
that they like such way of teaching supplements,
and that they would like to continue with it. Students also pointed out that other subjects from
which they would like to play educational games
are Serbian language, Biology and History.
Knowledge test from Angles teaching unit
The tests were performed by all students from
both groups. The experimental group gained better testing results, and progress is particularly noticeable with the weaker pupils (students who in
previous classification period had lower scores).
Excellent students have achieved very high grades
in testing, in the control and also experimental
group.
Knowledge test from Fractions teaching unit
In fraction tests, the progress in the experimental group was noticable, with a small digression in
the second task, which is performed better by the
control group.
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Figure 4. Screenshot of the experimental education game with Angles (Match the pair)

Figure 6. Screenshot of the experimental education game with Fractions (Match the pair)

The experimental group achieved an average
of 81.82 points in the first test and 72.75 in the second test, which means that in both tests students
achieved an average score of 77.29 points.

Figure 7. The percentage of success in solving
test no. 2

Figure 5. The percentage of success in solving
test no. 1
The control group has achieved a result of
75.65 at the first test, and at the second test result
of 66.96, ie. in both the total test score was an average of 71.30 points.
The first task was the most successfully solved
by all students in the first test. The experimental
group has solved the task with 100% accuracy,
and in the control group, just one student didn’t
provide a correct answer. The second task was
worst resolved, while some students (from both
groups) were not solving this task at all.
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Since both experimental and control groups are
mostly uniform in all the criteria discussed so far,
there is an essential prerequisite for the implementation of the experiment with parallel groups and
successful outcome of the experiment. This provides a solid base for the verification of hypotheses
and construction of the set of valid conclusions.
6. Conclusion
The main goal of any teaching process is to find
appropriate methods and forms of education for
achieving the best possible learner success.
Recently, there is a growing interest worldwide
in learning through educational games and there is
more and more of their practical applications.
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This paper aims to examine whether educational games provide better results in the implementation of the teaching units for angles and fractions.
It provides answers to the following questions:
–– How to realize and implement regular and
additional teaching activities in mathematics
education by usage of educational games
–– How to achieve better learning effects while
teaching specific course units
–– How to connect educational games with
other subjects

ological model with the supplement of educational
games is proposed. These models are applicable to
teaching mathematics, but can also be incorporated in other curricula as well.
The contribution of this work would be the
most obvious and if its results and proposals that
follow would become part of teaching practice in
a broad range of subjects in primary schools.

Looking back, educational games have received more criticism than other forms of active
learning because it is often identified or related
to items such as fun, stimulating social alienation
and consumerism. Many children today consider
“educational” games as they do not have a lot
of interesting content for them, because they are
rather seen as the “preschoolers”. However, lately
there is a significant shift from pure entertainment
to educational tools. Today’s children can benefit
from educational video games, because they have
been exposed to a society that is increasingly dependent on digital technology.
Recent research found out that games can become part of the school curriculum because they
have significant educational value. Studies conducted in Britain concluded that simulation and
adventure games - such as Sim City [9] and Rollercoaster Tycoon [10], where players make the social community or build amusement parks, developed children’s strategic thinking and planning.
The medium of educational games allows teachers to introduce educational and playable elements
in the learning environment. With computer aided
learning, teachers can help students with social aspects, such as critical learning, interpersonal skills
based on knowledge and effective communication
that traditional teaching methods can not offer.
Scientific contribution of this research is reflected in the fact that the proposed educational
games are experimentally verified through the
teaching practice. The results of the experiment
and their statistical calculation have proved the
beginning hypothesis..
Methodological contribution of this paper is
contained in the fact that based on analysis of current teaching process, a new modernized method-
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Abstract
This paper elaborates the development of a new
higher educational model. In that model, the focus
shifts from knowledge, skills and abilities to the
way of acquiring knowledge, skills and abilities.
There are three key differences between the
existing system and the proposed new model: the
new model has a built-in mechanism for unnecessary knowledge removal; unlike the present system, which is focused on the transfer of teachers’
knowledge, the new model is aimed at students
gaining their own knowledge; the present system
is aimed at the learning content, while the new
model is focused on the learning method.
Key words: evaluation methodologies; interactive learning environments; teaching/learning
strategies; cooperative/collaborative learning; higher education
Sažetak
Tema rada je razvoj novog edukacijskog modela visokog obrazovanja. Predlaže se novi model
visokog obrazovanja u kojem se težište pomiče sa
znanja, vještina i sposobnosti na način stjecanja
znanja, vještina i sposobnosti. Tri su ključne razlike između postojećeg sustava i novog modela
koji se predlaže: novi model ima ugrađen mehanizam odstranjivanja nepotrebnog znanja; za
razliku od postojećeg sustava koji je usmjeren
prema prijenosu znanja nastavnika, novi model
je usmjeren prema stjecanju studentova vlas700

tita znanja; sadašnji sustav je usmjeren prema
sadržaju koji se uči, dok je novi model usmjeren
prema načinu kako se nešto uči.
Ključne riječi: evaluacijske metodologije; interaktivni sustavi učenja; strategije podučavanja/
učenja; kooperativno/kolaborativno učenje; visoko školstvo
1. Introduction
By analyzing and changing curricula, creating new ones, leading discussions and interviews,
conducting surveys with many graduates as well
as their teachers in different time periods, a general conclusion can be made: science, society and
technology are changing too rapidly to be adequately followed by the curricula the way it has
been done so far.
Basically, we have categorised the problems
related to the introduction of changes in the educational systems into three groups.
The first group of problems is related to the exponential increase of the overall world knowledge,
which introduces an ever-increasing and more
frequent number of changes to human life. The
modality and readiness of acceptance, adaptation
and management of changes becomes one of the
most important factors of success, but of survival
in various segments of human life and activity as
well (Potts and Lamarsh, 2005). Modern society
is founded on knowledge-based companies, which
are structured much differently than ones in the industrial model. The knowledge economy is based
Volume 5 / Number 4 / 2010
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on ”the production and distribution of knowledge
and information, rather than the production and
distribution of things” (Sawyer, 2006).
Despite these dramatic changes, teaching in
most educational institutions still relies on an outdated model of information transfer (Birenbaum
et al., 2006). It is hard to find higher education
institutions organised according to a sustainable
post-industrial model. Although there are such institutions that implement some elements of postindustrial organization in their programs (such as
on-line programs), very few educational institutions teach students how to create knowledge. Instead, they teach students as if knowledge is static
and complete, and thus they become experts in the
consumption of knowledge instead of experts in
the creation of knowledge (Sawyer, 2006).
The second group of problems is related to the
evaluation of knowledge and competencies of the
consumer of individual curricula. In today’s higher education, high quality evaluation of acquired
knowledge plays an important role. Yet, little is
known about the degree to which the evaluation is
properly aimed at students’ competency in relation
to the defined objectives.
Modern knowledge-evaluation methods fail to
meet the needs of today’s students as well as modern, complex and globalised societies which they
are part of. Therefore, the evaluation method of
acquired competencies is one of the key issues of
the educational system (Birenbaum et al., 2006).
Most educational institutions are still predominantly oriented towards a summative evaluation
of knowledge (evaluation at the end of an educational cycle), which aims to verify the results of
education (Taras, 2005).
The third group of problems is related to an
increasing discrepancy between knowledge acquired through formal education and knowledge
required in the professional life of an individual.
Despite the fact that the educational results are
improving over the years, the discrepancy is increasing. The problem is that most jobs in modern
society are becoming more complex and demanding, both in terms of technology development and
tasks requiring communication and social skills.
In the employment field, the institution of permanent employment has disappeared. There is a
growing share of fixed-term employment. Job
Volume 5 / Number 4 / 2010

field changes are ever more often. Permanent employment is achievable only through continuous
learning and training. Consequently, modern societies have a growing need for faster reforms of
educational systems. However, no reform can be
effective and carried out quickly enough using the
traditional approach.
It is often the case that students with excellent
grades in traditional educational models are not so
successful after college, while some students with
barely satisfactory grades achieve amazing professional results. Finally, it happens that individuals
without formal education achieve extraordinary
results and success (e.g. Bill Gates - founder of
Microsoft, Steve Jobs - founder of Apple).
In that effect, it is clear that life also demands
some other competencies, to the maximum extent related to real life situations. These are welldeveloped communication skills, ability of independent learning, ethics and positive attitudes, responsibility, decision-making ability, team work,
competency evaluation of individual associates
regardless of their status, self-evaluation of own
competencies and positioning in a certain environment, etc. It is exactly these competencies, which
are generally not part of the curriculum or at least
not to the necessary extent and are often acquired
through informal education, that are becoming
increasingly important in modern society and for
preparing students well for their future role in society in terms of employability and citizenship
(Villa et al., 2000-2006).
Although the way that people acquire knowledge and develop abilities and skills is better
known today, in effect it is very difficult to form
a curriculum that would result in desired competencies of individual students. The amount of
ultimately acquired competencies depends on
a number of variables. According to our experiences as well as assumptions of others (Lalley and
Miller, 2007), it may be claimed that the amount
of knowledge increases if students discuss the curriculum content with other students and teachers,
and if they link specific curriculum content to personal experience. As a matter of fact, if students
teach each other, their overall knowledge in a particular area is maximally expanding.
We witness every day that certain plans and
programs take account of the creation of precon701
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ditions which allow students to master a certain
program by discussing and linking the curriculum
content to their personal experience. However,
such models that would adequately prepare students for real life situations, which require a range
of competencies that are now commonly acquired
through informal education, are very rare. This paper proposes such a model.
In order to develop such a model, we believe
the mentioned groups of problems need to be
recognised and the approach should be changed. A
series of new elements related to previously mentioned problems should accordingly be integrated
into the model and thus enable faster and more efficient solution of such problems. Ideas, solutions
and conclusions in this paper were developed in
the last four years within the Evalus 360 project.
We present a new model and the necessary preconditions for its development in the second chapter, solutions and advantages of the new model in
the third, while in the fourth chapter we offer a
conclusion citing key differences between the existing system and the proposed new model.
2. New model development
Several requirements must be met in order to
create a unique system, which would, within its
boundaries, provide much-needed dynamics of
modern curricula. We specify these requirements
later in this chapter.
2.1. Course organisation
Each course can be divided into several units.
Thereafter, a scoring system needs to be developed for each course, which will follow the types
of teaching processes and the verifications of
competencies a student should adopt. It can be
a unique system at a certain university, which is
then modified in accordance with the specifics of
individual courses.
During the development of the scoring system, it is essential to establish a sufficiently broad
framework that will not inhibit the development
of creativity. The scoring system needs to ensure
that students continuously develop their skills by
702

achieving results they truly want to achieve. Within the Evalus 360 project, we propose the creation
of preconditions for the development of a system
that will foster new ways of thinking, a system that
will enable the development of learning skills, and
a system that will continuously be possible to improve in accordance with the abilities and creativity of all participants in the educational process.
In developing such a system, it is necessary
to determine the bottom margin for a particular
course (grade: sufficient), while is better to leave
the top margin undefined.
2.2. Earning points
According to the developed system, students
need to collect points during the semester pursuant
to their commitment, creativity and acquired competencies. Criteria for awarding points are part of
the debate between students and teachers and are
defined at the beginning of the semester according
to the specifics of each course.
Since each curriculum’s content which needs
to be mastered might basically be divided in several parts, students have at their disposal more
ways to obtain the required number of points. It
is necessary to emphasize that students have the
opportunity to choose the way of collecting points
most acceptable to them.
The amount of collected points for individual
students increases during the semester depending on their engagement. The present state can be
made available to all course attendants.
For students to be maximally motivated to collect even more points than needed for an excellent grade, a general decision for courses within
the Evalus 360 project has been made that if some
of them decide to do their final project or thesis
within a certain course, those students who have
collected more points will have precedence.
2.3. Colleagues’ evaluation
Fellow students should also give an assessment
of each others’ engagement, discussions, presentations, seminar papers and the like. In other words,
during the teaching process, every student should
Volume 5 / Number 4 / 2010
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assess other colleagues, as well as be assessed by
others. The final grade in each course would be
based on a significantly higher number of parameters than is the case in most current systems.
That way students would not be solely focused
on the exam (as they usually are in traditional
educational systems), but they would significantly expand their focus to include a series of other
variables (as in real life). Apart from the fact that
students would gain necessary life experiences
from such situations, they would also master the
curriculum content much faster, gain permanent
knowledge and acquire necessary competencies.
According to our findings, the curriculum content
is mastered significantly faster if a student discusses it with other students and teachers, links it
to real-life experiences and at the same time educates other participants of the teaching process
(Lalley and Miller, 2007).
2.4. Use of communication tools
Apart from direct communication (with each
other and teachers), long-distance communication
via the Internet should be provided to students.
Online learning provides easier communication
between students, better acces to information and
learning material (Rohleder et al., 2008.). Web 2.0
Learning Management System (LMS) applications help them with that (for example, Claroline).
It has been proven that participation and learning are inseparable, that they work together: if we
want to improve online learning, we have to encourage students’ online participation (Hrastinski,
2009). Likewise, all types of online interactions
stimulate students’ creativity (Jang, 2009).
An upgrade of the scoring system has been
conceived so that everything previously mentioned could actually be implemented. It is envisioned that students themselves award points for
participation in lectures and exercises as well as
for seminar papers and presentations, while exam
points are awarded by the subject teacher. Points
are awarded according to rules defined in line with
the specifics of each course.
For certain courses included in the Evalus 360
project the rules are the following:
Volume 5 / Number 4 / 2010

–– Every student who wants his participation
in lectures to be evaluated, i.e. to gain points
for his participation (short presentations on a
given subject, discussions…), is also obliged
to evaluate his colleagues’ participation.
–– The evaluation is anonymous and the results
are available only to subject teachers. Results
may be used exclusively for a qualitative
assessment of each candidate, i.e. the final
grade of each candidate has to correspond to
their actual competencies.
–– Accordingly, each student fills out a
table for a certain number of candidates,
depending on the part of the curriculum
content in question. The criteria are set for
each situation separately, depending on
the specifics of each course (for lectures,
exercises, seminar paper, etc.).
The final grade for each student is based on
the sum of all points. Points earned in individual
course segments are corrected with regard to students’ commitment and seriousness in the evaluation of other colleagues using corrective factors.
Basically, students who correctly complete this
task should be rewarded and those who attempt
to award points outside the agreed evaluation criteria should be prevented from doing so. Positive
points are awarded for grades in compliance, and
negative for grades not in compliance with the
pre-agreed rules.
Since team work is desirable in every teaching segment, rules which regulate and stimulate
team work are defined. Accordingly, students do
not evaluate colleagues working in their team for
a particular course segment.
After creating preconditions necessary for specific activities and model development, the advantages of the new model are discussed in the following chapter.
3. New model advantages and solutions
Although continuous reforms are underway
in different countries, a unique platform, which
would allow that much needed dynamics of modern curricula, has not yet been presented. Some of
them allow the resolutions of a subset of the previ703
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ously mentioned problems to a certain extend, but
neither solves the complete set of issues. There are
many reasons for such a situation and we shall try
to single out key reasons as well as offer solutions.
3.1. Knowledge increment
We propose a solution to the problems related
to the exponential increase of the overall world
knowledge with the new model by:
–– integrating a system-changing mechanism
into the educational system itself
–– redefining the relationship between teachers
and students
–– involving students into the teaching process
and the creation of a common vision.
There are several reasons why these problems
cannot be solved through traditional approaches.
One of the key reasons is that the system-changing
mechanism is usually placed outside the educational system, too far from students and teachers.
In most segments where fast change is needed,
curricula are changing too slowly. The reasons for
that are numerous: in most cases the inert mechanisms for approving individual plans and programs (reviews, etc.), inadequate positioning and
defining of the relationship between students and
teachers in the educational system, lack of transparency in educational systems and their mutual
incompatibility, slow introduction of new contents
into programs, inadequate program-individualisation potential, etc.
The new model integrates the changing mechanism into the system itself. All participants of the
teaching process are involved in the changes. Therefore, the conditions for a “learning organisations”
concept are created. “Learning organisations are
those where people constantly develop their abilities to achieve results they really want, where new
and expansive ways of thinking are nurtured, where
individual and collective aspirations are freely expressed, where people constantly learn how to learn
together, and those organisations which constantly
improve their ability to build their future.” (Senge,
2001). With such an approach, we are moving away
from the traditional learning concept (in terms of
memorising information).
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The exponential development of science and
technology requires a different definition of the
relation between students and teachers. Although
certain reforms place students and teachers in a
partnership, in most cases their relationship, due
to its inadequate definition, does not offer a complete solution (Bologna process, 2007). In most
cases, a teacher is defined as someone whose basic mission is to educate other participants (students) of the educational process, while a student
is someone who primarily masters the curriculum
content and acquires knowledge imparted by the
teacher. The teacher is on one side of the teacher’s
desk while the students are on the other. That’s
why these approaches are being increasingly criticised. The present society requires a radical new
approach to educational pedagogy where theory
and practice are effectively linked (Korthagen et
al., 2006). With the help of computer technology,
students now have a higher possibility to be proactive in the learning process, i.e. to achieve better learning results. Learning with the support of
online applications puts the student in first place,
while his progress in the learning process depends
on his effort and dedication (Keles et al., 2009).
Modern society and the new approach to the development of educational models require a redefinition of that relationship. The teacher in that sense
becomes the first among equals, only someone who
is most often at the teacher’s desk. His place is with
students, on the same side of the desk. He imparts
his knowledge, experiences and attitudes to students and teaches them at the same time. Learning
methods and ways of acquiring certain competencies are in the focus of the new approach. Online
support allows teachers to implement adaptive
learning programs as well, i.e. to adjust to each individual student (Gaudioso et al., 2009). Moreover,
the teacher is the one who learns significantly more
from students than it was the case before.
The teacher is the one that mostly provides
materials for lectures, exercises, seminars, etc.
He helps students and sets out ways to actively
involve them into the teaching process. He helps
them to prepare presentations, discussions, etc.
The entire work is increasingly shifting towards
a mentoring relationship. Methods where students
transcribe and take notes during lectures are disappearing and becoming history.
Volume 5 / Number 4 / 2010

technics technologies education management

Bloom’s taxonomy (table 1) and Bloom’s taxonomy pyramid (figure 1), through graphics and
tables, show students’ desired skills and competencies, from lower-order skills (remember, explain) to higher-order skills (evaluate, create)
(Bloom, 1956).

Figure 1. Bloom’s taxonomy pyramid
Internet and LMS development provides significantly more information sources and information-gathering methods, especially if the use of
individual LMS is properly standardised (MunozMerino et al., 2009). Students require an interactive relationship with the world. At the same time,
they try to find a way to express their own personality and the need to co-operate and communicate
with other people around them.

The student in such a relationship becomes
significantly more active in a series of segments.
He is the one who improves the teaching process
with his creativity. He teaches others through his
activities (discussions, presentations, seminar
papers, etc.). Besides, he also becomes someone
who evaluates the activities of others in the teaching process. Students are capable of taking over
some of the teacher’s roles (Laat et al., 2006). Certain generations or certain groups of students can
be identified as a “learning organisation” (Larsen,
2006). The work and role of students need to be
observed in the context of the whole, a larger system that consists of interdependent relations and
processes. By involving students into the teaching
process they are also being involved in the creation of a common vision, where they arbitrarily
decide about their contribution in the process.
Once the common vision has been established,
due to a “creative tension” it generates, it becomes
the driving force for changes (Senge, 2001). If
during the teaching process an atmosphere of genuine participation is created, then the control is not
needed any more. Students know themselves what
they have to do. Likewise, the more people voluntarily participate, the less control mechanisms are
needed (Kelleher, 2006).
The new model stimulates students’ creativity.
Existing systems do not allow that because the
teaching contents are too strictly defined. In tra-

Table 1. Bloom’s taxonomy
Remembering
important
information

Knowledge
define
recognise
repeat
mark
name
isolate
print
remember

Clarifying
important
information

Understanding
recognise
discuss
describe
group
explain
express
identify
notify
summarise
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Solving closed
problems

Application
interpret
apply
use
demonstrate
illustrate
allocate
sketch
implement
pick
handle

Solving
open
problems

Analysis
distinguish
analyze
calculate
verify
compare
draw
isolate
link
solve
categorise
inquire

Creating unique
answers to
problems
Synthesis
compose
plan
build
suggest
formulate
organise
prepare
construct
conceive
allocate
manage
lead

Critical
judgement
Evaluation
judge
estimate
assess
recommend
evaluate
standardise
review
valorise
compare
conclude
choose
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ditional systems, students’ creativity is “allowed”
instead of being developed (Claxton et al., 2006).
3.2. Knowledge and competencies evaluation
During the implementation of the educational
process, students are exceedingly focused on exams. Their final objective is to obtain a diploma,
regardless of actually acquired competencies.
We propose a solution to this group of problems
with the new model by shifting focus away from exams. The evaluation of knowledge is much more objective throughout the entire teaching process (figure
2). Every student is evaluated not only by the teacher
but by his colleagues as well. He himself participates
in the evaluation of other students’ activities.

Figure 2. Development of the competencies
evaluation process
The emphasis is on the teaching process and
actually acquired competencies. The exam becomes less stressful, more objective and a formality if there has not been any attempt to cheat
the system. Unlike the previously mentioned and
currently dominant summative knowledge evaluation, the formative evaluation of knowledge is
integrated in every course program. Its main purpose is to provide feedback regarding progress of
the learning process.
In light of the new model, we present the learning results and the evaluation of students’ competencies on the example of the Printing and design
course. Learning results related to specific common knowledge and relevant to the content of the
Printing and design course are:
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(a) knowledge
Students will be able to define basic concepts
related to the relationships between the format of
the finished graphic product, printing technology,
printing machinery formats, design solutions and
cost of the final product.
(b) understanding
Students will be able to recognise different possibilities of graphic product creation in respect to
different design solutions and to identify the optimal way of producing graphic products.
(c) application
Students will be able to apply the knowledge
related to raster reproduction, use various graphic
tools, choose optimal design solutions for graphic products, draft them and create a production
schedule (plan) for a specific graphic product.
(d) analysis
Students will be able to calculate the required
amount of individual materials for the production
of a particular graphic product, analyze and compare different design solutions, distinguish acceptable from unacceptable versions and solve other
problems that may occur during the production of
the graphic product.
(e) synthesis
Students will be able to create the design of a
graphic product as well as prepare and organise
everything needed to enable the printing of such
product.
(f) evaluation
Students will be able to evaluate the suitability
of particular design solutions for a specific graphic
product, standardise tasks related to the design and
print of a certain graphic product as well as evaluate, revise and draw a conclusion about the optimal way of producing a certain graphic product.
In this course students’ activities and the way of
monitoring them are divided into several phases:
1. Browsing information related to course
content (professional literature, university
libraries, encyclopedias, web...) and writing
reports about mentioned activities. Delivering
(uploading) reports to the course website in
Volume 5 / Number 4 / 2010
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2.

3.

4.

5.

given time frames. Analysis and evaluation
of reports according to defined criteria.
Writing a seminar paper. Uploading the
seminar paper to the course website. Analysis
and evaluation of a certain number of peer’s
seminar papers, according to defined criteria.
Writing a presentation on a given subject.
Uploading the presentation to the course
website. Preparing for the presentation.
Presenting (5-10 min) during lecture time.
Discussing the subject of the presentation.
Analysis and evaluation of a certain number
of peer’s presentations, according to defined
criteria.
Executing exercises. Resolving tasks.
Putting forward design proposals and
preparing for printing of a particular graphic
product under defined conditions.
Final discussion. Joint analysis and verification of everything accomplished so far.

The success assessment is conceived as a comparison between students’ evaluation results for every course segment and grades given by the teacher.
Points are awarded for each course segment.
The total amount of points consists of grades given by the teacher and by the students. A ranking
is made based on points, while the final grade is
based on the ranking. With the development of the
system it is envisioned that the share of students’
grades in the final grade increases.
In most cases, the workload of regular students
is 100 to 120 work hours per course. In line with
the above mentioned, for successfully mastering
the Printing and design course students are awarded with 4 ECTS points (European Credit Transfer
and accumulation System).

interactive relationship with all other participants
of the teaching process. By defining the system in
which the student is evaluated not only by teachers
but by his colleagues, and in which he must himself
evaluate other participants of the teaching process,
he is placed in real life situations. In that way, a series of other competencies which are not included in
traditional educational systems are being developed.
Unlike most previous problem-solving approaches that were supposed to increase students’
competencies by introducing new courses and contents, which would “cover” those specific competencies, the approach has been changed by the proposed model in the way that basic competencies are
built into each course, regardless of the content.
Bloom’s taxonomy is turned upside down by
the new approach in building a modern model of
higher education (figure 3). Through creation and
evaluation, knowledge is a consequence. With
the creation of various elements of each course,
analysis, self-evaluation and inter-evaluation of
students and engagement during the semester,
each student gains his own knowledge, unlike the
old system where students consume knowledge of
others through lectures and literature.

Figure 3. Reversed Bloom’s taxonomy pyramid
3.3. Discrepancy between the educational
system and the professional life of an
individual
The third and least solved problem in traditional systems is that the traditional educational
systems are not sufficiently linked to real life situations and competencies which facilitate success.
The new model offers utmost improvements in
this group of problems as well. Students have an
Volume 5 / Number 4 / 2010

3.4. The new model in application
The designed model attracted great interest
among students and significantly contributed to
their greater involvement. Teaching quality and
the level of communication between students and
teachers has increased, which resulted in better
knowledge and higher exam pass rate.
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With such approach and development of the
scoring model, students have the opportunity to
learn in far more efficient ways during the teaching process, through discussions and debates with
other colleagues, students and teachers, linking
theoretical knowledge to personal experiences,
and finally by teaching other colleagues.
In interviews with former students, now professionals, after asking about the necessary competencies required after graduation and when they
start working, a few clear answers came to light.
Graduated students, who are just starting their
working life, usually lack in competencies which
are related to real life situations: decision-making
ability, evaluation of own competencies and the
positioning in a certain environment, evaluation of
associates’ competency, tendency towards teamwork, etc. (Villa et al., 2000-2006).
Grades earned in college often are not in line
with the acquired competencies. According to our
experiences, in certain cases a lot of time is needed
for an individual to adapt to certain jobs for which
he is formally qualified. At the same time, despite
their low grades, some students adapt very quickly
to individual work environment systems after college and they advance very rapidly in those systems as well.
In line with what has been said before, it is clear
that if elements of real-life simulation were embedded in educational systems, especially in the highest level, students’ competencies would significantly increase. That would much better prepare them
for coping with real life situations. In life, individuals have to make decisions all the time, evaluate
personal knowledge, skills and abilities as well as
competencies of others in the working environment
and other life situations. Success in the professional
field and life in general is closely related to the decisions and finally acquired competencies which we
develop during the educational process.
4. Conclusion
Every day in different segments of human life
the intensity of changes is increasing. The way we
do business and learn as well as our way of life
in general is changing. Changes are happening
whether we want it or not.
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Our new model proposes effective and sustainable solutions to all three groups of problems
mentioned in the introduction.
The integration of the changing mechanism
in the educational system is made possible. That
allows easier change management and system
control without the suppression of creativity. The
system is built based on the creativity of all participants in the teaching process. All of the most
effective ways of learning, such as discussions between students and teachers, linking to personal
experience and teaching others, can be easily integrated in the system. According to interests and
special talents of individual participants in the
teaching process, a complete individualisation of
the educational system is allowed. The focus shifts
from knowledge, skills and abilities to the way of
acquiring knowledge, skills and abilities.
Unlike previous systems, which would solve
the need for greater knowledge and competencies
by introducing new courses and contents which
“cover” those competencies, the new model solves
this problem by integrating the development of
basic competencies into each course, i.e. into each
course segment.
The acquired competencies verification method
is much more objective (depending on the specific
case, the final grade is influenced by several hundred times more parameters than it is in traditional
higher education models). The new model simulates real life situations. The rapprochement of the
educational system and real life situations results in
a shorter adaptation time after graduation. The new
model links formal and informal education in the
context of targeted competency development.
Developing a modern higher education model
becomes a necessity. There are three key differences between the existing system and the proposed
new model: the new model has a built-in mechanism for unnecessary knowledge removal; unlike
the present system, which is aimed at the transfer
of teachers’ knowledge, the new model is aimed at
students gaining their own knowledge; the present
system is aimed at the learning content, while the
new model is aimed at the learning method.
We believe the development and implementation
of such model would allow a stronger development
of the higher education system, i.e. we believe the
implementation of such model would allow a sigVolume 5 / Number 4 / 2010
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nificantly faster and better development of students’
competencies, such as: interactive use of knowledge and skills, interaction in heterogeneous groups
and autonomous action of each individual (Definition and Selection of Competencies, 1999-2005). It
would also allow a series of other benefits that would
ultimately result in a faster and better development
of educational systems and the faster development
of society in general (Villa et al., 2000-2006).
Views and ideas presented in this paper represent the basis for the development of a series of
expert systems in different areas, especially if we
want to develop sustainable systems which allow
the satisfaction of the needs of present generations
without jeopardizing the needs of future generations. This paper also defines the framework of
software application development for the new
generation of educational systems. The next important step in the development and implementation of the proposed model is the development of
tools (Web 2.0 applications) which support ideas
this paper is based on.
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Abstract
The aim of this paper is to set-up the algorithm
for determining the degree of workability of the
soil, to help the owners of farms to plan working
hours of agricultural machines, i.e. with the machine park management. The plans, which would
be made by use of these algorithms and based on
the accurate information of the cultivation conditions, would result in the appropriate use of time
and capacity of the agricultural machines.
The method that was used in the study is based
on the Fuzzy mathematical modeling. Treating uncertain, vague and linguistically described
phenomena and situations is facing difficulties in
classical mathematics. In fact, a large degree of
uncertainty is primarily resulting from uncertain
external events. Fuzzy mathematical modeling
can satisfactorily treat those parameters that are
uncertain, vague and subjectively evaluated. The
algorithm of risk assessment should be based on
the opinion of economic experts, on the experience of the makers of planned decisions and on all
the available data.
Key words: Agriculture, Family Farms, Machine Park Management, Fuzzy Method
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Sažetak
Cilj istraživanja je bio da se postavkom algoritma utvrđivanja obradivosti zemljišta pomogne
vlasniku porodičnog gazdinstva u planiranju radnih sati poljoprivrednih mašina, tj. upravljanju
mašinskim parkom. Planovi, napravljeni na osnovu ovog algoritma, baziraju se na realnim informacijama o uslovima poljoprivredne proizvdnje,
a njihov krajnji rezultat se ogleda u optimalnom
korišćenju sredstava za rad.
Metod koji je korišćen je zasnovan na Fuzzy (fazi)
matematičkom modeliranju. Tretiranje neodređenih, nejasnih, neizvesnih i lingvističko opisanih
pojava i situacija nailazi na teškoće u klasičnoj
matematici. Fuzzy matematičko modeliranje može
na zadovoljavajući način tretirati parametre koji
su neizvesni, neodređeni i subjektivno procenjeni.
Algoritam treba da se zasniva na mišljenju poljoprivrednih eksperata, na iskustvu poljoprivrednih
radnika, na raspoloživim podacima.
Introduction
In some sectors, such as agriculture or certain
industries, chance that certain event occurs plays a
very important role. The influence of random events,
Volume 5 / Number 4 / 2010
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however, can be significantly reduced if decision
makers are counting on them, reveal their nature
and gather as much information about them as possible. Justification of new testing methods applied in
the economy follows from the fact that, according
to economic policy, the growing burden of risk that
comes from the uncertainty is borne by farmers.
Today, optimal use of all resources is an imperative factor in decision-making processes. Agricultural production cannot be imagined without
significant investment in the modernization of
equipment and facilities. Given the current global
economic crisis, it is clear that the current credit
policy does not allow family farms any important
investment in terms of renewing their machine
parks. For that reason, it will be of great importance for all owners of family farms to make the
use theirs machinery as efficiently and economically as they can, since the right selection and rational use of means of mechanization greatly affect the cost of grain products, and produce best
financial effects.
Furthermore, optimal use of existing capacity
of machine park requires making economically rational short-term plans. Actually, every decisionmaker, including farmers, has to predict the expected future. Best practices in risk management
now include the use of some model risk from all
its sources (Ray, 2010). This paper aims to show
how family farms, with fuzzy logic, can determine
the degree of workability of the soil, i.e. how they
can use all available data to make a plan of working hours of agricultural machines.
Fuzzy method
For the modeling process, we often use methods of probability theory. In many cases, the use
of vague, incompletely defined (fuzzy) events can
be used. Zadeh, L. A. (1965) extended the theory
of probability to define the fuzzy event. He considered a non-fuzzy probability of the fuzzy event
based on classic probability.
It is necessary to distinguish the terms dimness
(blur, fuzzyness) and probability, which are fundamentally different. The probability shows the
percentage of a possibility that one very specific
event, of all possible, happens; dimness, on the
Volume 5 / Number 4 / 2010

other hand, is the extent in which event occurred.
After the event occurs, the entire counting that
provides the probability to predict whether it’s going to happen, or it is losing meaning, while the
blur remains a necessary component for the description of the event.
Input variable of the fuzzy systems are, socalled, linguistic variables (i.e. “full”, “several”,
“almost all”, “set”, “old”, “rare”, “dangerous”).
Values of joined output variables correspond to
the weights of belonging to fuzzy set. Therefore,
it is necessary to do a defuzzification or to select
one-value output variables. The elements of fuzzy
logic are fuzzy truth-values: true, very true, more
or less true, and mostly false.
Fuzzy logic (used in models to introduce rules
based on IF THEN form) must be defined in advance, similar to functions of belonging. Usually,
for the generalized conjunction operator we adopt
minimum section, and for the union operator or
disjunctions, we take a maximum. Solving this
problem can be approached in three ways: a) conventional method, b) applying the expert system,
c) applying the theory of fuzzy sets.
The main characteristic of the traditional way
of solving the problem of evaluation is the almost
exclusive reliance on measurable economic effects (time and money). Only in some rare cases,
additional criteria are taken into account. Because
of the importance of additional criteria, it is possible to develop a prototype of an expert system.
Modeling problems in which the interdependence
between the variables is very complex, fuzzy
logic can be successfully applied. The complete
review and analysis of the problem relying only
on knowledge, experience of experts, without the
fuzzy logic, would be impossible.
Fuzzy set-based approximate reasoning in
agriculture
Rational use of machine park significantly affects the farmers’ prices of grain products. To obtain best financial effects, it is necessary to use optimally the existing resources. In the most of cases,
problems that farmers have with the organization
can be generalized, and their resolution is the use
of set algorithms. Programmed and applied on the
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computer, they can serve to landowners as an aid
in decision-making process. Surely, the introduction of a PC in agricultural production provides
access to a large number of information to direct
managers about the production process.
Farmer is making a plan of his one-year work,
based on the data from previous years. The necessary technical equipment for the next production
period is determined by many factors, such as:
–– size of land,
–– structure of agricultural production,
–– existence of the appropriate means of
mechanization on the market,
–– possibility of obtaining the necessary
capital,
–– relationship between price and rented
machines,
–– machine utilization, and
–– required human resources.
Since all the mentioned factors can be quantified, a general model that will determine the optimal structure of agricultural production and required technical equipment can be set up. Optimal
use of existing capacity machine park requires
making rational economic plan for the next week
or day (short-term planning). Agricultural production of grain is seasonal, depends on climate,
weather conditions, the type, quality, and soil
moisture. It is very difficult to quantify any condition of the above-mentioned factors.
The aim was to set-up algorithm that can determine workability of land, . Furthermore, owner
of family farms will be more precise in the planning of working hours of agricultural machines.
The lack of plans (due to the lack of accurate data
on appropriate cultivation conditions) is often resulting in improper use of time and capacity of the
machines. The consequence is reduced number of
profitable operations (Louisot, 2005). It is difficult to make a decision weather to work on the
farm, when certain decisions are made for the next
few days in conditions of uncertainty and high
risk. Factors that contributes to this are:
–– large number of relevant variables,
–– impossibility of measuring the relevant
variables,
–– instability and nonlinearity of the relevant
variables,
712

–– lack of information in terms of quantification
and measurement of activities of relevant
variables, and
–– lack of accuracy and inaccessibility of
information.
Treating uncertain, vague, and linguistic phenomena, and described the situation facing difficulties in classical mathematics. A large degree of
uncertainty is primarily a result of biological nature of farming, as well as dependency on meteorological conditions. Fuzzy mathematical modeling can satisfactorily treat this type of parameters.
Algorithm should be based on the available data,
but also on the opinion of agricultural experts and
the experience of agricultural workers.
If one farmer makes a decision for the upcoming period, he is making a plan on how and when
to perform, by taking into account a large number
of attributes. For example, when the land is wet,
agricultural work causes serious damage to the
soil, increase the costs of processing and the additional cost of machine downtime, the strength of
the traction machine tools is reduced, and the time
required to perform certain tasks is increased. The
ground is considered arable if the machine can
move on it and do its function without damaging
the land. Damaged land is under-defined parameter, and to determine the workability of the soil is
very hard work.
One of the most influential factors in the selection decision “to work or not” is determined by the
workability of land, existing and predicted weather conditions over the next few days. The parameters that determine the weather conditions are:
–– soil moisture,
–– expected rainfall,
–– temperature,
–– expected temperature,
–– the wind and expected wind.
The heat is a form of energy that enables the
generation and development of all living beings in
nature. Together with other elements of light and
climate, they enable the creation, development
and survival of plants, animals and people. Without specific soil temperature, air, water and lighting conditions, it is not possible to conduct a series
of processes, starting from germination until the
Volume 5 / Number 4 / 2010
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ripening of plants. There would be no nutrients in
the soil, and the functioning of the osmotic pressure would be unthinkable.
In Figure 1, which is divided into boxes, are given a numeric value of temperature. At the base images are given months from April to September, and
within each of these months there are three boxes
(monthly decade). Full lines represent ideal temperature curve, while the average temperature curve is
represented by dotted line. Among them is an area
that fluctuates more or less from year to year.
Walas and Bressman have come to these values in 1937 by the thermogram, while the data on
measurements of average temperature occurred in
the period 1945 to 2005 (for the Northern Bachka
region in Serbia). The thermogram of planting
should be used as the selection of regions that
match the characteristics of individual plant species, and to determine the planting or sowing date,
as well as the choice of working days for other activities. However, annual variations in the data, the
average temperature must be taken into account.

Figure 1. Thermogram of ideal and average temperatures from april to sept. in northern Bachka
Source: www.weatherbase.com
For all plants and animals, the most important
state of the water is liquid. In a somewhat lesser
extent, it is also important that water has a vaportemperature, but below the boiling point. The water in the form of ice is the lowest importance for
all forms of life on Earth. High temperatures usually cause low humidity. Extremely high humidity
Volume 5 / Number 4 / 2010

increased occurrence of plant diseases, disables
the machine works, extending the ripening of fruit,
and sometimes-causing germination of kernels per
spike and beams.
Winds are known as slower or faster moving
air masses. Winds greatly affect the distribution of
weather conditions on the ground. Penetration of
warm and cold air masses lead to large variations in
temperature as well as in other elements of climate
that would otherwise apply to certain seasons.
Winds may have a different speed, strength
and direction of movement. They can be cold, hot,
wet and dry. Depending on the type of winds and
weather reporting, they can be more or less helpful. Damage of wind erosion is reflected across the
land erosion and land drying, which in some cases
may prove useful for facilitating and some agricultural work. Strong winds can relate the surface
layer of soil along with it and seed, and in some
cases, plants sprung.
Of all the five elements of climate, the most
monitored data during the year are usually rainfall and air temperature. For this purpose we use
a climagram (Hellmann, 1924), in which data are
entered daily on the amount of rainfall and air
temperature (Figure 2). Given the annual variability of climate, those data are not sufficiently reliable for agricultural production. Therefore, the annual data (within climagram that includes at least
twenty years) are compared with each other to get
the average sizes that are used as information in
agricultural one-year production.
In the climagram bellow are given the average
sizes of the temperature and precipitation for the
last 40 years in the field of the region of Subotica in
northern Bachka (45°54’34.97”N; 19°47’15.83”E),
represented by two curves. Dashed curve represents
the mean monthly air temperature (˚C) and the second monthly quantity of rainfall (mm). If the field
between the two curves is higher, precipitation is
less and vice versa.
For example, if two curves are at the same position, rainfall is sufficient. If however, such contact is shown to often, the rainfall is exceeding
the needs of plant production. There are several
points on the climagram that are above-average
size, compared to other data. In the text explication, they are related to data that bear the names of
absolute and total.
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Figure 2. Climagram for the region of Subotica
Source: www.weatherbase.com
For example, it is expected to be a rainy day,
but at the time of observation, soil is wet to 0.5 cm,
the wind is up to 15 km/h, and the temperature 14º
C. Therefore, workability of the soil is adequate.
We know that the existence of snow cover significantly reduces the workability of soil. Because a
significant number of previously mentioned factors influence the decision (to work or not), a prototype expert system is developed.
Results and discussion
Decision-maker communicates with the expert
system in such a manner that he brings values to
the attributes of the last leaf of decision tree. On
the basis of these data, expert system provides the
draft decision. Thus, the risk of making wrong decisions is reduced for a several times, which was
the main goal of the expert system.
The character of the other enumerated factors
also justifies the application of the theory of fuzzy
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sets. Decision tree, set in the Figure 3, served as an
algorithm for the decision-making process (Kočić
V., Sedlak, 2010). If necessary, it is possible to develop this model an even larger number of levels
or narrowed to a smaller number of levels, depending on the crops or types of operations that
we want to do.
Input variables occur in the first, second and
third level. The second level already has five functions of three or four arguments. The third level
includes four functions with two or three arguments, with some arguments on the previous level
of defined functions (it is a complex function).
The fourth level is a function of four arguments,
which are defined at the third level. This function
is a complex manifold, and its value represents the
solution of the model.
However, we can not talk about the functions
and their arguments in terms of classical mathematics sense. Input variables (arguments) are
so-called linguistic variables (“adequate rainfall”,
“low level affected by the disease”, “high price of
seasonal labor “, etc.). These are also the output
size, which until the last level represent the input
size for complex functions, such as meteorological conditions, soil workability, the state of the
plant. This nature of input and output size (domain
values for which there is no possibility to accurate
quantification) is very suitable for the fuzzy sets
theory, or for solving the above problems.
For modeling problems in which the interdependence between different variables are very
complicated, we can easily apply fuzzy logic. Input and output sizes are defined as different fuzzy
sets, i.e. all possible values are associated with the
corresponding degree of belonging. Finally, it is
necessary to define the rules of reasoning, which
contain the logical implications of the operations
with input conjunction and/or disjunctions. After
considering the degree of belonging for each rule,
output values of variables should be selected, with
a minimum but certainly guaranteed level of belonging (taking into account all inputs).
In all points, depending on the number of rules,
observed output size has different values with different degrees of belonging. The next step is to
choose those values (points) that have the output
belonging degrees at maximum. In this way, we
are getting the output variable that can be defuzzifVolume 5 / Number 4 / 2010

technics technologies education management

Figure 3. Approximate decision algorithm “to do or not”

icated by using the center of gravity method. This
point is determined by a specific numerical value,
which is either a variable input to the next higher
level, either a decision (solution) at the last level.
Thus, applying a large number of steps leads
to a final decision, taking into account all possible
circumstances, and all possible values appearing
in it. Such a complete overview and analysis of the
problem relying only on knowledge, experience
and intuition of experts would have been impossible without the Fuzzy logic.
Fuzzy variables with domains of possible values can be found in Figure 3. According to the
function of belonging, fuzzy variables in the given
problem have the following characteristics:
Interval values (a, b) have to be determined for
variables like: forcasted rainfall (l/m2), forcasted
temperature and temperature (º C), forecasted
wind force and the wind (km / h), the thickness of
snow cover (cm), weather forecasting and meteorological conditions, soil workability (degree of
workability). Those values vary depending on the
type of agricultural activities that has to be done;
Volume 5 / Number 4 / 2010

Interval values (a, b) have to be determined for
variables like: grounding, existence of disease,
development of plants, the state of the plant, and
vary depending on the type of crops and types of
jobs. They are measured in percentages;
Interval values (a, b) have to be determined
for variables like: expenditures for the seasonal
workforce, certain agricultural prices, and vary
depending on the date, the season when the decision is made and the agricultural crops. They are
measured in monetary units.
α and β factors are the median, where 0 <α, β
<1, and usually α <β. Experts often determine their
value. Those factors exist to make the influence of
the variable cost of labor and agricultural products
on the decision “to work or not” less important.
According to the function of belonging, fuzzy
variables in the given problem can be distinguished as follows: Group I (Figure 4a), the second group (Figure 4b).
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Fuzzy variables have the next domains of possible values:
Decision:

to work: yes or no
appropriate, tolerable,
Soil workability:
bad
favorably, unfavorably,
State of plant:
very favorably
Expenditures for
low, medium, high
seasonal labor:
Price of agricultural
low, medium, high
products:
Weather forecast: very good, good, bad
Weather conditions: very good, good, bad
Germination: great, medium, small
Existence of diseases: low, medium, high
optimal, acceptable,
Development of plants:
unacceptable
optimal, acceptable,
Forecasted rainfall:
unacceptable
Forecasted temperature: optimal, low, very low
optimal, medium,
Forecasted wind force:
negligible
optimal, acceptable,
Soil moisture:
unacceptable
Temperature: optimal, low, very low
Thickness of snow
low, medium, high
cover:
optimal, medium,
Wind force:
negligible

Figure 4b. Germination, existence of disease, development of plants, state of plants
Approximate reasoning algorithm which decides “to work or not”, contains three basic steps.
Each one is divided into several steps, which are
not connected. All steps contain logical deduction
rules, defined by experts.
Experts estimate logic rules, based on experience, previous knowledge, and depending on the
location, climate, agricultural and technological
equipment, as well as the development of national
agriculture (its place and role in the economy of
the country). Numeric values are directly entered.
Variables are: anticipated rainfall, provided temperature, provided wind, soil moisture, temperature, thickness of snow cover, the wind, growing,
existence of disease, development of plants, costs
for labor and price of crops. After entering the data
listed above, defined algorithm has to be activated,
where defuzzification is made by the known formula for determining center of gravity.
Concluding remarks

Figure 4a. Forecasted rainfall, forecasted temperature, forecasted wind force, humidity, temperature, thickness of snow cover, wind force,
expenditure of labor, weather forecasting and
meteorological conditions
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The processing of production land holds an
important place in agriculture. The Earth Population is continuously growing, while the number of
hectares of arable land is stagnating or declining.
We come to the conclusion that production per
unit of arable land has to grow. Without adequate
treatment of land, many surfaces will retain the
characteristics of non-agricultural land.
Scientists, technologists and skilled work force
explore and apply theirs discoveries to increase
Volume 5 / Number 4 / 2010
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Step 1:
a)
Forecasted rainfall
optimal
optimal
optimal
optimal
acceptable
acceptable
acceptable
acceptable
unacceptable

Ù Forecasted temperature
Ù optimal
Ù low
Ù low
Ù very low
Ù optimal
Ù optimal
Ù low
Ù low
Ù *1

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Forecasted wind force
optimal
optimal
medium
negligible
optimal
srednja
srednja
optimal
*

Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Weather forecast
very good
very good
good
bad
very good
good
bad
bad
bad

b)
Soil moisture
optimal
optimal
optimal
optimal
acceptable
acceptable
acceptable
acceptable
acceptable
unacceptable
unacceptable

Teperature
optimal
low
<low
<low
optimal
low
low
very low
very low
optimal
<optimal

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Snow cover
low
low
low
<low
low
low
>low
low
>low
low
<low

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Wind force
optimal
optimal
<optimal
<optimal
optimal
<optimal
<optimal
<optimal
<optimal
optimal
<optimal

Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Weather conditions
very good
very good
good
bad
very good
good
bad
bad
bad
bad
bad

Step 2:
a)
Weather forecast
very good
very good
very good
good
good
good
bad
bad
bad

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Weather conditions
very good
<good
bad
very good
good
bad
very good
good
bad

Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

Soil workability
appropriate
tolerable
bad
appropriate
appropriate
bad
appropriate
tolerable
bad

b)
Germination
great
great
medium
medium
small
small
small
1

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Existence of diseases
low
>low
low
>low
low
>low
>low

Ù
Ù
Ù
Ù
Ù
Ù
Ù
Ù

Development of plants
optimal
<optimal
optimal
optimal
optimal
acceptable
unacceptable

Þ
Þ
Þ
Þ
Þ
Þ
Þ
Þ

State of plants
favorably
favorably
favorably
favorably
favorably
unfavorably
very unfavorably

Sign * indicates that the attribute can take any value from the domain of the rule
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Step 3:

Þ
Þ
Þ

Final
decision
Yes
Yes
No

high

Þ

No

Ù

<high

Þ

No

*

Ù

*

Þ

Yes

Ù

*

Ù

*

Þ

No

Ù
Ù
Ù

*
low
*

Ù
Ù
Ù

*
high
*

Þ
Þ
Þ

No
Yes
No

Ù
Ù
Ù

b/Price of
agricultural products
*
high
<high

low

Ù

Ù

>low

Ù

Ù
Ù
Ù

a/Expenditures
for seasonal labor
*
low
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production through the cultivation of all efficient
manner. As part of agricultural science, centers
that have the focus of work on the land and its
treatment are formed. Large manufacturers of agricultural machinery are working tirelessly on the
production and use of machines for processing of
land in order to obtain from it as much as possible.
This decision-algorithm does not depend on the
type of performed agricultural activity, the type of
cultivated crops, or the geographical position of
agricultural farms. Fuzzy sets for variables that
influence the decision depend on the above-mentioned factors. The nature of the problem is such
that it possesses the characteristics of uncertainty,
and a large number of input data for the subjective
evaluation.
The results of this study have shown how to use
fuzzy logic control in the agricultural machines
management and decision-making processes. The
theory of fuzzy sets (using fuzzy logic) in decisionmaking provides treatment, a complete review and
analysis of the given problem. There is no possibility of “fixing” desirable decision by changing
the inputs, and the risk of making a wrong decision is reduced (more harm than good of a job).
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Abstract
This paper discusses activity budget of Macaca
fasicularis in Botanical Garden Penang Malaysia,
examining five months field work depended on
monthly observation. Scan sampling was used a
method of investigation. Significant and non significant behaviors were observed. Time spent in
observation dependent on different factors. Time
observed was not affected by non significant behaviors.
Key words: Active budget, Macaca fascicularis, Botanical Garden Penang, Scan sampling,
Factors.
Summary
This paper discusses the activity budget of
Macaca Fascicularis in Botanical Garden Penang, Malaysia. It examines five months field work
from February to June on behaviors of Macaca
Fascicularis, concerning month to month observation. This census estimates the daily activity budget in terms of scan sampling during all
months of study. It was found that moving behaviors of Macaca Fascicularis was (15%, p<0.02),
the other parameters of study were eating which
was (13%, p<0.01), running (11%, p<0.01), vocal
(8%, p<0.01), cleaning hair (7%, p<0.01), fighting (4%, p<0.02), attacking (4%, p<0.01), playing
(4%, p<0.01) and sex (2%, p<0.01), all these behaviors were found statistically significant, while
jumping (6%), resting (6%), opening mouth (5%),
climbing (5%), itching (5%), baby care (2%),
feeding (2%) and snatching (1%) were found non
Volume 5 / Number 4 / 2010

significant. The factors reasoning to high amounts
of time spent ranging throughout the study include
large group size, extent of habitat degradation and
high human presence. Monthly differences in time
spent snatching and opening mouth are not significant. Thus, time spent in these behaviors was not
affected by monthly variation in food availability,
temperature, and precipitation.
Introduction
The scientific name of long tailed macaque
is Macaca fascicularis (Engelhardt et al, 2005).
Long tailed macaque is belonging to the family
cercopithecidae. This primate commonly found
in the woodlands, tropical forests, sea sides and
in natural environments (Wheatley, 1999). Macaca fascicularis are generally dispersed. They
establish in natural and develop forests, riverine,
coastal forests of nipa palm and mangrove. Longtailed macaques live most successfully in lonely
land habitats and on the boundaries of forests
(Paul, 1996). Long-tailed macaques are very social animals and can easily adjust to humans and
humans made environments (Groves et al, 2005).
They live in groups; every group contain of six
to fifty eight (6-58) individuals (van Noordwijk,
1985). Furthermore, these groups are multi-male,
normally containing two to five (2 to 5) males and
two to three (2 to 3) times as many females. The
number of offspring’s is comparative to the number of females in the group. Group size often depends on the level of predation and availability of
food (Maxime et al, 2009). In Malaysia this species is widely spread, especially on the hilly rain
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forest running across the islands. In Penang, they
are found in abundance in the Botanical Garden,
the environment provided to them is almost similar to their natural habitat and they move freely
among the visitors, visiting the spot, but so far no
prominent effort have been attempted to estimate
their activity budget (Payne and Phillipps 1985).
Through this study we have tried to explore the
activity budget of this specie in Botanical Garden
Penang, Malaysia.
Identification
Long-tailed macaques from different locations vary in skin colours and hair patterns (Furuya 1965). Macaca fascicularis is grey-black and
brown-gold in colour, its lower part of body is
brown-pale, and its face, hand, palms and feet are
hairless and coloured like red meat. Its tail is hairy
and longer than Macaca nemestrina (pig-tailed)
(Medway 1983). In older animals (Macaca fascicularis) the tail may be shortened due to accident
(Adams et al 1985). Head length of Macaca fascicularis varies from location to location (Fooden
and Albrecht 1993).
Distribution
Macaca fascicularis is found in Borneo Island,
Thailand, Myanmar, Indochina, Philippine, Indonesia (Sumatra and Jawa) and Peninsular Malaysia (Khan 1992) and Southeast Asia (Jack 2006).
This species live near the sea sides at the height of
1524 meters (Medway 1970). Whereas, according
to Linda (1978), at the height of 2000 meters, in
the edges of primary and secondary forests. They
live and adopt themselves to the areas where other
primates are not living (Angst 1975).
In Malaysia, they are dominant near sea sides,
such as the sea sides of Langkawi, Penang, Singapore, Tioman, tall bamboo and beaches (Medway 1983 and Bonadio 2000). Early sailors transported the Long-tailed macaques from Mauritius
to Indonesian island (Lawler et al, 1995). Macaca
fascicularis are mostly isolated, reserved, highly
awaken and emotional in comparison to the rhesus macaques (Macaca mulatta) and lion-tailed
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macaques (Macaca silenus) (Clarke and Mason,
1988). This is due to diet, habitat and social factors, which are based on group development difference (Clarke et al, 1994).
This species damage vegetation, rice fields,
rubber farms and orchards. They are also found
in developed areas and land farms. For example,
villages, botanical gardens in Singapore, Kuala
Lumpur and Penang’s waterfall. Sometime they
are harmful to people and their belongings (Harrison 1969). Macaca fascicularis umbrosa is found
on the Nicobar group of islands, other species
of long tailed macaques are found in Myanmar,
Cambodia, Laos, Vietnam, Thailand, Malaysia,
Indonesia and Philippines (Rodman 1991).
Materials and Methods
Study area
Botanical Garden Penang, Malaysia was selected as study area. Botanical Garden is very famous,
it giving out of plant resources and main centers
for the protection of wild species (Heywood,
1991). The garden is divided by lower circle and
upper circle. The lower circle total area is fourteen hectare, round in shape and slightly touches
upper circle. Lower circle consist of orchid garden, which is composed of botanical plants and
tall trees. A small lake situated in the inner side
of forest which has transparent water falling towards lower circle to attract the tourist. It is further divided into ‘Main Gate’, palm garden, orchid
garden, rubbish side, plant nursery, picnic garden
and wide empty grounds, while, upper circle occupies approximately eleven hectare. It is oval
shape, whose upper side is consisting of Japanese
garden, sun rockery, herbal garden and large dam
as well, managed by Water Supply Corporation
(Perbadanan Bekalan Air) Pulau Penang Sdn Bhd.
Field Methods and behaviours study
For observation inside the jungle, the study was
slowly adopted; gentle walk was preferred to avoid
disturbance and the method of waiting troops to
appear from deep inside forest for longer timings
Volume 5 / Number 4 / 2010
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was favoured. The attempts of observations inside
thick jungle were felt not satisfactory; however,
the open grounded observation and enough spaces
among trees were favourable. It was felt that inner side of forest was too dark and noisy because
of thick bushes and thus not comparable to open
grounded observations.
In this study the procedure of slow walk for approximately 100 to 200 meters was better choice,
however, to observe the sight and sound of monkeys, for some moments the waiting procedure
was taken for granted. Fruit trees and food areas
were the most observable areas for study. Therefore, longer times spent on this method to move
around the whole garden as it required more time
in the huge garden space.
The entire observational study was carried out
by researcher alone. Some time information about
the presence of monkeys was assisted by gardeners and visitors. Morning 09:00 AM to 12:00 PM
and evening 14:00PM to 17:00PM was observed
the most favourable time for field work, because
after 05:00PM the monkey troops move inside
the forest and disappear. The researcher perfectly counted and identified the groups of monkeys
which were observed. Thick flora and shyness of
animals were the difficult factors in counting the
members of groups, thus it was a hard task to complete counting. The appearance of some monkeys
was sign of the presence of group members hiding
in the bushes. The garden is surrounded by forest and it was observed that troops used to adopt
different routes to move inside out. Most of the
troops used to approach rubbish area for food in
the palm garden which is open and adjacent to
the jungle. Furthermore, in case of any threat the
troops can easily move and take refuge inside forest in the moments.
Sampling Method
A random sampling method was adopted to
collect continuous sampling data.
In scan sampling method one group was observed at a time and each individual of group
needed to be documented. It was commonly observed that all individuals in a group were actively
busy in their actions.
Volume 5 / Number 4 / 2010

Group Identification
Each group has specific identifications (sign
and symptom) such as:
1. Adult male having short tail, this group has
five to eleven members.
2. Injured member of specific group, this group
has fourteen to twenty members.
3. Adult female has cut of left arm; this group
has four to eight members.
4. Large sexual organs (testes) of dominant
male, this group include from eighteen to
twenty seven members.
5. Abnormal eye of male, this large group has
more members as compared to the other
groups ranging from twenty to thirty three
members.
The above sign and symptoms were present in
various groups and helpful for observer to recognize the group. During the time of data collection
the groups could easily be identified depending
upon the respective number of group member
since each group consist of distinctive numbers of
members, such as five, eleven, fourteen, eighteen,
twenty, twenty seven and thirty three. On the other
hand the number of these members was not stable.
Data analysis
The recorded data were interred into the computer spread sheets. Percentages and comparisons
were made between different variables with the
use of pivot tables in excel. Activity budget data
were evaluated for the troops as a whole (age/
sex classes combined). Activity budgets were described in terms of percentages and frequencies.
The statistical package ‘SPSS’ version 16 was
used to test the statistical significance of some
of the findings of which the significant value for
the findings must be less than 0.05 (p<0.05). One
Way ANOVA test was used to find the difference
among groups which was related with the different characteristics among different groups individually. Kruskal-Wallis test was used to analyze the
monthly changes in time budget.
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Results
Activity budget
Total 2355 behaviors were observed, in terms
of scan sampling. The behaviors observed were
moving, jumping, running, baby caring, eating,
snatching, fighting, feeding, resting, cleaning hair,
sex, vocalization, opening mouth, attacking, playing, itching and climbing. Percentages and frequencies of these behaviors were recorded. The
percentages are given in figure 1.
The statistical analysis of the behaviors of
Macaca fascicularis in terms of scan sampling
showed that moving, running, eating, fighting,
cleaning hair, sex, vocal, attacking and playing
were significant in each group. On the other hand
jumping, baby caring, snatching, feeding, resting,
opening mouth, itching and climbing were found
to be non-significant (Table 1.).

Figure 1. Percentage of total activity budget.
Monthly Grouping behaviors (Scan sampling):
Overall data was recorded for five months from
February until June; the results for the months and
statistical analysis are given in figures 2 to 6 and
table 2.

Table 1. Statistical test: To compare the group variations in activity budget.
Activities
Moving
Jumping
Running
Caring baby
Eating
Snatching
Fighting
Feeding
Resting
Cleaning hair
Sex
Vocal
Opening mouth
Attacking
Playing
Itching
Climbing

Mean

Standard deviation

P- Value*

2.32
0.90
1.64
0.38
1.87
0.16
0.60
0.34
0.89
1.13
0.27
1.25
0.80
0.53
0.51
0.70
0.72

0.871
0.732
0.742
0.702
0.772
0.425
0.647
0.726
0.783
0.937
0.542
0.835
0.609
0.609
0.677
0.866
0.938

0.024
0.094
0.005
0.628
<0.01
0.111
0.022
0.117
0.120
<0.01
0.012
<0.01
0.227
<0.01
0.004
0.411
0.138

*One-Way ANOVA
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Figure 2. Activity budget in February

Figure 3. Activity budget in March

Figure 5. Activity budget in May

Figure 6. Activity budget in June

Figure 4. Activity budget in April
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Table 2. Statistical test: To compare the monthly variations in activity budget (grouping).
Activities
Moving
Jumping
Running
Caring baby
Eating
Snatching
Fighting
Feeding
Resting
Cleaning hair
Sex
Vocal
Opening mouth
Attacking
Playing
Itching
Climbing
*Kruskal-Wallis

Months

Mean

Std Deviation

P- Value*

Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun
Feb, Mar, Apr, May, Jun

2.32
0.90
1.64
0.38
1.87
0.16
0.60
0.34
0.89
1.13
0.27
1.25
0.80
0.53
0.51
0.70
0.72

0.871
0.732
0.742
0.702
0.772
0.425
0.647
0.726
0.783
0.937
0.542
0.835
0.609
0.609
0.677
0.866
0.938

<0.01
<0.01
<0.01
<0.01
<0.01
0.58
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.92
<0.01
<0.01
<0.01
<0.01

Discussion
In this study a wide range of behaviours for
the long tailed macaques were studied as shown
in Figures 1, these behaviours were also studied
monthly basis as shown in Figures 2 to 6. It appeared that the monthly based behaviours had approximately similar percentages for each month.
The behaviours have been further explained as
follows.
Moving:
It is depicted from the present study that the
macaques are very active during day and move
in search of food, sex, and for defence. Moving
is considerably dependent on group size, larger
groups have higher tendencies of moving further
and faster, while smaller groups move lesser and
slower (Timothy, et al 1997). Another study described that movement depended on environmental condition and group size (Shaily, 1996); furthermore a study suggested that the macaque spent
27.4% of their time in movement (Kate, 2003).
Gillespie and Chapman (2001) proposed that
larger groups comprising many individuals trav724

elled further and rested less as compared to small
groups based on a few individuals. This idea that
larger groups exhibit extensive movement agrees
with a study to suggest that increased group size
increases feeding competition, which results in increased travelling (Van Schaik et al 1983).
Robert et al (1985) described that 20% to
30% of the daily activity budget of the macaques
is composed of locomotion. Kurup and Kumar
(1993) found that macaques spent 15% of their
time in moving, while another study examined the
moving component of the macaques to be 14.6%
of their total activity budget which was similar to
the observations of Julie et al, (2003). These all
studies similar to the present study as observed
15% moving behaviour in Macaca fascicularis
(Figure, 1).
Eating
Locomotion performed by the macaques is
generally for the search of food and eating. The
behaviour of eating was observed in these animals
particularly in the early morning and evening.
Hock and Sasekumar (1979) estimated that long
tailed macaques are omnivorous, while Carey
Volume 5 / Number 4 / 2010
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(1996) observed that Long-tailed macaques are
primarily frugivorous. Furthermore, Most of the
macaques are dependent on group sizes, in large
groups the feeding competition increase which
results in travelling long journeys in search of
food (Gillespie and Chapman 2001). Robert et al,
(1985) observed that 12% to 18% of the activity
budget of the macaques was based on feeding,
while Shaily (1996) estimated that feeding in the
macaques was 17.9% of their daily activity budget
which appeared to be the second most frequent
activity. Charmalie et al, (2008) observed that
macaques spent 10% of their total daily activity
budget on feeding; all these observations agree
with the findings of the present study which assumes that eating accounts for 13% of the activity
budget of the Macaca fascicularis and is the second most frequent activity.
Vocal
Vocalization is common behaviour of the
macaques and they are considered to be the noisiest of all the primates (Rendall et al, 1996), especially the Macaca fascicularis. Present study
reveals that 8% of their total activity budget accounts for the vocal behaviour, However, Robert
et al (1985) described that the vocal activity of
the macaques was 2% to 4% of their total activity budget, which appeared very less as compared
to the present study. The garden was busy with
the tourist and also dogs was coming to the study
area. So the Macaca fasciclaris used vocalization
during threat from these parameters. On the other
hand the findings have the same opinion with Robert et al (1985) that the animals vocalize and take
refuge in the trees to avoid these threats, hence the
territory component plays a vital role.
Running, Jumping and playing
In the presence of predators (dogs, humans and
another territory group) the duration of running
and jumping was calculated high during data collection. It appeared that the macaques generally
ran, jumped and played with one another during
their usual activities; running, jumping and playVolume 5 / Number 4 / 2010

ing were found to be 6%, 11% and 4% respectively
of their total activity budget. Son (2004) described
that the youngest of Macaca fascicularis spends
most of the time playing. In resting time juveniles
and infants use to play, while the elders sleep and
groom each other. Zhaoyuan and Elizabeth (2004)
estimated playing to be 7% of the total activity
budget in the macaques, furthermore, it was estimated by Qihai et al, (2007) that macaques spend
5.5% of their total activity budget in playing. The
finding of the present study show close proximity
to the values estimated in these previous studies.
Resting
Resting is a major component of the Macaca
fascicularis activity budget, Macaques sleep on
the branches at the time of rest and they spend
34.1% time resting (Son 2004), this figure is not
comparable with the findings here as the sample
size in the present study was smaller. However,
the present study agrees with the finding that the
resting time is indirectly proportion to the feeding
time (Saj et al, 1999). On the other hand, Suresh et
al, (2007) estimated that 36% of the activity budget for the macaques was spent resting and sitting.
While the findings of this study appear to be 6% of
the total activity budget, which may be due to the
time interval difference for the data collection and
use of different methodologies.
Grooming/Cleaning hair:
According to Robert and Kenneth (1985) observation 10% - 15% of the total time was utilized
for grooming. Mostly the macaques groom each
other during the resting period. According to study
by Zhaoyuan and Elizabeth (2004) grooming for
the Macaca fascicularis was estimated to be 11%
of their total activity budget, Vo Dinh (2004) estimated it (grooming) to 8.4% of their total activity
budget. These figures agree considerably with the
findings of this study. However, Qihai et al (2007)
found that macaques spend 2% of their activity
budget for grooming; the difference could be due
to the data collection method, the method used to
collect data in the reference is seasonal.
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Attacking and Fighting
The attacking behaviour of Macaca fascicularis comes in to play generally during food competition and matrilineal over through. The dominants
hold the authority to eat the present and available
handy food; otherwise they attack and beat the
other members of the group (Wheatly, 1982). Furthermore, during the initial phase of the matrilineal overthrow, females from the second ranking
matriline attack the females of the α-matriline in
a series which suggests a strategy. The attack initiates with the highest ranking mother and is then
directed towards her daughter; this seems to be the
most effective way to disturb the possible interventions of mothers in favour of their daughters
(Lorenz et al, 1997).
Ehardt and Bernstein (1986) accounted severe
tissue and muscle damage on the faces and extremities of monkeys during a female overthrow, where
no related males were involved. Robert et al (1985)
observed the agonistic behaviour of macaques; and
estimated the percentage of agonistic behaviour to
be 3% to 7% of their total activity budget. However, Matthew and Irwin (2008) suggested the aggression of the macaques to be 3% to 6% of their total
activity budget, which agrees considerably with the
current finding of this study 4%.
Climbing
The findings of the current study about the
Macaca fascicularis suggest that they occupy
both terrestrial and arboreal positions as their preferred habitats. However, Cooper (2001) suggested that the macaques averagely spend more time
in the terrestrial habitat as compared to arboreal,
which does not agree with the current findings. On
the other hand, Cooper (2001) also suggested that
Macaca brunnescens lavishly accommodate in the
category of both terrestrial and arboreal environments, which can probably be applied to Macaca
fascicularis to corroborate the current findings.
Playing and foraging are the only two components
that take place more frequently in the terrestrial
environment. The present study showed that 5%
of the time was spent on climbing, which agrees
considerably with these studies.
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Sexual behaviours
The oestrus in female of macaques starts at 3.5
years of age while male reaches to sexual maturity by 4.5 years (Linda, 1978). The sexual behaviours for the crab-eating macaque is a promiscuous system, but most of the mating is done by
an alpha male (Angst, 1975). During copulation
in macaques, the male comes up on the female’s
body and stand up on the feet of female, moreover, the male often softly bites the neck of the female during ejaculation. Likewise, in copulations
females were observed to look at the males back
and touch his hands or other part of his body during this process.
By the end of the ejaculatory phase the female
often fell down to the ground due to the male’s
weight, as the male is generally more than twice
as heavy as the female. However, during the postejaculatory phase the male remains mounted and
maintain intromission. The findings of this current
study estimated the sexual activity to be 2%. The
observed behaviour of the animals relates considerably with Suzanne (1974) research, describing
that the male frequently hugs, nuzzles, grooms or
continues to gently bite the neck of the female,
and the female occasionally grooms the male.
In this study the occurrence of other behaviours
such as itching, snatching, caring baby, feeding
and opening mouth were found to be relatively
infrequent. Similarly, John and Helen (1993) suggested that the macaques spend 13.2% of their day
time interacting with tourists and for 41.9% of the
time they were inactive.
The data for different behaviours was analyzed
on per month basis as well, (Figure 2 to 6 and table 2) movement was observed to 17% the highest activity in monthly basis. The results explain
that the macaques spend more time searching for
food, forage, sex and locomotion, while other behaviours seem to be in different proportions in
different months. The activities also varied from
month to month, as sex and vocal were more in the
month of May, while the sexual activity decreased
in the month of June due to the fall off the breeding season.
Kate (2003) studied similar behaviours on
weekly basis, the study revealed that foraging
the most frequent activity was 25% and its peak
Volume 5 / Number 4 / 2010
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time was 9:30hours–12:00hours and 15:20hours–
16:20hours, locomotion varied throughout the
study. However, grooming was slightly variable
in the adults while it occurred mostly in the juvenile and feeding was estimated to markedly
change between 12:00hours-14:00hours. Resting
appeared to be rare throughout the day as compared to locomotion, Playing occurred between
10:40hours-15:00hours while aggressive behaviour was observed continuously. Thus, it can be
conclude that the observations of Kate’s weekly
based study are similar to the findings of the current monthly based study the only difference is
that in this study the behaviours have been studied
on monthly basis.
Conclusion
The study depicted the activity budgets of
Macaca fascicularis and it was found that like
other primates the most frequent activity was moving, followed by eating, running, vocalization,
cleaning hair and jumping. Certain other activities
such as resting, opening mouth, climbing, itching,
fighting, attacking, playing, baby care, feeding,
sex and snatching were also monitored. This study
was based on monthly basis and it established that
the activity budget was approximately similar
throughout the study.
Long-tailed macaques in Botanical Garden
spent more time moving than resting or feeding. Monthly differences in time spent snatching and opening mouth are not significant. Thus,
time spent in these behaviors was not affected by
monthly variation in food availability, temperature, and precipitation. The factors reasoning to
high amounts of time spent moving throughout
the study include the large group size, extent of
habitat degradation, and high human presence.
Differences between months in time spent resting,
feeding, foraging, and in other activities are significant. The peak in time spent eating was at the
expense of time resting and in other activities and
coincided with months during which the group fed
on monkey resources.
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Abstract
In this study, the present situation of mechatronics education as a new developing branch of
engineering in Turkey was investigated in Vocational Schools. Mechatronics education has started as a branch education in Middle East Technical
University in 1998, later first graduate degree program in Sabancı University, an associate degree
in 2001 and lastly as a high school degree in 2003
in Turkey. In the present year of 2010, 29 Vocational Schools in 25 Universities have mechatronics program including a web-based education in
Adapazarı Vocational School. The curricula of
the mechatronics programs have been studied and
significant differences and tendencies have been
found after analyzing their curricula. The possible
problems of the present situation were discussed
and some suggestions about the standardization of
this education and the requirement of branch educations were made.
Key words: mechatronics education; vocational schools; curriculum analysis; branch education.
1.  Introductıon
The term “mechatronics” was first introduced
by a Yaskawa Electric Engineer in 1969 [1]. Although many definitions about this term were expressed in the following years [2], the most widely
known one is: The synergistic integration of mechanical engineering with electronics and intelli730

gent computer control in the designed manufacturing of industrial products and processes [3]. In
recent years, this synergistic integration that have
already existed in the nature of mechatronics has
been compatible with market demands together
with the rapid developments in computer, microprocessor, power electronics and software technologies, and as a result it has become more and
more popular rapidly.
The increasing demand for the products of
mechatronics found in every field of daily life
stimulated the need for well-educated human resources in this field. Since 1983, Toyohaski University has run a regular Mechatronics Education
course in mechatronics engineering in Japan, and
in Europe; on the other hand, the beginning of mechatronics education has dated back mid 1980’s
[4]. The courses of mechatronics engineering at
undergraduate and graduate levels as well as vocational training courses are increasing rapidly all
over the world [5]. Today, education of mechatronics engineering is given in many countries.
There have been many studies over mechatronics
engineering, education philosophy [6], curriculum
programs [7] and its revolutionary development as
a branch of engineering [8] and now mechatronics
engineering education has almost been standardized worldwide.
Although mechatronics was introduced to Turkey in 1993, the development in this subject were
performed in a quite slow course. In the early
2000, it became possible for mechatronics to be
widely known in academic and industrial fields.
Volume 5 / Number 4 / 2010
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Today, mechatronics, even with a limited capacity,
has become a kind of discipline in every level of
education from high school level to master degree
[9]. The education of mechatronics has started
in Turkey late after Japan, America and Europe.
Though there was a specific development between
1993 and 2010, there appeared no rapid and widespread of mechatronics. The educational experiences obtained on graduate and master degree
have been reflected slowly into associate and high
school degrees.
The world economy maintaining the change
in science and technology on a large scale has
focused on the well-educated human resources
that will compete in professional field worldwide
[10]. While the rapidly improving technology and
steadily-changing market conditions require more
economical and qualified products, the customer
expectations are in demand for more durable and
multifunctional products. The expiration date of
products has been curtailed because of the rapidly-changing demands of customers and intensive
rivalry business [11]. One of the solutions to meet
these demands is the mechatronics engineering
philosophy. According to the data of 2007, the
share of automotive sector in foreign trade which
has been developing particularly in recent years
in Turkey has reached to 21.3 billion dollars.
The rate of this sector in total exportation, on the
other hand, has been 20.1% [12]. The growth of
industry in Turkey, especially in the field of automobile, has increased the need for well-educated
human resources in mechatronics. In the report of
mechatronics strategy prepared by The Scientific
and Technological Research Council of Turkey
(TÜBİTAK) in 2003, it’s aimed that by 2022, 500
graduate degree, 200 master and 50 PhD graduates
should be employed each year and by 2023 total
national income of 25 billion dollars in robotic
and mechatronics systems and one million qualified workers should be employed [13]. Though a
strategy in general related to researches, graduate and master degree education was determined,
there wasn’t any study or purpose about Vocational Schools (VSs) and high schools. Whereas, the
most important step in educating one million qualified people would be to have technicians graduated from VSs and from Vocational High Schools
(VHSs). The schools that can meet the demanded
Volume 5 / Number 4 / 2010

average human resources other than engineers are
VSs. The academic studies made on mechatronics education in Turkey are quite limited and the
present studies have either reviewed the subject
generally or focused on the topics about the education engineering [14, 15]. Gürbüz has carried
out probably the most detailed study on mechatronic education in VSs in Turkey made significant suggestions about the system; however has
not performed a comparative curriculum analysis
not mentioned the latest developments after 2004
[16]. This study discusses the mechatronics comparative curriculum analysis between VSs, necessity of branch education, general problems, solution suggestions, and the development of mechatronics education in VSs.
2. An overview of mechatronics education
in Turkey
The exploration for mechatronics education in
Turkey has started in 1993 [17]. Since then, Middle East Technical University (METU) has been
holding international meetings of “International
Mechatronics Designing and Modeling Study”.
Besides since September 1994, METU has been
publishing an international journal about mechatronics named as “International Journal of Intelligent Mechatronics: Design and Production” [14].
Since 2010, mechatronics education in Turkey
has been continued on master, graduate, associate
and High School degrees (Table 1). Engineering
graduate and master degree education in Erciyes,
Sabancı, Kocaeli and Bahçeşehir Universities, engineering graduate education in Yıldız, Fırat, and
Atılım University, mechanical engineering as a
lateral branch in METU, master degree in Science
Institute of Bogazici University, Istanbul Technical University (ITU) and Dokuz Eylul University,
Erciyes University, graduate degree of mechatronics teaching in Technical Education Faculties
of Marmara and Suleyman Demirel Universities
have been continued. While there is a program of
mechatronics on an associate degree in 29 VS, one
of which has a distance learning education, there is
an education of mechatronics in Balgat (Ankara),
Çayırova (Kocaeli), and Hürriyet (Bursa) Anatolian VHS since 2003-2004 education periods [18]
731
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3. Vocational Schools and Mechatronics
Education in Turkey
The position of VSs in the education system
of Turkey is after the high school and before the
graduate degree (Figure 1). In two-year VSs, there
is totally four semesters of education. With the law
no 4702 put into effect in 2001, it was aimed for
the consistency of vocational and technical education in secondary school to be reduced to 60% like
in developed countries. In Turkey, there is a variety of programs over 300 in more than 600 VSs
and these schools admit almost 200,000 students
each year [20]. The primary student source of VSs
is Vocational High Schools (VHS). In accordance
with the new law introduced in 2001, the students
graduated from VHSs are admitted to VSs, by
“Higher Education Council Student Selection and
Placement Center” (ÖSYM) considering certain
criteria, without having an exam. The graduates of
VSs can make vertical transfer into graduate programs with an exam prepared by ÖSYM if they
intent [19-21].

Figure 1. General Structure of the Turkish Educational System [19]
Before the undergraduate education of mechatronics started in Turkey, VSs had programs of
electrics, electronics, computer and machine independent from each other. The first experiences

Table 1. Mechatronics Education as graduate, master, associate and high school level in Turkey
Engineering Education
Sabancı U a,b
Kocaeli U a,b
Bahçeşehir U a,b
Ortadoğu Technical Uc
Erciyes Ua,b
Yıldız Ua

Technical Education Faculties

Atılım U a
Bogazici U b
Istanbul Technical Ub
Dokuz Eylul U b
Fırata

Marmara U a
Suleyman Demirel U a

Gaziosmanpasa U Turhal
Gediz U VS
Gaziosmanpasa U Zile
Giresun U Şebinkarahisar
Inönü U Arapgir
Kadir Has U
Karadeniz Technical U A. Kanca
Kastamonu U
Kırklareli U Technical Science
Kocaeli U Gebze

Kocaeli U Karamursel
M. Kemal U Iskenderun
Namık Kemal U
Nevşehir U Hacı Bektaş Veli
Sakarya U Sakarya
Sakarya U Adapazarı [DE]
Selçuk U Kadınhanı Faik Içil
Selçuk U Eregli
Uludağ U Technical Sciences

Vocational Schools
Adnan Menderes U Soke
Afyon Kocatepe U Bolvadin
Ahi Evran U Kırşehir
Bahçesehir U
Balıkesir U Edremit
Celal Bayar U Soma
Çanakkale Onsekiz Mart U Çan
Dokuz Eylul U Izmir
Dumlupinar U Gediz
Gaziantep U Gaziantep

High School Education (Anatolian VHSs)
Balgat (Ankara)
Hurriyet (Bursa)

Çayırova (Kocaeli)

GRADUATE EDUCATION b MASTER EDUCATION c BRANCH EDUCATION DE: Distance Education
*All informations from The Turkish Higher Education Council, Turkish Ministry of National Education [19]
and the web sites of the related universities. ** U stands for University.
a
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Table 2. The chronology of Mechatronics Education of VSs in Turkey
Year

School

2001

Kocaeli University Gebze VS,
Sakarya University Sakarya VS
Gaziantep University Gaziantep VS,
Namık Kemal University Tekirdağ VS
Gaziosmanpaşa University Turhal VS
Sakarya University Adapazarı VS (The first internet-based distance learning program of Turkey
started in)
Gaziosmanpaşa University Zile VS,
Giresun University Şebinkarahisar VS
Kocaeli University Karamürsel VS
Uludağ University Technical Science VS,
Selçuk University Eregli VS and Kadınhanı VS.
No new Mechatronics program.
Dokuz Eylul University İzmir VS,
Çanakkale Onsekiz Mart University Çan VS,
Balikesir University Edremit VS,
Mustafa Kemal University İskenderun VS.
Bahçeşehir University VS,
Celal Bayar University Soma VS
Kastamonu University VS,
Kadir Has University VS,
Karadeniz Technical University A.Kanca VS.
Adnan Menderes University Soke VS,
Afyon Kocatepe University Bolvadin VS
Ahi Evran University Kırşehir VS,
Dumlupinar University Gediz VS
Gediz University VS,
Inönü University Arapgir VS
Kırklareli University Technical Science VS,
Nevşehir University Hacı Bektaş Veli VS

2002
2003
2004
2005
2006
2007
2008

2009

aiming at mechatronics undergraduate education
were observed in the programs of ‘Control Systems Technology’ (CST) where the basic courses
were Electric, Electronics, Control and Computer.
The chronology of Mechatronics education of
VSs is in Table 2.
While the number of mechatronics program
in 2001 was two and student quotas were 55, this
number increased to 29 including distance learning programs and student quotas increased to 2415
in 2009 [20]. It can be estimated that, in view of
the intensive interest and demand for mechatronics and the need of the sector, these numbers will
increase more and more. Although Mechatronics
undergraduate education started in 2001, there is
internet-based distance learning in only one of
the 21 schools which have still been maintaining
their education. While Adapazarı VS of Sakarya
University, which started its distance learning
program in 2003, admitted 300 students during
the early years, in 2010 this number has reached
to 700. In this program the services such as textbooks, CDs, internet access packages are provided
by a standard education fee.
The courses are given on internet by computer
animations and simulations. In a 50 student imagiVolume 5 / Number 4 / 2010

nary classes, students can ask questions by means
of e-mails, forms, and chat programs, receive
special help and take assignments. At the end of
the first semester, students get condensed campus
training for fifteen training days and consolidate
their knowledge. Moreover, the students get a
training of thirty days at the end of the third semester and consolidate their practical knowledge.
There is a summer school for students who fail
some of the classes. The students of this program
who have the same rights like those of organized
education are entitled with the degree of “mechatronics technician” [17].
4. Curriculum of Mechatronics of
Vocational Education
The main problem related to the educational
curriculum of VS is to what degree the courses of
Electrical-Electronics, Machinery, Computer and
Control forming the sub-components of Mechatronics reflected in the course plans. The other issues can be listed as follows: the difference in the
courses of theory and practice, and the differences
between total course credit and teaching hours.
733

technics technologies education management

ing the course programs, 22 schools giving their
course schedules on internet pages were examined.
This number seemed sufficient to make a general
assessment. In Table 3, course schedules of 22
mechatronics programs and one distance learning
education program were compared. The course
schedules of schools during four semesters were
examined including optional courses and theirs
predominance percentages in the whole course
plan were estimated together with the theoretical
and practical teaching hours. In this comparison,
the percentage rates of theoretical and practical
courses in the course schedules of schools were
also estimated.
According to Table 3, the total teaching hours
in the course schedules of schools vary between 92
and 125 hours, however credit hours vary between
63 and 113 hours. In the education system of Turkey, industry expects that VSs become practicebased schools [21, 22]. In the current table, practice rates vary between 13.46% and 40%, and these

There is still not a standard or specific approach
regarding the course programs in the mechatronics associate’s education. When we have a look at
today’s schedule, we can see that there are specific
course programs in each school concerned with
mechatronics education, including serious differences with other schools. The most important factor about these differences is that the programs are
not set up according to a certain plan and standard.
When the detailed analyses of course programs
were made, it was observed that these mechatronics undergraduate programs had serious differences depending on the school.
4.1 Total teaching hours with theoretical
and practice rates
In 2010, there have been 29 VSs continuing
mechatronics undergraduate education and a VS
giving a distance education (Table 2). In analyzTable 3. Four Semester Total Weekly Course Hours

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Vocational Schools and
Mechatronics Programs

Theory
Hours

Adnan Menderes University Soke VS
Bahçeşehir University VS
Celal Bayar University Soma VS
Çanakkale Onsekiz Mart University Çan
Dokuz Eylül University İzmir VS
Dumlupinar University Gediz VS
Gaziantep University Gaziantep VS
Gaziosmanpaşa University Turhal VS
Gaziosmanpaşa University Zile VS
Inönü University Arapgir VS
Kadir Has University VS*
Karadeniz Technical University A.Kanca
Kastamonu University VS
Kırklareli University Technical Sciences VS
Kocaeli University Gebze VS
Kocaeli University Karamürsel VS
Nevşehir University Hacıbektaş Veli VS
Sakarya University Sakarya VS
Sakarya University Adapazarı VS [DE]**
Selçuk University Kadınhanı Faik İçil VS
Selçuk University Ereğli VS
Uludağ University Technical Science VS

76
88
82
88
82
74
84
86
79
46
89
81
83
85
88
64
75
75
90
90
63

Theory Practice Practice Total Credit
%
Hours
%
Hours Hours
79,79
77,19
77,36
70,40
70,08
84,09
73,68
78,89
73,83
57,50
78,76
81,00
74,77
79,44
78,57
69,56
81,52
81,52
86,53
86,53
60

23
26
24
37
35
14
30
23
28
34
24
19
28
22
24
28
17
17
14
14
42

23,23
22,80
22,64
29,6
29,92
15,90
26,31
21,10
26,16
42,50
21,24
19,00
25,23
20,56
21,42
30,43
18,47
18,47
13,46
13,46
40

99
114
106
125
117
88
114
109
107
80
113
100
111
107
112
92
92
92
104
104
105

99
113
104
109
100
88
104
112
106
103
63
99
89
111
96
96
92
92
92
97
97
84

* Only course credits are given in the internet sites. **DE: distance education
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Table 4. Distribution of Courses According to the Disciplines
Electrical and Electronics
- Measurement
- Circuit Analysis (DC /AC)
- Electronics
- Digital Electronics
- Electrical Machines and
Control
- Power Electronics
- Sensors and Transducers
- Electromechanic Control
- Computer Aided Electronics
Circuit Design

Computer and Controls
- Fundamental Computer Technologies
- Computer / Visual Computer
Programming
- Computer Aided Data Acquisition
and Control
- Automatic Control / Process Control
- Process Measurements
- Artificial Intelligence / Fuzzy Control
- Programming Logic Controllers
- Microprocessors / Microcontrollers

Interdisciplinary
- Introduction to Mechatronics
- System Analysis and Design
(Projects)
- Robotics
- Mechatronic Practices
- Mechatronics System Design
- Bio-mechanic
- Fault Detection in Mechatronic
Systems
- Servo Systems

General Sciences
- Mathematics
- Physics
- Scientific Principles of
Technology

Mechanics and Design
- Materials
- Mechanics
- Static and Dynamics
- Thermodynamics
- Computer Aided Manufacturing
[CAM] / CNC Machines
- Computer Aided Design [CAD]
- Pneumatics and Hydraulics
- Mechanical Science and
Components
- Mechanical System Design
- Energy Management
- Engineering Science

Culture
- History of Ataturk Principles and
Reforms
- Turkish Language
- English
- Sports / Fine Arts
- General and Technical Communication
- Quality Management Systems
- Management Administration
- Human Rights
- Labor Law

Computer &
Control %

Mechanics &
Design %

Inter
disciplinary %

Fundamental
Sciences%

Culture %

Total %

Branch %

Culture &
Fundamental
Sciences %

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Vocational Schools and Mechatronic
Programs

ElectricElectronics %

Table 5. Percent Weight of Mechatronic Course Programs according to disciplines.

Adnan Menderes University Soke VS
Bahçeşehir University VS
Celal Bayar University Soma VS
Çanakkale Onsekiz Mart University Çan
Dokuz Eylül University İzmir VS
Dumlupinar University Gediz VS
Gaziantep University Gaziantep VS
Gaziosmanpaşa University Turhal VS
Gaziosmanpaşa University Zile VS
Inönü University Arapgir VS
Kadir Has University VS
Karadeniz Technical University A.Kanca
Kastamonu University VS
Kırklareli University Technical Sciences VS
Kocaeli University Gebze VS
Kocaeli University Karamürsel VS
Nevşehir University Hacıbektaş Veli VS
Sakarya University Sakarya VS
Sakarya University Adapazarı VS
Selçuk University Kadınhanı Faik İçil VS
Selçuk University Ereğli VS
Uludağ University Technical Science VS

26,49
24,78
21,70
23,20
28,77
28,00
25,40
25,00
16,24
19,15
30,00
30,97
21,00
25,71
16,41
26,68
27,27
11,54
11,54
10,84
10,84
25,16

18,80
15,93
16,98
14,4
17,26
24,00
20,50
27,94
20,51
25,53
28,75
21,24
18,00
17,14
21,64
23,21
23,64
17,30
17,30
28,33
28,33
37,74

20,51
17,69
16,04
22,40
17,26
21,00
13,93
13,24
18,80
22,70
12,50
13,27
30,00
25,71
11,20
16,07
12,72
25,00
25,00
22,5
22,5
7,95

5,13
11,5
11,32
11,20
15,83
9,00
12,03
4,41
11,96
12,77
10,00
10,62
4,00
6,67
26,86
10,71
4,54
8,65
8,65
10,00
10,00
7,95

10,26
7,08
11,32
9,60
5,75
4,00
9,84
8,82
7,69
7,09
3,75
7,96
8,00
7,61
5,22
8,04
8,18
8,65
8,65
8,33
8,33
7,95

18,80
23,00
22,64
19,20
15,10
14,00
18,03
20,58
24,79
12,77
15,00
15,94
19,00
17,14
18,66
14,29
23,63
28,85
28,85
20,00
20,00
13,25

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

70,94
62,92
66,04
71,20
79,15
82,00
72,13
70,60
67,52
80,14
81,25
76,01
73,00
75,25
76,12
77,67
68,18
62,50
62,50
71,67
71,67
78,08

29,06
37,08
33,96
28,80
20,85
18,00
27,87
29,40
32,48
19,86
18,75
23,90
23,00
24,75
23,88
22,33
31,82
37,50
37,50
28,33
28,33
21,20
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rates increase 23.90% on average. It is seen that
the rate of some schools giving face-to-face education is below the rate in distance learning. The
rate in the number of courses in formal education
program and distance learning program in Sakarya University is the same. Same difference is seen
in Zile and Turhal VSs of Gaziosmanpasa University. This situation can be considered as richness,
but in the future it can lead to graduates who have
the same associate degrees but have much more
different level of education Table 3.
4.2 Mechatronic courses in terms of
disciplines
To study the extent to which these components
in arranging course schedules are effective, the
courses taught were analyzed in six categories.
These are: Computer and Control, Electrical and
Electronics, Mechanics and Design, Interdisciplinary, General Sciences and Culture. The courses in Interdisciplinary category are composed of
courses that cannot be completely classified and
that are in the intersection of different disciplines
in terms of mechatronics concept. The course programs of VSs are shown in Table 4 according to
these six categories. Also, the percentages of these
categories within the whole course plan are indicated in Table 5. In this analysis, no division of
optional and compulsory courses is made and the
course schedules are viewed as general.
4.3 The differences in course programs
According to Table 4 and Table 5, none of the
course distributions of the current mechatronics undergraduate programs have a consistency
of 100% with each other, except for Sakarya
and Adapazarı VSs of Sakarya Universitry and
Kadınhanı and Eregli VSs of Selcuk University.
On contrary, though Turhal and Zile VSs of Gaziosmanpasa University belong to the same university, they have different course schedules. The differences in course schedules can be summarized
as follows:
–– Titles of courses that have the same content,
teaching hours, theory and practice classes
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–– The weekly course schedules and credits of
schools
–– Compulsory main courses
–– Optional courses
–– Courses given in different teaching
semesters
5. Mechatronics Branch Education
In Turkey, branch education has not been applied in mechatronics associate degree yet. The students who have an education with different courses
and programs and graduate from 29 different VSs
have the same professional title and associate’s
degree. In a study on mechatronics VS education
in Turkey, a course schedule was suggested for
the branch of Mechatronics-Manufacturing [16].
In the suggested program, it is seen that 61.66%
of the courses are theoretical and 38.33% of them
are applied courses. When the lessons in the suggested program are classified as shown in Table 5,
their distributions according to scientific branches
are; Electric – Electronics 11.66%, Computer and
Control 21.6%, Mechanics and Design 28.33%,
Interdisciplinary 5%, Natural Sciences 10%, Culture 23.33%. 66.67% of the lessons is vocational,
33.33% of them is Cultural and Natural Science
lessons.
Following the same classfification as in [16],
three major tendencies can be found according
to data in Table 5. The classification method is
to group the courses in their categories (Electrical and Electronics, Computer and Control and
Mechanical and Design), and then calculate their
distribution percentages and the result is shown
in Figure 2. Here, the category name which has
higher percentage is the tendency category of the
mechatronics programs.
According to the Figure 2, the branch tendencies can be grouped into 3 categories. There is
only one exception; Kırklareli VS has a balanced
program between Electrical-Electronics and Mechanical and Design branch. The major three categories and the included schools are;
–– Electrical-Electronics: Soke, Bahçeşehir,
Soma, Çan, Izmir, Gediz, Gaziantep,Kadir
Has, A.Kanca, Karamürsel, and HacıBektaş
Veli VSs.
Volume 5 / Number 4 / 2010

technics technologies education management

Figure 2. Percentages of branches in Mechatronic Programs of Vocational Schools according to
Table 5.
–– Computer and Control: Turhal, Zile,
Arapgir, Gebze, Kadınhanı Faik İçil, Ereğli
and Uludağ VSs.
–– Mechanical and Design : Kastamonu,
Sakarya and Adapazarı VSs.
6. Discussions
The present problems were discussed and some
recommendations were concluded. They are;
There is a different understanding and application of mechatronics education in different vocational schools. This situation causes the students
to be trained with the same professional name, but
with different educational level and variety. This
will also bring about discussions related to the
term ‘Mechatronics Technician’. These data show
the necessity and obligation of standardization in
Mechatronics undergraduate education.
Mechatronics associate’s education started
in 2001 in Turkey is gradually becoming widespread. If the industrial condition of the regions
and the basic facilities of universities are not taken
into consideration while opening new mechatronics programs, it is likely to have problems of employment and quality in further steps.
Unless sufficient financial and educational
sources provided, it will become difficult to train
and graduate Mechatronics technician suitable for
the expectations of industry [22].
Mechatronics associate’s education has started in Turkey in 2001. Although the significant
Volume 5 / Number 4 / 2010

increase of the school count and student quotas
between the year 2001 and 2010, these developments are still insufficient for the Turkey as a developing country [23]. The aim is to have one million employees in mechatronics field in 2023 [13].
The count of mechatronic programs of VSs and
their student quotas must be increased to achieve
this aim.
There are significant differences between
theoretical and practical hours, and also weekly
course hours and credits if the course curriculum
of mechatronics associate’s education were researched. Also, there are significant differences in
the distribution rates of the courses forms the subdisciplines of mechatronics. After all these data
are examined, it appears that there are two main
tendencies in the mechatronics associate’s education as electrical – electronics and mechanical
(manufacturing) branches. It is clearly seen that
branch education has needed in VSs, otherwise
the students come from different programs get different kind of knowledge and experience during
the mechatronics education in VSs but will get the
same associate’s degree despite their differences
and this situation will cause unpredicted problems
in the future.
As an application based education, practice
hours are very important in VSs, hence the theory
and practice course hours in curriculum must be
close to each others.

737

technics technologies education management

7. Conclusion
In this study, the development process of mechatronics programs of vocational schools was
analyzed between the years of 2001-2010. Curriculum compatibility existence and the level of
the compability of the mechatronics programs of
vocational schools were examined. As a result of
studies conducted, presence of three important
disciplines was determined: electric-electronic,
Computer and Control and Mechanical and Design. These disciplines are also the fundamental
disciplines taking place in the definition of mechatronic. It is thought that disciplines of electric-electronic and mechanical and design are the
main characters giving direction to mechatronic
programs. The third discipline computer and control can be said to be an element combining the
disciplines of electric-electronic and mechanical
and control equally and not to be able to become
a main character. Today’s curriculums are not optional and according to curriculum each school
has a unique mechatronic definition. A previous
study supports the formation of optional curriculum in associate degree programs. [16]. our study
also supports formation of two-optional curriculum [24]. And in the light of all these information
we reached some results which we consider to be
beneficial to do in the future. These are;
–– A Turkish Mechatronics Education Platform
should be established in order to have a
common specific mission and strategy
for extending this education from high
school level to master degree for a robust
mechatronics educational development in
Turkey.
–– The
professional
and
educational
standards of mechatronics technician must
be determined on a national level that
compatible with the international standards
and the curriculum of the schools must be in
parallel with these standards.
–– Curricula must be reviewed and updated
through a dynamic structure for certain
periods according to technological changes,
industrial demands, and regional needs. The
curriculum varieties for the regional and
industrial needs must be provided by the well
defined optional courses without changing
738

the main structure of the existing curriculum
and this also gives an opportunity to meet
the new developments on the technology.
–– VSs must perform two mechatronics branch
educations as Electrical and Electronics
branch and Mechanical and Design branch
according to their own facilities. In the
transfers of students from high school to VSs
who are encouraged to attend mechatronics
programs, the ones graduated from
Machinery department must be encouraged
to VSs giving Mechatronics-Manufacturing
Branch Education and the ones graduated
from Electrics-Electronics department, on
the other hand, must be encouraged to VSs
giving Mechatronics-Electrics/Electronics
Branch Education.
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Abstract
In recent years, project managers in power construction companies have been confronted with
the increasing power construction costs. There is
an obvious need for the control of the current costs
and realistic estimate of future costs on the on going projects. In this summarized review of project
cost management processes including: resource
planning, cost estimating, cost budgeting and cost
control, the basic steps that could help project
managers to manage the cost on the projects are
provided. Even though there are many tools and
techniques to assist in project cost control, one of
the very powerful cost control tool unique to this
field is earned value management (EVM). Earned
value charts allow project managers to have a brief
situation on how projects are being performed.
Working experience on the projects in the power
engineering and construction in B&H resulted in
recognizing the problems in power construction
company cost control process together with some
potential solutions. In the current situation in power construction industry, cost control aspects of the
management will provide the cost advantage in an
increasingly competitive market and have positive
long-term development effects.
Key words: project cost management, cost
control, earned value management
Sažetak
U nekoliko zadnjih godina, menadžeri na projektima inženjeringa i izgradnje energetskih objekata suočavaju se sa ubrzanim rastom troškova
740

realizacije projekata. Potreba za kontrolom
tekućih troškova i realnom procjenom budućih
troškova nameće se kao neophodna u trenutnim
tržišnim uslovima. U ovom skraćenom prikazu
menadžmenta troškova projekata, koji uključuje:
planiranje resursa, procjenu troškova, budžetiranje
i kontrolu troškova, predstavljeni su osnovni koraci koji mogu pomoći projekt menadžerima
da upravljaju troškovima na dodjeljenim projektima. Iako postoje mnogi alati i tehnike koji
se koriste u kontroli troškova, jedan od veoma
značajnih alata jedinstvenih za ovo područje je
Earned Value Management (Menadžment ostvarene vrijednosti). Earned Value Management
grafički prikazi omogućavaju menadžerima da u
svakom trenutku vide presjek stanja na projketima
i u skladu s tim donesu ispravne odluke. Radno
iskustvo na projektima inženjeringa i izgradnje
energetskih objekata u BiH rezultiralo je prepoznavanjem problema u procesima kontrole troškova
u kompanijama za izgradnju energetskih objekata
nudeći nekoliko potencijalnih rješenja. U trenutnoj situaciji u industriji energetike, proces kontrole troškova obezbijediće troškovnu prednost na
izuzetno konkurentnom tržištu i ostaviti pozitivne
dugoročne efekte na razvoj kompanije.
Ključne riječi: menadžment troškova, kontrola troškova, menedžment ostvarene vrijednosti
1. Introduction
Power engineering and construction companies
from ex-planned economies are now competing in
the world market, in accordance to economy market requirements. Applying for tenders in the reVolume 5 / Number 4 / 2010
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gion and world market, companies from Bosnia
and Herzegovina (B&H) have to deal with the
business standards different from those in planned
economy. Excessive competition among companies in this filed leaves very little space for profit.
One of the measures to achieve corporate longterm sustainable development is to stay in business by winning the tenders worldwide and creating the sufficient profit margins by controlling the
cost on the projects.
In recent years, project managers in power construction companies have been confronted with
the increasing power construction costs. There is
an obvious need for the control of the current costs
and realistic estimate of future costs on the on going projects. Unfortunately, the attempts of cost
control on the ongoing projects are usually based
on the accounting data, leaving behind many of
the advanced cost management models.
Power construction projects are expensive,
long-time projects usually coming in way over
budget. Many of the original cost estimates for
projects are low to begin with or based on very
unclear project requirements, resulting in cost
overruns. In addition, many managers think preparing good cost estimates is beneath them - a job
for accountants. The truth is that preparing good
cost estimates is a very demanding, important skill
that all project managers need to acquire.
Most members of the Executive Board understand and are more interested in financial terms
than technical terms. Therefore, project managers
need to be able to present project information in
financial terms as well as in technical terms.
Working experience on the projects in the power engineering and construction in B&H, resulted
in this summarized review of project cost management, particularly the cost control process that have
no due attention in the companies in B&H.
2. What is a project?
A “project” as applied to the topic of project
management is an activity, usually carried out by
an organization or company, that (1):
–– is customer specific
–– is only done once (per customer specificity)
–– is confined to a certain length of time
Volume 5 / Number 4 / 2010

–– is limited to a predefined budget, resources
and performance parameters; not defined by
a specific routine
–– can vary in levels of complexity
3. What is project cost management?
Project cost management includes the processes required to ensure that the project is completed
within an approved budget. Project managers must
make sure their projects are well defined, have accurate time and cost estimates, and have a realistic
budget that they were involved in approving.
The project cost management processes include (2):
–– Resource planning, which involves
determining what resources (people,
equipment, and materials) and what
quantities of each resource should be used
to perform project activities. The output of
the resource planning process is a list of
resource requirements.
–– Cost estimating, which involves developing
an approximation of the costs of the
resources needed to complete a project. The
main outputs of the cost estimating process
are cost estimates, supporting details, and
cost management plan.
–– Cost budgeting, which involves allocating
the overall cost estimate to individual
work items to establish a baseline for
performance. The main output of the cost
budgeting process is a cost baseline.
–– Cost control, which involves controlling
changes to the project budget. The main
outputs of the cost control process are
revised cost estimates, budget updates,
corrective action, estimate at completion,
and lessons learned.
3.1 Resource planning
The resource planning is determined by the nature of the project and the organization. For this
phase of the project cost management, the only
tools available are expert judgment and the availability of alternatives. Through the brainstorming
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and evaluation of available alternatives related to
resources, managers should involve people from
multiple disciplines to create list of resource requirements. The list of resource requirements including people, equipment, and materials, in addition to providing the basis for cost estimates,
budgets, and cost controls, provides vital information for project human resource management and
project procurement management. (2)
3.2 Cost Estimation
After resource requirements list is developed,
project managers and members of their project
team must develop estimates of the costs for these
resources.
The estimate of the work and equipment alone
is not sufficient for having a clear picture of total
cost of the project. To arrive at a total cost amount,
managers need to add some allowances such as
overheads, a contingency allowance to cover normal project risks and management reserves to
cover unknowns and possible scope changes.
Project Cost Components (http://xa.yimg.com/
kq/groups/17553945/1623508585/name/Project+
Costing+%26+Cost+Allocation.pdf):
–– Direct Material - materials forming part of
the deliverable product;
–– Direct Expenses - subcontracted operations,
royalty / technical know-how fees, third
party inspection etc;
–– Conversion Cost - direct labor, allocation of
fixed and variable overheads to the product
on a rational basis.
–– Labor Charges;
–– Other Overheads;
–– Material Handling;
–– Interests and Taxes;
–– Site Specific Cost
There is the mistaken belief that adding the lesser sum as an overhead will help everyone to work
harder to achieve the given costs for the benefit
of the organization. This is wrong belief because
management has failed to understand the nature of
uncertainty and risk in project work. Consequently, the effect is more likely to result in cutting costs
with adverse effects on project quality.
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In practice all the data for the type of “bottom up” approach may not be available. Bottomup estimating involves estimating individual work
items and summing them to get a project total. Using smaller work items increases the accuracy of
the estimate because the people assigned to do the
work develop the estimate instead of someone unfamiliar with the work. The drawback of bottomup estimates is that they are usually time-intensive
and therefore expensive to develop.
Alternative estimating approaches are adopted
providing various degrees of reliability in a “top
down” way. For example (3):
–– Order of Magnitude estimate – a “ball park”
estimate, usually reserved for the concept
phase only
–– Analogous estimate – an estimate based on
previous similar projects
–– Parametric estimate – an estimate based on
statistical relationships in historical data
Two additional outputs of the cost estimating
process are supporting details and a cost-management plan. The supporting details include the
ground rules and assumptions used in creating the
estimate, a description of the project scope statement, used as a basis for the estimate, and details
on the cost estimation tools and techniques used to
create the estimate.
A cost management plan is a document that explains how cost variances will be managed on the
project. If final cost estimate describes the basis
for evaluating supplier cost proposals for particular part of a project, the cost management plan
will explain how to respond to proposals that are
higher or lower than the estimates. The cost management plan is part of the overall project plan.
3.2.1 Typical Problems with Cost Estimates
Even though there are many tools and techniques to assist in creating project cost estimates,
in practice, cost estimates are still very inaccurate
because these tools require some additional skills.
Some of the reasons for these inaccuracies are (4):
1. Developing an estimate for a large project
is a complex task requiring a significant
amount of effort. Many estimates must
Volume 5 / Number 4 / 2010
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be done quickly and before clear system
requirements have been produced.
2. The people who develop cost estimates
often do not have much experience with
cost estimation, especially for large projects.
There is also not enough accurate, reliable
project data available on which to base
estimates. If companies use good project
management and develop a history of
keeping good project information, including
estimates, it should help them to improve
their estimates. Enabling employees to
receive training and mentoring on cost
estimating will also improve cost estimates.
3. Human beings have a bias toward
underestimation. For example, senior
professionals or project managers might
make estimates based on their own abilities
and forget that many junior people will work
on a project. Estimators might also forget to
allow for extra costs needed for integration
and testing.
4. Management might ask for an estimate, but
really desire a number to help them create a
bid to win a major contract. It is important
for project managers to help develop good
cost and schedule estimates and to use their
leadership and negotiation skills to stand by
those estimates.
3.3 Budgeting
After the total project costs are determined,
project management should allocate budgets within the project and establish project level spend
plan.
A budget plan is the most effective way to keep
the business and its finances on track. It gives the
opportunity to review the project performance and
any factors that are affecting or may affect it. Also,
budget plan will help project management to control money more effectively, allocate appropriate
resources, monitor performance, meet planned objectives and plan for the future.
To be most effective this has to be an ongoing
process that will allow quick and protective action
rather than reaction to problems after the event.
Not operating within the budget could lead to low
Volume 5 / Number 4 / 2010

performance levels, bad decision making and potential financial cash flow problems. In too many
organizations the production of results compared
to budget is seen as the end of the process. If no
action is taken on the basis of management accounts then there is little point in producing them
and even less point in wasting management time
discussing them.

Figure 1. Budgeting process
The process is only worthwhile if the budget is
realistic. Analyzing variances against an unrealistic budget is pointless.
One of the main products of the budgeting
process is the cost baseline. A cost baseline is a
time-phased budget that project managers use to
measure and monitor cost performance. Estimating costs for each major project activity over time
provides project managers with a foundation for
project cost control (2).
3.4 Cost Control
Cost control is one of the basic responsibilities
of project management. Effective cost control results in project completion in accordance to the
schedule and within the budget so that the project
managers can estimate his expected profits and
keep his financial requirements within given limits. Cost control is linked with the project functions of quality control and schedule control. It
is the job of project managers to make sure that
equilibrium is achieved between quality, schedule and cost.
The cost baseline, performance reports, change
requests, and the cost management plan are inputs
to the cost control process. Outputs of this process
are revised cost estimates, budget updates, corrective action, revised estimates for project completion, and lessons learned.
Together with his team, project manager will
define and maintain traceable milestones to facilitate cost and schedule tracking.
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There are many tools and techniques to assist
in project cost control, but one of the very powerful cost control tool that is unique to the field of
project management is earned value management
(EVM).
3.4.1 Earned Value Management
Earned value management (EVM) is a project
performance measurement technique that integrates scope, time, and cost data.
Earned value management involves calculating
three values for each activity or summary activity
from a project (2).
1. The planned value (PV), also called the
budget, is that portion of the approved total
cost estimate planned to be spent on an
activity during a given period.
2. The actual cost (AC) is the total direct and
indirect costs incurred in accomplishing
work on an activity during a given period.
3. The earned value (EV) is the percentage of
work actually completed multiplied by the
planned value.
Table 1. Earned Value Formula
TERM
Earned Value
Cost Variance
Schedule Variance
Cost Performance Index
Schedule Performance Index

FORMULA
EV = PV to date X
percent complete
CV = EV - AC
SV = EV - PV
CFI = EV/AC
SFI = EV/PV

Cost variance (CV) is the earned value minus the actual cost. In other words, cost variance
shows the difference between the estimated cost
of an activity and the actual cost of that activity. If
cost variance is a negative number, it means that
performing the work cost more than planned. If
cost variance is a positive number, it means that
performing the work cost less than planned.
Schedule variance (SV) is the earned value
minus the planned value. Schedule variance shows
the difference between the scheduled completion
of an activity and the actual completion of that
activity. A negative schedule variance means that
it took longer than planned to perform the work,
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and a positive schedule variance means that it took
less time than planned to per form the work.
The cost performance index (CPI) is the ratio
of earned value to actual cost and can be used to
estimate the projected cost of completing the project. If the cost performance index is equal to one
or 100 percent, then the planned and actual costs
are equal, or the costs are exactly as budgeted. If
the cost performance index is less than one or less
than 100 percent, the project is over budget. If the
cost performance index is greater than one or more
than 100 percent, the project is under budget.
The schedule performance index (SPI) is the
ratio of earned value to planned value and can be
used to estimate the projected time to complete the
project. Similar to the cost performance index, a
schedule performance index of one or 100 percent
means the project is on schedule. If the schedule
performance index is greater than one or 100 percent, then the project is ahead of schedule. If the
schedule performance index is less than one or
100 percent, the project is behind schedule.
In general, negative numbers for cost and
schedule variance indicate problems in those areas. Negative numbers mean the project is costing
more than planned or taking longer than planned.
Likewise, CPI and SPI less than one or less than
100 percent also indicate problems.
Senior managers overseeing multiple projects
often like to see performance information in a
graphical form such as this earned value chart.
The basic principle of the EVM is to take the
costs of the schedule activities and plot them as a
cumulative total on the appropriate time base. This
can be done at the activity level, work performed
level or the whole project level. The lower the
level the more control information is available but
the more work and people needs to be involved in.
The result is a curve in the shape of an “S”, known
as the “S- curve”. S-curve represents the “Cost Baseline” or simply the “Planned Value” (PV) and it is
compared to the “Actual Cost of Work Performed”
(ACWP or simply “Actual Cost” - AC) (Figure 2).
The important points to note about the S-curve
are that the initial part of the curve represents the
“build-up”, the central part of the curve is relatively “steady-state”, or effectively a straight line
slope, and the latter part of the curve represents a
“run-down” (3).
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Figure 2: Earned Value Concept

Source: R. Max Wideman AEW Services, Vancouver, 2005

Earned value charts allow project managers to
have a brief situation on how projects are performing. If there are serious costs and schedule performance problems, senior management may decide
to terminate projects or take other corrective action.
Earned value management is an important technique because, when used effectively, it helps senior management and project managers to evaluate
progress and make sound management decisions.
Most organizations use software to assist in various activities related to project cost management.
Spreadsheets are a common tool for performing
resource planning, cost estimating, cost budgeting,
and cost control. Many companies also use more
sophisticated and centralized financial applications
software to provide important cost-related information to accounting and finance personnel.
4. Cost control in power construction
company
Traditional cost control management in power
construction company had been developing durVolume 5 / Number 4 / 2010

ing the last century within the planned economy
and is not in line with the market economy model.
The planned economy did not require competitive
bidding. Even though the largest company was
competing abroad, there was no need for developing accurate cost forecasts, especially internal cost
of manpower and management. All losses would
be covered by the gains in some other projects.
Competing in the new market with no government
support, power construction companies are forced
to pay special attention to cost control.
In last few years, prices for materials, labor and
equipment have been rising in the heavy industrial
market. Common equipment and materials used
in these markets are piping, structural steel, large
pumps and valves, large transformers, switchgear,
tanks, wire and cable. Cost escalation of these materials and equipment was driven by several factors,
such as the availability of raw material, increased
labor costs to convert raw materials to commodities,
the cost of raw material and energy, increased profit
demand from suppliers and speculative purchasing.
Common practice is to predict cost escalation
in project cost calculations and usually the percent745
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ages have been from 7 to 9 percent. But during the
2008, increase in prices of steel pipes was over
30 percent (Source: Steel Business Briefing, Steel
Prices, Tube & Pipe, Europe). Cost control process
will assure the precise data for prices of materials
at the beginning of the project and on its end, generating the base for negotiation for contract price
increase with investor. But in a turn key projects
when contract price is fixed, management have to
use the cost control tools to be able to find the part
of the projects where some savings can be made in
order to avoid or at least reduce project losses.
Peter G. Hessler, president of Construction Business Associates, based on his long experience in
power construction industry, said that power plant
cost reduction can take place in all phases of project: engineering, procurement and construction (5).
In engineering phase a bonus/penalty arrangement can encourage the engineers to work within
a targeted budget.
When it comes to procurement, if the common practice of getting three price quotations and
selecting the lowest bidder is followed, great effects on cost reduction can be obtained. A more
cost-effective approach often is to negotiate supplier contracts early on, rather than after a project
is underway. Another opportunity in today’s open
market is buying around the world. Companies
must take this advantage and find best price vs.
quality combination.
In construction phase the important areas in
cost reduction are safety and quality of work. If
job site accidents are frequently happening, time
schedules are usually not in time and labor productivity can be negatively affected. Safety factors have a negative effect on overall project cost.
Also, efforts to keep workmanship at a high level
can reduce costs significantly as rework orders are
reduced or eliminated.
5. Current corporate cost-control problems
Process of cost control in power construction
companies is different from other industries because these companies follow the project to go
with different duration, implementing many projects at the same time in many different regions.
Therefore, the power construction cost manage746

ment has its own characteristics, methods of project implementation and accountancy governance.
The full cost management system should include
the establishment of cost control, internal control
system, cost accounting and cost information systems, supervision and feedback.
Given bellow are some of the recognized problems in power construction company cost control
process.
a. Traditional cost control methods are
limited to the construction area, neglecting
the design costs, marketing costs, service
costs and very often the site costs. These
“cost savings” can jeopardize the future
performances of the company because
they usually consider the savings in quality
measures and organizational factors. As
already mentioned, safety and quality
factors can have negative effects on overall
project cost.
b. Lack of high-quality and long-term vision
of managers and finance officers of power
engineering and construction companies is
another problem. In order to obtain the best
results in bidding stage managers deliver
cost projections that will be in the boundaries
of investor’s budget and do not comprehend
with real project requirements. During the
realization of contract, these projections
very soon appear to be insufficient and
hence useless for cost control process.
c. There is no relevant business strategy,
developed cost management and longterm planning, which contribute to
long-term cost advantages of enterprise
and sustainable development of power
construction companies. If liabilities are not
handled properly, it will seriously affect the
credibility of company, making the future
project bids more difficult.
d. Lack of managers’ awareness of the cost,
concentrating only on short-term period,
excluding a large number of long-term and
strategically important information that
truly reflect the performance leads to wrong
decisions and negative financial results.
e. Company cost management system
can be strengthened by breaking the
boundaries and expanding the scope of
Volume 5 / Number 4 / 2010

technics technologies education management

cost management. Cost management needs
to be part of all segments in the company
including the supporting activities such
as procurement, accounting, quality
management, environmental issues etc. The
cost of research and analysis has become a
vital content of company cost management
because they will help to avoid policy
mistakes that will cause huge losses to the
company. “To spend money in order to
maximize the savings” is a short concept of
cost-effectiveness.
f. Cost management tools and strategies in
ex – planned economy companies are not
developed and used systematically. They
are not in accordance with the main goals
and responsibilities of the scientific project
cost control methods, resulting in cost
management to become a mere formality.
Existing accounting system is the only base
for cost control. The cost variances are
recognized after they have been registered
in accounting system. There is no estimate
of future variances from the budgeted costs.
g. Information processing is not timely, causing
delays in the construction companies’
decision making. Projects are implementing
on different places and managers and
financial officers on sites believes that
financial reports is something that just takes
their precious time and should be done the
latest. It is difficult to ensure timely reporting
to the head office. Koontz & O’Donnell (7)
noted that feedback from site is usually
historical. Managers have been told that
they lost money in previous month because
something had happened few months ago.
“At this late time, such information is only a
distressingly interesting historical fact….”
What managers really need is a system of
control that will warn them that the problems
could occur and that some corrective action
needs to be taken to decrease the potential
unexpected cost.
h. Forecasting the final cost is often not a
continuous process. Repeated forecasts
using the latest available information and
taking action to introduce changes to the
process so that forecasts can be made more
Volume 5 / Number 4 / 2010

promising is a must. For example, as soon
as the order for products has been placed
this cost has to be immediately recorded in
project cost control system as a committed
cost that will affect final result and not
months later when product is delivered. The
main advantage of this approach is that the
project managers had to analyze current
costs and variances, forecast the final
position, justify their forecasts, and initiate
corrective action.
i. One of the almost universal tendencies is to
focus control effort on minimizing negative
variances, but if equal effort is applied to
maximizing positive variances the control
process might be more productive. As
Drucker (8) expressed it: ”Business typically
looks upon the budget as an early warning
system for danger and lack of performance,
and this is an important function. But
performance against budget should also
be seen as an early warning system for
opportunities, that is, for performance that
is better than expected.”
j. The traditional bureaucratic full commandstyle management has been unable to meet
the needs of modern company management.
Open, flexible and adoptive structures as
projects are need some more flexibility.
Self control of the lower management level
seems to be better approach in practice.
Project managers are expected to do their
own performance measuring, evaluation,
and forecasting, and to take appropriate
corrective actions. The reporting system
to the next management level would help
to identify areas which might need closer
attention, particularly with relatively
inexperienced project managers. Whilst
there is no doubt that effective formal control
systems are necessary for effective project
control, everyday on-going control is even
more important, and informal activities are
a vital part of this. Employees need to feel
that they are an essential part of businesses.
The integration of staff into the business will
let them know that the interest of company
is their own interest. A strong teambuilding
environment helps to foster a project culture
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that identifies problems and potential
problems early so that the team’s collective
expertise can be put to work on solutions.
k. It is vital that projects have effective
change control systems covering potential
and actual changes to project scope, time,
cost and quality objectives (6). Changes to
project scope are difficult to control, but
whenever the information about changes on
project are available management should
initiate appropriate changes in the cost
control system.
6. Summery
Project managers must be aware of the importance of cost management and take responsibility
for improving resource planning, cost estimating,
budgeting, and cost control. Resource planning
will determine what people, equipment, and materials should be used to perform project activities.
Cost estimating is done during different stages of
the project life cycle, and each has a different level
of accuracy. The main parts of a cost estimate include an objective statement, scope, assumptions,
cost/benefit analysis, cash flow analysis, budget
breakdown, and supporting detail. Cost budgeting
involves allocating costs to particular work items
over time. Project cost control includes monitoring cost performance, reviewing changes, and
delivering information about cost changes to the
project stakeholders. Earned value management
is the main method used for measuring project
performance related to costs. Earned value management integrates scope, cost, and schedule information. Unfortunately, power construction
companies from ex-planned economies do not pay
due attention to many useful cost control tools and
measures. Cost control is beneficial to the entire
company and activity that requires the joint effort
of all staff, involving corporate headquarters, the
project team, all departments and units involved
in project. Cost management can reduce costs and
increase profits, improving economic efficiency of
companies. Cost reduction is generally achieved
through safety and quality standards, increased
labor productivity, rational organization and management measures.
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Abstract
Economic recession, ever increasing competition
in banking sector, strengthening of the most strongest banks, intensive implementation of new technologies and banking products as well as gradual entry
of non-banking organisations in banking market,
all raise the questions about current position of the
banks and what is the future of their development.
Improvement of business quality becomes an
imperative of modern market and global movements and it becomes main factor in achieving
competitive advantage of modern banking. Concept of quality, based on modern approach, does
not include only technological base but also transcends from the production to the level of executive management, where during the time, it takes
characteristics of business quality improvement as
a whole, where customer and achievement of its
satisfaction has the pivotal position.
Success of bank functions depends on understanding the needs of the market and on harmonizing the company’s possibilities with market’s
needs and requirements. Modern bank business
environment is dynamic and characterized by
frequent changes. Understanding and satisfying of
customer requirements is becoming, in this way,
the key element of functioning, focusing and survival of banks in modern business conditions.
Volume 5 / Number 4 / 2010

The objective of an bank should be achieving and understanding the optimum level of
customer’s satisfaction. Application of concept of
Customer Relationship Management, or shortly
CRM, banks can realise that goal and improve
business quality.
Yet customer relationship management has not
worked out that well in practice..There are many
reasons for failures.
The purpose of this paper is to present the certain significant aspects of customer relationship
management concept in improvement of productivity and banking business quality and short guidelines for correct application of this concept in banks.
Key words: customer relationship management, electronic banking, satisfaction, quality.
Sažetak
Ekonomska recesija, sve oštrija konkurencija u
bankarskom sektoru, jačanje najvećih banaka, intezivno uvođenje novih tehnologija i bankarskih
proizvoda, te postupan ulazak nebankarskih organizacija na bankarsko tržište, opravdano postavljaju pitanje gdje se danas nalaze banke i koja je
perspektiva njihovog razvoja.
Unaprjeđivanje kvaliteta poslovanja postaje
imperativ savremenog tržišta i globalnih tokova i
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glavni je faktor postizanja konkurentske prednosti
u modernom bankarstvu. Koncept kvaliteta zasnovan na savremenom shvatanju ne podrazumijeva
samo njegovu tehnološku osnovu već se iz proizvodnje prenosi na nivo izvršnog menadžmenta,
gdje vremenom poprima obilježja unapređivanja
kvaliteta poslovanja kompanije u cjelini, pri čemu
korisnik i postizanje njegovog zadovoljstva imaju
centralnu poziciju.
Uspješnost bankarske djelatnosti temelji se na
poznavanju potreba tržišta i koordiniranju sopstvenih mogućnosti sa potrebama i zahtjevima
tržišta. Moderno bankarsko poslovno okruženje
je dinamično i sve vrijeme preplavljeno promjenama. Razumijevanje i zadovoljavanje zahtjeva
korisnika tako postaje pregnantan faktor funkcionisanja, koncentrisanja i opstanka banaka u modernim ekonomskim prilikama.
Cilj banke treba da bude postizanje i razumijevanje optimalnog nivoa zadovoljstva korisnika.
Primjenom koncepta upravljanja odnosima s korisnicima (CRM), banke mogu realizovati taj cilj i
unaprijediti kvalitet poslovanja.
Međutim, u praksi ovaj koncept nije u potpunosti pokazao sjajne rezultate, a razlozi za to su
mnogobrojni.
Namjena ovog rada je prikaz nekih bitnih aspekata koncepta upravljanja odnosima s korisnicima
u poboljšanju produktivnosti i kvaliteta poslovanja banaka te kratkih smjernica za ispravnu primjenu ovog koncepta u bankama.
Ključne riječi: upravljanje odnosima s korisnicima, elektronsko bankarstvo, zadovoljstvo,
kvalitet.
1. Introduction
Market globalisation caused increase and intensification of competition. Improvement of
business quality becomes an imperative of modern market and global movements and it becomes
main factor in achieving competitive advantage in
modern banking.
On the last decade all modern organisations
take care about every of individual customers.
Business practice proved that the customers are
the biggest asset of a company, they are in permanent change, becoming more demanding, more
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profiled, more informed and usually precisely
know their own needs and desires. Today, in the
time of very developed flow of information, a customer is able to change company very easily. Due
to all mentioned reasons, in 9th decade of the last
century a special strategy had been developed, and
was focused to the relationship of a company to its
own customers. It was called Customer Relationship Management, or shortly CRM. It represents
strategy that demands total devotion and acceptance of the concept from the management.1
Although the technology is unavoidable in implementation of customer relationship management,
it is important to point out that customer relationship management is not the technology but business
concept. This concept used to be applied by sellers,
bankers and artisans, in early phases of development
of their trades, who knew to differentiate customers
who brought more profit, from less profitable ones,
and therefore treated them differently. Nowadays
this ancient business concept becomes quite topical,
primarily thanks to intensive development of information technologies and e-business that further created booming expansion in banking business, which
is defined as electronic banking.
Concept of quality, based on modern approach,
does not include only technological base but also
transcends from the production to the level of executive management, where during the time, it
takes characteristics of business quality improvement as a whole, where customer and achievement of its satisfaction has the pivotal position.
Business quality implies managerial approach.2
Quality components, such as solving complains, cooperation of company’s representatives
with customers, availability of products and ser1 Stojkovic, D./Djordjevic, D./Vasiljevic, M. (2010):

Customer relationship management concept
modelling as function of quality improvement,
TTEM Journal, Vol 5, No 1, 2010., Society for
development of teaching and business processes in
new net environment in B&H, Sarajevo, p. 106-122.
2 Stojkovic, D. (2008): Temeljna načela CRM
poslovne strategije, International convention on
quality 2008, “Quality for European and World
Integrations”, Belgrade, May 27th – May 29th,
2008., in: International journal “Total Quality
Management & Excellence” no.1-2, vol. 36, YU
ISSN 1452-0680, p. 121-122.
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vices, costs and price policy and activities related
to making contracts, have a great influence on customers’ satisfaction. On the other hand, customers’ satisfaction influences the company’s characteristics, such as spreading positive information
about the company and its services and products.3
There are many definitions of quality in the
literature. The short accepted definition says: the
quality equals customers’ satisfaction.4
The objective of an organisation should be
achieving and understanding the optimum level of
customer’s satisfaction. Application of customer
relationship management, banks can realise that
goal and improve business quality.
Customer of modern banking services insists
on special treatment and personalised service.
Possibilities offered by the customer relationship
management concept add new value in business
and allow higher level of relationships with customers of banking services, which gives them
brand new quality.
Important aspects of CRM concept that will be
introduced here, would offer guidelines for improvement of banking business quality based on
CRM.
2. Services of modern banking business
Service trades significantly differs one from
another. Services are offered by governmental organisations, non-profit organisations, and number
of business organisations like airline companies,
banks, hotels, insurance companies etc. Services
are increasing faster than whole remaining world
economy; they make one quarter of total value of
mutual international exchange.5 Bank is the organi3 Besic, C./Djordjevic, D./Cockalo, D. (2009):

Modelling of the process for providing satisfaction
of customer requirements, TTEM Journal, Vol 4,
No 2, 2009., Society for development of teaching
and business processes in new net environment in
B&H, Sarajevo, p. 144-158.
4 Juran, J./Gryna, F. (1999): Planiranje i analiza
kvalitete: Od razvoja proizvoda do upotrebe, Mate,
Zagreb, p. 3.
5 Kotler, P./Armstrong, G. (1998): Principles of
Marketing, Eighth Edition, Prentice Hall, Upper
Sadle River, New Jersey, p. 258.
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sation that, while applying principles of social division of labour, permanently executes its activities
in social reproduction in the area of money transfer: money issue, collection of deposits, issuing of
loans, trade with money and other means of payment (gold, money and foreign currency trade), payment operation in buying and selling transactions of
commodity and money economy.6 The word bank
originates from Italian word banca, which means
bench (counter, booth) where exchange of money
and other financial transactions related to transfer of
goods, products and services at markets, and local
and international fairs took place.
The roots of banking business are connected
to ancient Greece and Rome. First banks were
the places for discounting of bills and money
exchange. Banks are financial institutions, or financial intermediaries that receive deposits and
approve loans. Development of banking business
can be reviewed through two historic periods:
a. Traditional or conservative – service banking
is related to development of money, where
money was shown in various forms like:
primitive forms of money, coins, banknotes
and giro-money. Bank services of conservative
banking are older bank services that include:
service of money exchange, savings deposits
services, support to state activities through
loans, safekeeping of valuable items,
checking account services, creditor services
and discounting of trade bills.
b. Modern banking is related to 1960’s,
when banks adapt to market trends and
perform: payment operations, savings,
loans, insurance or risk management,
financial planning, investment banking,
trade banking and cash management. Last
decade of 20th century represents booming
of banking business, which is defined as
electronic banking (e- banking). Electronic
banking represents application of e-business
in banking activities.
Development of electronic banking happened
parallel with the changes in banking operations
that were enforced by micro and macro environ6

Milojevic, D. (1996): Leksikon finansijskih tržišta,
Modern administration, Belgrade, p. 23.
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ment and intensive development of information,
and especial Internet technologies, which totally
changed the way how the banks operated.
Electronic banking passed through several
phases that could be defined as:7
–– Phase of electronic technology of payment
operations and transfer of financial assets,
–– Phase of direct banking and on - line
services,
–– Phase of services personalisation,
–– Phase of virtual banking.
Electronic money is special monetary information that is transferred between transferring parties
using electronic impulses to pay in real time. Planetary banking is developing as well, which includes
electronically automatised banking process.
Electronic banking includes post terminals, electronic banks (e- banks), ATMs and virtual banks.
Huge technological innovation in banking is ATMs
that represent vending locations connected with
banking computer system. They allow customers
continual access to their accounts to withdraw or
deposit funds. Modern information technology allowed to the banks to reduce costs of transactions,
consumer could use advantages of electronic banking and to do the business over the computer. First
virtual bank was founded in 1995 in Atlanta. Its basic characteristics are that it offers the services over
Internet and has no physical location.
3. CRM concept and quality of banking
services
Customers’ behaviour is changing and consumers use various channels to operate with their banks. They do more and more banking by
themselves, checking their account status online,
using online payment systems, buying and selling
shares using online brokerage, etc. They travel
around the globe, through many time zones, and
they want 24-hour, 365-day service availability
i.e. they want constant availability of “suitable for
use” channels (telephone, credit card, ATM, PC,
7 Vujovic, S. (2005): Elektronsko poslovanje i

poslovna inteligencija, University “Braca Karic”
Faculty for trade and banking, Belgrade., p. 72.
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Internet, branch office, mail, etc). They compare
the different available offerings of services just
with a mouse click. Customers nowadays are less
loyal to their bank and use financial services from
different banks.
Many theoreticians were occupied with the attempt to define the concept of quality. They were
researching the connection between the quality
and economical successfulness of certain business
entity. Big gurus of quality described the quality
using very simple words: Juran and Gryna as suitability for use,8 and Krosby as harmonisation with
requirements.9
Bank’s customer is the main initiator of changes
of existing products and introduction of new ones.
Customer defines Bank’s success. Perception of
quality from the point of view of a customer is key
determinant for defining of harmonisation of services with customers’ needs and demands. After the
needs and demands of customers’ get identified,
the banks start to develop projects and to assemble
future product or service.
Customer of bank services has its needs and
expectations, while the bank has to find right way
not only to fulfil them but also to surpass them
with the quality of the services.
One of basic concepts of modern quality management is orientation toward customers – as the
only competent assessor of quality of products or
services. Orientation toward customers is achieved
through continual contacts with them and through
investigation of their satisfaction (indirectly –
when the company follows and estimates behaviour of the customer, i.e. through the results of sale
of products or services or through the complaints
of the customers; directly – through various surveys and questionnaires or in some other way).
Outside the bank are its customers and it has to
focus on them and to fulfil their demands. Concept
of customer relationship management represents
the strategy whose fundamental idea is to help business to create value and increase customers’ sat8 Juran, J./Gryna, F. (1999): Planiranje i analiza

kvalitete: Od razvoja proizvoda do upotrebe, Mate,
Zagreb, p. 3.
9 Djordjevic, D./Cockalo, D. (2004): Upravljanje
kvalitetom, Technical faculty “Mihajlo Pupin”,
Zrenjanin, p. 63.
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isfaction through usage of technology and human
resources. Management of a bank, considered from
the aspect of achievement of business excellence
and achieving world-class products and services,
has the characteristics of management directed toward building of relations with customers.
In order to achieve proper business results
based on application of this model which is builtin in CRM concept, it is necessary to act inside a
bank with the emphasis on:
–– education,
–– communication,
–– more efficient application of knowledge.
Education represents foundation for successful
improvement of business quality. Only educated
individual who poses knowledge and skills can
respond ever-increasing demands for increase of
productivity. Communication with interest groups
represents very important element in improvement of business quality. Efficient application of
knowledge relates to faster adoption of business
experiences in the fields of quality improvement
especially international experience that were
proved in the field of business internationalisation.
Education and training of employees represents one of essential conditions for application of
strategy of customers’ relationship management in
banks.
According to First Research,10 the profitability
of individual banks depends on marketing skills,
efficient operations, and good risk management.
According to Kotler,11 the symptom of insufficient
orientation of a company toward customers is that
there isn’t training programme that would create
customers culture. Employees, i.e. is the persons
that would use applied solutions of CRM concept
in daily communication with customers, are extremely important segment. In the hands of quality
educated and trained personnel, CRM starts to act
as extremely powerful weapon and is able to allow
decisive step toward gaining advantage over the
competition. On the contrary, if the employees are

not familiar with the possibilities that CRM puts at
their disposal, it is very likely that the impression
they would left on customers could be far from the
one that was wanted to be achieved. Total efforts
invested into application of CRM concept and accompanying solutions, in the business process,
will be in vain if not followed with adequate education and training of the employees. Independently from the fact if that is sales representative,
employee in contact centre or some other person
at the position that implies having direct contact
with customers, the bank should have to pay attention about that employee education. The reason
for that is the fact that improvement of knowledge
and ability level of employees increases strength
and prospects for success of overall efforts related
to the application of CRM concept. The training
should be completed by the time of operational
usage of certain solution. The training on applied
tools will allow the employees to more efficiently
communicate with customers, and prepare them
in advance on situations that may occur in their
everyday work.
Efficient application of bank knowledge, which
relate to its customers can be observed during application of CRM concept.
Customer relationship management is continuing process based on iterative, cyclic realisation
of four identical activities, where every new cycle represents annexing of previous one (Picture
1.).12 Possession of quality database about customers is in the base of the process, while information emerged from database analysis serves to the
purpose of adaptation of the ways of achieving
interaction with customers. Analysis of collected
experiences is done at the end of the cycle in order
to further adapt the activities.
CRM as cyclic process implies running of four
activities:
–– Discovery of knowledge;
–– Planing of market;
–– Interaction with customer;
–– Refinement and analysis.

10 Anon (2009): Banks Use CRM to Drive Profitability,

12 Stojkovic, D. (2008): Customer Relationship

Cut Costs, and Reduce Risk, The Optera Group,
LLC, http://crm.dynamics.com
11 Kotler, P. (2003): Deset smrtnih grehova u
marketingu, Adizes, Novi Sad, p. 24.
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First and at the same time starting phase of CRM
cycle represents analysis of historical information
about customers, at disposal to the bank. The goal is
to insure exact base for decision-making in the parts
of the cycle that would follow. Discovery of knowledge includes three activities, as follows: identification of customers, segmentation of customers and
anticipation of customers’ behaviour.
In order to be able to extract any kind of knowledge, it is necessary to possess quality and detailed
enough information about customers. Therefore, it
is necessary for the banks to try to precisely record
details from every interaction with a customer, regardless to the fact whether the contact was made
at the classical sales place, ATM, Internet, contact
centre or some other place. Especially in the case
of having intention to attract new customers, such
data is possible to obtain from specialised agencies, although ethical quality of such moves is
rather questionable. Regardless to the way of collection, the data is stored to one centralised storage database of the bank.
Concrete application of gathered knowledge is
obvious in the phase of marketing activities planning. This, second phase of CRM process includes
undertaking activities related to defining, in other
words, adaptation of the offer, channels of distribution, timetable of starting other necessary activities,
as well as other variables of processes of customers
relationship management, in accordance to needs,
desires, preferences and habits of every individual
customer.13 The need for adaptation of mentioned

activities will require engagement of number of
departments inside the bank, most of all of marketing and services planning departments. Indeed,
activities to adapt to a customer will have greater or
smaller influence to all other departments inside the
bank. The phase of planning of marketing activities
should as the result, produce strategic programmes,
communication with customers, precise definition
of types of campaigns that are intended to be started, clear plans of usage of various channels of services distribution, deciding about ways of treatment
of individual consumers, etc. In other words, final
result of this phase is complete plan of operations,
applicable while entering into direct contact with
the bank’s customers.
Realisation of efficient communication of the
bank with (potential) customers could be achieved
through application of CRM concept.
Third phase of CRM process includes engaging of the company into direct contact with (potential) customers. Results of the marketing planning
phase are the guarantee that the communication
will be established on exact and relevant information. Interaction with a customer will be achieved
through the number of various communication
channels, which includes Internet, contact centres,
communication through e-mail, offers through
classic mail, direct contacts with sales staff and
agents in or outside sales space, etc.
The most important result of this phase, which
applies to every cycle without exception, should be
additional knowledge about behaviour of customers. First of all it is about places where they get in
contact with the bank, ways of realisation of transactions and technical solutions that customers use
for communication. Implementation of suitable
solutions will allow that communication channels
record all of that extremely valuable information
on they own, which represents the base for every
endeavour for future adaptation toward wishes and
needs of customers. Analysis and perfecting represents final phase of the process. Permanent learning
and collection of valuable knowledge from every
contact achieved between the company and the
customer will get its true meaning only if all such
information are used for the purpose of increas-

Stojkovic, D. (2008): Customer Relationship
Management (CRM) – poslovna strategija, kompo-

nente, potrebe i proces, in: Technique, No. 4, AETI
of Serbia, Belgrade, ISSN 0040-2176, p. 19-26.

Picture 1. CRM as cyclic process
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ing the level of quality and thus improvement of
customers relations. That is exactly the purpose of
the analysis carried out at the end of every CRM
cycle. Analysed are exactly all ways of interaction
achieved between the bank and customers and the
knowledge gained are used for the purpose of perfection of messages’ content sent toward the customers, ways of communications, timetable, place
and ways of approaching, etc. The ultimate goal is
very clear, and that is to increase customers’ satisfaction in every future contact.
4. E- banking, CRM concept and quality of
banking business
In order for the bank to keep the leading role in
the field, it must continue with improvements of
quality of service provided to its customers and at
the same time through the increase of productivity,
direct its efforts to decrease all types of business
expenses. Indirectly visible costs of quality are:14
–– Costs of activities for error prevention,
–– Costs of business operations,
–– Reschedule of appointments,
–– Increased costs of dispatching,
–– Too high costs of supplies,
–– Decrease of work moral,
–– Loss of image,
–– Loss of customers.
It is especially important to notice that the last
two items of indirectly visible costs of quality represent costs arisen due to loss of image and customers of the company. These two costs of quality
could arise prior due to dissatisfaction of customers reached whereby total experience of customers
with the company.
The reasons why the customers are leaving
bank are: 45% due to bad services, 20% due to
the lack of attention, 15% due to cheaper products, 15% due to better products and 5% are other
reasons.15
14 Djordjevic, D./Cockalo, D. (2004): Upravljanje

kvalitetom, Technical faculty “Mihajlo Pupin”,
Zrenjanin, p. 40.
15 Anon: Savremeni trendovi u bankarstvu, Faculty of
Economics Subotica, www.ef.uns.ac.rs
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Achievement and understanding of optimal
level of customers’ satisfaction, based on CRM,
has important influence on building and monitoring of a company image, as well as on customers’
retaining.
Banks consider that it is their business to have
relationships with customers, however, the main
component of the banking relationship is still
transactional. One of the central problems of
banks is that customers do not see the relationship as mutual. This problem could be overcome
through more intensive application of electronic
banking as the part of CRM strategy.
Modern banks that have advantage over their
competitors have found out the importance of getting to know their customers, and of mutual cooperation in which customers become partners and
help the bank to create additional value. Through
the application of CRM concept bank creates mutual partnership relation with the customer.
Banks apply electronic banking (e- banking),
where customer is connected to bank’s computer
so the transactions are performed from customer’s
computer at home or in the office. In that way
satisfaction and benefit is increased on both sides
while customers are offered with exceptional quality of service and the banks increase productivity
and decrease costs of transactions.
Hypo Bank Hrvatska d.d. Zagreb is one of the
fastest growing banks in Croatia, in which the
time needed for processing of credit application
was significantly shortened through the application of CRM, from two weeks to three to five days
only (Table 1.).16 Shortening the time needed to
decide about customer’s application led to higher
efficiency and reduced operational costs.
The results of the research performed in 150
banking companies in the USA that adopted CRM,
pointed out to significant importance of CRM on
productivity.17

16 Stojiljkovic, N., CRM u praksi Hypo Alpe-Adria-

Bank d.d., www.swing.hr

17 Dong, D./Zhu, K., The Business Value of CRM

Systems: Productivity, Profitability, and Time Lag,
University of California, Irvine & University of
California, San Diego, http://digital.mit.edu
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Table 1. Overview of procedure of resolving credit application before and after CRM application 1
Before the application of CRM
Faxing credit applications

Automatic replication of the database

Making multiple copies of credit application for the
members of credit commission

Credit commission members receive e-mail with the
link to the credit application

Review/approval of credit application on the meeting
of credit board that takes place once a week

Credit commission does not meet but electronically
approve credit application

Inaccessibility of credit commission members to
customers and associates

The members of “virtual” credit commission are
always at disposal to customers and associates

Slow circulation of paper documents especially if
conditions change

The documents circulate automatically through the
paths defined in advance

Difficult management of changes of forms and rules

Changes of forms and rules are automatically
propagated to all location

Aggravated reporting and analysis

Reporting and analysis are automatic

Whole procedure takes: 2 weeks
1

After the application of CRM

Whole procedure takes: 3 to 5 days

Stojiljkovic, N., CRM u praksi Hypo Alpe-Adria-Bank d.d., www.swing.hr

With Microsoft Dynamics CRM,18 the six
banks surveyed in study have better tools for weathering the recession. These banks are using a
360-degree view of clients to improve customer
service. In so doing, they promote retention rates
and identify opportunities to maximize the value
of existing customer relationships.
Services differ from products due to its intangibility, inseparability of production and consumption, heterogeneousness and impossibility to postpone consumption. According to Foster,19 basic
characteristics of services are: heterogeneousness,
intangibility, contact with customer and cooperation with customer. Application of electronic
banking as the part of CRM strategy, banks may
improve quality of contacts and cooperation with
the customer of the bank and thus achieve and understand optimal level of customers’ satisfaction.
Electronic banking becomes central service
of the company when it comes to managing contacts with customers, which allows to customers to
choose ways of communication and ability to register all contacts. Collected data are kept for future
18 Anon (2009): Banks Use CRM to Drive Profitability,

Cut Costs, and Reduce Risk, The Optera Group,
LLC, http://crm.dynamics.com
19 Foster, T. (2001): Managing Quality, Prentice Hall
International, Englewood Cliffs, New Jersey, p. 234.
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analysis and used for segmentation of target groups,
development of new services and increase of quality and efficiency of already existing ones, as well
as for maintaining portfolio of existing customers.
Customers are able to send their questions, suggestions and remarks through electronic banking,
which eliminates possible criticism through public communication media. Information collected
in such way allows the bank to easier understand
wishes and needs of customers while developing
new and improving existing services.
5. Best Practices of CRM concept in the
Banking Industry
Best practices can be the groundwork when
constructing a correlated CRM concept. Banking industries in the United States and Europe in
general are ahead in responding to opportunities
provided by the Internet. Banks like Wells Fargo
(http://www.wellsfargo.com), Wachovia (http://
www.wachovia.com), and Bank One (http://www.
bankone.com) in the U.S., Royal Bank of Canada
(http://www.royalbank.com), and Merita-Nordbanken (http://www.meritanordbanken.com) in
Finland are viewed as the role models of the banking industry.
Volume 5 / Number 4 / 2010
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Wells Fargo
In 1852 Henry Wells and William Fargo founded Wells, Fargo & Co. to serve the American
West. Almost 140 years later it brought in on-line
services in 1989, banks services via the Internet
in 1995, and it has become the prime exploiter of
Internet services and the largest Internet banking
(iBanking) entity in the world. Now Wells Fargo
is the most extensive banking franchise in the U.S.
and has 16.4 million customers with 3,076 banking stores in 23 states.
Wells Fargo prides itself on leading the pack in
customer service and convenience. It has halved its
cost per transaction and reduced customer defections by 50% for its online customers business. It
also enjoys higher average balances per customer.
Focusing first on serving its high net-worth
customers better, Wells Fargo pulls together all
customer information and applications so that customer sales and service representatives can provide
one-stop shopping for any banking service or transaction. It can quickly leverage that infrastructure to
provide one-stop shopping via the Internet for all its
customers. Wells Fargo’s online banking services
are the fastest-growing part of its business.
Wachovia Corporation
The former Wachovia (founded in 1879) and
First Union (founded in 1908) merged in 2001
to create Wachovia Corporation. Wachovia with
over 95,000 employees and 2.6 million active
online customers is the third largest U.S. fullservice brokerage firm based on client assets and
the fourth largest bank holding company in the
United States based on assets. It is well-known for
its CRM strategy with PRO (profit, relationship,
and optimization) and with its cross-analysis and
segments of evaluating the existing and potential
profits of customer instead of existing profits of
a company. PRO is a combination of customer
profiling, customer targeting, marketing engine,
and sales contact planning. Wachovia has commenced a program geared to developing specific
channel and product offerings to all groups within
its customer base (for example, the preferences of
new technology) so as to analyze the value of inVolume 5 / Number 4 / 2010

dividual customers and to estimate how much to
invest. It has increased the customer retaining rate
by one-third with applications of customer information and technology.
Bank One
Bank One is part of the new JPMorgan Chase
created on July 1, 2004 upon completion of the
holding company’s merger between JPMorgan
Chase & Co. and Bank One Corporation. Bank
One, before it merged with First Chicago NBD
Corp in 1998, has built itself into the fifth-largest
bank in the U.S. by making more than a hundred
acquisitions over the years. It is famous for its
“Service Quality”.
The bank is renowned for its CRM strategy. It
takes its value discipline as the financial institution which provides omni-bearing services, and
adjusts its strategy to develop CRM and the Internet from mergers and acquisitions. Furthermore,
it has built up its virtual organization with strategic alliances and collaborative relationships (Intel,
Metro Group, Merchants Group, etc.) to find out
and satisfy the customers’ needs quickly and directly. It has expanded its services with the promise of “no satisfaction, no charge” and multiple
brands (FirstUSA, WingspanBank).
Royal Bank of Canada
Chartered in 1869 as the Merchants’ Bank of
Halifax and renamed The Royal Bank of Canada
(RBC) in 1901. RBC is one of North America’s
leading diversified financial services companies
and Canada’s largest bank as measured by assets
and market capitalization. In total, it serves more
than 12 million personal, business, and public sector clients worldwide from offices in more than 30
countries.
Installing the first computer in Canadian banking in 1961, the RBC began collecting customer
data in 1978 and by the early 1990s had implemented client segmentation in its data warehouse,
dividing its customers into distinct profitability
segments and hundreds of micro-segments. It has
expanded its Internet business by purchasing Se757
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curity First Network Bank (SFNB) in 1998 and
then developed a CRM system and media interactive technology to integrate the transactions to offer their services more quickly and conveniently.
The bank uses five criteria to analyze customer
information, including net interest revenue (income, expenses, and risk), other revenue (fees,
commissions), direct expenses (variable costs),
indirect expense (overheads), and risk provision.
The customer data also allow it to move from assessing current customer value to potential value,
by taking into accountant such factors as lifestyle
change. RBC has moved towards its objective
of one-to-one marketing to establish what works
and what does not, and it tests refinements on an
ongoing basis. One of the immediate gains was
discovering from recalculating customer profitability that its previous measurement metrics had
been inaccurate for as many as 75% of its customers. The customer response rate has improved by
about 40% and the profits of the company have
grown by more than 10% every year.
Merita-Nordbanken Bank
Merita-Nordbanken, Northern Europe’s largest
bank from the merger between Finland’s Merita
Bank and Nordbanken of Sweden in 1997, is arguably the most developed electronic bank in the
world. It offers customers an array of e-banking
access devices, a multitude of customer-centric financial offerings, and has developed its business
strategy to leverage its existing 15 million customers. It was awarded the “Best Online Business
Strategy” and the “Best Multi-channel Banking”
from The Banker. It launched telephone banking in 1982, PC banking in 1984, and a mobile
payments service was added to the overall mix.
It opening of electronic commerce networks took
place in 1996, and then e-billing and Internet TV
were added. The bank has developed a set of electronic identification and signature codes whereby 5 millions of Internet customers can now use
across multi-platforms.
Directed by CRM, Merita-Nordbanken has
developed multi-contact channels of e-banking,
which is convenient for customers, through the
application of WAP (wireless application proto758

col), such as ATMs, telephone, GSM mobile, PC,
and web TV. It has created the service of “A single
service agreement and password over all devices.”
6. Conclusions
Managing a bank, considered from the aspect
of achieving business excellence and reaching
world-class level of products and services has
characteristics of management directed toward
building of relations with the customers. Through
the application of CRM concept bank creates mutual partnership relation with the customer.
Modern banking should pay attention to, and improve level of customers’ satisfaction. The higher it
gets the percentage of customers kept gets higher
(long-term relation with customer is created) and
profit rate gets higher. The goal of modern banking should be achievement and understanding of
optimal level of customers’ satisfaction. The importance of the concept of customer relationship
management for the bank is very high, because its
application can bring the realisation of that goal and
improve quality of business operations.
Application of electronic banking as the part of
CRM strategy, increase satisfaction and benefit for
both the bank and customers, while the customers
are offered exceptional quality of services, and the
banks increase productivity and decrease costs of
transactions.
The key of banks’ success is in the improvement
of business quality that is based on increase of
productivity. Increase of business quality through
application of CRM strategy decreases the banks’
costs of business operations, which affect increase
of productivity and in the end, it causes improvement of their price competitiveness at the market.
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Abstract
In the last two decades, significant attention
was paid to the development of new environmental and sustainable development indicators
in whole world. However, despite the obvious
results, as well as confirmation that the only economic indicators do not represent an adequate and
comprehensive review of the development of particular area, the most used indicator of country’s
development, worldwide, is gross domestic product (GDP). By promoting sustainable development indicators we do not tend to diminish the importance of monitoring economic indicators. On
the contrary, improvement in all aspects of data
collection and processing is essential, especially
in order to wider approach and examine the current situation in the synergy of economic, environmental and social indicators, which is the basis for
understanding sustainability.
According to definition of sustainable development, it is the sum of indicators of economic, environmental and social indices. A simple concept,
but unfortunately it is hardly applicable in practice. In order to understand that the introduction of
indicators of sustainable development a long process, it is necessary to take into account that we up
to 90-years of last century had developed the economic indicators / indices only. Just from the 90ies of XX century, it is noticeable intensive work
on the environmental indicators development and
sustainable development index. Today most coun760

tries in the world have available diferent economic
and environmental indices, but unfortunately still
do not have common social index which, would
(considering the elements that covers) match economic and environmental index.
After a brief overview of the development
of contemporary indicators (environmental and
sustainable development indicators), it is clear
that countries in transition, including Bosnia and
Herzegovina, are lagging behind and are not able
to follow current trends and recommendations.
There are various numbers of proposed models
and methodologies in world. Most of the developed countries create and monitor indicators of
sustainable development. Transition countries are
faced specific problems and limited capacity, so
it is difficult for them to meet their obligations
concerning the submission of information to all
international institutions responsible for statistics,
ecology, economy and various social issues. They
are faced with many problems in the development
of familiar economic and environmental indices.
These problems are caused primarily by inaccurate or missing statistics in areas that are necessary
for the calculation of these indices.
Therefore, the new sustainable development
index (nSDi) is proposed, which is based on available data and it is applicable to the transitional
government. The main objective of this paper is
presenting the new index of sustainable development, as a simple and innovative model, which
(by using available data for most countries) enaVolume 5 / Number 4 / 2010
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bles the calculation and monitoring of sustainable
development. In this way it is possible to accurately compare levels of development of most of the
countries in the world, and to gain a more objective picture of their actual development. New sustainable development index is (by methodology)
based on the Human Development Index (HDI),
but it is adapted to the definition of sustainable development and in calculation follows the compatibility of nature, society and economy.
Key words: Environmental Indicators, Sustainable Development Indicators, New index of sustainable development (nSDi), Transition Countries
Sažetak
U proteklih 20 godina u svijetu se značajna pažnja posvetila razvoju novih okolinskih ali i indikatora održivog razvoja. Međutim, i pored evidentnih
rezultata, kao i potvrde da samo ekonomski indikatori ne predstavljaju adekvatan i obuhvatan prikaz
razvoja pojedinog područja, u svijetu se još uvijek
najčešće koristi bruto domaći proizvod (GDP) kao
prikaz razvoja neke zemlje ili regiona. Promoviranjem indikatora održivog razvoja ne želi se umanjiti značaj praćenja ekonomskih pokazatelja. Naprotiv, unapređenje u svim segmentima prikupljanja i
obrade podataka je neophodno, a naročito u cilju
šireg pristupa i sagledavanja stanja u sinergiji ekonomskih, okolinskih i društvenih pokazatelja, što je
osnova za sagledavanje održivosti razvoja.
Prema definiciji održivog razvoja, slijedi da
je pokazatelj održivog razvoja zbir ekonomskog,
okolinskog i društvenog indeksa. Jednostavan
koncept, ali na žalost teško primjenjiv u praksi.
Kako bi se razumjelo da je uvođenje indikatora
održivog razvoja dugotrajan proces, potrebno je
uzeti u obzir da smo do 90-ih godina XX vijeka
imali razvijene jedino ekonomske indikatore / indekse. Upravo od 90-ih godina XX vijeka, intenzivnije se radi na razvoju okolinskih ali i indikatora / indeksa održivog razvoja. Danas, za većinu
zemalja svijeta, može se reći da imamo na raspolaganju različite ekonomske i okolinske indekse,
ali na žalost još uvijek nemamo opšteprihvaćen
društveno-socijalni indeks koji bi po svom obimu
(elementima koje uzima u obzir) odgovarao ekonomskom i okolinskom indeksu.
Volume 5 / Number 4 / 2010

Uz kratak osvrt na razvoj savremenih indikatora (okolinskih i indikatora održivog razvoja),
jasno je da zemlje u tranziciji, pa tako i Bosna
i Hercegovina, zaostaju i nisu u prilici da prate
aktualne trendove i preporuke. U svijetu postoji veliki broj predloženih modela i metodologija.
Većina razvijenih zemalja svijeta kreira i prati
indikatore održivog razvoja. Tranzicijske zemlje
(suočene sa specifičnim problemima i ograničenim kapacitetima) sa teškoćama ispunjavaju svoje
obaveze koje se tiču dostavljanja informacija prema svim internacionalnim krovnim institucijama,
a u segmentu statistike, ekologije, ekonomije ili
raznih društvenih disciplina. One se susreću sa nizom problema u izradi već poznatih ekonomskih i
okolinskih indeksa uzrokovanih prije svega nepreciznom ili nedostajućom statistikom u područjima
koja su neophodna za izračun navedenih indeksa.
Stoga je predložen novi indeks održivog razvoja (nSDi), a koji je baziran na dostupnim podacima, primjenjiv i za tranzicijske države. Osnovna
svrha ovog rada jeste da prezentira novi indeks,
kao jednostavan i inoviran model koji (uz korištenje dostupnih podataka za većinu zemalja svijeta)
omogućava proračun i praćenje održivosti razvoja. Na taj način je moguće tačnije komparirati nivoe razvoja najvećeg broja država na svijetu, te
steći objektivniju sliku o njihovom stvarnom razvoju. Novi indeks održivog razvoja se metodološki bazira na Indeksu humanog razvoja (HDI),
ali je prilagođen definiciji održivog razvoja i u
proračunu slijedi kompatibilnost prirode, društva
i ekonomije.
Ključne riječi: Okolinski indikatori, Indikatori održivog razvoja, Novi indeks održivog razvoja
(nSDi), Tranzicijske zemlje
Introduction
Together with civilization development in the
world and increase in population, the negative
impacts on the environment increases. Environmental problems as a result of human negligence
have been recorded in the ancient times, and since
the beginning of the industrial revolution, there
is significant need for environmental protection.
Since the mid-nineteenth century up to today the
changes in approach to environmental protection
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are evident, so observing efforts in the field of environmental protection, throughout history, different stages in the approach to the problem can be
noticed. Since 1990 years, the main approach that
has been promoted is sustainable development, as
well as the harmony of society, through the coordination and interaction between economy, nature
and social conditions.
The concept of environmental sustainability
dates back from the period after World War II.
Brundtland Commission1 (which was established
by the General Assembly of the United Nations,
1983. Years) in 1987 proposed definition of sustainable development, which is generally accepted: “Sustainable development is development that
meets the needs of the present without compromising the ability of future generations to meet
their needs.” (Our Common Future, 1987).
In same time, with this concept of sustainable
development the need for introducing sustainable development indicators is being promoted.
A number of institutions and scientists around the
world work to develop new indicators that could
replace existing assessment of development which
lies on increasing the economic indicators or the
Gross Domestic Product (GDP) only2.
Sustainable development is a long-term balance between the needs of humanity, production
capacity and absorption capacity of nature. Of
course, the question is whether, and how, the sustainable development is our real priority? Are the
development and promotion of comprehensive
indicators of real progress the basis for the promotion and practical application of “sustainable
development”?
Positive improvements in environment protection are measurable, especially in strengthening
public awareness of the need for environmental
1 The commission was formed to suggest ways of solving
the critical problems of environment and development.
The Commission has had more than 75 experts of a wide
range (environment/ economy) and 1987. issued the final
report “Our Common Future”, where the given definition
is proposed.
2 It is clear since long time that economic development
indicators are not sufficient to show the real situation and
the progress of a country or region. The creator of GDP,
Simon Kuznets, back in 1962 was stated that: “the goal
of higher growth in GDP should be determined by how
and why” (Gossens et al., 2007, P.12).
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protection. Unfortunately, in the same time the
negative impact of human beings on the environment has increased, so that the problems they originally had a local character, become regional and
now they are global. Current activities in the field
of environmental protection, not only in Bosnia
and Herzegovina but also throughout the world, are
necessary and justified, but given the scope of the
problems and tendencies of development, can be
described either as inadequate or even „cosmetic“.
In order to improve the relationships and attitudes
towards environment, it is necessary to prove the
economic and social justification for particular actions, and assessment of their impact on the environment and the community. This is possible with
the developed indicators, which will be compared
to individual results, or which will serve as the basis
for the calculation of benefits or costs.
For transition countries, including Bosnia and
Herzegovina, it is necessary to improve accessibility and updating basic economic indicators /
indices, but at the same time it is necessary to promote modern development indicators for a broader way of observing, which would ensure the all
three segments of sustainability. Such a method of
observation is the basis for qualitative shift from
thinking about sustainable development into real
action.
Development of environmental indicators
and sustainable development indicators
As one of the first aggregated indicators which
can be noted is Gross National Happiness (GNH)
(Junko Edahiro, 2007), which promoted Bhutan.
The king of Bhutan Jigme Singye Wangchuck,
during his address at the fifth Conference of the
Non-Aligned Countries in 1976 pointed out that
the parallel development of both material and
spiritual wealth is necessary. The idea of GNH
is based on the assumption that progress must be
oriented toward man. In that time the GNH was
understood as a conceptual idea, arguing that happiness is subjective and cannot be measured by an
internationally unique scale. Today Bhutan bases
its development on the basis of four pillars of
GNH: (1) economic growth and development, (2)
cultural heritage protection and promotion of traVolume 5 / Number 4 / 2010
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ditional culture, (3) conservation and sustainable
use of natural environments, and (4) good and effective government and administration (Junko
Edahiro, 2007).
Dissatisfied with the kind of indicator as gross
national product (GNP), in 1992 the authors Samuelson and Nordhaus suggested measuring Net
economic welfare (NEW) (Đerić B., 1997). It was
suggested that primary value of net national product (GNP - depreciation) should include additional
and deductible items. Additional items were the
value of leisure time, „do by yourself“ activities
and grey economy, a deductibles item for the calculation of NEW, were the damages from pollution, overcrowded streets and damages caused by
the exhaustion of natural resources. NEW Indicator failed to assert itself as a generally accepted
but has served as a basis for further development
of indicators of sustainable development.3
Developing sustainable development indicators is closely related to the development of environmental indicators. McMichaes established
indicator Ecological Integrity - EI in 1993. It has
confirmed that the ecological integrity is threatened, and influence to human health animated the
researchers and international organizations (World
Health Organization - WHO 1992nd, World Bank
1993rd, World Resources Institute 1996th, Organization for Economic Cooperation and Development - OECD 1998th). The negative effects of the
environment state on human health were identified. Report of World Resources Institute - WRI
in 1999 (WRI Report 1998-99.), focused on networking of environmental data and changes in human health but it gave only theoretical basis for
the selection of possible indicators.
They were trying to establish some functional
measures such as: Index of Mean Functional Integrity - Loucks, 1999 (Mark Anelski et al., 2002, p.
83-87) and the Index of Biological Integrity - Karr
and Chu, 1999 (Mark Anelski et al., 2002, p. 83-87),
but this measure did not have wider application.
Examples of environmental indicators developed by measuring environmental conditions and
associate it with the conditions of sustainable de3 One of the main problems for the calculation of NEW
is additional and deductible items rare and difficult to
assess in most countries.
Volume 5 / Number 4 / 2010

velopment are: 1) Ecological Footprint - EF, analysis by Wackernagel and Rees since 1996 (Ecological Footprint Atlas, 2008), 2) Living Planet Index
– LPI (WWF - www.panda.org), which reports
the Living Planet Report introduces the World
Wildlife Fund’s since 1998 and 3) Environmental
Performance Index – EPI (EPI Report, 2008), or
Environmental Sustainability Index - ESI, which
have been developed since 2000 by teams of Yale
and Columbia University.
In the same time, the alternative measures of
sustainable development are being developed,
which besides environmental include socialwelfare components as well, such as: 1) Human
Development Index (HDR UNDP, 2007), which
has been developing since 1990, by UNDP, and 2)
Genuine Progress Indicator – GPI (Mark Anelski
et al., 2002, p. 87-95 and GPI, 2007) since 1995
which followed ISEW Index for Sustainable Economic Welfare - Daly and Cobb, from 1994 (Geurt
van de Kerk et al., 2010, p. 21-22).
Significant progress has been made since 1992
after a conference in Rio de Janeiro (Earth Summit or the UN Earth Summit). The Agenda 21 was
adopted - a global action plan to address the most
critical issues. UN Commission for Sustainable
Development - CSD was established at the request of the General Assembly of the UN in order
to support and encourage the activities of government, business, industry and other nongovernmental groups to achieve social and economic changes
that would lead to sustainable development. Conference in Rio (The United Nations Conference
on Environment and Development in 1992) has
recognized the importance of developing indicators of sustainable development, and CSD in its
work program, approved in 1995 year, intensive
works on developing a set of indicators of sustainable development - CSD Indicators of Sustainable
Development (CSD Indicators of Sustainable Development, 2007).
Slightly younger indicators which developed
measuring are: Sustainable Society Index – SSI
(SSI - www.sustainablesocietyindex.com), which
has established since 2006 by Sustainable Society
Foundation or 4) Happy Planet Index - HPI (Geurt
van de Kerk et al., 2010, p.14), has introduced by
NEF-New Economics Foundation in 2006 which
based on three indicators (life satisfaction, life ex763
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pectancy and ecological footprint) offers a new
concept for the 143 countries of the world, ignoring the economic welfare.
The European Union through the activities of
the EEA - European Environment Agency’s (European Agency for the Environment), is also actively influence on development of environmental
indicators and promotes the EEA core set of indicators as a set of 37 indicators. The project of
first 19 is being developed in the Western Balkans
area. In 1999 EEA published Technical Report no.
25, which promotes the importance, classification
and typology of environmental indicators through
the DPSIR framework and ABCD types of indicators (Smeets and Weterings, 1999) and after that
the overview of main indicators (Technical Report
1/2005).
Since it is difficult to mention all the indicators
that are relevant to sustainable development, and
without pretending to include or denies the importance of individual indicators, the following indicators could be mentioned: 1) Adjusted Net Saving or GS Genuine Savings (WB – www.worldbank.org), which since 1999, developing the been
developed by World Bank and which based on 10
indicators, measures the opportunities for sustainable economic development for 115 countries, 2)
OECD Factbook (OECD - www.oecd.org) or a
set of 111 indicators, divided into 12 groups and
37 subgroups, which on an annual basis, process
data, primarily but not only for 30 OECD countries, 3) the EU Sustainable Development Indicators (Eurostat, 2009) or the EU set of 123 indicators, which follow the Eurostat, and are available
under the theme of Sustainable Development, and
divided into ten groups and 32 subgroups, with
data for 27 EU member states.
Developed countries of the world are working
actively in order to develop sustainable development indicators. Besides already mentioned indicators, we can mentioned following, as examples
for the development of methodologies: CHQ Calvert-Henderson Quality of Life Indicators
(Geurt van de Kerk et al., 2010, p.11), which based
on 12 indicators estimates the quality of life in
the USA, CIW - Canadian Index of Wellbeing
(Geurt van de Kerk et al., 2010, p.12), with 10 categories of indicators for Canada area, AUW - Australian Unity Wellbing Index (Geurt van de Kerk
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et al., 2010, p.13), which calculates two indicators
“personal welfare” (with 8 indicators) and “state /
national welfare” (with 6 indicators including environment), twice per year for Australia.
Based on the above mentioned, it can be concluded that the availability of a number of indicators useful for understanding the sustainable development is updated (improved). There are available data for most countries, which are monitored
by a series of these indices, such as the Human
Development Index (HDI), Ecological footprint
(EF), Environmental Performance Index (EPI) or
Index of Sustainable Society (SSI). Of course, the
less involved, the fact that could make confusion
is the large number of methodologies and institutions involved in the development of indicators of
sustainable development.
If we evaluate the current situation as a natural
developmental sequence, a series of institutions
as a competition that can enhance the application
of the indicators themselves, then development of
indicators themselves can be assessed positively.
Sustainable development is a global goal, and in
this sense, calculations and published reports for
most countries, as well as results for the planet
Earth have their own importance. However, if
sustainability is, and ought to be, the goal of each
country individually, it is also reasonable to expect that countries are able to calculate and analyze the sustainability of their own development.
In this context, the usefulness of indicators for all
countries in the world, and thus less developed or
transition countries can not be considered satisfactory and needs improvement.
Indicators of sustainable development in
transition countries
Common characteristic for transition countries
is that they operated under the centrally planned
economies. By starting the transition process in
the late eighties and early nineties of the twentieth century, the economies of these countries have
faced numerous pressures for a number of reasons,
predominantly because of (Golube et al., 2003):
–– The collapse of the Soviet Union in 1991,
which destroyed the economic relationships
between former member countries;
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–– Extensive market reforms including market
liberalization, which began in 1992;
–– Globalization of world economy that
continues to accelerate.
It became clear that access to the planned
economy is not eligible for the new market relations. Ten-year period of adjustment has brought
profound economic crisis that erupted into a slow
gradual revival of economy, first in Central and
Eastern Europe (CEE), then the in newly independent states (NIS) and after in the former Soviet
Union states (FSU).
Economies in transition have a number of specific characteristics, which affect the way of running
the economy. Basic problems of government in the
transition period are insufficient economic growth,
high unemployment and inflation, and a number of
social problems. At the same time, there is a serious
problem of investment limits and capital available
for restructuring. The Government Investments are
either reduced or stopped. Companies often lack
sufficient funds for investment. The banking system
is still undeveloped. Foreign investors are cautious
in this high uncertainty condition and not rushing
to invest in developing economies, which is especially pronounced in investing in new technologies. Almost all countries have experienced balance
payment deficit. The result is net outflow of capital
that could in other circumstances be reinvested into
local economies. Environmental issues have been
less analyzed by a sudden decrease in production,
which led to the apparent reduction in all types of
pollutants. Some countries have increased exports
of natural resources which have led to excessive exploitation. Generally speaking, the specific macroeconomic elements in the economies in transition
are (Golub et al., 2003):
–– A deep economic crisis;
–– The crisis of investment;
–– High inflation and high inflationary
expectations;
–– A high discount rate;
–– High risk investment and low base for
technological innovation;
–– Inconsistency in the distribution of
information;
–– Increase in emissions (pollution) per unit of
GDP.
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The illusion that environmental problems are
not a priority for long-term development is very
dangerous. Due to reduced production significant
reduction of pollutants occurs, but it is proven that
at the same time due to violations of legislation
and outdated technology emissions (pollution) per
unit of gross domestic product (GDP) increases.
Development in countries in transition has a
negative impact on the environment not only because of the absence of credible evaluation methodology, but also due to the lack of effective environmental regulation. For the countries in transition, it is necessary to stop further environmental
degradation. The experience of developed countries could certainly help. Unfortunately, transition
countries adopt good practices and experiences
of developed countries very slowly. Economic
development and employment is without doubt
the most important priority, but environmental
impacts should be considered as well when making decisions. In time of establishing a market
economy, the basis for making correct decisions
should be an efficient allocation of resources with
analysis of all hidden profits and costs. Lack of
awareness about the importance of environmental
issues, lack of regulation and carelessness have resulted that transition countries later have to pay a
higher price for corrective action, then they should
pay if the regulation was applied at a time when
rapid development started.
In accordance with the above mentioned characteristics, researched topics and application of
indicators of sustainable development in countries
in transition, as well as in Bosnia and Herzegovina, do not follow international trends. Transition
countries with huge problems are fulfilling the
obligations related to information about measurements and calculations set by the highest international institutions considering statistics, ecology,
economics and various other social issues.
For countries in transition, with the limited
capacities of collecting relevant statistical data,
should make the harmonization of methodology and data availability inside of one institution.
Clear recommendations of international institutions would certainly contribute to the improvement of indicators of sustainable development.
For now, there are a number of institutions and research centres developing their own models, and
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most countries in transition are not able to follow
the dynamics of development indicators. For the
calculation of indicators such as real progress indicator (GPI - Genuine Progress Indicator), longterm teamwork is needed as well as monitoring of
large number of indicators4, which is not a reality
for a country burdened by a lack of resources and
capacity. For the GPI can be confirmed that it is
comprehensive indicator of sustainable development, but the main problem for the application of
indicator is the fact that most of the indices used in
the calculation are not available at transition and
developing countries.
However, countries in transition under existing
circumstances can promote and improve their relationship with indicators of sustainable development. They can use available data and build the
necessary capacity for the maintenance and development of indicators. The popularization and usage of indicators of sustainable development, and
suggest possible improvements are available to all
countries, including transition countries. In Bosnia and Herzegovina-related research for sustainable development indicators are present through
the usage of certain environmental indicators, or
as parts of analysis of the situation in BiH, through
the analysis of individual studies, the results issued in international researches and as a part of
some strategies.
Because all previously mentioned reasons we
have tried to use available data to develop a simple model that can be used for the calculation and
analysis of sustainable development and we have
provided an index nSDi (new Sustainable Development Index). With the development of own
model of sustainable development indicators, transition economies will confirm their commitment
to meet the goals of sustainable development, will
strengthen its capacity and lead themselves to the
rank of a credible partner within the global international efforts in the development of advanced indi-

cators. Regardless of fact that this indicator does
not have the pretension to be globally accepted, its
usefulness would certainly existed in the segment
of the construction of basic facilities necessary for
the collection, submission and analysis of data as
part of an international obligation.

4 As an example may be mentioned the upgraded system,
GPI, which is applied to the province of Alberta in
Canada and published in 2001 (Anielski et al, 2001).
Mark Anelski led a team of five experts (Mary Griffitts,
David Pollock, Amy Teylor, Jeff Wilson, Sara Wilson).
The team researched sustainable development during
one year observing 51 indicator for data from 1961 to
1999.

5 This formula was proposed by Pakistani economist
Mahbub ul Haq, a United Nations Development
Programme - UNDP, ie the United Nations Development
Programme uses it in its annual reports on the
development. Data on HDI are monitored since 1975
because under the proposed calculation data for previous
years are not available (except for a lifetime, which can
be monitored since 1950. years).
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New sustainable development index- nSDi
In the basis of idea to develop a “simple” indicator is the accepted definition of sustainable
development, as amalgam of economy, natural
environment and community. For the calculation
of aggregated indices of sustainable development
(SD), it is necessary to choose not aggregated indices of the natural environment, economy and
society. The reason for selection of not aggregated
indices, which would be included in the calculation of new indices of sustainable development, is
that comprehensive and accessible indicators of:
(1) economy (2) environment and (3) society.
The index of sustainable development:
iSD = iE + iEn + iS
SD (Sustainable Development) =
=E (Economy) + En (Environment) + S (Society)
In development of ideological preferences of
the new sustainable development index, based on
the criteria and the availability of an acceptable
calculation, we started from data HDR - Human
Development Report. The first report of human
development (Human Development Report, 1990)
introduces a new way of measuring development
that combines social and economic development.
HDI Human Development Index is statistical calculation that uses the three basic parameters such
as life cycle, education and life standard5.
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Since the EPI index
Lo n g li v e I n d e x
E d u c a t i o n I nand
d e xColumbia
G D P IUniversity.
ndex
+
+
values 1-100, original
values would be modified
3
3
3
in terms of correcting the same value, but within
li v e I n d e x
Ed u ca tio n In dex G DP In dex
the index range of 0 to 1. The index of state envi+
+
ronmental EPI Environmental Performance Index
3
3
3
was promoted in 2006, when data for Bosnia and
As a calculation model, the nSDi used the ex- Herzegovina were not available. The next reports
ample of HDI (Human Development Index), but it EPI 2008 and EPI 2010, determined that in 2010
has adjusted it to definition of sustainable devel- it was possible to calculate the nSDi in the twoopment.
year timeframe. Based on the years which were
used as referent, for the building blocks for EPI,
G D P i n d e x E P I* n Si
the EPI-published data are included for 2005 and
nSDi =
+
+
3
3
3
2007. In the EPI 2010, in calculation can be identified methodological changes that led to lower
Elements that are proposed for calculating the realized value for most countries of the environnew sustainable development index (in farther mental index. Given that no significant progress
in the environmental activities was realized, both
reading nSDi) are:
in BiH and abroad, according the nSDi results, the
worst ranking in relation to the EPI index can be
justified in the context of the increasing gap be(1) Economy - GDP index (original value
tween biocapacity of Planet and needs of humanavailable)
ity. Of course, we performed a model test with
As the GDP index, the proposed are method- using the same values of EPI in 2005 and 2007
ology and values that are available in the HDR - values, which confirmed that the increase in GDP/
Human Development Report and are used for the PPP C is not equivalent to increasing the nSDi in
calculation of the HDI. Basis for calculating GDP the same period.
index is a GDP-PPP / C or GDP with purchasing
power parity per capita and calculated target val(3) Social conditions - Social Index (nSi - a
ues of HDI (Goalpost - HDR 2007/08 page 356).
new modified value)
GDP PPP or Gross Domestic Product at purchasing power parity is an indication that in calculation
Comprehensive analysis of three individual
includes relative costs of living and inflation, and
indicators,
ie, considering that calculation of ecothus it is more suitable for comparative analysis
of the situation in the country. Target values are nomic and environmental indicators includes a
defined as the maximum and minimum values greater scope of indicators, it is proposed that the
for a given sample. The calculation may include two social indicators (life expectancy and educathe original value of GDP index and the HDI, or tion), whose source is HDR, should be added. For
converted by the proposed model of UNDP (HDR the calculation of a new social index (in farther
reading nSi - New Society index or a new social
2007/08, Technical Note 1, p. 355).
index) the next elements have been proposed:
life expectancy (source HDR), education (source
(2) Natural Environment and Ecology - EPI HDR), the Gini index (HDR), corruption (Transparency International Source), a condition Crime
(available values)
(UNODC and the source of national statistics)
As an indicator of environmental health, EPI and employment (source ILO and national statisEnvironmental Performance Index has been pro- tics). In elaboration, nSI could be supplemented
posed: the index of the state of the environment, by indicators such as satisfaction of the population
according to the model and the values of published (source of national statistics) or the availability of
data that are created by teams of experts from Yale sports and cultural activities. Due to the inability
HDI =
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to use comparative data in the first draft of experimental calculation the shorter form that includes
only the basic indicators would be used.
nSi (shortened form) = index of life Li (Source:
HDR) + Ei Education Index (Source: HDR) - Gini
index of income distribution (Gini index, source:
HDR) - Corruption Index CPI (source: Transparency International) ± index decrease / increase in
crime Ci (source: UNODC and national statistics)
- Index of unemployment iL (source: ILO and national statistics).
If we consider the theoretical maximum value
of elements that are to be used in the calculation
of nSi, it is clear that the sum of Li and Ei would
be 2, with no deduction items (which would theoretically ideal conditions was 0). In order to keep
the value of nSi ranging from 0 to 1, the proposed
formula for nSi is:
n Si =

L i + E i − G i n i - C P I*± C i -i L
2

* Denotes the original value adjustment in
terms of correcting the same value, but within the
index range of 0 to 1.
The proposed formula has its imperfection,
since it could theoretically express nSi as a negative value, but is used in the experimental phase
to evaluate the usefulness and the nSDi. Model
calculation nSi certainly requires the development
and possible changes, which would be a priority
for further development of the nSDi’s.
For the calculation of nSI, with the inclusion
and adaptation of available values, it is necessary
to calculate the index crime for which is, besides
the usage of data UNODC (United Nations Office
on Drugs and Crime) has also proposed an experimental model.
According to these models, nSi and nSDi, the
values for target countries are calculated. The
basis of comparison is the analysis of value for
Bosnia and Herzegovina and the position of BiH
towards other countries, as well as cheking the
model nSDi.
Countries that have been taken in the analysis
were primarily countries in the region but also several of them are EU member states, in order to assess a new sustainable development index in large
sample. The countries proposed besides Bosnia
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and Herzegovina are: Albania, Austria, Bulgaria,
Montenegro, Croatia, Macedonia, Romania, Slovenia, Serbia and Turkey.
The limiting factor is the nSDi and the availability of data for all proposed countries, which
influenced in the short time interval for the experimental calculation. Limited data available
for 2010, the time interval that is shown is period
from 2005 to 2007. In case the data for a particular
country are not available for a particular indicator,
the indicator has been applied for alternate method
of determining average value.
nSDi calculation was preceded by nSi’s. The
following is a tabular presentation of results for
the individual elements calculation and calculation of nSDi.
According to the calculation and the values of
nSDi’s, it was confirmed that Bosnia is not the
only country that diverges from a sustainable development. Of the countries included, the progress
achieved by Romania, Serbia and Montenegro.
Characteristic for Serbia and Montenegro is that
for these countries Mean is used, because data for
EPI in 2005 were not available, and for GDP index and calculation of nSi-a data were available
for 2006 instead of 2005. It can be concluded that
the deviations in the case of the calculation of
nSDi for these countries, too large to consider the
results credible.
From Table 1., it is evident that all countries
made some progress towards economic and social
indices, while the environmental index regressed.
Of course, it is necessary to take into consideration
the methodological changes that have occurred
within the original calculation of EPI index, which
is used as a base, which had a significant effect on
the very negative trend.
Graphical representation of the experimental
calculation of nSDi (Graph 1.), confirms that the
negative trend towards the new sustainable development index in the case of Bosnia and Herzegovina, is the most prominent. Of the countries included, slight progress has been achieved Romania
(0.47%), while the smallest drop in comparison to
the nSDi from 2005. years, had Austria (2.38%),
Albania (2.55%) and Slovenia (2.97%). Apart from
BiH, which recorded a negative trend of 9.36%,
the similar drop had: Bulgaria (5.05%), Croatia
(4.62%), Macedonia (4.52%) and Turkey (3.98%).
Volume 5 / Number 4 / 2010

technics technologies education management

Table 1. Showing the value of construction elements and the nSDi’s (a new sustainable development index)
Country
Albania
Austria
Bosnia and Herzegovina
Bulgaria
Montenegro
Croatia
FRY Macedonia
Romania
Slovenia
Serbia
Turkey

2005

GDP
index
0.663

2007

Year

EPI*

nSi

nSDi

0.840

0.594

0.699

0.710

0.714

0.619

0.681

2005

0.971

0.894

0.712

0.859

2007

0.989

0.781

0.745

0.838

2005

0.710

0.797

0.462

0.656

2007

0.726

0.559

0.500

0.595

2005

0.752

0.785

0.619

0.719

2007

0.788

0.625

0.634

0.682

2006

0.756

0.649**

0.508

0.638

2007

0.795

0.694***

0.508

0.666

2005

0.813

0.846

0.615

0.758

2007

0.847

0.687

0.635

0.723

2005

0.714

0.751

0.420

0.628

2007

0.753

0.606

0.441

0.600

2005

0.752

0.719

0.612

0.694

2007

0.804

0.670

0.619

0.698

2005

0.902

0.775

0.712

0.796

2007

0.933

0.650

0.735

0.773

2006

0.760

0.649**

0.520

0.643

2007

0.773

0.694***

0.572

0.680

2005

0.740

0.759

0.483

0.661

2007

0.812

0.604

0.487

0.634

Notes: * convert of original values
** Mean value (because the data were not available for Serbia and Montenegro
*** Serbia and Montenegro in the framework of EPI 2010, are given as a single country (one value)
Sources: GDP index - 2007/08 HDR and HDR 2009
EPI - EPI 2008 and EPI 2010
nSi – previous calculation

Graph 1. The trend presentation of nSDi - period
2005-2007, for observed countries
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The objective of presenting an nSDi is to consider simpler options for monitoring the sustainability of development, which would be suitable
for countries in transition or less-developed countries. Proposal of a new sustainable development
index - nSDi, requires further elaboration, which
is possible in the future and that could mean the
verification proposal.
Each of the elements of the nSDi could be
supplemented and developed with additional
data / indicators. The elements could be supplemented by evaluation index of improvement or
deterioration, which would ensure that the index
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tracking of changes (improvement/deterioration) in a shorter interval, ie, on an annual basis.
Elaboration of the proposed index would imply
a calculation and monitoring of value during the
long period of time, consultations with the statistics which the base values are used from, and
value analysis based on several comparative parameters.
Future of sustainable development indicators
Environmental indicators and indicators of
sustainable development have confirmed the fact
that the planet Earth can not endure without serious consequences imposed dynamics of economic
development and constant growth of GDP. EF
Ecological footprint for 2006 (Ecological Footprint Atlas, 2009), expressed a deficit of 40%, ie
the needs of humanity are 40% over biocapaty of
Planet. So far, published research reports and publication of results of modern indicators, warn that
urgent changes are needed in relationship between
humanity and its environment (which is not to an
inexhaustible good).
We must respect the fact that the introduction
and application of indicators of sustainable development is a long process, and their popularization
and presentation of the results with the analysis of
Planet Earth are definitely necessary. Developed
countries carry out the analysis of sustainability.
Contemporary indicators are being used more frequently and loudly. Sustainable development is
introduced in corporate governance, perhaps not
the most sincere objective- in order to preserve the
environment- but from simple interest to provide
more use of resources.
Will the eighth goal of the Millennium Declaration of September 2000, adopted by 189 member
states of the United Nations, which reads, “Developing a global partnership for development” (UN
MDG - www.un.org/millenniumgoals) succeed
to consolidate efforts in developing indicators
of sustainable development or might CSDs (UN
Commission for Sustainable Development) set
of indicators of sustainable development, would
take leadership role - for now the question is unanswered. However, regardless of the possible scenarios, indicators of sustainable development will
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take the leading role, and hope that they will not
have to change its name to “index of sustainable
recovery.”
One of the identified and the necessary guidelines for further development of indices of sustainable development is the need for social development index. With three generally accepted
and agreed index (economic, environmental and
social), further development and application of indices of sustainable development would be simple
and have the necessary conditions to be generally
accepted and available for monitoring to the majority of countries.
For countries in transition, which is located at
the crossroads of its development, is of great importance to realistically consider the position on
the issue of sustainability. It is essential for those
who are in a position to make decisions for the
development of economy and society. Countries
in transition are not in a position to change the
world trends and make demands in terms of indicators that reflect sustainable development, but at
the same time indicators of sustainable development are often necessary to transition countries.
With the improvement of the standard statistics
and obligations to meet EU requirements, development of indicators of sustainable development
is the confirmation of competitiveness, knowledge
and awareness. Development of indicators, in this
context includes all the necessary preconditions
for reporting of information (economic, social and
environmental), as well as institutional and human
capacities for measurement, monitoring and calculation, analysis and reporting on the situation in
transition countries.
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Abstract
Although the process of socialization has been
embossed in Europe and America, but it is true for
all human societies. In fact, the people live in different cultures and there are delicate differences in
the methods of forming young people behavior in
different cultures. Socialization of individuals has a
key role in performing future social values, norms
and roles even the type and quality of fundamental
values in the future is a strong function of the values which at the present exist in the society and by
which the individuals socialize. Mostly the sportive
socialization studies concentrate on two subjects:
Socialization in sport which investigates the effective factors on the sportive participation of individuals and socialization by sport which investigates the
effects of participation in sport on the individuals.
In this research which is the latter, researchers object is comparison of the socialization in the level of
family, coequal groups and national society for athlete and non athlete students. To achieve this goal,
socialization has been measured by questionnaires
from the aspects of values, performing roles, discipline and order, independency, devotion to society,
abilities of social communication, identity feeling
and feeling. The research society was 93641 of junior high school students of the public schools of
Mashhad city in Iran. A sample of 314 students was
chosen by Cochran method to answer the questionnaires. The athlete group in this research includes
all students which practiced sport in the form of
recreational, championship or only the physical education and the non athlete group were the students
Volume 5 / Number 4 / 2010

which had no sportive activities. At the end of this
research it was concluded that there is a meaningful
difference between the socialization of athlete and
non athlete students in three level of family, peer
groups and nationally society and athlete students
were more socialized in three level from non athlete
students.
Key words: socialization, athlete, family, peer
groups, nationally society
Introduction
Nowadays the rapid improvement of science
and technology has made men to encounter many
new challenges. From one hand, increasingly development of communicational means and Internet
network anguishes the communities about obscuring the dominant values and culture in their society
and on the other hand decrease of the official job
hours has provided people with more leisure times
in which they can freely and arbitrarily engage
more useful amusements to gain mental and physical peace. For this reason the role of amusement
entity is embossed in the societies and the governments try to fill the leisure times of their people and
specially youth with as healthful means as is possible and sport and art is considered as two common
method for filling the leisure times.
Considering the important role of physical
activities in filling the leisure times investigating
the effects of different kinds of physical activities
on socialization seems essential.Socialization process is based on various processes which children
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accustom to it and in the course of this processes
the obtain the manners and norms of behavior and
recognized and accepted values in the group and
then their society to be able to react and coexist
with its members according to its norms and systems.(Khalaji , Bahram & Aghapoor, 2009).
Socialization is an active process of learning
the social development which occurs in the reaction with the others and makes us familiar with the
social world in which we live and this demands
a formation of ideas about who we are and why
our life is important? (Cookly, 2007). Many factor
affect the socialization which family, peer groups
and society may be mentioned from them. For this
cause the investigation of socialization is considered in these three levels.
Most of the socialization studies in sport concentrates on two subjects: first the prerequisites of
participation in sport, in the other word how and
under what conditions one would turn to sport and
the other is the consequences of sport or the results which is obtained from sport. In the first the
individual will socialize like sportsman in sportive
role and the latter points to the learning of general
viewpoints, values, skills and attitudes like chivalry, team working, discipline and violence which
is supposed to be obtained by sportive activities.
(Abdoli, 2007)
Generally the sequences which one would pass
for socialization by sportive and physical activities are:
1. realization, transfer and internalization of
public norms, beliefs and social values
2. formation and disclosing the social self and
growth of the conceptual, mental, dynamic
and social unit personality
3. responsibility acceptance in society and
social groups
4. learning social life lessons and solving its
problems
5. ability to communicate with others and
strengthening social communications
6. outbreak of aptitudes, feelings, knowledge
and gregarious and plural experiences
7. mutual respect and consideration people’s
position and respecting rights of other people
8. amnesty and sacrifice for group and others
9. respecting the laws and conforming them in
practice
774

10. challenging the defects and shortages of
own and others and correcting them
11. helping poor people and feeling
responsibility for them
12. learning friendly contest and competition
associated with friendship
13. strengthening correlation and teamwork
and taking assistance and solidarity and
cooperation
14. having unified goal and effort to realize it
together (Aghapoor, 1989)
To survey the affect of different kinds of sportive
activities on socialization first we should provide a
classification for socialization while there as many
classifications of sportive activities as there are
physical education experts. On of these classifications is provided by Naderian(2005). He has classified sport as recreational, championship and physical education sports. Physical education is part of
education which assists the growth and upbringing
the individual by physical activities and moves and
it should be designed in a manner to satisfy student’s needs in growth and evolution and it should
satisfy their behavior needs by the skills which are
obtained. Championship sport is a common competitional contest which requires implementation of
intense physical power or application of complex
bodily skills by participants which are stimulated
by internal and external factors.
Recreational form of physical activities, are the
activities which people chose arbitrarily and perform them for filling leisure times and free hours.
The object of these activities is removing physical
and mental exhaustion of job and daily activities
of social life, creating mirth, relaxation and fun.
There is no bound in the type, quantity and time of
activities. Competition and win or lose are not conduction for certain goals and people feel no need
for complying special rules. (Naderian,2005).
The goal
In this research the main goal of the researchers is to compare the socialization of athlete and
non- athlete students in three levels of family, peer
groups and national society and since the athlete
students are divided to three groups of physical
Volume 5 / Number 4 / 2010
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education, recreational and championship, this
comparison was also conducted between them
and then because of the importance of gender in
the socialization we turned to the comparison of
socialization in male and female students.
Methodology
The research method was semi-experimental
and data were obtained by questionnaires. The
questionnaires were designed in four sections:
demographic traits, socialization in the level of
family, socialization in the level of peer groups
and socialization in the level of national society.
Socialization was assessed by internalization of
values, performing roles, discipline and order, independency, devotion to society, abilities of social
communication, identity feeling and feeling. The
research community was 93641 students in the Junior high school grad in the public schools of seven zones Mashad city in the country of Iran. Using
Cochran method a sample volume of 314 students
was chosen randomly and with proper distribution
to answer the questionnaires.
In this research we used two descriptive and
deductive methods to analyze the data. According to the objects of this research first we used the
Kolmogrov Smyrnov test to find the normality of
data distribution and Levin test to find and confirm
variance congruity between groups in comparison
and the Student test for comparison of socialization of athlete and non athlete, female and male,
students if the data were normal and U test when
the data were not normal and F test for comparison
between three groups of athlete students engaging
in physical education, recreational and championship sports. All these analyses were conducted using spss (Ver. 16) software.

Results & discussion
The results showed that there was a meaningful
difference between socialization (in three level of
family, peer groups and national society) of athlete and non athlete students of Junior high school
grade of 7 zones of education organization of
Mashhad City, as always the athlete students were
more socialized than non athlete ones(Table1).
This result was in agreement with Ahmadi (2000),
Vaez Mousavi (2000), Seyyedzade (2001), Gharayegh zandi (2001), Mozaffari (2002), Poorsoltani (2003), Abedi (2006), Amirnejad et al.
(2007), but it was not compatible with Ramzaninejad (1993) and Ramzanian (2007).
There was not any meaningful difference between
the socialization of the students in the level of family
depending on their physical activities (physical education, recreational and championship). (Table2).
This result was in agreement with the findings
of Okey (2002), Mc. Hill (2005), Amirnejad et al.
(2007) and was not compatible with Sergrew Vhstaad (1984), Lorbeth (1995), Fraligh (1995), Beck
et al. (1996), Courtiz (1999), Poorsoltani (2003).
But there was a meaningful difference between
the socialization of the students in the level of peer
groups and national society depending on their
physical activities (physical education, recreational
and championship).(Table 3&Table4) This result
was in agreement with the findings of Ooki (2002),
Mc Hill (2005), Amirnejad et al. (2007) and was not
compatible with the findings of Poor soltani (2003).
There was a meaningful difference between
the socialization (in the levels of family and peer
groups) of male and female athlete students.(Table5).This result was in agreement with the findings of Vaez Mousavi (2000). But there was not
any meaningful difference between the socialization (in the national society level) of male and female students. This result was not compatible with
the findings of Vaez Mousavi (2000).

Table 1. t-test results related to the socialization variable of athlete and non- athlete students
Athlete
mean± sd

Non Athlete
mean± sd

p-value

df

t

0.021

311

2.312-

3.96± 0.385

3.79± 0.644

family

0.007

312

2.728-

3.81± 0.420

3.61± 0.465

Peer group

0.004

312

2.905-

3.83± 0.432

3.60± 0.628

National Society
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Table 2. Results related to one-way analysis variance about socialization of family level in the different levels of physical activities
Changes resources

Sum of Square

df

Mean Square

Between groups

1.082

3

361

Within groups

56.685

309

0.183

total

57.766

312

F
1.966

P
0.119

Table 3. Results related to one-way analysis variance about socialization of peer groups’ level in the
different levels of physical activities
Changes resources

Sum of Square

df

Mean Square

Between groups

2.056

3

0.685

Within groups

55.959

310

0.181

total

58.016

313

F
3.797

P
0.011

Table 4. Results related to one-way analysis variance about socialization of national society level in
the different levels of physical activities
Changes resources

Sum of Square

df

Mean Square

Between groups

2.247

3

0.749

Within groups

66.152

310

0.213

total

68.399

313

F
3.509

p
0.016

Table 5. t-test results related to socialization of athlete students divided according to gender
p-value

df

t

male
mean ± sd

female
mean ± sd

Level of socialization

0.035

270

2.115

3.91± 0.386

4.01± 0.378

family

0.021

271

2.326

3.75± 0.408

3.87± 0.427

Peer group

0.396

271

0.850

3.81± 0.470

3.85± 0.380

National Society

Conclusion
Overall results showed that athlete students had
higher degree of socialization than non-athlete students in three levels of family, peer groups and national society which implies the beneficial results
of physical activities in filling the leisure times
of society and specially the youth in the healthful
and objective manner and it advices the authorities
and major programmers of societies to consider
physical activities in decisions and programs as an
alternative for improvement of socialization conditions, prevention of anti-social behaviors, devotion to values and cultures in families and society.
On the other hand according to different affect of
types of physical activities (recreational, champi776

onship, physical education) on socialization, the
experts of every society should try to provide a
clear picture of this affect on his society to apply
it according to the needs of society, for instance in
the results of this research we found that socialization in the level of national society in the students
who engage in physical education is more than the
students which engage in the level of recreational
or championship activities, so the authorities may
turn to development of physical education for improvement of socialization which in other societies championship sport may lead to higher levels
of socialization.
Another important result of this research was
then athlete girls are more socialized than athlete
boys which means although physical activities
Volume 5 / Number 4 / 2010
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were useful in socialization male and female students but this useful consequences was more considerable for girls.
Generally the results of this paper showed that
one of the solutions for passing the globalization
phenomenon and dealing with elimination of internal cultures of countries is strengthening the socialization which should occur in the level of family,
peer groups and specially national society and in
this regard physical activities and sport as a social
entity, is an important section of education, a mean
for filing leisure times, an industry and an effective
factor in the socialization may assist nations and
countries in passing from this crucial moment.
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Abstract
The purpose of this study was to determine the
nature of the relationships among role ambiguity,
role acceptance, role satisfaction, team cohesion,
and athlete satisfaction. It was hypothesized that
role ambiguity would predict both role acceptance
and role satisfaction, and role acceptance and role
satisfaction would predict both team cohesion and
athlete satisfaction. Participants included 171 male
basketball players from Iran basketball super league.
Measures included the Role Perception Scale, a
Role Acceptance and Role Satisfaction measure,
the Group Environment Questionnaire, and the
Athlete Satisfaction Questionnaire. Stepwise MR
analysis showed that role ambiguity regarding role
evaluation was predictive of role satisfaction, and
role ambiguity regarding scope of responsibilities
was predictive of role acceptance. Stepwise MR
also showed role satisfaction to be the only predictor of athlete satisfaction with regard to leadership
as well as the only predictor of team cohesion with
regard to individual attractions to the group-task.
Key words: Role Ambiguity, Team Cohesion,
Athlete Satisfaction, basketball players
1. Introduction
A primary focus within the field of sport psychology is to enhance the athletic Experience for
those that are involved. In order to enhance the
778

athletic experience, it is important to first be aware
of those factors that may impact, both positively
and negatively, an athlete’s perception of his or
her experience. An athlete’s role on a team, the
clarity of the role, and the acceptance and satisfaction with the role may all influence both team cohesion and overall athlete satisfaction. This study
will focus on these relationships. Specifically, this
study will investigate if role ambiguity predicts
role acceptance and/or role satisfaction, and if role
acceptance and/or role satisfaction predict team
cohesion and athlete satisfaction.
For most athletic experiences, athletes are
members of groups or teams. These groups have
a strong impact on the members of the group. Although this impact can be both positive and negative, an athlete’s involvement in a group is inevitable. Carron, Hausenblaus, and Eys (2005) have
defined a sport team (or group) as a collection of
two or more individuals who share a common fate,
have structured patterns of communication, and
hold common perceptions about group structure.
When looking at sport teams, the substitute
player, coach, team captain and team clown all
have something in common besides belonging to
a team. Each of these persons has a certain role
that he or she is expected to fulfill on their team.
Roles have been defined by a number of researchers as a set of expectations about certain behaviors for a Specific position in a particular social
context (e.g., Biddle & Thomas, 1966; Katz &
Kahn, 1978; Shaw, 1971). Carron, Hausenblaus,
Volume 5 / Number 4 / 2010
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and Eys (2005) noted that in groups whose purpose is to strive towards peak performance, roles
make a crucial contribution to the structure of
these groups.
Although the research on roles in sport groups is
growing, much of the research that has been done is
drawn from the organizational and business/industrial literature. That being said, the research that has
been conducted in the sport domain has highlighted
the importance of individual roles within the environment of the sport team (Eys, Beauchamp, &
Bray, in press). If athletes have specific roles they
are expected to fulfill and they do not accept or are
not satisfied with these roles, then they may view
the team as less cohesive or they may not be satisfied with their athletic experience.
Chelladurai and Riemer (1997) defined athlete
satisfaction as a positive affective state that results from a complex evaluation of the structures,
processes, and outcomes associated with the athletic experience. Athlete satisfaction with sport is
important for Several reasons. Riemer and Chelladurai (1998) noted some of these reasons, such
as the link between satisfaction and performance,
the importance of the athlete to athletic programs,
and the relationship between satisfaction and other
constructs in the group dynamics framework (e.g.,
cohesion and leadership). Research has demonstrated a negative relationship between role ambiguity and athlete satisfaction, but the research has
yet to look at other aspects of role involvement
and athlete satisfaction.
Role acceptance and role satisfaction may have
a strong impact on both team cohesion and an athlete’s satisfaction with the sport experience, particularly for athletes in team sports. There has been
a fair amount of research up to this point regarding role ambiguity, or being unclear about the role
one is supposed to fulfill. Research has also examined role ambiguity in relation to team cohesion
and athlete satisfaction. However, a player may be
clear about the role he or she is supposed to fulfill
(low role ambiguity) but not accept that role or not
be satisfied with that role. Thus, the athlete’s level
of role ambiguity could in fact predict role acceptance and role satisfaction. To take this idea another
step, the player may be clear about the role he or
she is supposed to fulfill, accept this role that has
been laid out, but not be satisfied with this role. This
Volume 5 / Number 4 / 2010

player may view the team as less cohesive or may
not be satisfied with his or her athletic experience
if he or she is not accepting or is not satisfied with
the role he or she has to play. In other words, role
acceptance and role satisfaction could predict team
cohesion and athlete satisfaction.
The purpose of this study is to investigate the
relationships among role Ambiguity/clarity, role acceptance and role satisfaction, team cohesion, and
athlete satisfaction. The hypothesized model for
this relationship is linear and asserts that role ambiguity/clarity predicts role acceptance and role satisfaction, and that role acceptance and role satisfaction predict team cohesion and athlete satisfaction.
Specific research questions are: (a) Does role
ambiguity/clarity predicts role acceptance and/
or role satisfaction? (b) Do role acceptance and/
or role satisfaction predict athlete satisfaction? (c)
Do role acceptance and/or role satisfaction predict
team cohesion? I expect that role ambiguity will be
predictive of both role acceptance and role satisfaction with greater role ambiguity predicting less
role acceptance and less role satisfaction. I expect
that role acceptance and role satisfaction will both
predict team cohesion with greater acceptance and
greater satisfaction predicting greater perceived
cohesiveness. I also expect that role acceptance
and role satisfaction will both be predictive of
athlete satisfaction with greater role acceptance
and greater role satisfaction predicting greater
athlete satisfaction. Also, given the number of facets of athlete satisfaction and based on previous
literature, it is expected that the leadership theme
of athlete satisfaction will have the strongest relationships (Eys, Carron, Bray, & Beauchamp,
2003; Jackson & Schuler, 1985).
2. Methodology
In this study the relationships among role ambiguity, role acceptance and role Satisfaction, team
cohesion, and athlete satisfaction were examined
using survey measures with male super league
basketball players.
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3. Participants
Participants included 171 male basketball players from 11 teams at basketball super league in
the Iran. Their mean age was 25.52 years (SD=
4.330). To recruit participants, the author contacted the head coaches at 11 different team and
explained the study. Of the 11 team contacted, all
of them agreed to participate. Upon approval from
the coach and the Athletics Director, the purpose
of the study was explained to the athletes, and
informed consent was obtained from those who
agreed to participate.
4. Measures
4.1 Demographics
The demographic questions asked athletes
about their age, sex, the competitive level at which
they are currently playing, their starting status on
the team, their tenure on the team, their injury status over the past season, and their role on the team.
The injury status question asked if they were injured (to the extent that they were kept from competition) at any point during the season, and if so
how much competition they missed due to the injury. The questions about their role on the team
asked athletes to describe their specific task role(s)
on the team and responsibilities that go along with
fulfilling that role. The purpose of this was to get
the athletes to think of their specific role so they
had a frame of reference as they answered the rest
of the questions.
Role ambiguity was measured using the Role
Perception Scale developed by Beauchamp and
colleagues (2002). This measure is designed to assess each athlete’s perception of his or her role on
the team. Original alpha coefficients for this scale
ranged from .79 to .90 for offense and .85 to .90 for
defense (Beauchamp, Bray, Eys, & Carron, 2002).
Role acceptance and role satisfaction were
measured using a measure developed by Bray
(1998). This measure assesses these as two separate constructs, allowing us to distinguish between
role acceptance and role satisfaction, as well as
see how each of these impacts team cohesion and
athlete satisfaction.
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Team cohesion was measured using the Group
Environment Questionnaire (GEQ) developed
by Carron, Widmeyer, and Brawley (1985). The
GEQ consists of four scales, two that measure the
player’s perceptions of the group as a unit and two
that measure the player’s personal attractions to
the group. Original alpha coefficients ranged from
.64 to .76.
Athlete satisfaction was measured using
the Athlete Satisfaction Questionnaire (ASQ)
(Riemer & Chelladurai 1998). This measure has
been shown to be psychometrically sound, easy to
understand, and useful across many settings. The
alpha coefficients for the original scale was .89.
5. Result
Descriptive statistics and alpha coefficients are
reported in Table 1 for the subscales of the Role
Perception Scale, Role Acceptance and Role Satisfaction measure, and Group Environment Questionnaire. Mean scores for the Role Perception
Scale, which measures role ambiguity, ranged
from 6.2 to 6.7 indicating relatively low levels
of role ambiguity (high role clarity). These mean
scores are consistent with the means of Eys et al
(2005) in which the offensive and defensive contexts were combined; their mean scores ranged
from 7.3 to 7.6. For the Role Acceptance and
Role Satisfaction measure, mean scores ranged
from 8.2 to 8.9 indicating high levels of role acceptance, role satisfaction, and role clarity given
the scale ranges from 1 to 10. The Group Environment Questionnaire had mean scores ranging
from 3.4 to 5.0 indicating moderate levels of team
cohesion given the scale ranges from 1 to 9. These
scores are also slightly below normative values for
this scale (Carron, Brawley & Widmeyer, 2002).
Reliabilities for each of the scales were assessed by calculating the internal consistency
using Cronbach’s alpha coefficients. For the role
acceptance measure alpha coefficients for the subscales of role acceptance, role satisfaction, and
role clarity were .69, .74, and .83, respectively, reflecting very high internal consistency.
The Role Perception Scale had initial alpha
coefficients of .65 for scope of responsibilities,
.79 for role behaviors, .87 for role evaluation, and
Volume 5 / Number 4 / 2010
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Table 1. Descriptive statistics for Role Ambiguity, Role Acceptance and Role Satisfaction, and
Team Cohesion
Scale

Mean

SD

Range

Alpha

Role Ambiguity - Scope of Responsibilities

6.6

0.96

4.40-8.40

.87

Role Behaviors

6.2

0.99

4.40-8.20

.84

Role Evaluation

6.4

1.2

4.00-8.40

.91

Role Consequences

6.7

1.1

1.30-4.00

.93

Role Acceptance

2.2

0.6

1.30-4.00

.88

Role Satisfaction

2.2

0.48

1.00-3.70

.89

Role Clarity

2.1

0.67

0.50-4.00

.93

Cohesion- ATG-T

3.3

0.74

2.25-5.25

.73

ATG-S

3.5

0.87

2.20-5.40

.82

GI-T

5

0.58

4.20-6.80

.75

GI-S

4.58

0.85

3.25-6.75

.86

Athlete satisfaction - team and individual performance

6.33

0.92

1.00-7.00

.84

leadership

4.38

0.50

1.00-7.00

.96

Team

3.17

0.94

1.67-7.00

.93

Organization

4.42

0.48

2.25-7.00

.90

individual

3.17

0.81

1.67-7.00

.79

.76 for role consequences. However, one item
was removed from three of the subscales due to
inconsistency with the other items. For the scope
of responsibilities subscale, item 13 was removed
which increased the alpha coefficient to .92; for
the role behaviors subscale, item 18 was removed
which increased the alpha coefficient to .90; and
for the role evaluation subscale, item 15 was removed which increased the alpha coefficient to
.93. Those items were not used in total scores or
further analyses.
The Group Environment Questionnaire did
not show very strong reliability on any of its four
scales. For individual attractions to the group-social, individual attractions to the group-task, team
integration-social, and team integration-task, the
alpha coefficients were .73, .82, .75, and .86. Individual attractions to the group-task (ATG-T) was
particularly low (.52) and was not improved by removing any items. Thus, the scores on the ATG-T
must be interpreted with caution.
The results revealed statistically significant
(p<.01) relationships between each of the four dimensions of role ambiguity and role satisfaction
and role acceptance. Correlation coefficients beVolume 5 / Number 4 / 2010

tween the four dimensions of role ambiguity and
role satisfaction and also between each of the four
dimensions of role ambiguity and role acceptance
are included in Table 2.
Table 2. Correlation coefficients between role
ambiguity, role satisfaction, and role acceptance.
Role
Satisfaction

Role
Acceptance

Scope of
Responsibilities

.246*

.493*

Role Behaviors

.192*

.541*

Role Evaluation

.362*

.609*

Role Ambiguity

Role Consequences
.349*
.620*
Notes: * Correlation is significant at the 0.01 level
(2-tailed).

As shown in Table 2, correlation coefficients
ranged from .125 to .371, indicating moderate and
positive relationships.
The results revealed statistically significant
(p<.01), but relatively low relationships between
role satisfaction and three of the four dimensions
of team cohesion. As shown in Table 3, the relationship was moderate and positive for individu781
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al attractions to the group-task, low positive for
group integration-task and individual attractions
to the group-social, and there was no relationship
between role satisfaction and group integrationsocial aspect of team cohesion.
Table 3. Correlation coefficients between team
cohesion, role satisfaction, and role acceptance.
Team Cohesion

Role
Role
Satisfaction Acceptance

Individual Attractions
to the Group-Task

.274*

.293*

Individual Attractions
to the Group-Social

.223*

.371*

Group IntegrationTask

.155*

.197*

Group Integration.125
.295
Social
Notes: * Correlation is significant at the 0.01 level
(2-tailed).

The results also revealed statistically significant (p<.01) relationships between role acceptance
and the same three dimensions of team cohesion.
Again, the relationship was moderate and positive
for individual attractions to the group-task, low for
group integration-task and individual attractions
to the group-social. Again, there was no significant relationship between role acceptance and the
group integration-social aspect of team cohesion.
Stepwise multiple regression analysis was used
to determine if role satisfaction and role acceptance predicted team cohesion. Specifically, individual attractions to the group-task was the subscale used because of past research findings. For
this analysis, multiple possible predictors, role satisfaction and role acceptance, were the predictors
and individual attractions to the group-task was
entered as the dependent variable. Results showed
role satisfaction to be the only significant predictor
of team cohesion with regard to individual attractions to the group-task F (1, 167) = 57.4, p<.001
accounting for 25.6% of the variance.
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6. Discussion
The purpose of this study was to determine the
nature of the relationships among role ambiguity,
role acceptance and role satisfaction and team cohesion. Specifically, this study aimed to determine
if role ambiguity predicted role acceptance and
role satisfaction, and if role acceptance and role
satisfaction predicted both team cohesion. Overall, all four aspects of role ambiguity were moderately related to both role acceptance and role satisfaction. It is important to note that in the stepwise
multiple regression analysis only one predictor
was entered for both role satisfaction and role acceptance, suggesting that the four aspects of role
ambiguity overlap. This overlap makes it difficult
to sort out contributions of the four aspects of role
ambiguity. However, the results do still provide
good support for role ambiguity predicting both
role satisfaction and role acceptance. Therefore, it
seems that the clearer athletes are with respect to
their role on the team, the more likely these athletes are to accept or be satisfied with this role.
This finding has important implications for
coaches and researchers who are concerned with
factors that lead athletes to either accept or be satisfied with their role on the team. For coaches, it
is important that athletes are not only clear about
their role, but they are also made to feel that their
role is important. For researchers, using the Role
Episode Model (Eys, Beauchamp, & Bray, in
press) would be beneficial to examine factors related to why an athlete may or may not accept or
be satisfied with his or her role. This model suggests that in the communication of role expectations, the role sender (e.g., coach) and focal person
(e.g., athlete) go through a cycle of 5 events. Much
of the research has looked at Events 3 and 4 in the
model, which are related to the focal person’s (i.e.,
the athlete) response to the role sender (i.e., the
coach), but it would be helpful to examine characteristics of the role sender for a comprehensive
understanding of role involvement. For example,
future research should look at the factors related
to the role sender (e.g., communication ability or
style) that may influence the focal person’s willingness to accept or be satisfied with their role.
As expected, role satisfaction was a strong predictor of athlete satisfaction with regard to leaderVolume 5 / Number 4 / 2010
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ship. The more an athlete was satisfied with her
role, the more satisfied she was with the leadership, and the less satisfied the athlete was of her
role, the less satisfied she was with the leadership.
This is not surprising, as Riemer and Chelladurai
(1998) noted, given the dominant role that coaches
play in the mobilization, development, and use of
human resources, and in the development and selection of strategies and tactics. This finding also
has important implications for both coaches and
practitioners in the field. If the leadership aspect
of athlete satisfaction is the most salient variable,
then interventions targeted at the athlete’s relationship with the coach might prove to be most useful
in increasing and maintaining athlete satisfaction.
Also, interventions that are targeted at the coach
and helping the coach increase his or her player’s
satisfaction with their role could also prove useful. For researchers, it would be useful to examine
the other mediating or moderating factors in the
role satisfaction-athlete satisfaction relationship,
such as coaching style or gender. This would give
coaches and practitioners a better overall understanding of this relationship. What is surprising is
the fact that role acceptance did not seem to be a
significant predictor of athlete satisfaction in this
analysis. Given the high correlation (r = .566) between role acceptance and athlete satisfaction, it
could be that there was overlap with role satisfaction. As a result, coaches still need to be cognizant
of factors that could lead their athletes to accept
their role on a team.
It is difficult to draw certain conclusions about
the relationship between role acceptance and role
satisfaction to team cohesion given the lack of reliability of the cohesion subscales. Keeping that in
mind, role satisfaction was predictive of individual attractions to the group-task component of team
cohesion. This finding, interpreted with caution,
shows that the more satisfied athletes are with their
roles, the more cohesive they are in terms of their
attraction to the group’s tasks. Future research
should examine this relationship more thoroughly
given the relationship of cohesion to performance
and other group constructs.
Surprisingly, the results of this study did provide strong support for role acceptance and role
satisfaction being measured as separate constructs.
However, it is important to note that in filling out
Volume 5 / Number 4 / 2010

the questionnaires, the athletes were asked to describe their role on the team. This is a subjective
question, and given the number of roles an athlete
may have, the athletes may have simply picked the
role they were most comfortable with. It would be
interesting for future researchers to have the coach
describe the athlete’s role, and then have the athlete answer the questionnaires based on the prescribed role. Also, some athletes may be unclear
of what their coach sees as their role, so they may
have simply listed a role that is clear to them. That
being said, it is still important that role acceptance
and role satisfaction be measured separately.
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Abstract
In this paper, the structure connotation and extension of enterprise cultures were defined. In light
of the system theory the enterprise culture was
considered as a whole system which composed
by three levels, product level (objects), rule level
(behaviors) and spiritual level (values), and the
structure and function of this system was analyzed
respectively from the three levels. Combining
WSR Methodology, according to “Wuli”, “Shili”
and “Renli” the innovation methods and contents
of enterprise cultures were presented, that is providing high-quality construction products and services for humans in objects level, changing organizational system and norms, adjust the behavior
of employees, building learning enterprises and
realizing sustainable development in rule level,
disseminating truthfulness, compassion, and tolerance, enhancing cohesive force of enterprises and
advancing social harmony in spirit level.
Key words: System thinking, WSR methodology, Enterprise culture, Innovation
1. Introduction
A concept is a basic unit and form of thoughts,
which enables humans to study the essential attribute of things in an abstract way and reveal the
internal relations and law in things. In the way of
human thoughts, objects are defined via concepts
first, and then a further research is adopted for objects [1]. Therefore, the prerequisite and basis for
academic studies is the definition of the relevant
matters. In this paper, the concept “construction
enterprise culture” was defined at first, and then a
Volume 5 / Number 4 / 2010

method and pathway for the innovation of the construction enterprise culture was discussed in light
of the union system theory and WSR.
2.  Definition of construction enterprise
culture
A Culture connotation of construction
enterprises
The enterprise culture can be described as all
things and phenomenon which are related to production and operating activities of construction
enterprises. Those things and phenomenon include production, rules and regulations, and values which correspond to “objects”, “behaviors”
and “thoughts” three aspects respectively [2, 3, 4,
5, and 6].
B Culture extension of construct
According to the definition of the construction
enterprise culture, its extension is composed by
three parts. One is the material culture, namely all
things and phenomenon related to “objects”, such
as product quality, work environment, construction
environment, living conditions, and staff dresses
etc.. Another is the system culture, which are the
things and phenomenon corresponding to “behaviors”, such as management system, behavioral
norms, behavior, workflow, custom and custom and
so on. The last one is the energetic culture, which is
related to “thoughts”, like management philosophy,
values, management idea, moral standards, enter785
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prise social responsibility, faith and belief of staffs
and so on. The extension structure of construction
enterprise culture is shown as Figure 1.1

Second, the system has the characteristic which is
that “the whole is bigger than sum of the part”.
Third, a system has the specific structure. The last
one is that a system has the specific function.
A system view refer to considering objects as a
system, so that a system’s structure and function can
be analyzed and the relationship and the regularity
among system, essential factors and environment
can be explored. Using the system views, the entire
world will be considered as a set of system [7].
B System views of construction enterprise
culture

Figure 1. Extension construction of Enterprise
cultures
3. Culture system of construction
enterprise
After analyzing the connotation and extension
of construction enterprise culture, according to
the system characteristic which is that the whole
is bigger than the part, a system structure of construction enterprise culture will be discussed and
a new perspective of construction enterprise cultural will be proposed.
A System and system views
“System” derived from the ancient Greece language, which means that a whole is composed by
parts. The modern system theory was founded by
L.V. Bertalanffy, a theoretical biologist, who believed that the system can be defined as a complex
of several interactional essential factors. The socalled system is one which has a special structure
and function and is composed by several essential factors through a non-accumulation function.
There are four major characteristics for a system.
First, a system is constitutes by essential factors.
1 Foundation items: 1. Supported by Humanities and
Social Science Fund Project of Nanjing Agricultural
University, Project Number: SK08026.
2. Supported by agricultural machinery bureau of Jiangsu
province foundation, Project Number: gxy09001.
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According system views, the construction
enterprise culture is a whole system which composed by three levels, product level (objects),
rule level (behaviors) and spiritual level (values)
[8]. All those three aspects are closely integrated
and inseparable as a whole system. Therefore to
research construction enterprise culture, product
level (objects), rule level (behaviors) and spiritual
level (values) must be taken into account integrally to reveal the function and structural feature of
the construction enterprise culture.
1) Essential factors and structure of
construction enterprise culture
The construction enterprise culture includes
three kinds of essential factors (shown as Figure
2), in which the enterprise values are key elements
of spiritual level locating in the core of the system; the management regulations and the behavior
standards are main elements of rule level locating
in the second circle; the construction products and
environment are representative factors of product
level locating in the outer layer.
According to the Figure 2, a logical order is
proposed when to analyze an enterprise’s culture, that is from outside to inside. Analyzing the
product, work and construction environment of
building enterprises etc. firstly, then studying this
enterprise's management rules and the behavior
standards and so on, and the last step is further
thinking about the values, the management philosophy, community responsibilities of this building
Volume 5 / Number 4 / 2010
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enterprise. This kind of logical order from perceptual to rational knowledge in accordance with the
practice law and simultaneously also explained
that the construction enterprise culture is a whole
system which constitutes by the inalienable three
essential factors. These tallies from the perception
to the rational understanding practice rule.
Humans are in central status in enterprises. The
production and operating activities of construction
enterprises are that staffs with the specific values
and faith produce corresponding behavior activities to forms the products and services under the
cooperation. Therefore, in the construction enterprise culture the most important part is humans’
ideas and values, next is rules of this organization
and the behavior standards, then the objects level
is apparent results of enterprise-culture.
Bertalanffy said that biologist, behaviors and
social levels can not be considered as the lowest
level, like physical conceptions and physical rules.
However conceptions and laws can be discovered
in each level. The principle which unifies the whole
system shows that there is a organization in every
level [9]45. Obviously, Bertalanffy already guessed
logically that an organization possibly is a life. In
Chinese traditional culture an organization performs
as a total perspective called "Heaven and Man are
one"[10]. The universe and human are considered
as an organic whole system, and there is a relationship between things, so the existing and developing
things are an expression of the way of heaven. The
universe is a life system like humans. The Book of
Change, Five Elements theory, Yin-Yang System,
Traditional Chinese Medicine, and the Astronomy
and so on are products of the world outlook [11, 12].

2) Function of construction enterprise culture
If life can be defined as choosing the stimulation of external environment, so that own structure
and the function can be maintained and strengthen. Combing the system theory, a conclusion can
be proposed, that is the life characteristic is a systematic function of self-maintenance like metabolism. Obviously, the life is only related to a certain
material structures and functions, and has no direct relationship with the material component and
size. Therefore, the construction enterprise culture
is a life system which composed by product level
(objects), rule level (behaviors) and spiritual level
(values). Just like a person's spirit instructing him
to realize unceasing change of his bodily structure
and the social position, maintaining and strengthening himself spirits and physical body to complete a
person's whole life. Similarly for the construction
enterprise culture, the essential factor in core level,
the construction enterprise values instruct enterprise's management system, the behavior standards
and the building product production, which objective is to maintain construction enterprises existing
and in accordance with the definition of life. So, the
function of construction enterprise culture mainly
manifests in three big domains: in spiritual level
the construction enterprise culture performs as inheriting excellent morals of human; in rule level it
is shown as enhancing the management efficiency
and maintaining a sustainable development for the
construction enterprise; in product level it displays
as providing the high grade construction products
and services for the human displays.
Overall, the innovation of construction enterprise culture is to integrate those essential factors
in three levels, enables functions of that three domain to display fully, and then to serve for human’s development.
4. A way for the innovation of construction
enterprise culture in wsr methodology
A Brief Introduction for WSR methodology

Figure 2. System construction of Enterprise
cultures
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The WSR system methodology refers to “Wuli”,.
“Shili”, “Renli”, which is proposed by Zhu Zhichang
and Gu Ji [13,14,15]. In the WSR system, “Wuli”
787
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involves physics in narrow sense, chemistry, biology, geography and astronomy and so on. Usually
the natural sciences knowledge is utilized to explain
what is “the thing”, for example the law of gravity
for describing freely falling bodies, genetic codes
hold by double helix in DNA, nuclear power plant
using nuclear reaction to transform huge nuclear energy to electrical energy. What physics needs is the
authenticity and objective reality.
“Shili” refers to the principle of doing things,
which teaches people how to arrange equipments,
materials and humans and so on to enhance the
work efficiency. Usually the operations research
and the knowledge of management science are
used to reply “how to do”. Typical examples like
American Apollo plans, the design and the management of nuclear power station’s construction
and supplies chain, etc..
“Renli” is the principle to conduct oneself such
as sincerity, goodness, and tolerance. Generally the
philosophy, the humanities and the social sciences
knowledge are utilized to explain “how should do”
and “how to do best”. In the practical life “things”
and “objects” cannot be handled without humans,
and decisions of whether those things should be
done or not are also depend on humans, so human
as a factor should be taken into account when doing any construction activities. The function of
“Renli” is shown in aspects of world outlooks,
cultures and beliefs and so on, especially in the
benefit view and the values of people when they
process “things” and “objects”. “Renli” emphasizes personhood's truth, which is in the command
status and have a huge impact on “Wuli” and “Shili”. Because, in the production and operating activities, the human is the main body, they work for
producing new things. In the traditional culture of
China the primary coverage of Four Books and the
Five Classics are the knowledge related to “Renli”
[16,17]. The most important point of personhood
is to understand what is moral [18], which can be
expressed by sincerity, goodness, and tolerance.
The characteristic of factors in the two levels
“Shili” and “Wuli” can be observed and analyzed.
However, “Renli” is the nature of affecting and
deciding “Shili” and “Wuli”, which can not be
seen and touched, the only way to know “Renli” is
analyzing the performances of “Shili” and “Wuli”
which reflect the situation of “Renli”.
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B Innovation way of construction
enterprise culture
In WSR methodology, “Renli”, “Shili” and
“Wuli” are interaction as a whole system. “Things”
and “Objects” cannot be done without “Human”,
and decisions of whether those things should be
done or not are also depend on humans, so “Renli” is in the command status .The construction enterprise culture is a system including “humans”,
“Objects” and “things”. In the production and
operating activities, the human is the main body,
and they work for producing new things. Based
on the WSR methodology, the innovation way of
construction enterprise culture can be discussed in
three levels “Renli”, “Shili” and “Wuli”.
1) “Renli” innovation of construction
enterprise culture
“Renli” innovation of Construction enterprise
culture is to integrate with staffs’ values so as to
form sense of belonging, happiness and sense of
achievement for staffs, so that staffs will regard
the enterprise as a family and bring this feeling
to their clients and the whole society. The leaders
of construction enterprises should play a leading
role so as to fulfill the ideas of sincerity, goodness,
and tolerance, to promote understanding between
staffs, to improve mental pattern and finally forms
a learning enterprise. Specifically, the enterprise
leaders act as three roles “the designer”, “the
teacher” and “the servant” [19]392.
a. First, the enterprise leaders are designers of
their organizations [19] 393-398. The most
important work of a organization designer
is to design basic ideas, values and final
goals or missions. Designing work includes
the design of organization policy and the
design of strategy and structure. Speaking
of its essence, the design is to integrate
works, to regard the enterprise as a whole
existing system in which each interior
component connects each other and links
with the external environment, to find out
how to operate the whole system to achieve
a better overall performance, so that enables
all people in the project transform the state
Volume 5 / Number 4 / 2010
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“what I have to do” to “what I want to do”
condition. Thereby the important issue can
be dealt with effectively.
b. Second, the construction enterprise leaders
are servants [19] 398-406. The leader should
be loyal to the values such as sincerity,
goodness and tolerance, and becomes “the
servant” of the values. The reasons to exist
and final goal of construction enterprises
overweigh themselves, that’s for humanity,
therefore, the enterprise leaders should regard
their staff as tools which bring the society
knowledge and changes. The initial design of
traditional organizations is to satisfy the first
three levels demands of humans like what
Maslow said: foods, security and sense of
belonging; these questions, however, were
not issues at present. That’s making hard
to request staffs to be loyal and dedicated,
unless organizations commit themselves to
top level demand like self-respect and selfrealization, otherwise the achievements of
project organizations are very difficult to
obtain effective promotions. As a successful
enterprise leader, who has to establish a
humanity value based on sincerity, goodness
and tolerance, and be loyal to these values,
deeds accord with words and be a servant of
these values?
c. Third, the construction enterprise leaders
are teachers [19] 407-412.The teacher role
is to teach how to promote learning for
each person in the company, to help every
one to foster understanding ability of the
enterprise and products. As a teacher whose
jobs including three parts, “proselytizing,
teaching and disabusing”. “Proselytizing”
is the establishment of enterprise values and
prospects; “Teaching and disabusing” is to
help enterprise staffs know meaning and
value of life and work.
The leader who can act well the three roles,
a designer, a servant and a teacher will feel that
managing core works of his company is a simple
thing. Therefore leaders should insiste one prospect, be loyal to the truth, and practice personally,
use knowledge and action to affects staffs, then
obtain good impacts on the entire society.
Volume 5 / Number 4 / 2010

2) “Shili” innovation of construction
enterprise culture
“Shili” innovation of construction enterprise
culture is the transformation of organization
Forms, management systems and rules, is the adjustment of staffs’ behaviors and the construction
of a learning organization so as to improve staffs’
performance. Specifically the way of “Shili” innovation as following:
a) Integrate the ideas of “sincerity, goodness
and tolerance” with enterprises’ modes of business
operation, the management pattern, behaviors of
staffs, the service pattern, enterprise's main rules
and regulations and the basic code of conduct for
staffs. Establishing effective business management pattern and organizational structure form a
team with high ability in self-control. For different
construction projects, carefully prepare for construction organization design, construction plan,
quality plan and management network, establishes a set of standards for working pattern, operation
sequence, service system to make sure fulfill the
objectives specified in the contract.
b) Implement the social responsibility management system (SA8000), the quality management
system (ISO9000), the environmental management system (ISO14000) and the occupational
health and safety system(OHSAS18001), Environmental management system (ISO14000) to
improve the construction quality and enhance
enterprise's competitive power and staffs’ work
achievements. While obtaining the economic
benefits, pay more attention to social benefits and
undertaker responsibilities related to environment
and the benefit. The enterprise not only need to
create the wealth for the society, provides the product, raises humanity's material life level, but also
to provide working environment in accordance
with requests, to teach staffs to conform public
virtues, to reduce the damages for the natural environment, and to c) Train staffs regularly in Chinese
traditional culture, vocational skills and norms
with "three-character scripture", "Book of 1000
Characters ", "the Great learning", "Doctrine of
the mean", " the Analects of Confucius " and so on
to make staffs understand the relationship between
corporate profits and their social responsibilities
and understand the personhood and works truth.
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Establish the good professional ethics, virtues, and
form collaborative awareness, credit Awareness,
team spirit[20]. Based on the related vocational
skills and standards, system training are carried
on for staffs which scope is from values, business philosophy, management methods and tools,
construction technology, personnel management,
quality inspection to operational requirements. At
the same time, many kind of activities can be run
such as the games, the knowledge competition, the
cultural show, the book club, the calligraphy and
painting activities and so on to rich staffs’ life, cultivate employee sentiment, enhance cohesion and
to achieve long-term development of construction
enterprises.
3) “Wuli” innovation of construction
enterprise culture
“Wuli” innovation of construction enterprise
culture refer to produce satisfying building products for clients, make the quality concept turn into
a conscious action for staffs. In construction process, follow and utilize good techniques, take advantages of all kinds of materials and mechanical
devices, enable construction products (material
technology system) to have excellent performances. The leaders of construction enterprises should
guarantee each project department to familiar the
local hydrogeology and climatic conditions before
carrying on the project construction activities,
in construction activity to master the construction techniques, familiar with each equipment,
machine and tool and physical chemistry performance and the characteristic of building materials, and cannot violate their natural laws which is
the basis for survival and sustainable development
for construction enterprises. A company who loses
customers will face with the threat of bankruptcy,
and lose the foundation of its “Renli”. “Wuli” innovation includes details as shown:
a. Take customer satisfaction as the goal, and
enhance the performance of construction
product. Before starting a project, key
processes and special areas should be
optimized. According to the project scale
and the characteristics to assign each kind
of technologies, and the skilled person for
790

quality control, construction technology
standards, work instructions and construction
methods are established. Through carrying
out the training of total quality management
and the training of each kind of international
standard training, as well as activities for
making suggestions so as to continually
improve the building quality.
b. Implement the CIS recognition system,
combine the spirit of enterprise (i.e.
sincerity, goodness, and tolerance) with
corporate image, logo, work atmosphere,
employee dress to create a good corporate
image condense to the enterprise image,
marking, the work atmosphere, in staff's
attire clothing, portrays the good enterprise
image. Simultaneously, establish “civilized
construction area”, “civilized office district”,
“civilized staff quarters”. Construction sites
are places where the enterprise staff produce
and live in, the civilization level of sites will
subtly affect on staffs’ behaviors, ideas, and
spirits [21]. Simultaneously, construction
sites are important places to show the
public image for enterprises. Therefore
construction enterprises can demonstrates
their images well via the foundation of
civilization sites and improvement of the
site environment.
c. Carrying on informationization construction, and improving the market information
communication and the feedback efficiency.
The construction activities is a community
including many constructors, which need a
responsive contract system, and according to
the law of sincerity, goodness, and tolerance
to establish a good contract network system
and coordinate multiparty relationship so
as to resolve contradictions and problems
between every main part and enable the
project to finish smoothly on time.
5. Conclusion
In light of systematic perspective, the construction enterprise culture is a living system with its
unique structure and function. Based on the WSR
methodology, there are three aspects in the culture
Volume 5 / Number 4 / 2010
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innovation of construction enterprises, that is in
spirit level disseminating sincerity, goodness, and
tolerance, enhancing cohesive force of enterprises
and advancing social harmony; in institution system level, changing organizational system and
norms, adjust the behavior of employees, building
learning enterprises and realizing sustainable development; in objects level, providing high-quality construction products and services for humans.
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Abstract
A significant problem of multicriteria decision making presents a manifestation of the interdependence of decision-making criteria. By
the interdependence of certain criteria, selection
of the best alternative, based on multiple criteria,
becomes complex, while not getting an objective
rank of alternatives. This paper is an attempt to
highlight some aspects of the problem of criteria
interdependence. In addition, the paper discussed
the possibilities of the system for decision support
in its overcoming. Described solution provides hierarchical analysis based on the criteria, giving a
support to decision makers in this segment.
Key words: Decision support systems, Multicriteria decision making.
Sažetak
Jedan od značajnih problema višekriterijumskog odlučivanja predstavlja ispoljavanje međuzavisnosti kriterijuma. Problem
međuzavisnosti određenih kriterijuma usložnjava
izbor najbolje alternative, na osnovu više kriterijuma, pri čemu se ne dobija objektivna slika ranga
alternativa. U ovom radu su istaknuti neki aspekti
problematike međuzavisnosti kriterijuma. Pored
toga, u radu su razmotrene i mogućnosti sistema za
podršku odlučivanju u njegovom prevazilaženju.
Prikazano rešenje omogućava hijerarhijsku analizu zavisnosti kriterijuma, dajući donosiocu odluka
podršku u tom segmentu.
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Ključne reči: Sistem za podršku odlučivanju,
Višekriterijumsko odlučivanje
1. Introduction
During the last decade, development of computer and communication technology was identified and positioned in the focus of Decision support systems, according to management demands
for information. Because of function and scope of
management duties in a decision-making system,
properly and forehand information represents a
reference level, having to be organized in such a
way, in order to obtain an importance for a manager. Information technology presents a main role
in data acquisition, their processing, analyses and
storing, necessarily for business decision making.
Information era imposed more extensively demands for information on the part of management.
In the same way, their possession and monitoring
represents one of the most important grounds for
business decision making. Dynamic evolution
of information technology makes possible new
environments for assistance in Decision support
systems. Their integration produces a subject for
research relating to implementation of actual information technology in assistance of business decision making, more in [1], [2].
However, decision problem is cross-functional
by nature. It greatly depends on knowledge and
experience of a decision maker, as well as on quality of information. One of the biggest problem of
a decision maker represents determination of relVolume 5 / Number 4 / 2010
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evant specifications and alternatives for selection
of the best one, more considerations are given in
[3], [4]. This final decision can be assigned only
to a person. Implementation of computer and information technology greatly advanced manager’s
decision – making. This assistance is important
in every segment: collecting and processing information, presentation of results and their subsequent reliance.
2. Multi-criteria decision making and
criteria dependency problem
In practice, manager’s problems obtain different and heterogeneous demands, often with different relative signification and respond to modification of input and output measures. Therefore,
manager’s decision-making requires implementation of multi-criteria determining methods. More
different and diverse criteria offer more conceptual and objective depiction, in accordance with decision maker’s demands. Criteria can be presented
in different units, often different relative importance and different requests for maximization and
minimization.
Derived data are utilized for better understanding of alternatives, giving wide possibilities to a
manager for selection of the best ones. Selection
of alternatives is primarily permitted to a man, as a
bearer of decision – making, and data possess role
of information. They represent data analysis in case
of making decisions. Decision maintenance system
not only provides information necessary to managers, but also makes possible their processing.
Selection of the most favourable alternative
(or rank of alternatives) based on several criteria,
can be performed by a mathematical model and
computer’s support with the aim of automation.
Theoretical results and algorithmic approaches
for multi-criteria decision-making have been discussed by many authors [5] –[10], as well as with
their implementation [11] - [14].
However, another problem appears for the
manager, with a solution permitted only to him
and his estimation regarding which alternatives
can be taken in consideration and by which criteria they can be analysed. This decision is assigned
only to him, to his experience and knowledge.
Volume 5 / Number 4 / 2010

In addition to the selection of relevant criteria, the carrier of decision has to request that the
selected criteria are not in the mutual dependence.
Independence of criteria would be primarily related
to non-existence of cause-consequential connection
between them. In case that one criteria of multicriteria analysis depends on the other (where both
criteria are selected for the determination of the
rank of alternative), their interdependence affects
the relevance of obtained results. Thus the selected
criteria, in addition, increase their preference, creating unrealistic rank of alternatives. The carrier
of decision faces the problem of selecting criteria,
which are not in the mutual dependence. It largely
influences the choice of the best alternative.
Criteria can be considered dependent if they
are mutually related in a certain way, in fact, if
one criterion can be brought in connection with
the other. Their interdependence affects the formation of unrealistic rank alternatives. This paper
presents the development of a solution that aims
to provide a review of criteria depending on the
different aspects:
–– Direct and indirect dependence on certain
criteria. Direct dependence is the addition
that is explicitly stated by the user. Indirect
dependence presents the impact of other
criteria to their interdependent criteria. This
indirect impact could then be transferred
through a number of levels of mutually
dependent criteria. Decision support system
aims to show all the indirect effects of certain
criteria, at all levels of hierarchy, starting from
the first direct depending entered by the user.
–– Another problem that appears is different
character of criteria. For the selection of one
alternative, one kind of criteria could have
the significance, while for the other one it
does not have to be significant, or could be
so to a lesser extent. A computer solution
described at this paper allows creation of
different types of dependences, based on
directly and indirectly dependent criteria.
The sollution allows storing all of previously
defined combinations and generation of
reports based on them.
–– In addition to the previously described
request, the problem is to what level certain
criteria express dependence, and their
793
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percentage participation. This analysis also
takes into account relation to each character,
depending on the criteria.
Decision support system aims to support analysis of inter criteria should have the following key
features:
–– The possibility for entering criteria and
their interdependence in different cases, by
defining different interdependence in some
subsets of general examined alternatives.
–– The possibility for percentage presentation
of individual interdependence.
–– The possibility for storing different variations
of previously defined interdependences in
some cases, in a database, which allows the use
of previously examined solutions in the new
multi-criteria decision-making. This database
represents the knowledge base, which can be
corrected in subsequent analysis.
–– The possibility for receiving intermediary
inter criteria in some cases, on the basis of
previously defined interdependence.

The figure illustrates direct dependence of criteria 111 and 112 on the criteria 11. In addition,
the criteria 11 includes direct dependence of the
criteria 1. Indirect dependence of criteria 111 and
112 on criteria 1 exists on the second level of hierarchical structures. The task of computer analysis
in this case is not only the direct criteria dependence, but also indirect dependence, by complex
hierarchical structure. This provides sophisticated
insight into the interdependence criteria to the
decision-maker. Although the final selection of
the criteria is allowed to the decision-maker, the
computer support simplifies insight and automates
review of a large number of inter hierarchical data
- potential criteria of multi-criteria analysis.
The problem of hierarchical structure of the
criteria interdependence is more complex due to
addition of two or more dependencies. Further
complexity of this problem is shown in Figure 2.

3. Analysis of interdependent criteria
Computer supported analysis of the interdependence of criteria is based on the use of relational databases. It is also based on previously
updated databases with defined dependence of
individual criteria. Data analysis is then possible
on many bases. One of them is tracking the interdependence of criteria according to the hierarchy.
Simplified schematic structure of the hierarchical
criteria interdependence is shown in Figure 1.

Figure 1. Elementary hierarchical structure of
the criteria interdependence
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Figure 2. Further complexity of this problem
The dependence of criteria 12 on the criteria
1 and 21 makes the previous model of hierarchical structure more complex. In this case we get
an indirect criteria dependence, associated with
them in the hierarchy, at lower and higher levels.
In this paper the resulting output of such data is
illustrated in table 1.
Relational approach to database management
consists of creating tables of data and setting relations by one of several types of connections.
In this way information is stored in a convenient
form for a query and a report.
Hierarchical structure of the criteria interdependence can be interpreted by a relational database
model. In this way a relation of one entity is created
(table of criteria interdependence). Field of primary
key is being related to other defined field (external
key) by connection type one-to-more (1 M).
The first basic definition of relations between
the levels of interdependence is shown in Figure 3.
Volume 5 / Number 4 / 2010
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The corresponding expression interpreted by programming language SQL, would be as follows:
SELECT Dependence.[ID Criteria], Dependence_1.[ID Criteria] FROM Dependence AS
Dependence_1 INNER JOIN (Criteria INNER
JOIN Dependence ON Criteria.[ID Criteria] =
Dependence.[ID Criteria]) ON Dependence_1.
[ID Criteria] = Dependence.[Depends on];
Table 1. Results of the elementary problem
ID
Criteria

ID
Criteria1

ID
Criteria2

ID
Criteria3

1

0

0

0

11

1

0

0

111

11

1

0

112

11

1

0

121

12

21

2

121

12

1

0

122

12

21

2

122

12

1

0

2

0

0

0

21

2

0

0

211

21

2

0

212

21

2

0

12

21

2

0

12

1

0

0

In this way we get the representation of criteria
and the higher criteria in the interdependence of
the structure. Displaying of another level of hierarchy, criteria is achieved by setting relation that
connects two times the same entity, Figure 4.

In this case, the appropriate SQL sentence will be:
SELECT Dependence.[ID Criteria], Dependence_1.[ID Criteria], Dependence_2.[ID Criteria] FROM (Dependence AS Dependence_1 INNER JOIN (Criteria INNER JOIN Dependence
ON Criteria.[ID Criteria] = Dependence.[ID Criteria]) ON Dependence_1.[ID Criteria] = Dependence.[ Depends on]) INNER JOIN Dependence
AS Dependence_2 ON Dependence_1.[ Depends
on] = Dependence_2.[ID Criteria];
We can notice that the whole hierarchical structure of the inter-entity can be formed by the relational database model and SQL (Structured Query
Language) interpreted sentences. In the primary
table of interdependence only entity ID and the
first parent entity are stored. In this way, this problem is possibly approximate to a certain level of
hierarchical structures.
In the case of undetermined levels (n) of interdependence, one of the possible global solution
could be data processing, by queries in a program
loop, while generally there are interdependent relations. In this case, information on determined
levels of interdependence are obtained by the primary table and selected data (Tab2). In every passing loop, programme reads data from the current
level of interdependence. Tab1 presents a temporary table of resulting data for one level of dependency. Figure 5. presents an general algorithm for
solving undetermined number of interdependence
The result of this processing is shown in Table
2, which represents the basic information for ultimate table TabReport. In this example, the inter-

Figure 3. Relation of the first level of dependency criteria

Figure 4. Relational view of the second-level interdependence
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dependence is required for an entity 121. In the
Table 2 we can see revised display of output data.
In this case, each row of a table TabReport shows
only one level of interdependence (with input of
levels in relation to the initial entity).

Table 2. Search results of undetermined number
of interdependence.
ID Criteria

Depends on

Level

0

0

3

1

0

2

2

0

3

21

21

1

12

1

1

121

12

0

121

12

0

When discussing this problem, we must certainly take into account the different character,
depending on the criteria. For the selection of one
alternative, one kind of criteria can have significance, while for the other one it does not have to
be significant.
Figure 6 shows basic example of the interdependence of two different hierarchies of criteria
specified by depending on the type 1 and 2
Various types of criteria, as well as their percentage representation, in this case, can be solved in the
some way, by the relational database. Table 3 displays a small segment of the table of dependency,
which in this example, is elementary complex.

Figure 5. A general algorithm of undetermined
number of interdependences
This approach is necessary in order to allow an
unspecified number of levels of interdependence.
Entering in a single row all levels of dependences,
would be impose a defined number of columns
and would be create their limit. Restructuring of
the data in this way is possible by using displayed dependences and by the number of their recorded levels.
796

Figure 6. Hierarchy interdependence of different
criteria
Previous queries in this case are formed taking
into account the kind of interdependence itself.
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Table 3. Segment of the table of dependency
ID
Criteria

Depends
on

Kind of
dependency

%
Influence

122

22

2

30

211

11

2

25

211

21

1

15

212

11

2

10

212

21

1

5

221

12

2

20

221

22

1

15

222

12

2

10

222

22

1

10

Results of the sample 122 in the first case and
222 in the second case are obtained in a simple
way. In this way it is possible to create a virtually unlimited number of types of dependencies
and archive them for their later analysis. This previous solutions and experiences are stored in the
database, providing easy access to complete and
later finding. This enables the analysis and selection criteria for use in multi-criteria decision on
the basis of their interdependence and the size of
the impact.
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4. Conclusion
Development of information technology influenced the way of productivity and management
decision-making to a great extent. Characteristics
of the information system are primarily based on
the specific needs of managers for information and
the nature of their decision-making and planning.
Computer support for multi-criteria optimization
methods basically provides broad access to decision-making, decision support for resolving various kinds of structural, semi-structural and nonstructural problems, as well as the appropriate use
of mathematical models.
Methods for the selection of the best possible
alternative enables implementation of a large
number of mathematical models, as well as computer support for the automation of the calculation. However, remains the presence of one of the
most questionable elements in this process - selection of relevant criteria, with more complexity due
to their interdependence.
This paper presents some considerations based
on the problem of interdependence in multi-criteria decision-making. It is dealing with one of the
biggest problem of a solution maker – selection
of the best criteria for multi-criteria optimization.
We can notice complexity of this problem because
of their dependences, which in result gives unreal
rank of alternatives.
This paper describes an application developer
solution that can be implemented using relational
database model. In this way it is enabled the hierarchical monitoring of criteria interdependence
on various grounds, as well as percentage ratio of
their addiction.
Solution shown in this paper enables the analysis of different types of dependences, with the aim
of obtaining all directly and indirectly dependent
criteria. This enables analysis of all previously
defined combination of possible criteria, as well
as reducing the number of interdependent. Implementation of this solution can support for a different methods of multi - criteria optimization.
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Abstract
New anionic complex compounds of Ru (III)
with Schiff bases have been synthesized and characterized. On the basis of elemental analysis, infrared,
visible, electron paramagnetic resonance and mass
spectroscopic data the compounds have been formulated as Et4N[Ru(SB)2Cl2] and Et4N[Ru(SB)2]
where SB represents monobasic (NO) 5-x-salicylideneaniline and dibasic (ONO) 5-x-salicylidene2-aminophenol respectively (X=H, Cl, Br). In the
octahedral environment of ruthenium (III), the coordination with 5-x -salicylideneaniline is achieved
trough azometine group and phenolic oxygen while
additional bonding trough oxygen is observed in
Et4N[Ru(SB)2].
Key words: Ruthenium(III), Schiff base, salicylaldehyde, synthesis
Sažetak
Sintetizirani su i okarakterizirani novi anionski
kompleksni spojevi sa Šifovim bazama. Na osnovu
elementarne analize, infracrvene, vidljive, i spektroskopije elektronske paramagnetske rezonancije kao i masene spektroskopije spojevi su forVolume 5 / Number 4 / 2010

mularani kao Et4N[Ru(SB)2Cl2] i Et4N[Ru(SB)2]
gdje SB predstavlja monobazični (NO) 5-x-salicilidenanilin i dibazični (ONO) 5-x-saliciliden-2aminofenol respektivno (X=H, Cl, Br). U oktaedarskom okruženju rutenij (III) je koordiniran sa
5-x-salicilidenanilinom kroz azometinsku grupu
a dodatna veza sa fenolnim kisikom je opažena u
Et4N[Ru(SB)2].
Ključne riječi: Rutenij(III), Šifova baza, salicilaldehid, sinteza
1. Introduction
For a several decades Schiff bases and their
metal complexes have been attracting special interest due to its potential anti-viral, anti-fungal and
anti-tumor properties[1-2]. Many metal complexes with various Schiff bases have been intensively
studied mostly because of their pharmaceutical
and biochemical importance . On the other hand,
some ruthenium complexes have shown promising anticancer activity and have been continuously
investigated as the most important non-platiniumbased anticancer candidates in clinical trials [3-6].
We started synthesis of some Ru(III) complexes with Schiff bases derived from chloro- and
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bromo-halogenated salicylaldehyde and here we
report the preparations and characterization of
new Ru(III) anionic complexes with 5-x-salicylideneaniline
(x = Cl, Br) and 5-x-salicylidene-2-aminophenol (x= H, Cl, Br). There is growing body of
evidence based on biological evaluation of some
transition metal complexes with such ligands [7-9]
as well as Ru(III) binuclear molecular compounds
[10] clearly indicating increased interest in a role
of these complexes as potential pharmaceuticals.
Keeping in view the facts mentioned above, as
an initial step, we aimed to prepare
Ru (III) complexes with Schiff base containing
easily outgoing chlorides, which seems to be very
important fact for both catalytic and antitumor activities. In addition, we focused our attention on
ruthenium compounds with metal tightly coordinated with O2N salicylaldimine ligands.
2. Experimental
2.1. Materials and methods
All chemicals were purchased from commercial sources and used without further purification.
The infrared spectra were recorded as KBr pellets
on a Perkin Elmer spectrum BX FTIR System.
UV-Vis spectra were measured on Jasco V-670
spectrophotometer. Elemental analyses were performed on a Vario EL analyzer. ESI-MS spectra
were recorded on FT-ICR-MS Bruker Daltonics.
EPR measurements were performed at 130 K on
an EPR Spectrometer (ESP 300E Bruker).
2.2. Preparation of Schiff bases
The Schiff base 5-chlorosalicylideneaniline
(HSBI) and 5-bromosalicylideneaniline (HSBII)
were prepared according to the literature procedures [9]. Salicylidene-2-aminophenol (H2SBIII),
5-chlorosalicylidene-2-aminophenol (H2SBIV), and
5-Bromosalicylidene-2-aminophenol (H2SBV) were
prepared by condensation of appropriate salicylaldehyde with 2-aminophenol according to the reported procedure [11]. Schiff bases were recrystallized
from ethanol at 70oC with 70-80% yield.
800

Figure 1. Schiff bases
a) 5-x -Salicylideneaniline (x = Cl, HSBI; x = Br,
HSBII)
b) 5-x-Salicylidene-2-aminophenol (x = H, H2SBIII; x = Cl, H2SBIV; x = Br, H2SBV)
2.3. Preparation of complexes
2.3.1. Complexes with 5-halogenosalicylideneanilines, Et4N[Ru(SBI)2Cl2]
and Et4N[Ru(SBII)2Cl2]
The complexes were synthesized by the following procedure: The solution of appropriate Schiff
base (2 mmol ; 0.46 g HSBI, 056 g HSBII) in 30 mL
ethanol absolute was added to the solution of RuCl3
x 3H2O (1 mmol, 0.26 g) in absolute alcohol (10
mL). The mixture was refluxed for 3 hours at 65-70
° C after which the volume was reduced in rotary
evaporator to the half of the initial volume. The precipitation was performed by adding of of tetraethylammonium bromide (2 mmol, 0.32 g) dissolved in
water (10 mL). The dark green solids were washed
with diethyl ether and dried over P2O5. Yield: 55%.
Elemental Anal. Calc. for C34H38Cl4N3O2Ru;
Et4N[Ru(SBI)2Cl2], (%): C,53.48; H,5.02; N,5.50.
Found (%): C,53.03; H, 4.58; N, 4.95. ESI-MS
m/z found for C26H18Cl4N2O2Ru- 633.91. UV/Vis
[CHCl3, lmax/nm (e/M-1 cm-1)] 356 (11250).
Elemental Anal. Calc. for C34H38Br2Cl2N3O2Ru,
Et4N[Ru(SBII)2Cl2], (%):47.90; H, 4.49; N, 4.93.
Found (%): C, 47.38; H, 4.10; N,4.52. ESI-MS m/z
found for C26H18Cl2Br2N2O2Ru- 723.81. UV/Vis
[CHCl3, lmax/nm (e/M-1 cm-1)] 354 (9930).
2.3.2. Complexes with 5-halogenosalicylidene-2-aminophenol
Et4N[Ru(SBIII)2], Et4N[Ru(SBIV)2],
Et4N[Ru(SBV)2]
The complexes were prepared according to the
following general procedure: The solution of the
Volume 5 / Number 4 / 2010
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appropriate Schiff base (2 mmol; 0.43 g HSBIII,
0.49 g HSBIV, 0.58 g HSBV) in 40 mL absolute
alcohol and 0.6 mL triethylamine was carefully
added to the solution of RuCl3 (1 mmol, 0.26 g)
in 10 mL of alcohol. The resulting solution was
refluxed over two hours on a paraffin oil bath at
60oC, than simply evaporated to 30 mL at room
temperature. The precipitation was carried out by
adding of 2 mmol ( 0.32 g) Et4NBr dissolved in 10
mL of water. The dark green solids were washed
with petrol ether and ciclohexan and dried over
P2O5. Yield: 55%.
Elemental Anal. Calc. for C34H38N3O4Ru,
Et4N[Ru(SBIII)2], (%):C, 62.46; H, 5.86; N, 6.43.
Found (%): C, 61.54; H, 5.41; N, 6.14. ESI-MS
m/z found for C26H18N2O4Ru- 524.03. UV/Vis
[CHCl3, lmax/nm (e/M-1 cm-1)] 408 (30215).
Elemental Anal. Calc. for C34H36Cl2N3O4Ru,
Et4N[Ru(SBIV)2], (%):C, 56.51; H, 5.02; N, 6.43.
Found (%): C, 55.95; H, 4.63; N, 5.60. ESI-MS
m/z found for C26H16Cl2N2O4Ru- 591.96. . UV/Vis
[CHCl3, lmax/nm (e/M-1 cm-1)] 412 (15384).
Elemental Anal. Calc. for C34H36Br2N3O4Ru,
Et4N[Ru(SBV)2], (%):C, 50.32; H, 4.47; N, 5.18.
Found (%): C, 49.83; H, 4.47; N, 4.92. ESI-MS
m/z found for C26H16Br2N2O4Ru- 681.85. UV/Vis
[CHCl3, lmax/nm (e/M-1 cm-1)] 414 (17995).

3. Results and discussion
3.1. Synthesis and spectroscopic
measurements
In this work, we synthesized two complexes of
Ru (III) with 5-substituted salicylideneanilines and
three complexes with 5-substituted salicylidene-2aminophenol. All complexes are anionic and were
precipitated by Et4N as dark green solids. The reactions were carried out in an absolute alcohol solution using RuCl3 and appropriate Schiff base in
the molar ratio 1:2. While the two chloride ions remained coordinated in the complexes with 5-substituted salicylideneanilines (bidentate ON donor),
full chelation of ruthenium in octahedral environment is achieved in the compounds with ONO tridentate 5-substituted salicylidene-2-aminophenol
coordinated to the metal center. The formulation
and characterization of the reported complexes is
based on analytical data, infrared and visible spectra, mass spectrometry measurements and EPR.
The following structures are suggested (figure 2):
The results obtained from infrared spectroscopy
clearly suggest the mode of the metal–ligand coordination in these compounds and agree well with
other spectroscopic and analytical data. The great
similarity in spectra of the complexes suggests that
their structure is also similar in case of both types
of ligands. The bonding of the Schiff base in the
anionic form through the azomethine nitrogen and

Figure 2.
a) Tetraethylamonium dichloro-bis[N-phenyl-5-halogeno-salicylideniminato-N,O]ruthenat (III);
b) Tetraethylamonium bis[N-2-oxophenyl-5-halogeno-salicylideniminato-O,N,O]ruthenat (III)
Volume 5 / Number 4 / 2010
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the deprotonated phenolic oxygen is supported by
the presence of strong absorptions at 1584-1595
cm-1 assigned to (C=N) and strong bands at 15161524 cm-1 of phenolic (C–O) vibration in ruthenium compounds with salicylidene-2-aminophenols.
Compared to the free ligands an almost regular shift
of azomethine group toward lower frequencies
(38-46 cm-1) and phenolic oxygen toward higher
absorptions (16-7 cm-1 ) were observed depending
on the substituted atom in position 5 ( H, Cl, Br). In
the spectra of complexes with 5-halogeno-salicylideneanilines the same tendency were observed for
CN(10-12 cm-1) and phenolic CO (15 cm-1). Due
to an intensive bands overlapping in the spectra of
complex compounds it is not a simple task to resolve the absorption of tetraethylammonium in the
presence of phenyl or N-phenyl groups. Nevertheless, in the low wavenumber region of the spectra of complex compounds, the few low intensity
bands have been assigned to the CNC, CCN frame
of tetraethylammonium (466-469 cm-1 and 420425 cm-1) according to the literature[12].
The compounds were further analyzed by visible spectroscopy. The solutions of synthesized
Ru (III) complexes in CHCl3 were characterized
by intensive absorptions at 408-412 nm for compounds with salicylidene-2-aminophenols. On the
base of the values of the molar extinction coefficients (ε=1.53-3.02 x 104 M-1 cm-1), the bands are
assigned as LMCT. In the case of ruthenium compounds with 5-halogeno-salicylideneanilines, an
intensive absorption around 350 nm, corresponds
to intra-anionic chlorine to ruthenium charge transfer (ε=0.99-1.12 x 104 M-1 cm-1) [13].

The results of mass spectroscopy measurements of the anionic complex species
(ESI negative mode) agree well with proposed
empirical formula derived from elemental analyses. All of the complexes are EPR active suggesting
+3 oxidation state of ruthenium in disordered octahedral environment. Three g values are observed
for complexes with bidentate monobasic Schiff
bases: Et4N[Ru(SBI)2Cl2] ( g1=2.19, g2=2.15, g3=
1.87), Et4N[Ru(SBII)2Cl2] ( g1=2.20, g2=2.14,
g3= 1.88). The compounds with tridentate dibasic ligands showed two values: Et4N[Ru(SBIII)2]
(g1=2.20, g2= 1.86), Et4N[Ru(SBIV)2] (g1=2.19,
g2= 1.87), Et4N[Ru(SBV)2] (g1=2.20, g2= 1.85).
4. Conclusion remarks
We have briefly discussed the synthesis and
spectroscopic properties of five new compounds
of Ru (III) with Schiff bases derived from 5-substituted salicylaldehyde and aniline or 2-aminophenol. Based on this we proposed the structure
for tetraethylamonium dichloro-bis[N-phenyl-5halogeno-salicylideniminato-N,O]ruthenat (III)
and tetraethylamonium bis[N-2-oxophenyl-5-halogeno-salicylideniminato-O,N,O]ruthenat (III).
The proposed compositions and suggested structures pointed out binding of Schiff bases in the
form of bidentate monobasic or tridentate dibasic
ligands to the Ru (III).

Table 1. Analytical, infrared and visible spectroscopic data
Ligand

Compound

Empirical formula

HSBI

Et4N[Ru(SBI)2Cl2]

C34H38Cl4N3O2Ru

HSBII

Et4N[Ru(SBII)2Cl2] C34H38Cl2Br2N3O2Ru

Found (calc) %

n(C=N)/cm-1
(free ligand)

n(CO) /cm-1
(free ligand)

lmax

53.48
5.50
5.02
(53.03) (4.95) (4.58)

1605
(1615)

1518
(1503)

356

47.38
4.52
4.10
(47.90) (4.93) (4.49)

1601
(1613)

1515
(1500)

354

C

N

H

H2SBIII

Et4N[Ru(SBIII)2]

C34H38N3O4Ru

61.54
6.14
5.41
(62.46) (6.43) (5.86)

1595
(1633)

1524
(1508)

408

H2SBIV

Et4N[Ru(SBIV)2]

C34H36Cl2N3O4Ru

55.95
5.60
4.63
(56.51) (6.43) (5.02)

1590
(1630)

1519
(1509)

412

H2SBV

Et4N[Ru(SBV)2]

C34H36Br2N3O4Ru

49.83
4.92
4.47
(50.32) (5.18) (4.47)

1584
(1630)

1516
(1509)

414
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* Synopsis
New anionic complex compounds of Ru (III)
with Schiff bases have been synthesized. On the
basis of elemental analysis, infrared, visible, electron paramagnetic resonance and mass spectroscopic data the compounds have been formulated
as Et4N[Ru(SB)2Cl2] and Et4N[Ru(SB)2] where SB
represents monobasic (NO) 5-x-salicylideneaniline and dibasic (ONO) 5-x-salicylidene-2-aminophenol respectively (X=H, Cl, Br).
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Abstract
Increasing investment in research affairs in both
developed and developing countries has been a major success in the last decade. However, with growing
pressure on the public sector budget, funding organizations have instituted formal Research Needs Assessment (RNA) to insure that research resources are
allocated in a way that is consistent with the national
objectives or specific needs.
So, the RNA has carried out explicitly or implicitly
in all organizations or programs through the allocation of research resources to different commodities,
regions, disciplines, problems and types of technologies but it received considerable attention formally
and scientifically in recent years.
Since universities as organizations are required to
diagnosis and priories alternative projects within constrain of limited funding, RNA become a major concern of many universities around the world to prepare
a real orientation for their research programs.
In this paper, after a briefly review of the theoretical background, the current situation of RNA at
Shahid Beheshti University (National university of
Iran) is described and then an alternative scenario
for RNA is introduced.
Key words: Research, Research Needs Assessment, Research Management, Higher Education
Introduction
RNA is a complex and multidimensional process,
because in spite of its extensive Application, especially in priority setting and resources allocation,
there is no widely accepted definition of research
Needs Assessment. This problem has rooted in complexity of needs concept. Ambiguity in needs definition led many studies to fail in presenting a compre804

hensive conception of needs. Some of the specialists
like Mattimor and Knudson used some alternative
definition such as “situation assessment”, and “situation Analysis” (Packwood and Whitaker, 1988) and
also, some other specialists like Kliaton believed
that the term “needs” must be deleted from the literature of education. (Ibid, p.104). This reveals how
challenging needs conception may be.
We can introduce, however, the most important
definition of needs as follow:
1 - “Needs” as a want or preference:
In the first conception, some people may believe
that “needs” is the equivalent of one’s want or one’s
preference. This definition of “needs” which is some
times called “democratic conception,” respects the
views of majority of people about a specific subject.
(Suarez, 1996, p.115) Nonetheless; this conception
has been criticized because of three reasons: first of
all, because the people’s views are considered to be
subjective, secondly, people are not awarned of their
real needs and thirdly since the needs concept is not
the same as want concept.
2 -” Needs” as a deficit or as a problem:
In this concept, need is a kind of deficit or a kind
of problem in a particular field which is innately
harmful. Scriven advocates this definition, which is
refereed as problem - approach. In this view, ‘need’
implies the situation in which minimum satisfactory level is not attained. The concept of minimum
satisfactory level is ambiguous and arguable, since
this term is used in some fields such as biology and
medicine and there is no evidence in education for it
(Borrow, 1991).
3 - “Needs” as a gap or as a discrepancy:
In the third and the most acceptable conception,
“needs” is considered as the discrepancy between
the present situation and the ideal situation, for instance Kaufman (1991) defines needs as a gap beVolume 5 / Number 4 / 2010
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tween current outcomes and expected outcomes. In
this kind of definition, there is a distinction between
‘needs’ and ‘semi needs’. Needs are related to outcomes, where as, semi needs are in connection with
the means of achieving needs and only after determining needs, one may identify the means of achieving them (Kaufman, 1991). As a conclusion, each of
the above definitions looks at the needs and needs
assessment through a particular point of view. Generally speaking, each of the definitions, depending
on the situation, has effective application and one
should use situational approach in connection with
their application.
Definition of Research Needs Assessment
With respect to definitions of needs, RNA refers
to a complex process of diagnosing and potential research needs and priority setting among alternative
researches to build a focus for effective resources
allocation.
We should separate RNA from some other related concepts such as Research Needs Identification
(RNI), Research Priority Setting (RPS), as well as
Resources Allocation (RA). The RNI is Identifying
all potential research alternatives, which is aimed at
producing maximum needs items, regardless of their
qualities and priorities (Fathi, 2001) while, the RPS
is the process of choosing between different sets of
research alternatives (Falconi, 1999, p41) and only
after conducting RNI and RPS, one organization can
provide a scientific and rationalize base for resource
allocation. So, broadly defined; the RNA is a complex process, which includes RNI and RPS to make
effective use of available resources.
The Place of RNA in Universities
Research decision-making in universities is becoming increasingly complex. There are some crucial needs or problems at university level, which
should be targeted by research activities. In the other
hand, there is a growing pressure on universities to
improve the efficiency and effectiveness of their research programs. At the same time research budgets
are being tightened and even cut (Connell, 2004),
then as a result of these pressures, appropriate RNA
system should be put in place. Moreover, responding to the increasing limitations, research managers
have to seek for new ways, models and approaches
Volume 5 / Number 4 / 2010

to orient their research activities and discovering the
new sources.
Considering these realities, not only most the universities around the world generally accepts RNA, but
also it is considered as an essential and first step in developing research program for a university.
Generally speaking, aims of RNA is as follow:
–– Identification of research alternatives;
–– Selection the best portfolio of research
activities for the university;
–– Prioritize the alternative research projects
based on the valid criteria;
–– Effective use of available resource for the
university.
According to Bosch and Preuss (1995) research
Needs assessment has following benefits and outcomes:
–– facilitates a review of existing resources
allocation;
–– helps to achieve a consensus on objectives as
differences of opinion are clarified;
–– makes decisions on resources allocation more
transparent and unambiguous gives clear
guidance;
–– and finally helps consolidate programs by
allowing different staff participation at various
levels.
Then RNA acts as first and orientation phase
of research planning. The most common output of
RNA is a “Research Needs Assessment” which reflects a ranked list of research projects or topics.
This statement is of little value if it is put together
arbitrarily. However, the more it is directly linked to
relevant criteria and process for research planning
and resources allocation, the more it helps the efficiency (Milles, 1995)
RNA Characteristics
Research Needs Assessment as a new realm of research management field, has special nature, which
separate it from other areas. This unique nature can
be shown in following characteristics:
1. RNA is a systematic process:
RNA is the starting point for research planning
process to discover real needs of an organization,
then RNA is a complex process, which can be tackled in a systematic, stepwise manner. This process
will include consideration of factors such as techni805
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cal feasibility, availability of various resources and
capacity as well as sustainability of proposed research topics.
2. RNA is a pluralistic (participatory) process:
Pluralistic character of a system or procedure
means that the authority of making decision is distributed among all the interested groups (Bary, 1996;
Robertson, 1995) There are various kind of stakeholders in different levels at institution which should
have play a role in research planning, specially in
RNA. Then there are various types of stakeholders
in different levels of institutions which have problems, beliefs, values and in general, subcultures, so
decision opportunity about research must shared at
all levels, so that all groups have voice in research
planning process.
3. RNA is a flexible process:
Doing research with accepting participatory characteristic, we cannot consider RNA at university level
as top-down process. In such situation, the different
interest groups in decision-making at various levels
should be considered because RNA requires interaction among different levels of decision making, instead of hierarchical communication.
4. RNA is a political process:
Political nature of RNA at university level refers to
at least two main dimensions: Firstly, RNA is a political process because conducting needs assessment will
canalize and bring along limitations for some individuals and groups and this won’t be an ideal situation for
those who are in power. Secondly, RNA is a political
process because it can be resolved by purely technical
and positivistic approach (Janssen and kissi, 1997) but
involves negotiation and dialogue among different interested group in university.
5. RNA is value-based process:
RNA should be based on common underlying
value system. According to Ham (1995) it would be
useful to define specific values which different stakeholders coined to be important, then a number of values can be identified as common values (such as effectiveness, efficiency, quality and so on) which can
guide decision making process (p.7).
6. RNA is a continues process:
The continuous character of RNA refers to this reality that each needs is subject to change and based on
time and place, research needs can be changed. Therefore, RNA output will be unstable. We can call this
character as “product instability” of RNA.
806

7. RNA is site specific:
RNA is a site-specific process, which can be used
only in that specific site. In the other word, generalization is not the primary goal of RNA. At university
level, RNA is a creative and unique process, which it
results, cannot apply in other settings and situations.
8. RNA is an interdisciplinary practice:
Finally in RNA at university level, there is clear
necessity to cooperate among disciplines.
Only interdisciplinary approach can deal with
the complexity of RNA and be able to determine
research alternatives, which will be needed by both
internal and external users.
Purpose and Objectives of the study
The purpose of the study is to introduce a comprehensive model for university focused research needs
assessment. Generally speaking, research systems in
universities have different dimensions; the most important of them can be classified as follow:
1. External /Client Needs- Oriented
Research:
One of the major research enterprises at university is external oriented research, which is ordered,
and supported by paymasters. Funding organization,
very often, publish a “wish list” about their research
needs and universities can focus on these researches.
Externally oriented research responses to needs and
problems of external organizations, so in order to attract more and more research fund in a competitive
way, the universities have to improve their capacities.
2. Internal/University Needs –Oriented
Research:
The university as an organization has different
functions; most of them are teaching, research, and
service to community (Connell, 2004, 18). The trend
in universities is toward greater freedom to define their
priorities and allocate their resources, which has provided a considerable challenge for institutional management. Then the second type of university research
is based on internal interests and aimed at improve
quality of university Performance.
3. Student Research:
Finally third type of research in universities is the
one, which will be done by postgraduate students as
thesis or dissertation. These researches can be internal or external needs oriented.
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The following diagram illustrates the relationship
that exist among three types of university researches:

Figure 1. Types of the University Research
The three research domains can interact and also
remain separate. The responsibility of research planning and RNA is to find some balances among three
sets of researches. In the other word, the main contribution, or even mission of RNA is to enlarge the area
of complete convergent of interests.
So, in this study the basic purpose of designing a
pilot scenario for SBU is to improve the current situation, which is not acceptable with respect to RNA.
Then the specific questions, which guide the study, are:
1. What is current situation of RNA at National
University of Iran?
2. What alternative scenario should be implemented to improve university performance in
RNA process?
Current Situation
National University of Iran, established in
1960, combines the tradition of a classical university with the dynamic character of a modern and interdisciplinary scientific enterprise. Starting around
1990, the university has placed more emphasis on
Ph.D.and research programs, while still aiming to
improve its undergraduate programs.
Research Planning and Management in SBU:
Vice-president for research has overall responsibility for research affairs in university, facilitated
through the research office. The vice-president for
research is also chair of research council, which is
Volume 5 / Number 4 / 2010

responsible for setting policy and priority and advising senate on research matters.
Research council members is included the research deputies of faculties. At the present, the university has 12 faculties (architecture, business, electronic
and computer engineering, earth science, economics
and political sciences, literature and human sciences,
law, mathematical science, education and psychology, physical education and Islamic affairs). Then 12
deputies of research at faculty level are participating
in university research council.
On the other hand, research office provides information and services about public demand research.
The main responsibility of the office is to provide
support and assistant to the university community
in relation to use research funds. This includes both
university sponsored research grants and externally
sponsored grants or contracts funded by government
organizations and NGOs.
The second level of research management in SBU
is at faculty level. Each faculty has also a research
committee, which consists of departments’ chairs or
representatives. The key function of the committee
is evaluation of proposals, which is submitted by
faculty members.
Finally research question can arise at department
levels as well, only if a faculty member is submitting
a research proposal. Research projects very often develop and submit in a self-motivated way. Every research activity starts with the submitting a proposal
by a faculty member at department level, which will
be evaluated in research committee and finally will
be sent to research council for further investigation.
In general, there is not a systematic and deliberative method to determination of research needs at
SBU. Research opportunities outside the university
discover and introduce to faculties by research office.
This activity, which might be called “research marketing”, is not comprehensive, often relies on wish lists,
which have offered by funding organizations.
In the other hand, research proposals submit by
faculty members individually and based on personal
interests, not university problems and needs in research, teaching or services.
As one of the fundamental functions of a university is doing scientific research, these research activities should be coherent and need based practice
and as the current situation of
SBU is not desirable, a stable and comprehensive
model for RNA should be developed, one that could
be implemented, replicated and redefined at the university.
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The Proposed Scenario
The following figure illustrates the basic phases
and the associated steps in carrying out RNA at university level.
In proposed scenario, university based RNA will
be done in a four stages as follow:
1. Orientation Studies
2. Diagnostic Studies
3. Priority Setting Studies
4. Dissemination and Action
Let’s describe each of them in detail:

in advance. Although the concepts and methods of
strategic planning have been well documented, there
are a few places to think about strategic thinking in
research activities at university level. In new scenario for RNA, a special framework is proposed. This
framework, has prepared to assist research needs assessors to think about present situation of a university
and it’s future direction.
The framework is based on two important elements: Academic Management and Research Resources management.
1. Academic Management:
Academic management refers to degree of scientific freedom, which is given to faculty members.
Conceptually speaking, we can distinguish at least
three types of academic management:
1.1 Academic control:
Academic control reflects a situation which research bodies (research councils and committees)
Plans in detailed sense what scientists should
conduct to achieve what outcomes. In some universities, research bodies have real control over RNA ,
proposal evaluation as well as assessment of project
results.

Figure 2. The overall process of University Research Needs Assessment
Orientation Studies
Orientation Studies is the first and the most important stage in RNA, which is used to determine
main directions of research at the university. It can
be focused on two key dimensions: selecting research strategy and RNA approach.
University Research Strategy:
Generally speaking, RNA is based on some assumptions about future direction of university. Then
it is critical to clarify the university research strategy
808

1.2 Academic freedom:
In this condition, university professors and academics should be given research resources to use as
they see fit and without any trammels and expectations. As Rose and Rose (1969) point outs, quite
apart from the waste such largesse would create,
academic freedom has always been a myth. The
great majority of researchers work on other people
projects and even the favored few who can choose
new areas are still limited by the budget they can
acquire (p 36).
1.3 Mixed model:
Academic Management can operate between
those extremes by doing control in some parts and
academic freedom in other parts. The best example of this model is Grants System. Grants provide
money, equipment or both to eligible researchers to
carry out approved project activities. The grantee is
responsible for conducting the projects activities and
also for preparing the result publication. Then councils and committees will evaluate the results based
on some defined and explicit criteria.
2. Research Resources Management
The philosophy of RNA is based on this reality that due to research resources are not enough to
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cover all research projects and research priority setting is unavoidable, then the kind of resources system does matter for RNA. There are three models of
research resources management at university level:
2.1 Public Resources:
The main assumption of this model is “the science base is the absolute bedrock of the economy
performance of a country and government must provide the needed resources for university research.
The university research is long term and also a national investment in the future, so government has to
support universities research.
More specifically, this perspective, which sometimes is called “Francis Bacon” model is fundamentally based on this idea that funding science from
public purse will fuel progress and thereby prosperity (Kealey, 1996)
2.2 Market Resources:
In this model, master payers of universities are
private sources such as industries, business, charities and other sections. This perspective which is the
so-called Adam Smith model, is based on this smith
view that if scientific research needs funding, the
market will take care of it (Kealey, 1996)

Academic
management

2.3 The mixed Model:
Finally most universities are implementing the
mixed model of resource management in which
some part of research financed by public and others by private sectors in forms of cooperative agreements, contracts, cost sharing and matching funds
(Mills, 1998).
With respect to academic management and resource management, we can distinguish at least nine
strategies, in which RNA will be occurred. The following diagram shows the main strategies:
Table 1. Research Strategy Analysis framework
Research resources
Public Market Mixed
Academic
1
2
3
freedom
Academic
4
5
6
control
Mixed
7
8
9
1.
2.
3.
4.
5.

Academic Freedom/Public Resources Strategy
Academic Freedom/Market Resources Strategy
Academic Freedom/Mixed Resources Strategy
Academic Control/ Public Resources Strategy
Academic Control/ Market Resources Strategy
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6. Academic Control/ Mixed Resources Strategy
7. Mixed Academic Management/ Public Resources
Strategy
8. Mixed Academic Management/ Market
Resources Strategy
9. Mixed Academic Management/ Mixed resources
Strategy
Although there is no unique and the best strategy for all universities, but one can support MixedMixed strategy for its widely application as well as
it’s situational nature.
Exploring Research Needs Assessment
Approaches
The RNA in practice employs a range of approaches. As approach has key role in RNA orientation, it is critical to make clear the main approach,
which is employed in RNA process, although some
combination of approaches is often used. Generally
speaking, the main RNA approaches can be classified in following categories: Pathological, substantive, systematic, demand oriented, supply oriented and managerial.
In Pathological approach, RNA examines specific and special features of a system or institution to
explore the main problem(s) and possible causes and
remediation through research programs. In the other
word, here RNA perceive as a systematic process,
with outcomes determined by incentives and inter-relationships of choices. Then in pathological approach
we can consider RNA as a problem finder practice in
a system or institution. This approach can be called
problem solving approach as well.
The second approach, substantive; is based on
nature and branches of a field of study.
This approach utilizes the structure of knowledge
and various areas in a specific discipline for identifying research alternatives and setting the priorities. In
each field of study, there are some common places
which specialists have consensus about them ( such
as supervision, organization, planning, coordination
and soon). These common places, which also constitute boundaries of a field(Good lad, 1991), can
be used, as a context for research needs assessment.
This approach can be called disciplinary approach
as well.
In supply driven approach, as Ashby (1991)
noted the research items and priorities are largely
set within the research system. (P.23) This approach
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often use in national level resource allocation for
major research programs and institutions. As mentioned before, resources are one of the most important element of research needs decision making
process (Beyerlee, 1999, p39) and a variety of methods might be used from informal methods based on
previous allocation (i.e., precedent), discussions and
consensus among research managers and formal
quantitative methods using scoring models, congruence or economic and cost benefit analysis (woodhall, 1994) This might be called economy based
approach as well.
In systematic approach, the RNA mainly regard
as problem of evaluating and comparing different research projects, defining appropriate objectives and
criteria, assessing the alternative research projects
and activities contribution to achieve these objectives,
comparing this outcomes and establishing a rank ordering. Feasibility study is also a critical component
of systematic approach.
In the demand-oriented approach, research
needs is determined based on perspectives of stakeholders from inside and outside of research system,
specially practitioners or users. These might be employ consultative and participatory methods or user
themselves might be empowered to make decision on
research needs (Mountagura, 2004) Recently scholars
in TQM (Total Quality Management) widely published on needs and procedures of user or stakeholders input into quality process, which can be seen as a
base for this approach. Research findings show that
the demand driven approach have been most successfully applied at lower levels of RNA such as institutional program planning as well as project selection
(Mills, 1998) In general, main orientation in this approach is toward incorporating a user perspective in
decision-making process specially research needs.
Finally the RNA might be viewed from managerial approach which emphases on organizational
structure as a best base to achieve the possible set of
research activities. In this approach, decision about
alternative research programs will be made with respect to actual hierarchy, divisions, and their mission
and tasks. This approach is aiming at organizational development as well as quality improvement in
many organizations and the RNA is a major component of Management Information System (MIS).
The RNA is a scientific process, which might be
done in a reflective way, so in each scenario for research planning, main approach should be clarified.
Although as mentioned before, in practice, some
combination of approach is often used.
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Diagnostic studies
Diagnostic studies are some critical activities,
which are undertaken whenever a RNA process is
planned. Diagnostic studies is a term which cover a
wide range of activities, the most important of them
are as follow:
1. Survey on External Clients Needs
2. Comparative Study
3. Document Analysis
4. Future Study
5. Research Needs of Internal Stakeholders
1. Survey on External Clients Needs
Identifying the external clients is a key step in
the RNA. We can ask, especially from faculty member and departments to introduce the main clients
of their researches. Based on this survey as well as
other inquiries we can provide a directory and mailing lists for external clients. However the potential
external clients can be:
–– ministry of science, research and technology;
–– governmental organizations (such as
ministries, tourism, environment and so on);
–– private sectors;
–– students and community.
The main responsible for doing the external clients survey is office of research at SBU and data will
be collect through special questionnaire.
2. Comparative Study
There are three types of comparative study at diagnostic stage:
–– country-wide successful universities in
research affairs
–– outstanding universities around the world in
respect to research priorities
–– international research associations, unions
and organizations on higher education
This comparative study will have valuable inputs
for the RNA at university level.
3. Document Analysis
There are, also; some critical approved and legal documents at university level, which should be,
taken in consideration in diagnostic process. In most
cases these documents are:
–– Higher education acts approved by Higher
Education Council
–– Higher education acts approved by Council
for Higher Education Revolution
Volume 5 / Number 4 / 2010
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–– Internal rules mandated by research council of
university as well as senate
–– Special reports on university performance
evaluations, periodic reports, etc.
4. Future Study
Research on future trends and forecasting of future developments in society and higher education
with respect to emerging new technologies such as
ICT, Nano technology, Biotechnology and drawing
the future perspectives will create some scenarios
for research alternatives in universities.
5. Internal Stakeholders
Research priorities of internal stakeholders should
be taken in account in RNA. These stakeholders play
a role in university decision making at several levels
such as Individual faculty member, team, department,
center, faculty/college and university (Connell, 2004).
The following figure shows these levels:

As you can see, research needs is a mutual process, which although various are differ from each
other, there is an interaction between levels. Therefore, research priorities are not mandated to lower
levels in a linear ways and arrows show that the
model has a flexible capacity for decision making at
different levels.
Generally speaking, there are five steps for research priority setting in stakeholders’ survey:
–– determination of faculty members interests
individually by face to face interview;
–– development of research priority at Special
Interest Groups (SIGs) with respect to faculty
members research interests;
–– statement of department research priority
based on SIGs research interests;
–– development of faculty research priority
with respect to research priorities of different
departments;
–– statement of university research needs based
on faculty needs as well as other information
resources.
The following tables show the details RNA activities at different levels
Priority Setting Studies

Figure 3. Different decision making levels of research needs assessment within university

One of the most critical phases in university based
RNA is priority netting. This responsibility might be
done by RNA committee, which will be established
under supervision of university research council and
will pursue the following process:

Table 2. RNA at different levels of university
Levels
Individual faculty
member
Team

Scope
Research priority for
each faculty member

University

Individual expertise,
needs, problems

Research priorities for Research interests of
SIGs
faculty members

Research priorities for
Department/Center
department or center
Faculty/College

Input

SIGs research
statements

Output

Means

Research
interests

Personal and face to
face interview

SIGs research
needs statement

Focus group

Department
research needs
statement

Focus group

Research priority for Departments research Faculty research
Research committee
college/faculty
statements
needs statements
Research needs
assessment for an
university
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Faculties research
needs assessment +
other resources
information

University
research needs
statement

Research council/
RNA committee
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–– Development of tentative RN of the university
–– Creating the criteria for priority setting and
approving them in research council
–– Establishing the force groups for research
priority setting which consist of departments
and faculties as well as external clients
representatives
–– Finalizing the research priorities list.
Dissemination and Action
The final phase of RNA is dissemination of research priorities, as “university research needs
statement” for the university community and society. Moreover, the following pre-requisites conditions must be provided for successful implementation of the university research needs statement:
–– Shared vision and real commitment;
–– Managerial support;
–– Training the personnel;
–– Enough resources;
–– Networking.
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Abstract
The management phenomenon, not only as theory, but as well as successful practice, calls attention not only of scientists, but as well of experts.
There is no successful management without capable and talented people, without managers. According to the new Law of the Bases for the Education
and Upbringing System, headmasters will have to
sit for the exam for licence obtaining, if they want
to manage an educational – pedagogical institution. Beyond the essential conditions in educational
meaning, headmasters have to know to manage
their institution, human and material resources
and to possess knowledge and leader skills. There
are great challenges before Serbia, both because
of transition from one system into another, as well
because it is necesary to have capable people to be
generators of changes and aproach of Serbia to the
world flows of economy. Our reflections on the
future of Serbia, in the context of the above mentioned, have provoked us to this research.
The purpose of this work is to establish are theory and praxis of management in Serbia identical,
and how are they proportioned. In the paper are presented and interpreted the results of the research of
leadership phenomenon and the role of headmaster.
In processing the results of this research, we
have used SPSS (Statistical Package for the Social
Volume 5 / Number 4 / 2010

Sciences) software, that is assigned for statistical
processing of quantitive and qualitative data in the
region of social researches.
Key words: nonprofit organisations, management, primary school, headmaster
Sažetak
Fenomen rukovođenja, ne samo kao teorija,
već isto tako kao uspešna praksa, zaokuplja pažnju
kako naučne tako i stručne javnosti. Uspešnog rukovođenja nema bez sposobnih i talentovanih ljudi, bez menadžera. Direktori škola moraće prema
novom Zakonu o osnovama sistema obrazovanja i
vaspitanja, da polažu ispit za dobijanje licence ukoliko žele da upravljaju obrazovno-vaspitnom ustanovom. Derektori, pored osnovnih uslova u smislu
obrazovanja, moraju da znaju da upravljaju ustanovom, ljudskim i materijalnim resursima i da poseduju znanja i liderske veštine. Pred Srbijom su veliki izazovi, kako zbog tranzicije iz jednog sistema
u drugi, tako isto i zbog potrebe da ima sposobne
ljude koji će biti generatori promena i približavanja
Srbije svetskim ekonomskim tokovima. Razmišljanje o budućnosti Srbije, u kontekstu prethodno navedenog podstaklo nas je na ovo istraživanje.
Cilj ovog rada bio je da se utvrdi da li se i u kojoj meri, podudaraju teorija i praksa rukovođenja
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u Srbiji u kojem se iznose i interpretiraju rezultati
istraživanja fenomena rukovođenja i uloge direktora škole.
U obradi rezultata istraživanja koristili smo
statistički softver SPSS (Statistical Package for
the Social Sciences) koji je namenjen statističkoj
obradi kvantitativnih i kvalitativnih podataka iz
područja društvenih istraživanja.
Ključne reči: Neprofitne organizacije, menadžment,osnovna škola, direktor
1. Introduction
School management is a set of mutually connected activities directed to the strategy and tactics of teachers management, through disciples'
education and training and acquiring of working
and professional experience of teachers. Leading
role of primary school headmaster demonstrates
in consistent process of managing all kinds of
knowledge in order to satisfy actual and future
needs, as well to use and develop knowledge and
to create successful teachers.
Researching the leading role of primary school
headmaster, we want in this paper to complete scientific cognition about headmaster's influence on
successful management of primary school. Taking into consideration exceptional importance of
the role of primary school headmaster, his necessary knowledges and skills that he could perform
such a complex function, we want, through this
research, to establish how much the leading role of
primary school headmaster influence the efficency
of management.
By this research we want to complete the
scientific cognition how much headmasters use
knowledge and skills, how much they apply skills
and knowledge acquired during their studying at
the university, and how much their knowledge acquired in practice, influences on school work successfulness.
The Methodological Concept of Research
Successful performing of primary school head
master's work supposes the possession of certain
knowledges and skills. The most famous classifi814

cation of knowledges and skills that headmasters
have to possess, is divided in three categories:
a. Technical or expert knowledges and skills
include specialised knowledges of a certain
region or profession, analytical capability
of fixed speciality, as well the knowledges
how to apply specific models, methods,
techniques and procedures for solving
specific problems in defined work field.
They are knowledges, primarily directed to
the work with “things”, processes or objects
assigned to perform technical, specialistic
activities inside school, i.e. professional
knowledges, methods and techniques in
work performing, respectively.
b. Social knowledges and skills or work
skills in handling people refers to the
potentials of primary schools headmasters
to communicate, motivate, direct and
lead successfully individuals and groups,
to build the relations of collaboration
and team work, to set support and safety,
and high participation of all school
members in decision – making about all
relevant matters influencing them. Those
knowledges primarily refer to activities
with people. Social knowledges and skills
have to be present and noticeable in all
activities, in a way to determine essentially
the whole orientation and headmasters'
manners. These knowledges and manners
define successfulness of primary school
headmasters in people managing, and so
they substantially influence as well on their
whole successfulness.
c. Conceptual or strategic knowledges and
skills comprise capability of creation future
visions, envisaging school problems on the
whole, interdependence of various functions
and activities, as well the capability
of noticing the activity of changes in
environment. These knowledges and skills
refer as well to the recognizing of the relations
and correlation of school and its closer
(micro) and wider (macro) environment,
as well comprehension of the complexity
of the teaching process and factors that
stipulate them, but also the resources of
rival capability of the surrounding schools.
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Conceptual knowledges and skills are key
factors for coordination and integration of all
business activities and interests, establishing
priorities between conflict objectives and
criteria and defining and planning school
strategy and future.
In this paper will be researched how much knowledge and skills primary schools teachers need
to have, and if they have them, how much of them
they implement in praxis. If headmasters do not
possess certain knowledges, their omissions do
not occur through their lack of certain knowledges, but most frequently because they are not able
or do not want to apply them. Knowledge and
skills possessing is in any way the elementary act
of management. Taking into account the former
results of researching knowledges and skills in
this country and all over the world, those results
as well say that it is not defined how much knowledge influences on the efficiency of school management. Because of that, we consider necessary
this research is necessary to be done in order to
improve the efficiency of school management. It
will be performed with help of the obtained results
and their application. We want to verify the following hypotheses in this paper:
–– The main hypothesis
People who have manegirial positions
at school, approach in a various way
to knowledges and skills. It is the
consequence of individual psychology,
education and the culture of the
environment in which they develop and
work.
–– Secondary hypotheses:
- There is some distinction in the demands
that are set before headmasters in their
managing work, relating to the knowledge
and skills at school.
- There is high corellation between the
knowledge and skills in school management and its business effectiveness.
The research of knowledge and skills and
their substantial influence on efficency increase
at school work, has been performed at primary
schools in Belgrade and Novi Sad.
Volume 5 / Number 4 / 2010

As the most suitable methods taking into consideration the research type that wiil be applied,
we can find that the best solutions are the following research methods:
–– analysis and analogy,
–– comparative anlysis,
–– factor analysis and modelling method.
On the basis of the establishing the essential
objectives and aims, and researching the matter of
this paper, we shall use the next analyses:
–– Structural analysis, as the research method
of the very structure of relevant facts, i.e.,
segmentation of this work in order to obtain
a clear idea.
–– Functional analysis, mao method or the
procedure of researching interdependence
and the relation of factors through statistical
and dynamical activity processes, qualitative
and quantitative forms of relations.
–– Generic analysis as method or procedure
in order to find out general changes of their
development on the basis of functional
dependence of facts in their particularity
and generality.
The research was performed in the primary
schools of Belgrade and Novi Sad, in all their municipalities.
3. The Research Results
Especially current and interesting issue that
come into being recently, are the researches of sexual structure of management, due to the three reasons:
4. Contemporary societies and schools are
more and more sensitive to cultural and
other forms of discrimination at work;
5. We can find more and more the difference, as
well superiority of so - called “management
of woman style” applicable in new business
conditions and the role of managers,
concentrated on maximal development
and use of human resources, as the most
important belongings of every school;
6. Diversity and variety managing, where
comes as well sexual difference,
becomes very important commitment and
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preoccupation of modern managers and
schools. The sexual structure of the analyzed
school leaders is presented in the table 1.

Table 2. The age structure of present school managers

Table 1. Sexual structure of the analyzed managers

When the managers’ sex is presented in percentage terms, we see that women are, as rule,
substantially rare as leaders, as we can see in the
table 1. Male domination in management is almost
absolute.

Figure 1. Testee’s classification according to sex
We can expect that age structure is connected to
sex structure. Interesting data is the age structure
of managers. Therefore we can raise some questions. Generally, how old should be managers?
What age and working experience are optimal for
taking over leader position and beginning of manager’s career? Is age advantage or disadvantage
for carrying out managerial duties? What experience and age are necessary, and are they substantial for performing the most important managerial
duties? These are the questions often relating to
management analysis, managerial job and performance of discharging managerial function. Because there are no unique and ready answers for
such a complex work and positions, logical way
to these answers is an analysis for age structure of
school managers, which, in this case is presented
in table 2.
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As we can see in the table 2, i.e. in the analyzed
sample of the school managers, the most numerous is the group of managers from 51 to 60 years
(24%). It seems that it is representative for general
managerial situation in schooling i.e. educational
system. The age distribution of managers is logically asymmetrical and moved towards older years (
20% are people from 41 to 50 years of age). During
recent years is present rejuvenation trend of managers, so that managing people in their thirties and
early forties begin to appear. More substantial general rejuvenation of the leading structure is a long
– standing process, so that less than 20% managers
in the age of 31 to 40 years is a good indicator of advancement. We can state that very young directors
are not numerous in the other countries, too. So, it
is difficult to believe that they will be dominant in
the period up to 30 years.

Figure 2. The classification according to the age
groups of the testees
It is impossible to equal professional qualifications of managers with their level of education,
because directors become educated also out of
usual education system. However, it goes without
saying that a certain level of professional qualification (schooling) is assumed as compulsory, if
one performs functions of a school manager. We
may see professional qualifications of the tested
directors in the table 3.
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Table 3. Professional qualifications of the testees

The matter of working experience (length of
service) is, in fact the matter of connection and devotion to a company where a person is employed,
as well as the matter of internal career development generally, and especially of manager career
that demands time, as a rule, prospering throughout various working and managerial positions .
In the figure 4 are graphically presented the
years of working experience of the directors, which
now occupy those working posts. At the first place are directors whose working service is between 10 and 15 years. The second are the directors
with service experience from 15 to 20 years. The
third and fourth place hold the managers who have
from 2 to 5, in other words from 10 to 15 years of
working experience. At the fifth place are headmasters with more than twenty years of working
experience. There are no directors with two years
of service experience.

Figure 4. The classification according to the
years of working experience of the testees
In the table 4 is presented the time the managers spend on planning, organising, human resources managing, management and checking, as basis
functions of management. How much of their time
they spend on the other segments of managing, as
decision making, communicating and motivating
of employees. We may see in the table that medium timed is planning, decision – making, human
resources managing and motivation. Lot of man-

Table 4. Time distribution of working hours of the primary schools headmasters
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agers’ time was spent on organising, communicating, managing and control.
In the table 5 is presented the ranking of activities of the primary schools’ headmasters.
Ranking of the activities according to their importance is presented in the figure 5, so that the
strategy determining is ranked first; objectives
setting, organizing and cost control are ranked
second; choice of proper cooperators, workers’
motivation, employees’ development and business politics defining, are ranked third, and in the
fourth rank is defining of organized culture.

Figure 6. Preparation and decision making - %
participation in time function

Figure 7. Necessary knowledges for successful
management

Figure 5. Activities ranking according to importance
In the picture 6. are presented the headmasters’
answers in preparing and decision – making and
the percentage in time function. The headmasters
answered that strategical decisions take part in
time function with 34,24%, tactical decisions with
30,43% and operational decisions with 35,32%.

In figure 7 are presented necessary knowledges
for successful school management. For necessary technical knowledges declared themselves
16%, for necessary economical knowledges 15%
of them, for necessary organisational knowledges 16%, for necessary management knowledges
12%, for informatics knowledges 12%, sociological knowledges 9%, for psychology knowledges
9%, of them, for behaviour knowledges 7% and
for adult – education knowledges 5%.
In table 6 are presented knowledges a manager needs. On the analysis of the inquiry form,
we may state that in the first rank managers need

Table 5. Ranking of activities of the primary schools hedmasters
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Table 6. The knowledges managers need

Table 7. Ranking of knowledges and skills

special knowledges and good business expertness.
According to the directors’ answers, in the second
rank, the most important are analytical knowledges, communicating, motivating, changes, team
work, interpersonal relations and capability for
wholeness (entirety). In the third rank are dealing
with problems (matters) and connections with environment.
In table 7 is presented ranking according to
the importance of knowledge, characteristics and
skills. In the questionnaire the heademasters declared that in the first rank, at the first place is organisational capability, at the second place is caVolume 5 / Number 4 / 2010

pability of knowledge transfer, at the third place is
the capability for quick decision making and high
(great) general knowledge. In the second rank the
headmasters declared that at the first place are capability for organisation and innovative potentials,
at the second place is the capability for knowledge
transfer, and at the third place are great general
knowledge and the capability for foreseeing. In
the third rank at the first place is readiness for risk
taking, at the second place is capability for prediction, and at the first place are proficiency of world
languages and coordination capability.
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Conclusion
Although it is impossible to equal schooling
and managers’ level of education, taking into consideration that headmasters educate themselves
as well out of the habitual education system, however goes without saying a certain level of professional qualifications is supposed as complulsory for performing headmaster’s functioning.
The problem of managing, in other words the problem of school directors in Serbia is not official
education, which is high, but possessing real bussiness and managerial knowledges, necessary for
modern school bussiness, because they often fall
behind education that is witnessed by a certain
certificate. The matter of working experience is in
fact attachment (loyalty) for enterprise and devoteness to the enterprise where a person is employed, as well interior career development generally, but especially managerial career that demands
time, and as a rule, advancement through various
working and managerial position.
The career development of a primary school
headmaster is essentially a long standing process
of gaining and expanse of various skills and knowledges, development and confirmation of personal
managerial potentials and competences, as well as
obtaining business experience and skills necessary for school leading. Of course, one needs time
for all of this, or in other words working experience, very often connected for school where someone comes to be a headmaster.
On the basis of the questionnaire, one can state that headmasters need predominantly special
knowledges and good knowledge of that business.
According to the answers of the headmasters in
the second rank are analytical knowledges, communicating, motivating, changes, team work, personal relations and the capability for entity. At the
third place is activity on problems solving, work
with people, and connections with the environment. There are also innovative capabilities, capabilities for foresight, readiness for risk taking,
possesing the knowledge of world languages and
ability of coordination.
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Competitiveness of milk
production in Serbia
Konkurentnost proizvodnje mleka u Srbiji
Popovic Rade, Knezevic Marija, Tosin Milos
University of Novi Sad, the Faculty of Economics Subotica, Serbia

Abstract
In the paper is analyzed competitiveness of
Serbian family dairy farms in lowland region in
2007, with some aspects of possible perspectives.
Globalization process, expected EU integrations
and set of free trade agreements will expose Serbian farms in close future to higher level of competition. Identified structural changes, refers on
dairy farms concentration and specialization in
lowland region in recent years. Estimated model
of cost function revealed that family farms with
bigger herd size have lower average costs of milk
production. Analysis of data collected in sample
of 24 dairy farms, proofs positive and strong correlation relationship between lower costs and
economic efficiency. Family dairy farms which
are more efficient they are also more profitable.
Milk price volatility in period 2007 to 2009 hurts
all farms, but the most farms with higher average
costs, which are usually inefficient dairy farms.
Key words: competitiveness, dairy enterprise,
dairy farm, milk production, Serbia
Sažetak
U radu je analizirana konkurentnost porodičnih
poljoprivrednih gazdinstava koja se bave proizvodnjom kravljeg mleka u ravničarskom regionu Srbije u 2007. godini. Proces globalizacije,
očekivane EU integracije i niz ugovora o slobodnoj trgovini izložiće u skorijoj budućnosti
proizvođače mleka višem nivou konkurentnosti.
Identifikovane strukturne promene upućuju na
koncentraciju i specijalizaciju poljoprivrednih
gazdinstava u ravničarskom proizvodnom reVolume 5 / Number 4 / 2010

gionu. Ocenjeni model funkcije troškova ukazuje
na to da porodična poljoprivredna gazdinstva sa
većim osnovnim stadima imaju niže prosečne
troškove proizvodnje mleka. Analizom podataka
iz uzorka od 24 porodična poljoprivredna gazdinstva utvrđena je pozitivan korelaciona veza
između nižih troškova i ekonomske efikasnosti
proizvodnje mleka. Porodična poljoprivredna gazdinstva koja imaju efikasniju proizvodnju mleka
imaju i veće izglede za profitabilnošću. Nestabilnost cena mleka u periodu 2007 do 2009 godine
negativno se odražava na poslovanje svih gazdinstava, a posebno gazdinstava sa većim prosečnim
troškovima, a to su najčešće gazdinstva sa nižim
nivoom efikasnosti proizvodnje mleka.
Ključne reči: konkurentnost, linija proizvodnje mleka, poljoprivredno gazdinstvo, proizvodnja
mleka, Srbija
Introduction
Cow milk production is one of the most important sectors in Serbian agriculture with 7.8%
share of the gross agriculture output in 2008. Milk
production is traditionally based on family farms
that produce over 91% of total milk. Over 200.000
farms producing cow milk with dominantly small
herd size. Average number of cows per farm is
just under 3 cows. Cow’s population is decreasing with average rate 2.48%, but in last 10 years
all decrease comes from central Serbia (highland
region). Structural changes are obvious in last
decade, especially in lowland region. Number of
dairy farms in Province of Vojvodina is decreasing, while cow population is stable, inferring concentration and specialization in milk production.
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Size and number of commercial family farms increasing, and typically size of those farms varies
from 10 to 120 cows in herd. Main causes of this
trend are positive effect of dairy policy and stimulating subsidies, as well as vertical coordination
with processors.
Globalization process and expected EU integrations will expose Serbian farmers to higher
lever of competition. There is also range of free
trade agreements with Western Balkan countries,
Russia, Byelorussia and Turkey. All above mentioned trends refer importance of deeper research
of dairy farms competitiveness in Serbia.
Competitiveness is very complex concept. That
complexity comes from many dimensions of competitiveness concept. As Zawalinska (2005) stated,
citing many authors, there is at list five dimensions
of competitiveness. They are: wade range of possible applications (from farm to state level), potential (ex-ante) or revealed (ex-post), originated ruts
from diverse theories, temporal approach (shortrun, long-run) and relative term of application
(internal and external competitiveness). Because
of multidimensional approach, there is no single
theory and no single measure of competitiveness.
Dohlman, Osborn and Lohmar (2003) define
that nation’s product competitiveness do not rooted in any single outward measure, but ultimately
in the quantity and quality of the country’s productive resources. These factors determine the
relative efficiency of making different goods and,
consequently a countries “comparative advantage” in international trade.
Farm competitiveness can be measured on
farm level on one market or on farm sector across
nations. In last case should be taken in account influence of subsidies, tax breaks, trade protection
and other forms of intervention (Barichelo et al,
1996) which make competitive advantage (trade
advantage) more political than economic concept.
Competitiveness measurement on farm level
could be conducted on at least 4 stages:
–– competitiveness for production factors with
other farm’s enterprises,
–– with other dairy farms in same production
region,
–– with different dairy production systems and
–– with dairy farms in different countries.
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In earlier studies, because of lack of single
measure of competitiveness, the most used indicators as determinants of competitiveness until now
were: cost of production, profitability, efficiency,
factor productivity and market share. Citing other
authors Jeffrey and Grant (2001) conclude that
producer efficiency and its relationship with production costs is a more appropriate measure of
competitiveness than simply comparing average
total costs of production.
Empirical studies show importance of quality, representativeness and comparability of farm
costs data. Jeffrey and Grant (2001) pointed out
that farm level data impediments are unavoidable problem and can be experienced in all areas
or times period, with higher probability for that in
smaller areas and smaller farms. Beside that, usefulness of cost analysis in bench marking competitiveness of milk production is irrefutable.
Material and Methods
Material for research is based on two sources.
First are databases from earlier conducted researches for Serbian dairy farms in lowland production region in 2003 and 2007, which are source
for farm competitiveness on national level. Second source is available data from International
farm comparison network Dairy (IFCN), through
project of cooperation Serbia with IFCN network.
Database of this institution was built in 2000 and
rapidly grow up to 2010. Now it represents 80
countries that produce 95% of world milk production. Because IFCN use different methodology,
data are not comparable with first source. Farm
gate prices from this database are used in further
analysis.
In this paper, measuring of competitiveness is
focused on dairy farms in lowland production region in Serbia. As dairy farm, here is treated farm
with at least 50% revenue originated from dairy
enterprise. Farms were grouped by herd size in 6
groups: 5 to 9; 10 to 19; 20 to 29; 30 to 39; 40 to
49 and 50 and more cows. In each group at least 3
farms were sampled and in total sample size were
24 farms.
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Results and discussion
Using E-views software numerous of independent variables were examined in estimation of
milk production cost function. Finally the model
with four independent variables showed the best
results and function of average cost in 2007 was
estimated as:
Figure 1. Costs of milk production per liter for
24 sampled lowland farms in 2007.
Rearing herd replacement and calves were
treated as separate enterprises and data about
revenues and costs were collected only for cow’s
milk enterprise. Economics cost concept was applied, and all variable, fixed and opportunity costs,
except opportunity cost for management, were included (Figure 1). In total revenues were included
all cash and noncash revenues. For each farm are
calculated entrepreneur profit and net farm income
in 2007 producing year.
To represent cost function, between many functional forms a relatively simple quadratic has been
selected as it is analytically tractable. A quadratic
cost function can be estimated for average costs
of milk production from original data. Total cost
of milk production divided by output (number of
cows multiplied with average yield) gives equitation for average cost:
AC=ax2-bx+c
Equitation for marginal cost is first derivative
of total cost function and it is represented as:
MC=3ax2-2bx+c
As determinants of average estimated costs, in
practice usually are used: number of cows, milk
yield, used agriculture land, prices of concentrate
and bulk feed, wage rates, etc. Here all those determinants are examined and cost function estimation is based on those variables who the best explain cost variation.
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AC = 35.72586651 - 0.2190378845∙COWS +
0.001650302384∙COWS2 - 0.00297647414∙MY +
0.6007004142∙CONC + 0.06894880067∙WR
R2 = 81,88
F0 = 16,26 > F(0,01;5;19) = 4,17
where:
COWS= average cow numbers
MY = average milk yields (liter/cow/year)
CONC= concentrate costs (din/kg)
WR = wage rates (din/working hour)
Statistical properties of the model are good.
The R2 value of 81.88 indicating that above 80%
of inter-farm variance in costs is explained and
that is emphasized by F-statistics which indicate
that model is significant at 99% level. Since the
main control variable for the farmer is the number
of cows, there was made an assumption that milk
yield is fixed for all farms (weighted average yield
in sample). That enables to represent cost function
as simple quadratic function which is much easier
for analytics. Average weighted milk yield in sample was 5,844 liter/cow/year.
According model, in 2007 only farmers with 30
and above cows in herd could earn entrepreneur
profit. Results for 2003 production year shows
that only farms with 10 and more cows could earn
entrepreneur profit (Popovic, 2006). It’s indicates
that bottom line of profitability in milk production
is moving to the bigger herd size. If farmers are
profit maximizing, as model assumes, they should
expand herd size to cost minimization level of 69
cows and beyond this to profit maximizing level
of 87 cows.
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Figure 2. Estimated cost function of milk production in lowland region in 2007.
From quartile analysis by entrepreneur profit can
be inferred that entrepreneur profit was achieved by
bigger farms. Top 25% of sampled farms (6 of 24)
are not the biggest farms by land area and don’t
have significantly bigger herds. Source of their profitability could be found basically on revenue side
and partially on cost side. Those farms earn highest revenue due to high average milk yield and the
highest average milk prices.
In Figure 3 it is shown that positive correlation
is identified among average costs of production
and economic efficiency measured with labor cost
per liter of produced milk. Coefficient of correlation r = 0,688 indicate that there is strong positive
correlation. In other words, farms which are more
efficient in milk production are those that have, at
same time, lower costs of production and grater
chances to be more profitable. Bigger farms are
more efficient, with lower labor costs and higher

labor productivity. It is result of applied different technologies in milk production. Technologies in milking and feeding identified in research
are ranging from low mechanized (only milking)
at small sized herds to completely mechanize at
herds in group 50 and more cows.
Using “Typical farm” methodology with applied economic cost concept on whole dairy enterprise IFCN – Dairy research center took in account two dairy farms from Serbia RS-10 and RS84 with 10 and 84 cows in 2007. Comparison of
production cost those two with farms in other 43
countries from all continents revealed that Serbian
dairy farms in 2007 were cost competitive if compare with dairy farms in Western Europe countries
(Hemme et al. 2008). But, not cost competitive
with farms in Oceania, South America, and Asia
and ex Soviet Union countries.

Figure 3. Relationship between cost of milk production and economic efficiency measured with
labor cost (in RSD) per liter of milk.

Table 1. Quartile analysis by entrepreneur profit in 2007.
Highest
Quartile

Up/Mid
Quartile

Average land used (ha)

72

108

33

41

Own land (ha)

23

33

19

17

Average cows number

48

46

26

15

Average milk yield (l/cow)

6,645

5,282

5,776

5,660

Revenue (€/cow)

2,627

2,065

2,166

2,023

Revenue from milk sale (€/cow)

2,106

1,591

1,692

1,512

32

31

30

27

1,241

1,226

1,434

1,317

Fixed cost (€/cow)

871

793

896

1,076

Occupier’s income (€/cow)

860

427

326

360

Entrepreneur profit (€/cow)

514

46

-164

-369

Milk price (€/100l)
Variable cost (€/cow)
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Mid/Low
Quartile

Lowest
Quartile
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Figure 4. Average monthly farm gate milk prices for: Germany, Poland, Serbia and estimate for the World
Source: IFCN-Dairy database

Simple milk price comparison doesn’t gives
conclusion about competitiveness of milk production. From other side dynamics of milk prices on
different markets can give some inference about
market integration and farms position on market.
No one national market is entirely isolated from
world market trends in long term. The milk price
transmission on Serbian market (Figure 4) in period 2006 to 2009 shows, it is asymmetric and time
lagged.
In 2007 when world market experienced extremely milk price increase, wave of that increase
came with 9 months delay on Serbian market. In
same year milk price transmission on German and
Poland market, was faster and less asymmetric.
The reasons for this might be linked to two major
facts. Firstly, the Serbian market is not well integrated in to the world market, what is emphasized
with fact that either smaller farms or commercial
farms didn’t get higher prices until September 1.
Because of the rapid increase of input prices in
the period June-August farmers suffered a loss in
dairy enterprise during this three months period.
Secondly, slow milk price transmission could be
a sign that farmer’s position on market wasn’t
favorable in relation with milk processors. Although, milk production is dominantly based on
family farms in Serbia, there don’t exists any dairy
cooperative. Similar pattern of lagged price transVolume 5 / Number 4 / 2010

mission is repeated in period end of 2009 and first
half of 2010, when time lag is observed only in
case of Serbia.
Conclusions
Competitiveness of dairy farms in Serbia was
examined using empirical evidence of farms in
lowland production region. Dairy farms are the
most important type of farms in Serbia with 7.8%
share of agriculture output just with milk production. Competitiveness was measured with cost of
production, profitability and efficiency. Estimated
cost function revealed that farms with 30 and less
cows were unprofitable, and only farms with herd
size above this level could make profit. Original
data shows that not all farms under 30 cows were
unprofitable, what infers importance of good management practice. Bigger farms are more efficient
with low labor costs and high labor productivity.
It is result of applied completely mechanized technology in milk production. Average costs of production are decreasing and average revenue per
liter is increasing with increasing herd size. Positive correlation between lower cost of production
and higher economic efficiency was identified.
Bottom line of profitability in milk production is
moving to the bigger herd size over time.
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While Serbian dairy farms with larger herd size
are cost competitive with EU farms, higher milk
prices, as result of higher milk quality and bigger
subsidies gives “competitive advantage” to EU
dairy producers. Additional analysis of farm gate
milk prices shows that transmission of milk prices
in Serbia is time lagged and asymmetric.
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Abstract
Scoliosis is the abnormal curvature of the spine.
It affects about 2-3% of the population. It can occur in adults, but is more commonly diagnosed for
the first time in children aged 10-15 years.
According to the definition, flat foot is understood as light identified clinical deformity determined with malposition some parts of foot. The
causes, which could lead to flatfoot, are numerous.
Childhood obesity is becoming more common
in the world.
The formulation of the problem: main deformity of spine begin during life and they are result
of bad posture, irregularly sitting while learning or
performing other activity, overweight and the lack
of physical activity. They appear in children and
young people, whose growth is not finished yet.
Flat foot in childhood is a common diagnosis
and well established clinical term, there is a lack
of reliable and reproducible tool for the assessment of this condition.
To much food with high fat or sugar content
and a lack of physical activity means that many
children are becoming overweight and some even
develop the health problems usually seen in adults
Volume 5 / Number 4 / 2010

Aims:
–– to investigate prevalence of main deformity
of spine, flatfoot, overweight and obesity in
schoolchildren.
–– to investigate sex differences in the meaning of
existing physical disorders in schoolchildren.
–– to investigate frequency of scoliosis distribution related to the age of boys and girls.
–– to investigate frequency of flatfoot distribution
related to the age of boys and girls.
–– to investigate frequency of overweight and
obesity distribution related to the age of boys
and girls.
Examinees and methods: The Study was a
randomized epidemiological study among schoolchildren in the primary school “Edhem Mulabdic”
in Međeđa, municipality Gradačac.
The investigation was taken out two years,
once in the school year 2007/2008 (498 pupil)
and once again in the next school year 2008/2009
( 481 pupil), with the schoolchildren, both girls
and boys, age 6-16 years, wholly 979 pupils of
school grades I-VIII classis in the primary school
“Edhem Mulabdic” in Međeđa. Every pupil was
treated per anamnesis, physical examination and
827

technics technologies education management

standard exam for the spine investigation - Adam’s Forward Band Test.
We measured the weight, height and body mass
index (BMI). BMI of children varies with age, different cut-off points have to be used to define overweight and obese children depending on age. A
commonly used reference point for obesity is BMI
threshold above which the top 5% of the BMI range
lay in 1990. On the base of the getting results the
children were classified as normal, underweight
and overweight, according to body mass index per
age. To estimate of flatfoot existing by each child
feet were examined by sitting and standing.
Received results were processed statistically
and differences between gender and aging were
certified with χ² -test to the level of tasked significance α=0.05.
Results: Scoliosis, pedes plana and overweight
appeared in more than a half of the total number of
pupils. Both gender had high percentage of scoliosis,
and it was the most frequent registered deformity.
Conclusion: Results of this study showed that
prevalence of scoliosis is the highest in school children aged 15 years, while prevalence of incorrect
posture is the highest in school children between
7 and 8 years. These disorders are a big problem
in children today and require the plan for developing strategy of successful prevention, healthcare
program and scoliosis treatment.
Key words: deformity, scoliosis, incorrect
posture, child obesity, flat foot.
Introduction
Health of children and adults are the essential
indicator of the condition the whole population. The modern life style lead to the quite often
health disorders in children, what in the case of the
schoolchildren is possible to estimate at the systematic physical review.1
The somatic examination of the school children within a systematic physician review was
done two years 2007/2008 and 2008/2009. It was
estimated the existing of the physical disorders in
children in the meaning scoliosis, flatfoot, and the
existing of the overweight and obesity.
The connection between growth and the progress of the spine deformities is the base of the
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beginning and the developing of the spinal column pathology. We have less postural deformities
between 5 and 10 years of age when the growth
is slackened, but when the child come at the age
of puberty, it could be expect rapid become aggravated of the existing postural conditions, such
as finding out the new cases. Therefore it is important to detect postural problems in childhood early
and to hold it under control. 2
Scoliosis is a lateral deviation of the spinal column from the midline that may or may not include
rotation or deformity of the vertebrae. Postural scoliosis is a curve resulting from an incorrect relationship between the parts of the body and its center of
gravity. This curvature is usually small and can be
corrected with passive and active exercises.3
Scoliosis is not caused by carrying heavy objects (such as heavy school bags on one shoulder),
sports and physical activities, poor standing or
sleeping postures, or a lack of calcium in the diet.
Scoliosis affects the whole body.
Scoliosis is viewed (in general) as a lateral curvature of the spine with an axial twist that causes a
distortion of the ribs. Current research shows that
idiopathic scoliosis is a multifaceted disease that
compromises five of the body’s systems: digestive, hormonal, muscular, osseous and neurological. Scoliosis affects the entire skeletal system including the spine, ribs, and pelvis. It impacts upon
the brain and central nervous system and affects
the body’s hormonal and digestive systems. It can
deplete the body’s nutritional resources and damage its major organs including the heart and lungs.
Some factors that can cause scoliosis include: cerebral palsy, birth defects, muscular dystrophy and
Marfan’s syndrome. However, 80% of scoliosis is
idiopathic (cause unknown).
According to the International Scoliosis Society, one in nine females and a smaller percentage
of males have some signs of scoliosis.
Approximately 4% of the general population is
affected. While the average patient is between 1015 years of age, many adults do suffer also.4
The severity of scoliosis and need for treatment
is usually determined by two factors:
–– The extent of the spinal curvature (Scoliosis
is diagnosed when the curve measures 11
degrees or more).
–– The angle of the trunk rotation.
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Both are measured in degrees. These two factors are usually related. These two measurements
used to be cut off for recommending treatment.
The screening test used most often in the
schools and in the offices of pediatricians and primary care physicians is called the Adam forward
band test.
The child bends forward dangling the arms,
with the feet together and knees straight. The
curve of structural scoliosis is more apparent
when bending over. In a child with scoliosis, the
examiner may observe an imbalanced rib cage,
with one side being higher than the other, or other
deformities. Any imbalances in the rib cage or
other deformities along the back could be the sign
of scoliosis.
The forward bend test is a test used most often in the schools and doctor’s offices to screen
scoliosis. The forward bend test, however, is not
sensitive to abnormalities in the lower back, a
very common sign with scoliosis. Because the test
misses about 15% of scoliosis cases, many experts do not recommend it as the sole method for
screening for scoliosis.
Other Physical Tests
–– The patient is usually requested to walk on
the toes, then the heels, and then is asked
to jump up and down on one foot. Such
activities indicate leg strength and balance.
–– The physicians will also check leg lent and
look for tight tendons in the back of the leg,
which may cause an uneven leg length or
other back problems.
–– The physician will also check for neurologic
impairment by testing reflexes, nerve
sensation, and muscle function.
Proper diagnosis is very important. A misjudgment can lead to unnecessary x-rays and stressful
treatments in children not actually at risk of progression. Unfortunately, although measurements
of curves and rotation are useful, no test exists yet
to determine whether a curve will progress.
Right and left sided asymmetries on the Adams Forward Bend Test can be quantified using
the scoliometer. Scoliosis may exist without any
observable trunk asymmetry. The scoliometer has
a false-negative rate of 0.1% and a high degree of
sensitivity.
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Scoliometer measures distortions of the torso.
The procedure is as follows:
–– Patient bends over, arms dangling and palms
pressed together, until the curve can be
observed in the upper back (thoracic area).
–– Scoliometer is placed on the back and
measures the apex (the highest point) of the
upper back curve.
–– Patient continues bending until the curve
can be seen in the lower back (limbal area).
The apex of this curve is also measured.
–– Measurements are repeated twice, with
the patient returning to standing positions
between repetitions.
–– If results show a deformity, x-rays probably
need to be performed to determine the
extent.5
A flat foot deformity is where the arch on the
inside border of the foot is more flat than normal.
Flatfoot deformity can occur in all age groups,
but appear most commonly in children. It is very
important that children with flatfoot deformity
be evaluated by a podiatrist to determine if they
need treatman to prevent future pain or deformity
in their feet. If the child has a flat foot deformity
at the ages of two or three years, then it is wise to
have the foot examined by a foot specialist such as
podiatrist. The reason that it is important to have
the feet examined at this age is because the young
foot is still largely made of cartilage, with less
bone that would be present in the adult foot.
Since cartilage is relatively soft, the abnormal
forces caused by flatfoot deformity may cause
permanent structural alterations to the bones and
joints of the feet that will persist into adulthood.
The flatfoot deformity in children causes a number
of changes to the structure of the feet. Most causes
of flatfoot deformity in children are also associated with excessive flexibility in the joints of the
feet which is commonly caused by ligamentous
laxity.6
The reported prevalence of pediatric flat foot
varies in the literature and ranges from approximately 3-15%.
Clinicians often disagree about management
of flatfeet, partly because there is no standard approach to assessment or classification of flat foot
sub types (e.g. rigid, flexible, symptomatic, and
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developmental). The flat foot clinical pathway or
preformed developed in previous work, offers evidence based clinical tool for the evaluation of this
common childhood condition. 7
The WHO refers obesity as a global epidemic
because of rapid increase in the number of overweight and obese individuals in last 20 years. The
onset of obesity may occur at any age and it maybe
triggered by factors such as early weaning, inadequate food intake, eating disorders and problems
related to disturbed family relationships. Globally,
the prevalence of childhood obesity varies from
over 30% in the USA to less than 2% in sub-Sahar
Africa. The prevalence of obesity in schoolchildren
is 20% in UK and Australia, 15.8% in Saudi Arabia,
15.6% in Thailand, 10% in Japan and 7.8% in Iran.8
The number of overweight and obese children in
the UK has risen steadily over the past 20 years. In
2004 it was estimated that 14 percent of boys and
17 percent of girls aged two to 15 were obese.
If a child is overweight or obese, it’s more likely
that he/she will develop some serious health problems more usually seen in adulthood, such as hardened and blocked arteries (coronary artery diseases),
high blood pressure and diabetes mellitus type 2.
Overweight children are twice as likely to be
obese when they grow up as children who aren’t
overweight. This means that in adulthood, they will
be at an increased risk of high blood pressure, heart
attacks, strokes, diabetes mellitus type 2, osteoarthritis and certain cancers. The risk of health problems increases the more overweight you become.
As well as being a risk to the child’s health,
being overweight as a child may also cause emotional problems. Teasing about his/her appearance
can affect a child’s confidence and self-esteem,
and can lead to isolation and depression.
An unhealthy diet combined with a lack of
exercise is the main causes of childhood obesity.
High-calorie foods such as chocolates, sweets and
fast food are cheap and readily available to children. Alongside this, physical activity and exercise are no longer a part of most children’s days
- some children never walk or cycle to school or
play sport. Instead, many of them spend hours in
front of a television or computer.9
The formulation of the problem: main deformity of spine begin during life and they are result
of bad posture, irregularly sitting during learning or
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making an other job, overweight and the deficiency
of physical activity. They appear by the children
and young people, whose growth is not finished.
During the growth period could be often seen
main deformity in the meaning flatfoot.
Obesity is a growing problem in the world.
Obesity is an important risk factor for mortality
and a range of chronic diseases in adult life.
Aims
–– to investigate prevalence of main deformity
of spine, flatfoot, overweight and obesity in
schoolchildren.
–– to investigate sex differences in the meaning of
existing physical disorders in schoolchildren.
–– to investigate frequency of scoliosis distribution related to the age of boys and girls.
–– to investigate frequency of flatfoot distribution
related to the age of boys and girls.
–– to investigate frequency of overweight and
obesity distribution related to the age of boys
and girls.
Examinees and methods
The Study was a randomized epidemiological
study among schoolchildren in the primary school
“Edhem Mulabdic” in Međeđa, municipality Gradačac.
The investigation was taken out two years, once
in the school year 2007/2008 (498 pupils) and once
again in the school year 2008/2009 ( 481 pupils),
with schoolchildren, both girls and boys, age 6-16
years, wholly 979 pupils of schools grades I-VIII in
the primary school. Each of the pupil was treated
per anamnesis, physical examination and standard
exam for the spine investigation - Adam’s Forward
Band Test. If standard exam showed postural deformities or characteristically scoliosis each child
was observed from the other specialist (orthopedic)
and when indicated, radiography. We measured the
weight, height and body mass index (BMI). BMI
cut-off points have been agreed for obese and overweight for adults, but for children the situation is
more complex. Because a children’s BMI varies
with age, different cut-off points have to be used to
Volume 5 / Number 4 / 2010
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define overweight and obese children depending on
age. A commonly used reference point for obesity
is the BMI threshold above which the top 5% of the
BMI range lay in 1990. On the base of the getting
results the children were classified as normal, underweight and overweight, according to body mass index per age. To estimate of flatfoot existing by each
child feet were examined by sitting and standing.
Criteria for including in the study:
–– schoolchildren, age 6-16
–– both gender
–– with or without other diseases
–– with or without any symptoms
Criteria for excluding from the study:
–– children younger than 6 and older than 16
years
–– children from the other schools
Statistic: Received results were processed statistically and differences between gender and aging were certified with χ²-test to the level of tasked
signification α=0.05.

On the tables 1.a and 1b we see that we had
nearly equal percentage of male and female pupils
in both school years.
Table 2.a Differences between gender in existing
main deformity in the school year 2007/08
Pupil without
disorders
Pupil with
disorders

All results are presented in the form on tables
and graphics.

149
(29.91%)
95
(19.07 %)

141
(28.31%)
113
(22.69%)

χ² test ( a = 0.05)

1.358

Total
290
208

p>0.05

NS

Table 2.b Differences between gender in existing
main deformity in the school year 2008/09
Pupil without
disorders
Pupil with
disorders

Boys

Girls

117
(24.32%)
107
(22.24%)

116
(24.11%)
141
(29.31%)

χ² test ( a = 0.05)

2.137

p>0.05

Total
233
248
NS

Table 3.a Existing of main deformity in schoolchildren in school year 2007/08
No
Scoliosis Obesity
deformity

Vital statistic
Table 1a. Structure of pupil’s gender in the school
year 2007/08
N

Mean

Standard
deviation

Male

234 (46.98%)

9.62

2.259

Female

264 (53.01%)

9.50

2.369

498 (100%)

9.56

2.316

Total

Girls

Existing of main deformity has slowly risen
from 2007/08 to 2008/09 in both gender. There
was no statistic significance certified with χ² test.

Results

Gender

Boys

Pedes
plana

Total

Boys

149
(29.91%)

16
39
40
(3.21%) (7.83%) (8.03 %)

244

Girls

141
(28.77%)

25
45
43
(5.02%) (9.03%) (8.63%)

254

χ² test ( a = 0.05)

2.53

p = 0.469

NS

Table 3.b Existing of main deformity in schoolchildren in school year 2008/09
No
Scoliosis Obesity
deformity

Table 1b. Structure of pupil’s gender in the school
year 2008/09

Pedes
Total
plana

N

Mean

Std. Error
of mean

Boys

117
75
32
28
252
(24.32%) (15.59%) ( 6.65%) (5.82%)

Male

224 (46.57%)

11.96

0.157

Girls

116
104
44
43
307
(24.11%) (21.62%) ( 9.14%) (8.93%)

Female

257 (53.43%)

11.55

0.152

481 (100%)

11.74

0.109

Gender

Total
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χ² test      ( a = 0.05)

5.819 p=0.121

NS

831

technics technologies education management

As the most frequent deformity in school children we found scoliosis, obesity and pedes plana.
Scoliosis was the most frequent deformity in each
school year, but in the school year 2008/09 we
registered five times more boys and four times
more girls with scoliosis. There was no statistic
significance ccertified with χ² test.
Table 4. Gender differences in the existing of
scoliosis
Scoliosis
2007/08
Scoliosis
2008/09

Boys

Girls

Total

16 (3.21%)

25 (5.02%)

41

75 (15.59%)

χ² test ( a = 0.05)

104 (21.6%)

179

0.026 p = 0.871 NS

Compared the existing of scoliosis in both gender we see that number of boys and girls with scoliosis in school year 2008/09 has rapidly risen so that
we found five times more boys and four times more
girls with this deformity in school year 2008/09.
Table 5. Gender differences in the existing of flatfoot
Faltfoot
2007/08
Fatfoot
2008/09

Boys

Girls

Total

41 (8.3%)

43 (8.3 %)

84

28 (5.2%)

43 (8.3%)

71

χ² test ( a = 0.05)

1.015 p = 0.313

NS

In the meaning of existing flatfoot, in both
groups of examinees, we did not find important
differences in school children in school year
2007/08, as well as in school year 2008/09. There
was no statistical significance certified with χ² test.
Table 6a. Gender differences in existing of overweight
Overweight
2007/08
Overweight
2008/09

Boys

Girls

Total

39 (7.85%)

45 (9.03%)

82

32 (6.65%)

44 (9.14%)

76

χ² test ( a = 0.05) 0.141 p = 0.707

NS

The number of obese children in school year
2008/09 is slowly going down, but it is evident
that girls are more obese than boys. We didn’t find
any statistical significance related to gender.
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Table 7.a Frequency of appearance of scoliosis
in the group of school children according to the
age in 2007/08
Age

Male

Female

Total

1994

1

2

3

1995

2

2

4

1996

2

0

2

1997

6

11

17

1998

0

4

4

1999

3

3

6

2000

0

1

1

2001

2

3

5

Total

16

25

41

The great number of girls with scoliosis in
school year 2007/08 was 10 years old.
Table 7.b Frequency of appearance of scoliosis in
the group of schoolchildren according to the age
in 2008/09
Age

Boys

Girls

Total

1994

9

12

21

1995

9

17

26

1996

7

9

16

1997

8

4

12

1998

9

14

23

1999

11

9

20

2000

9

15

24

2001

9

16

25

2002

4

8

12

Total

75

104

179

On the table 7.b wee see that number of school
children with scoliosis in 2008/09 has risen unfortunately. We found a great number of girls with
scoliosis who were 14 or 15 years old and by girls
aging seven and eight was registered a high number of incorrect posture.
We found near equal distribution of pedes plana in boys and girls according to the age, thus the
most girls by age 10 had pedes plana.
There was significantly less number of boys
with pedes plana, while the number of girls has
slowly risen in 2008/09. The most girls were registered by age of 7 and 12, and boys by age of 10
and 12. (Table 8.b)
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Table 8.a Frequency of appearance of pedes
plana in the group of school children according
to the age in 2007/08
Age

Boys

Girls

Total

1993
1994
1995
1996
1997
1998
1999
2000
2001
Total

6
3
6
6
8
3
3
3
3
41

2
4
6
4
13
2
3
6
3
43

8
7
12
10
21
7
6
9
6
84

Table 8.b Frequency of appearance of pedes
plana in the group of schoolchildren according
to the age in 2008/09
Age

Boys

Girls

Total

1994
1995
1996
1997
1998
1999
2000
2001
2002
Total

1
2
2
8
2
7
1
3
1
27

4
3
8
4
5
4
6
8
3
45

5
5
10
12
7
11
7
11
4
72

Table 9.a Frequency of appearance of obesity in
the group of schoolchildren according to the age
in 2007/08
Age

Boys

Girls

Total

1993
1994
1995
1996
1997
1998
1999
2000
2001
Total

8
6
6
6
7
2
2
1
1
39

5
7
10
5
10
0
4
1
3
45

13
13
16
11
17
2
6
2
4
84
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The great number of girls with overweight
were registered by age 10 and 12 in the school
year 2007/08. (Table 9a)
Table 9.b Frequency of appearance of obesity in
the group of schoolchildren according to the age
in 2008/09
Age

Boys

Girls

Total

1994
1995
1996
1997
1998
1999
2000
2001
2002
Total

6
5
9
5
2
4
1
3
1
36

6
9
7
2
6
4
4
6
1
45

12
14
16
7
8
8
5
9
2
81

We found nearly equal distribution of obesity
in girls and boys in 2008/09. (Table 9b)
Discussion
The prevalence and distribution of scoliosis
in the population of schoolchildren from Mostar, Bosnia and Herzegovina in the school-year
2002/2003 was presented in a prospective epidemiological study. The investigation encompassed
all urban and suburban primary schools in the
communes of Mostar. A total of 2 652 children attended the first, the third, the fifth and the seventh
classis of the seven primary schools. The general
check-up covered total of 2 517 children (1 272
boys and 1 245 girls) aged 7-14. It was established
that 841 child (33.4%), out of which 404 boys
(31.8%) and 437 girls (35.1%) had an incorrect
posture. The prevalence of incorrect posture differed from class to class i.e. with the age of the
patients: in the first class is amounted to 28.3%, in
the third class to 28.9%, in the fifth class to 35.9%
and in the seventh class to 28.9%. The prevalence
of incorrect posture did not differ by sex.10
In the first presented study about the prevalence
of scoliotic changes in the island of Crete, the researchers examined 21 200 children (10 942 boys
and 10 278 girls) which corresponds to 87.8% of
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the 6-12 year old children living in the Iraklion
district (city and rural areas). Of the examined
population 9.6% were referred for radiological
examination; 1.7% of the screened children were
found to have spine deformities with angular values >10 degrees. The prevalence of several abnormalities requiring conservative treatment was
0.06%. 30% of the scoliotic deformities involved
thoracolumbal region, whereas 48 and 22% of
curves were confined to the thoracic or lumbar
area, respectively.11
The results of a somatic examination of 305
pupils, 150 boys and 155 girls of the juvenile
age, from 6.5 to 8.5 years old, in the four primary
schools from Split showed that the posture deviations occur relatively often in these children, it
means 19% in boys and 36% in girls.
In the same study were found a high prevalence
of overweight and obesity. The prevalence is more
in girls (37%) than in boys (25%).2
The results of a somatic and physical examination of 498 pupils ( 2007/09), 234 boys and 264
girls and of 481 pupils (2008/09), boys 224 and
girls 257, age from 6 to 16 years old, in the primary school from Međiđa, municipility Gradačac,
showed that the scoliosis or incorrect posture occurred in 15.59% boys and 21.62% girls. The situation is becoming worse in school year 2008/09
because the prevalence of scoliosis and incorrect posture was higher. In 2007/08 were only 16
(3.21%) boys and 25 (5.02%) girls with this deformity. The great number of girls with scoliosis was
registered by age 14 and 15, but we also found a
great number of girls with incorrect posture, who
were only seven and eight years old. We didn’t
find any significant difference in prevalence of
scoliosis related to gender.
The number of overweight and obese children in
this study has shown that we have the same problem as the other countries. The number of overweight and obesity was estimated in 39 (7.85%) of
boys and 45 (9.03%) of girls in 2007/08 and in 32
(6.65%) of boys and 44 (9.14%) of girls in 2008/09.
The number of overweight and obese children
in the UK has risen steadily over the past 20 years.
In 2004 it was estimated that 14% of boys and
17% of girls aged two to 15 years obese.9
In a cross sectional epidemiological study
among school children in Bhavnagar (India) were
834

assessed 54 pupils, 12 year old. Out of 54 there
were 24 boys (44.44%) and 33 girls (55.66%).
The prevalence of combined overweight and
obesity were more in girls (16.66%) than in boys
(12.48%).8
In the National Study of Health and Growth
(NSHG) data on children’s height and weight was
collected between 1974-1994 and since 1995 by
the Health Survey for England. The prevalence of
obesity doubled between 1984 and 1994 among
4-12 year olds in England, rising from 0.6% to
1.7% in boys and from 1.3 to 2.6% in girls. The
most recent estimates suggest that by 2001, some
8.5% of 6 year olds and 15% of 15 year olds were
obese.12
Total of 297 children from various schools in
Allahabad were selected in a random study. Out
of 297 children, 62 children were below 5 years of
age, 158 children between 5-10 years and 77 children were above 10 years of age. Below 5 years
age group 37.09% children were normal, while
40.32% children were suffering from bilateral pes
planus. Between 5-10 years age group 22.15%
children and above 10 years age group 15.58%
had bilaterally flat foot.13
In our investigation we found the existing of
flatfoot only in 41 (8.3%) of boys and 43 (8.3%)
of girls in 2007/08, while in the next school year
the number of boys with flatfoot was lower and of
girls was the same.
This phenomenon of the omnipresent body deformities need the attention of scientists working
in different fields (pedagogues, physical education
teachers, orthopedics specialists, sports medicine
physicians) all in the area of prevention and treatment. However, not all of them have the same
conditions and possibilities to successfully prevent and solve these problems. The most important question is what is the position of our national
experts, who are from a country in transition, as
compared to the position of their international
colleagues.14 All these facts have initiated our research interest into the analysis these health problems in the school children in our community.
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Conclusions
1. In both examined groups of pupils during
2007/08 and 2008/09 school years we had
near equal percentage of boys and girls.
2. Gain (main) deformity in children (such
scoliosis, pedes plana and obesity) has
slowly risen from 2007/08 to 2008/09, so
that we found the growing in boys from
19.07% to 22.24% and in girls from 22.69%
to 29.31%.
3. The most frequent deformity was scoliosis,
which rapidly rose from school year 2007/08
to 2008/09, unfortunately, it was registered
five times more in boys and four times more
in girls in 2008/09.
4. The great number of girls with scoliosis was
registered by age 14 and 15, but we also
found a great number of girls with incorrect
posture, who were only seven and eight
years old. We didn’t find any significant
difference in prevalence of scoliosis related
to gender.
5. Existing of flatfoot in both groups of
examinees did not show statistically
signification between examined groups of
pupils during of the investigation in school
years 2007/08 and 2008/09.
6. According to the age we found near equal
distribution of pedes plana in boys and girls.
The most girls with pedes plana were by age
of 7 and 12 and boys by age of 10 and 12.
7. It is evident that girls are more obese than
boys (9.14%:6.65%).
8. The frequency of appearance of obesity in
examined school years in both groups of
pupils was near equal distributed.
9. These disorders are a big problem in children
today and require the plan for developing
strategy of successful prevention, healthcare
program and scoliosis treatment.
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Abstract
The paper presents results of the calculation of
the classical, statistical and adjusted degrees of purification efficiency wastewater defined by statistical analysis of data using F and t-test. Review of
parameters selection for plant, reference methods,
monitoring of quality parameters of wastewater is
conducted. Based on these results numerical values
of the efficiency of wastewater treatment are given.
For key parameters, and for the averaging of values for the efficiency of purification that would be
omitted from the water purifying plant to meet the
MAC - maximum allowable concentrations of certain legal norms of the quality of the recipient are
given. It is shown that statistical degree of purification efficiency wastewater for the four plants were
analyzed for aerobic biochemical treatment with
activated sludge, is more representative and numerically higher, because it includes all measured
parameters of the quality of wastewater.
Key words: statistical the degree of purification efficiency, quality parameters of wastewater,
the maximum permissible concentration.
Sažetak
U radu su dati proračunati klasični, statistički i
korigirani stepeni efikasnosti prečišćavanja otpad836

nih voda definisani statističkom obradom podataka
te primjenom F i t-testa. Izvršen je prikaz izbora
parametara postrojenja i referentnih metoda kojima se putem monitoringa dolazilo do brojčanih
vrijednosti parametara kvaliteta otpadnih voda. Na
osnovu ovih rezultata date su numeričke vrijednosti
stepena efikasnosti prečišćavanja otpadnih voda.
Za ključne parametre, i za jedan dio usrednjenih
vrijednosti dati su stepeni efikasnosti prečišćavanja
za koje bi ispuštena voda iz postrojenja nakon
prečišćavnja zadovoljila maksimalno dozvoljene
koncentracije (MDK) određene zakonskom normom prema kvalitetu recipijenta. Pokazano je da je
statistički stepen efikasnosti prečišćavanja otpadnih
voda za aerobnu biohemisjku obradu sa aktivnim
muljem u četiri analizirana postrojenja reprezentativniji i numerički veći, jer obuhvata sve mjerene
parametre kvaliteta otpadnih voda.
Ključne riječi: statistički stepen efikasnosti
prečišćavanja; parametri kvaliteta otpadnih voda,
maksimalno dozvoljena koncentracija.
1. Introduction
Properly sampling is necessary to achieve the
relevant data, which are used for the calculation
of the required process parameters, based on their
degree of efficiency wastewater treatment, as well
as plat for wastewater treatment designing as conVolume 5 / Number 4 / 2010

technics technologies education management

between input and output parameters of the process
in order to obtain data on the same level of quality
of the process is called the degree of efficiency of
wastewater treatment. The classical degree of purification efficiency is defined by equation 1:

necting input / output parameters of the process.
This is important because the quality of the process is determined by measuring of the quality
of treated wastewater at the exit, as well as water
quality at the entrance of the facility for treatment.
In the four analyzed plants were carried out measuring of the quality of wastewater and definition
of the classical, statistical and adjusted level of aerobic wastewater treatment process with activated
sludge. After analyzing the results of the statistical
definition correction of the efficiency of purification wastewater was performed using same evaluation in relation to the MAC (maximum allowable
concentration) depending on the degree of processing, hydraulic load and an equivalent of the
population was conducted. The classical degree of
purification efficiency is defined directly through
the measured values of certain parameters.

h

COD

=

CODu k
COD u l

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

Where is:
ΗCOD - degree of efficiency of removal of COD,
CODuk - The amount of COD removed during
processing,
CODul - The amount of COD measured at the
entrance of the plant for wastewater treatment.
Three mentioned methods for measuring of efficiency of purification were defined as a function
of other parameters and appropriate method and
period of measurement using plant in four different cities, presented in Table 1.
Statistical level of purification can be defined
after F-test, confirming the adequacy of regression HPK, and the corrected set after the t-test significance of regression parameters. The obtained
models are used for calculation using input/output
data of 31 water samples from 4 examined plants.

2.  Analysis of the efficiency of wastewater
treatment compared to standard-MAC
The success of the process, determined by
measuring the size of which indicate the quality of
treated wastewater at the exit, as well as water quality at the entrance of the treatment facility. Relation

Table 1. Input-output parameters of the quality of wastewater treatment plant
Plant
/Parameter

In
Srebrenik
(Pww-s)

In
Ljubuško
(Pww-lj)

In
Trebinje
(Pww-t)

In
Gradačac
(Pww-g)

COD

x

x

x

x

Winkler method

pH

x

x

x

x

Electrochemical, in situ

BOD5

-

x

x

x

spectrophotometric method

SM

x

x

x

x

Gravimetric method

N

x

x

-

x

„HACH“ spectrometry

P

x

x

-

x

Amino method

T

-

x

x

x

Temperature probe, in situ

EC

-

-

x

-

WTW multiparameters device

Q

x

x

-

x

Hydrometric wing

Period of
measurement

2008.

2006.

2006/07/08

2008.

Place of
measurement

Method of determination

After passing through the coarse grid at the entrance.
Purified waste water before its discharge into the
watercourse. All samples were composites.
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Statistical level of purification can be defined
after F-test:
ηa = f (CODul, CODiz) satisfied with the condition Fcal ≥ Ftab ; where is CODul= f (x1ul, x2ul,….xnul)
and HPKiz = f (x1iz, x2iz, …xniz)
Adjusted level of purification efficiency after
t-test:
ηa = f (CODt, ul, CODt, iz) satisfied with the condition êt0b ç> tk
CODt,ul, CODt,iz are the models of oxygen consumption obtained using significant parameters
established by selecting the most suitable regression curve with the highest coefficient of determination R2.
Definition and statistical analysis of the efficiency of wastewater treatment aerobic biochemical process with activated sludge for four plants
in Bosnia and Herzegovina are graphically display
and compare the average value of the efficiency of
treatment at the Figure 1 using comparative statistics degree of efficiency of treatment.

Figure 1. Comparative value of a statistical degree of purification efficiency ha
Defined and analyzed statistical model of the
efficiency of wastewater treatment with activated
sludge in four mentioned functional facilities in
Bosnia and Herzegovina belongs to the empirical
(linear and nonlinear) models. Such models have
their advantages which are reflected in application methods of statistical analysis (black-box
models) are simpler, do not require knowledge of
the process, and usually gives better results. The
disadvantage of these models is using a lot of experimental data. By far the best level of efficiency
of wastewater treatment gives adequate statistical model obtained from all factors over HPK. It
shows the dependence of all input/output parameters of water quality of the plant, which also gives
838

an optimal variation within a limit of about 25%
during the year. According to Table 2. MAC values for three parameters prescribed by the standard with output values meeting quality of effluent
and the mean value for other parameters using the
critical value of inputs (most unfavorable) rate and
efficiency of POV-S was about 96%. For designing new plants for wastewater treatment in cities
that have built plants, it is important to be based
on monitoring the quality of wastewater prior to
construction (for example one year) define input
parameters, and based on the type of the recipient
determine the degree of efficiency to be achieved
as a very important parameter in the initial design
of systems for purification, and their environmental impact assessment, which includes selection of
most appropriate technologies and calculate the
cost.
3. Conclusion
The paper presents classical, statistical and adjusted level of their purification efficiency using
statistical analysis of the measured parameters of
quality of waste water. Also, it defines required
degree of efficiency of wastewater treatment on
analyzed plant to meet the required value of effluent discharge into the recipient. For all analyzed
plants the functional dependence of the statistical,
corrected, and classical efficiency of purification
wastewater are given where the average mean
value for the given conditions, numerically, statistical degree of purification is the greatest degree.
By far the best degree of efficiency of wastewater treatment provides adequate statistical model
obtained from all factors over HPK, since it takes
the dependence of all input/output parameters of
water quality of the facility. Also, application of
this model enables its simplifies calculation of the
efficiency of purification, which is more reliable
with respect to the level of dissipation of difference of maximum and minimum.

Volume 5 / Number 4 / 2010

technics technologies education management

Tabele 2. The degree of purification efficiency for output that meets the threshold
At the entrance to plant

For this review
all input
parameters take
the maximum
measured values

Pww - s

Leaving plant mac
(All other values are average)

Level of efficiency of purification

Sm

Cod

Ha

Hb

Hc

60

150

0,9605

0,874092

0,909

Sm

Bod5

Cod

Ha

Hb

Hc

Pww- lj

60

40

150

0,68103

0,654717

0,784173

Pww - t

35

25

125

0,805099

0,785023

0,704492

Pww - g

35

25

125

0,895584

0,886347

0,739583

References
1. Imamović, N., Analiza stepena efikasnosti
prečišćavanja otpadnih voda aerobno-biohemijskih procesa sa aktivnim muljem, Magistarski rad,
Univerzitet u Zenici, Mašinski fakultet u Zenica,
april 2010.

Corresponding author
Sefket Goletic,
Faculty of Mechanical Engineering,
Bosnia and Herzegovina,
E-mail: goletic@mf.unze.ba

2. Matsuo, T., Hanaki, K., Takizawa, S., Satoh, H.,
Advances in Water and Wastewater Treatment
Technology, Elsever, Amsterdam, Netherlands,
2001
3. Russel, L. D., Practical Wastewater Treatment,
John Wiley & Sons, Inc, 2006.
4. Lazić, Ž., Design of Experiments in Chemical Engineering, Willey-VCH Verley GmbH & Co, Weinhein, ISBN 3-527-31142-4, Germany, 2004.
5. Adamović, Ž., Sotirović, V., Metodologija naučnoistraživačkog rada sa statistikom u Excel-u,
Tehnički fakultet “Mihajlo Pupin“, Univerzitet u
Novom Sadu, Zrenjanin, 2005.
6. Ekinović, S., Metode statističke analize u Microsoft
Excelu, Univerziteta u Zenica, Zenica, 2008.
7. Stanić, J., Metode inženjerskih mjerenja, Univerzitet u Beogradu, 1981.
8. Statistica 8.0, Manual-Help, proizvođača StatSOFT 2007.
9. Kudumovic, M., Kudumovic, A. Economic analysis of health, HealthMed, Jun2008, Vol. 2 Issue 2,
p100-103,

Volume 5 / Number 4 / 2010

839

technics technologies education management

Radial stress and
deformation of cement
stone in the wells
Vladimir Cebasek1, Zvonimir Boskovic2, Nebojsa Gojkovic1, Vladimir Mitrovic1
1
2

Rudarsko-geološki fakultet, Serbia,
NIS -Naftagas, Serbia

Abstract

Where:

Usage of cement slurry with additives for expansion and flexibility is not always reasonable.
In the wells, which shall not undergo cyclic stress
or changes in well conditions, it is required to
analyze, through application of a model, whether
compression strength of cement stone is sufficient
to sustain radial σr, tangential σq stress and deformations. If that would be the case, than standard
types of cement slurry, with corresponding compression strength of cement stone, assure stability
of cemented annulus during production well life.

s r = radial stress
s q = tangential stress

a = well radius (m)

r = distance from well axis (m)

Introduction
Drilling a well influences a change in primary
stress condition and its redistribution in rock massif, and this new condition is called secondary
stress condition. During well drilling, an opening
is created which, at a certain depth in plane perpendicularly to well axis, is in two dimensional
stress condition. Stress condition in rock massif
surrounding the well is determined by formula:



s r = s x ⋅ çç 1 −




s q = s x ⋅ çç1 +


840

a2 

r 2 
a2 

r 2 

Figure 1. Distribution of radial stress sr in a
plane vertical to well axis.
These equations meet condition stipulating that
secondary stress condition becomes equal to primary stress condition (σH) at infinite distance from
the well axis.
Based on the previously mentioned it can be
concluded that radial stress sr along well rim has
the lowest value, while increasing the distance
from the well axis it comes close to the value of
horizontal stress σH component which is subject
to depth where analysis of stress condition is conducted and Poisson’s coefficient of rock massif
where the well is drilled.
All previous studies of stress condition in the
area surrounding the wells have taken into consideration only the change in rock massif (formation).
Volume 5 / Number 4 / 2010
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Since this would not be the case in drilling process
and oil and gas exploitation, it has been necessary
to establish methodology for identifying change
of radial stress sr condition in a complex system
such as casing-cement stone-formation, as well as
in the cases when pressure regime in the system is
changed. In this system, distribution of stress deviates from the previously presented, that corresponds
to distribution in rock massif, only. Graphical presentation is given in Figure 2. The main purpose of
this paper is to present methodology for identifying real distribution of radial stress sr in the system casing-cement stone-formation as the smallest
component of a complex stress condition.

Figure 2. Distribution of radial stress sr in casing (1)-cement stone (2) - formation (3) system
Radial stress sr and deformations in system
casing – cement stone - formation
Radial stress sr in cement stone is increasing
from steel- cement stone up to cement stone – formation contact. This stress is linearly reduced as
the pressure changes.
Analyzing results of radial stress distribution,
max. values have been obtained which did not
exceed values of compression strength (sc = 30
MPa) determinated in laboratory conditions.
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Figure 3. Change of radial stress sr depending
on distance from well axis
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Deformations of the entire system are being
reduced from external casing wall towards formation. The highest deformation values of cement
stone are found at the point of contact between
casing–cement stone. With change of pressure,
deformations grow proportionally.
Discussion

Figure 4. Changes of radial stress sr of cement
stone at the point of contact between steel and
cement stone depending on well conditions

Analyzing distribution of deformations it has
been noticed that deformations of cement stone Cement Sistem 1 are larger than Class G, in all models.
In model I, where production casing P-110 has
been analyzed in medium hard and hard formations,
max. deformations of cement stone were larger in
medium hard formations than in hard formations.
Deformations (mm)
Model

Class G

Cem. Sistem
(Flex)

I medium hard formations

44.986

46.408

I hard formations

42.385

44.137

In model I medium hard formations and I hard
formations, difference in deformations of cement
stone Class G and Cement Sistem was little.
Performing comparative analysis of deformations of cement stone Class G (20.827 mm) and
Cement Sistem (23.294 mm) in Model II this difference becomes more noticeable in comparison
to previous models, especially if one takes into
consideration that max. changes of well conditions were 8 MPa.
Growth is noticed while analyzing deformations of the system in Model II and comparing
them to model III.
Model

Figure 5. Change of deformation depending on
distance from well axis
842

Deformations (mm)
Class G

Cem. Sistem (Flex)

II

20.827

23.294

III

18.544

20.497

Deformations of the system in model III soft formations, in comparison to the same stress in model
III medium hard formations are slightly less.
Volume 5 / Number 4 / 2010
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Deformations (mm)
Model

Class G

Cem. Sistem
(Flex)

18.544

20.497

III medium soft formations 17.688

19.776

III soft formations

Analyzing distribution of deformations, it has
been noticed that deformations in all models are
larger in cement stone Cem. Sistem than Class G.
Deformations of system in model III medium
hard formations in comparison to the same in
model III soft formations are slightly less.
sq (MPa)
Model

Class G

Cem. Sistem
(Flex)

III soft formation

11.029

11.013

III hard formation

11.0365

11.0195

Distribution of deformations in cement stone
Cem. Sistem

Results of model I analysis /medium hard
formation/

Comparative analysis of deformations for model
I /medium hard formation/

Distribution of deformations in cement stone
Class G
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Results of model I analysis /hard formation/

Distribution of deformations in cement stone
ClassG

Distribution of deformations in cement stone
Cem. Sistem

Comparative analysis of deformations for model
I /hard formation/
844

Results of model II analysis /soft formation/

Distribution of deformations in cement stone
Class G

Distribution of deformations in cement stone
Cem. Sistem

Comparative analysis of deformations for model
II /soft formation/
Volume 5 / Number 4 / 2010
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Results of model III analysis /soft formation/

Results of model III analysis /medium hard
formations/

Distribution of deformations in cement stone
Class G

Distribution of deformations in cement stone
Class G

Distribution of deformations in cement stone
Cem. Sistem

Distribution of deformations in cement stone
Cem. Sistem

Comparative analysis of deformations for model
III /soft formation/

Comparative analysis of deformations for model
III /medium hard formations/
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Summary
Although cementing operations may be correctly executed from technical point of view, it
frequently happens to experience annulus permeability after certain period of time. Resolving the
problem of annulus permeability is expensive and
usually does not give satisfactory results, because it
is difficult to detect micro annuluses and cementing
under pressure for their sealing often overcomes
formation fracturing pressures where micro annuluses are located. Analyzing radial stress sr and
deformations of cement stone in system casing –
cement stone – formation, it is possible to limit the
future operations in wells determined by technological processes to the maximum pressure without
obstructing stability of the built connection.
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Abstract
Project delivery system has a profound impact
on project schedule, quality and investment objectives. In this study, two approaches: time-space
dual structure of construction project and spectrum of project delivery system are used to analysis the inherence rules and derivations of traditional delivery systems. Furthermore, the method
of setting up construction feasible set for project
delivery system is proposed according to the inherence rules of delivery system and elements affecting the selection delivery system such as characteristics of project, environment of construction,
market condition et.al. Finally, a design optimal
model for selection project delivery system is constructed, which lay a theory foundation for designing and innovating project delivery system.
Key words: Construction Project management; Delivery System; Spectrum Analysis; Feasible Set; Design
1. Introduction
Construction project delivery system determine
the content of delivery, the roles and responsibilities
of the participants, which has a profound impact on
project schedule, quality and investment objectives.
Therefore, selecting and designing an appropriate
delivery system is a significant issue in order to ensure the success of a project, and is one of the most
important tasks faced by a project owner. Design
project delivery system is the one of the research
hot spots in construction management.
Volume 5 / Number 4 / 2010

There are many researchers having do a lot
work on designing/selecting project delivery system. Molenaar et al.(1998) have collected relevant
data of 122 projects in USA, constructed five
model based on multiple regression analysis , and
forecasted the cost growth rate, schedule growth
rate, expectations, management capacity and client satisfaction, but the prediction accuracy is not
very satisfied[1]. Koncharl (1998), Chan (2001),
Florence (2004) have collected project data in
United States, Hong Kong, Singapore, constructed model based on multiple regression analysis to
predict the performance of the proposed project,
but have not provided he regression equation, so
that the scope of application of the model was limited[2-4]. Ibrahim(2005), Mohammed(2002) have
discussed the influencing factors of selecting the
project delivery systems, and set up the AHP decision-making model[5-6]. Gordon(1994) proposed
that selecting project delivery systems should include the organization and contract strategy [7].
Alhazmi et al. (2000) divided project delivery systems into three types meaning a total of 12 kinds
of ways, and proposed a four -steps selecting model[8].Spink(1997) discussed the application environment of alternative project delivery systems,
and provided a graphic presentation of guidelines
for selecting DBB and DB methods[9].
Analysis of the above studies, some limitations
can be found: (1)The main works were focused on
selecting traditional project delivery systems, but
were lack of in-depth analysis of the traditional delivery systems. (2)They haven`t analyzed the derivative of the traditional project delivery systems
in the perspective of innovating project delivery
847
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systems. In this paper, time-space dual structure of
construction project and spectrum of project delivery system are used to analysis the inherence rules
and derivations of traditional delivery systems. In
the sight of innovating project delivery systems,
the method of design project delivery systems is
proposed.
2. Time-space dual structure of
construction project
The scope of the project delivery system can be
presented by time and space elements.
2.1 Process of construction projects: the
time element
According to the sequence of implementation,
the process of construction projects can be divided
into preliminary design, detailed design (including technical design / tender design, construction
drawing design), construction, project acceptance
etc, and each stage of the process can be divided
into few sub-processes, which compose the time
element of the construction project. The division
of the time element, as well as the arrangements of
logical process between the time elements, should
comply with the requirements of construction
technology and situation.
2.2 The composition of construction
structure: the space element
A general construction project is composed of
several subprojects, which is decomposed in space
to format the construction spatial structure. According to the characteristics and structure, a project can be decomposed into single project, unit
project, branch project, subentry project, which
are the spatial element of construction project, that
is, the essential elements of delivery object.

2.3 Combination of the time-space dual
structure
Decomposing the time and space structures,
then combining those elements, which would
formed the objects of the project delivery, and different ways of combination would be the different
project delivery systems. As the Fig.1 showing, it
is the time-space dual structure of a petrochemical
project. Coal gasifier, air separation unit and main
control room are delivered as EPC method, and are
completed by a general contractor named A. Purification devices (2100, 2700), purification devices
(2300, 2500), coal silo and road are employed DBB
approach that is subcontracted, and the design tasks
are in charge of a design firm B, and build works
are separately completed by four contractors.
Any construction project delivery system can
be presented in terms of time-space dual structure
unit:”subproject × time”. As to a proposed project,
it can be decomposed into structure units: “subproject × time”, according to time and special
structure. Those structure units would be composed in different ways, according to the logical
relationship of time, technology, and space, which
would be the different delivery scopes.
In construction market, any construction project
is carried out base on time-space dual structure unit,
and selecting appropriate contractor to complete it.
Essentially, selecting and designing construction
project delivery system is how to divide the timespace dual structure unit to delivery and to achieve
reasonable technical and economical objectives.
3. Traditional delivery system and its
derivative methods
Traditional project delivery systems are formatted in engineering practice and there are some
certain backgrounds or the laws of them, which are
distributed based on a series characteristic values,
that is, spectrum of the project delivery systems.
3.1 Spectrum of traditional delivery systems
DB, EPC, CM-at risk and DBB are traditional
delivery systems, and their core differences are

848
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delivery scope. The delivery scopes of EPC and
DB method include design and construction, that
is, overlapping the design and construction works.
DBB (general contract) and DBB (sub-contract)
are contracted after design completed. CM-at risk
approach is between the above two methods, that
is, the construction would be contracted when the
design has not be completed, then a construction
manager is selected to provide administrative and
management service on behalf of the owner, and a
general contractor is selected to provide construction service. The project is being designed while
being constructed. What can be seen from the
above discussion is that the design depth and implement stage is different from each delivery system. Therefore, we can structure delivery system
spectrum based on design depth and construction
stages, as the figure.2 showing:
Figure 2 describes the relationship between
design depth or construction phase and traditional
project delivery systems and also shows change
law of design depth or construction development.
Sometimes, EPC, DB and CM-at risk approaches
would have some change means, as the figure 3
showing. For example, EPC method can be contracted before preliminary design, and also can be
contracted after preliminary design. But the delivery method to start which stage, it would be determined by other factors.

Figure 1. Time-space dual structure of construction project

Figure 2. Project delivery system spectrum
Volume 5 / Number 4 / 2010

3.2 Derivation methods of traditional
delivery system
According to Figure 2, the derivation delivery
systems can be obtained, as the table 1 showing.
Actually, besides the derivation delivery systems
list in table 1, the derivation approaches can be
further developed to generate new derivation
methods, according to the spectrum analysis of
delivery systems and project characteristics. This
way enriches the project delivery systems and provides new ideas to further innovation and optimization of the delivery methods.
3.3 Construct feasible set for project
delivery system
The function of project delivery system spectrum is to provide a relationship between design
depth or implementation phases and delivery
methods. The relationship, however, is not the
necessary and sufficient condition. It is not reasonable to select project delivery system just on
the basis of the design depth or implementation
phases. Therefore, to select project delivery system, the main influence factors should be taken
in to account. Referencing [10] the results of research, the factors that impact the selection of
project delivery system are: construction duration,
the complexity of construction conditions, market
competition conditions, construction disturbance
and project scale. As to the selection of influence
factors, that is the task to further research. We can
structure the spectrum analysis chart of project delivery systems, to study the applicable conditions
of selecting delivery systems.
The feasible set analysis table can be got, according to table 1 and the main influence factors,
as shown in table 2. We can employ exclusion
method and eliminate the delivery systems from
the traditional and derivative project delivery systems that wouldn`t meet the construction conditions and project characteristics. For instance, if
the project duration is very short, the DBB method
would be eliminated; when there are not enough
DB and EPC contractors in construction market,
the DB and EPC approach would be excluded.
Following this exclusion method, we can develop
849
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the feasible set of selecting project delivery systems.
Take the case of the petrochemical project
shown in figure 1, before tender design, the timespace dual structure of construction project should
be decomposed firstly, and then composed to generate different project scope. To call for bid for

different project scope is different project delivery
systems. Coal gasifier and air separation unit also
can be delivered as DB and EPC method; purification devices (2100, 2700), purification devices
(2300,2500) also can be delivered as CM-at risk
(after Preliminary Design), DBB (general Contract) and DBB (subcontract). Secondly, combing

Table 1. Derivative methods of traditional project delivery systems
Traditional
project
delivery
systems
EPC

DB

Derivative delivery systems

Characteristics

EPC (After feasibility study)

After feasibility study, contract design and build.

EPC (After preliminary design)

After preliminary design, contract design and build.

EPC (After tender design)

After tender design, contract design and build.

DB (After feasibility study)

After feasibility study, contract design and build.

DB (After preliminary design)

After preliminary design, contract design and build.

DB (After tender design)

After tender design, contract design and build.

CM-at risk (After preliminary design)

After preliminary design, contract build, designing
while constructing, and coordinated by a general
contractor

CM-at risk (After tender design)

After tender design, contract build, design and
construct are coordinated by a general contractor.

DBB (General contract)

After tender design, contract build entirely.

DBB (Subcontract)

After tender design, contract build in terms of bidstages.

CM-at risk

DBB

Figure 3. Spectrum analysis chart of project delivery systems
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Table 2. Analysis table for feasible set of project delivery systems
Factors
Construction
Construction CompeComplexity
duration
conditions
tition

Traditional

Disturbance

Project
scale

Derivative
EPC(After feasibility study)
EPC

EPC(After preliminary design)
EPC(After tender design)
DB(After feasibility study)

DB

DB(After preliminary design)
DB(After tender design)

CM-at risk(After preliminary
CM-at design)
risk
CM-at risk(After tender design)
DBB

DBB(General contract)
DBB(Subcontract)

Note: Traditional and derivative project delivery systems are not only list in the table.

with construction duration, the complexity of construction conditions, market competition conditions, construction disturbance and project scale,
the delivery systems that can’t meet the requirements of technology, time and competition conditions etc, which can be eliminated. Therefore, we
can select the primary feasible delivery systems
from the traditional and derivative project delivery systems, and found the feasible set of project
delivery systems, finally.
3.4 Design model of construction project
delivery system
On the premise of meeting the requirements
of construction technology, schedule, quality, and
safety, the objective of designing project delivery
system is to get the project cost at minimum value.
So the Design model of construction project delivery system as following:
Where S = feasible set of project delivery
systems, there are l individual primary delivery
systems in feasible set S , denoted by S ,that is,
k

S = {S1 , L , S k , L , S l } ,

and k = 1, 2,L , l , S k ∈ S . Aik
=The i th subproject in the k th project delivery
system S , and i = 1, 2,L , n . There are m bid-stages
k
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in Aik . C =the production cost of the j th bid-stages of the i th subproject in the k th delivery system.
p
kij

transaction cost of the j th bid-stages of
the i th subproject in the k th delivery system.
Ckijt =the

n

m

i =1

j=1

t
Objective function : construction cost C = min ∑ ∑（
）C pkij + C kij
S k ∈S

S.T. Meet the requirements of technology, chedule, quality, and safety

Project delivering in different ways there are
different dual structure units, the different pricing
ways and different contractors, which determine
the different construction costs and transaction
costs. The problem of designing project delivery
system is transferred to optimization problem of
selecting a delivery method in l primary feasible
project delivery systems, and to get the minimum
construction cost and transaction cost, and meet
the constraint condition of construction technology and situation etc.
4. Conclusion
This paper analyzes the time-space dual structure of construction project, which is the basic task
for design project delivery system. At the same
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time, using spectral analysis to explore the intrinsic rule of traditional project delivery systems, the
derivation project delivery systems are also discussed, which lays the foundation for setting up
feasible set of project delivery systems. In this
study, how to design the optimal project delivery
system in its feasible set, we propose the design
model to minimize the total costs including construction costs and transaction costs. Furthermore,
it is the further research for us that how to solve
the model.
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Abstract
Rear-end collision is the most common type of
automobile collision. One of the reasons is the distance between two cars is too closed. On the basis
of safety distance formula for vehicles in motion,
considering the realistic state of driving, this paper
redefines the car-following safety distance and analyzes the braking procedure. Two factors: rain and
antilock brake system, which affected the braking
distance, are also discussed in detail. It is found that
human driving behavior, road conditions, et al. affect the safety distance greatly. The conclusion is
that maintaining a safety distance between any two
motor vehicles running in the same driveway for
emergency stop to avoid rear-end collision is very
important under car-following state, especially
under inclement weather. Moreover, the result is
smaller compared with the “two-second rule”,
which is helpful to investigate traffic safety further.
Key words: antilock brake system, car-following, coefficient of adhesion, safety distance, rearend collision, traffic safety

quickly in recent years. The communique presented by National Bureau of Statistics of China on
Feb. 28, 2007, showed that the amount of automobiles in the entire nation has reached 49.85 million
by the end of 2006 [1]. Now more and more people in our country are applying for a motor vehicle
driving license, and some are pondering over that.
Private vehicles, such as compact cars, Full-Size
cars or SUV, et al. are coming into thousands of
families gradually in China.
In the meanwhile, the fact that a lot of traffic
accidents happened each year can not be neglected. According to calculations, traffic accident was
related to the amount of vehicles and novices [2].
In China, for example, the year 2006 witnessed
378,781 traffic accidents, of this total, 89,455 persons were killed in those disasters [3], especially
at mountainous regions [4]. Traffic accidents happened in some other years in China are shown in
Figure 1. This condition occurs not only in our
country, but in other developed country. Traffic
accident has become a serious worldwide problem, and it is an “endless war”, as the same situation in other fields [5, 6].

1. Introduction
With the rapid development of China automotive industry, the number of vehicles has increased
Volume 5 / Number 4 / 2010
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Figure 1. Total amount of accidents in whole nation during 1990-2005
There are many types of accident. For instance,
in one of accident statistics report [7] given by
Missouri Department of Transportation, types of
accident were classified into 27 kinds. Analyzing
the data tabulated in Table 1, according to the impact severity and the frequency, it was found that
three types were in the majority: head-on collision,
sideswipe and rear-end collision. Among them,
rear-end collisions, commonly known as whiplash
accidents were caused by impact to the rear of the
vehicle [8]. In the United States, these were the
most common vehicle collisions with well over
two and a half million reported each year, according to the National Safety Council.
On the other hand, the amount of accidents was
also related to the type of road. The statistics of
accidents during 1990-2003, tabulated in Table 2,
showed that the amount occurred on expressway
was much less than that on other type of roads.
Moreover, the reasons for accident on expressway
were different from that on other roads, including
highway and urban road.

Many studies on car-following on expressway
have been done in recent years [9, 10]. On the basis of safety distance, the calculative models were
also deduced [11, 12]. But these mainly focused
on the expressway and few of them paid attentions
to highway and urban road [13]. In this paper, we
will put emphasis on highways and urban roads.
As we all know, driving on roads was not easy.
The traffic volume and traffic density on roads in
a city, for example, are very large, especially in
the rush hour. As mentioned above, there were a
lot of novices driving on roads. Lack of experience was also one of the reasons that caused traffic
accident [14, 15]. Another more important reason
was the distance between any two motor vehicles
running in the same driveway for emergency stop
was too short. So the maximum speed on most of
highways and arterial road were limited to 70-80
kilometers per hour. Furthermore, the rainfall was
related to traffic accidents [16, 17]. It can not only
result in the poor vision of driver and the delayed
reaction time, but also make the surface of roads
slippery.
In recent years, many safe measurements were
used in manufacturing vehicles in China. One of
them is Antilock Brake System (ABS). Therefore,
this paper mainly discussed the safety distance
with which vehicles equipped with ABS running
on roads in rain under car-following condition
should keep.

Table 1. Accidents by type in percentage during 1990-2003
Accident Type

Fatal
Accidents

Injury
Accidents

Total
Accidents

Head-On Collision

31.05

29.33

24.01

Sideswipe

26.00

33.38

34.88

Rear-End Collision

11.23

12.22

18.22

Others

31.71

25.08

22.89

Table 2. Accidents by type of road during 1990-2003
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Road Type

Fatal
Accidents

Injury
Accidents

Total
Accidents

Expressway

1.32%

1.40%

2.41%

Highway

65.43%

78.81%

19.86%

Urban Road

32.17%

74.56%

23.95%
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2. Analysis of braking procedure
2.1  Definition of safety car-following
distance
For any two motor vehicles running in the same
driveway, the safe car-following distance is the
enough distance that the vehicle at the back shall
keep with from the vehicle ahead for taking emergency braking measures. Assuming proper operation of the brakes on the vehicle, and the distance is
maintained adequately and, rear end collision can be
avoided. This is also the minimum safety distance.
2.2 Compositions of safety car-following
distance
There are a few of descriptions about the stopping distance. It was usually thought that the total
stopping distance was made up of four components, which were, human perception time, human
reaction time, vehicle reaction time and vehicle
braking capability. Where, the human perception
time is how long the driver takes to see the hazard,
and the brain realizes it is a hazard requiring an
immediate reaction. Once the brain realizes danger, the human reaction time is how long the body
takes to move the foot from oil pedal to brake
pedal. These first two components of stopping
distance are human factors and as such can be affected by tiredness, alcohol, fatigue, concentration
levels and other factors. A perception and reaction
time of 3-4 seconds is possible. Once the brake
pedal is applied there is the vehicles reaction time
which depends on the brake pedal free-play, hydraulic properties of the brake fluid and working
order of the braking system. The last factor that
determines the total stopping distance is the cars’
braking capability which depends on factors such
as: the type of braking system, brake pad material, brake alignment, tire pressures, tire tread and
grip, vehicle weight, suspension system, the co-efficient of friction of the road surface, wind speed,
slope of road, surface smoothness and the braking
technique applied by the driver.
In fact, reaction time is so complicated and it
is affected by a large number of variables. It was
defined as the summation of perception time and
Volume 5 / Number 4 / 2010

foot movement time by earlier car-following research [18]. In psychology- cal studies, the driver reaction process is further represented in four
states: perception, recognition, decision and physical response. Marc Green [19] decomposed the
total reaction time into a sequence of components
when a driver responds to something one heard,
saw or felt. These components which were introduced briefly below were: mental processing time,
movement time and device response time.
Mental processing time: It was the time it took
for the responder to perceive that a signal has occurred and to decide upon a response. It was itself
a composite of four sub-stages: sensation, perception or recognition, situational awareness, response
selection and programming. These four stages were
usually lumped together as “perception time”.
Movement time: once a response was selected,
the responder must perform the required muscle
movement. For example, it took time to lift the foot
off the accelerator pedal, move it laterally to the
brake and then depress the pedal. Several factors affected movement times. In general, the more complex the movements are the longer the movement
time is while practice decrease movement time.
Device response time: it takes time for mechanical devices to actuate, even after the responder
has acted. For example, a driver’s movement of
stepping on the brake pedal does not stop the car
immediately. Instead, the stopping is a function of
physical forces, gravity and friction.
Considering the practicality, experts proposed
that the minimum distance was that a car can travel
in two seconds. And the safe distance one should
leave to stop in any situation when following another car is three-second rule, a car can travel in
three seconds [20]. Meanwhile, some works have
been done to study traffic safety [21-24].
But customs and behaviors of driving differed
individually [25], drivers’ reaction was different.
For example, when a driver finds the brake light
on in the front, what he will do first. The first reaction, we think, is to lift his foot from oil pedal. So
the analyses of above should be modified a little.
The amended braking procedure was described as
Figure 2, which was the relationship between the
force FP depressed on the brake pedal, the braking
deceleration a and time t during the whole braking
procedure.
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2.3 The impacts of some factors on braking
Rain

Figure 2. Relation between force pressed on
brake pedal, braking deceleration and time in
braking process
As shown in Fig. 2, the braking procedure
comprised four stages:
Stage 1: This stage was a bit special, and it was
explained at the back later.
Stage 2: When a driver found the leading
vehicle’s brake light on, he must determine
if it was necessary to slow down his vehicle,
and instantaneously the driver should lifted
the foot off the oil pedal subconsciously,
unless the distance between them was
long enough for taking emergency braking
measures. Because it is not necessary to
rush up to stop signs or traffic lights and then
slam on the brake. In this period, vehicle will
move time t1, and it is also called reaction
and movement time. The vehicle will be
decelerated by its engine while the car is
still in gear.
Stage 3: In this period, when the driver realized
that he must stop vehicle more quickly, he
must depress the brake pedal steadily. So
the braking force rises gradually from zero
to the maximum. The deceleration will be
increased. This time is represented as t2, and
it usually takes about 0.2 second.
Stage 4: In this period, the braking force keeps
the maximum all the time and the vehicle
reduces speed till the vehicle stops. It will
take time t3.
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When it starts to rain, water mixes with the
dust and oil on the road to form a slick, greasy
film. Fallen leaves sometimes can also become
slippery. The wet pavement may make it harder
to stay on the road on curves. It will also take longer to stop vehicle. On the other hand, when the
vehicle is close to the leading vehicle, the farrago
that water mixes with the dust will also smear the
windshield of the car following and block driver’s
vision. Moreover, the driver can not see the leading vehicle’s brake light timely. It will take about
0.8 second for windshield wipers to clean the glass
better for good visibility. On a fine day, landscapes
outside the vehicle may distract driver from focusing his eyes on road all the time. So he can not see
the leading vehicle’s brake light timely, too.
In this paper, as shown in fig.1, we defined the
time as reaction lag time. It was represented as t 0 . In
other words, t 0 means the time how long the driver
took to see the brake lights after the leading vehicle’s
brake lights was on.
Antilock brake system
The other factor which affects braking is antilock brake system (ABS), one of the most significant safety advances in automotive engineering in
recent decades. First developed and patented in
1936, ABS is actually derived from the German
term “antiblockiersystem”.
Anti-lock brakes are designed to prevent skidding and help drivers maintain steering control
during an emergency stopping situation. In cars
equipped with conventional brakes, the driver
pumps the brakes, whereas in cars equipped with
four-wheel ABS, the driver keeps a firm foot on
the brake, allowing the system to rapidly and automatically pump the brakes. Because the wheels
don’t lock, drivers have the ability to steer around
hazards if they are unable to stop in time.
ABS can improve vehicle stability, steerability
and stopping capability. When the braking force
created by the driver is greater than the tire can hanVolume 5 / Number 4 / 2010
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dle, the wheel can lock up. Locked wheels can create vehicle instability problems and prevent steering around obstacles in the road. Stopping distance
on many slippery surfaces will also increase with
locked wheels. Four-wheel ABS prevents wheel
lock-up in situations in which the wheels might
normally lock, such as on slippery roads.
ABS can also prevent tire damage. Locked
wheels on dry asphalt or concrete can quickly create flat spots on tires, which can cause an annoying vibration while driving. The big advantage,
however, is the maintenance of the tire, a significant factor in effective stopping.
Most ABS will indicate their operation by pulsations in the brake pedal and a noticeable sound. If
the driver notices these pulsations and sounds, it is
an indication that the roads are slippery. Speed and
following distance should therefore be adjusted.
In vehicles equipped with conventional brakes,
drivers often apply their brakes to the point at
which the wheels lock up. This results in a loss of
steering control and less-than-maximum braking
effect. When a driver operating a four-wheel ABSequipped vehicle steps firmly on the brake pedal,
the system automatically modulates the brake pressure at all four wheels, adjusting pressure to each
wheel independently to prevent wheel lock-up.
With ABS, stopping distances decrease in
many cases and the driver can maintain steering
control of the vehicle. Importantly, four-wheel
ABS allows the driver continuing control to help
steer around hazards if a complete stop can not be
accomplished in time.
After 2000, many new cars come with ABS as
either standard or optional equipment in China.
Few people are familiar with properties, function and usage about ABS. Moreover, there are no
courses on the usage of ABS in most of driving
training schools. To simplifying this study in this
paper, it assumed that all drivers can use ABS correctly, and the vehicles studied here were only cars
equipped with ABS.
There are also a few other factors that affect
braking distances, such as snowy, icy, pavement
materials and weight of vehicles, et al. As we
known, the heavier vehicle is, the longer it takes
to stop. Also, the looser the road surface (gravel,
dirt, mud) is, the harder it is to stop. These special
conditions were not discussed in this paper.
Volume 5 / Number 4 / 2010

Table 3. Deceleration of car in gear at different
speeds
Speed(km/h)

Averaged deceleration(m/s2)

30

0.32540

40

0.32465

50

0.33025

60

0.33565

70

0.34889

3 Calculation of car-following
In this study, the calculation included four phases.
Phase 1 - Reaction lag time
Stated as above, in the interval of t 0 , vehicle
moves at a certain smooth velocity v0 . So the distance it moved can be calculated very easily with the
equation:
l 0 = v0 t 0 (1)
Phase 2 - Decelerated time by vehicle’s engine
Being in gear, the vehicle will be retarded by its
engine. The velocity varies from v0 to v1 with time in
this interval t1. The average deceleration aw for cars
about 1420 kilograms in gross weight, which was
observed in real conditions with the assistance of
GPS on dry asphalt pavement, was shown in Table
3. Then the distance l1 the vehicle traveled is
1
2
l1 = v0 t1 − a wt1 (2)
2
where, t1 is assumed as 560 ms [26], aw is deceleration. Then v1 can be calculated by following equation:
v1 = v0 − awt1 (3)
Phase 3 - Decelerated time by braking system
In time interval t2, the force of braking was increased, and the friction resistance of pavement
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increased from 0 to the maximum gradually. The
velocity was also changed from v1 to v2.
l2 =

1

1
1 2 1
1
(v12 − v22 ) =
v1 + t2 v1 − gϕ ⋅ t22 .. (4)
gϕ
2
2 gϕ
2
8

Table 4. Coefficient of adhesion on different
pavement surface
PAVEMENT

ϕp

ϕs

Asphalt and Concrete (Dry)

0.8~0.9

0.75

Asphalt (Wet)

0.5~0.7

0.45~0.6

Concrete (Wet)

0.8

0.7

For the duration of t3, when the force of
braking was unchanged, the resistance of friction
kept constant, and at the same time the velocity
was changed from v2 to 0. Then the total distance
can be obtained from Eq(4).
For calculating conveniently, the equation can
be simplified to the following form
l 2 = 0.00394v12 / ϕ + 0.139v1t 2 .............. (5)
where, ϕ is coefficient of adhesion. It varies
with materials used on pavement surface. Some
coefficients of adhesion were tabulated in Table
4 and g is the gravity acceleration and equals to
9.8m/s2.
Therefore, the total distance can be calculated by
L = l 0 + l1 + l 2 ........................... (6)
In Eq(6), L represents the minimum distance a
car traveled for the time period how does the car
at back stopped entirely after the leading car’s red

taillights turn on. The practical distance may be
longer because the leading car cannot stop immediately.
4. Results and discussion
Based on the method explained above, the braking distances of vehicles equipped with ABS within initial speed ranged from 30 kilometers per hour
to 70 kilometers per hour were calculated theoretically under the following situations: dry and wet
pavement, asphalt and concrete pavements. The
results including that of the two-second rule were
given in Table 5. Examining the distances listed
in Table 5, the following characteristics could be
found:
Firstly, the braking distance L was bigger than
that suggested by automobile experts who proposed “two-second rule”. The main reason was
that the method in this paper considered the additional reaction lag time, which the two-second
rule did not. Deducting the reaction lag time, the
values l1+l2 in Table 5 were almost the same as that
of two-second rule.
Secondly, the driver’s attention and the reaction time influenced the braking distances. It took
about a quarter of the total braking distance. So
keeping alert while driving and exercising the reaction abilities could not only shorten the braking
distance for safety, but also enhance the traffic capacity of roads.
Thirdly, the braking distances on wet pavement
were 25% longer than that on dry pavement. This
meant it would take more time and longer distance
to stop cars while driving in rain.

Table 5. Distances of two-second rule (meters)
n0 (km/h)

858

φ=0.45

l0

l1

30

6.67

4.62

40

8.89

50

φ=0.70

2s rule

l1 + l 2

l0

l1

l2

L

l1 + l 2

9.55 20.83

14.17

6.67

4.62

6.73

18.02

11.35

10.97

6.17

16.23 31.29

22.40

8.89

6.17

11.23 26.29

17.40

16.99

11.11

7.73

24.67 43.51

32.40

11.11

7.73

16.85 35.69

24.58

24.17

60

13.33

9.28

34.86 57.47

44.14

13.33

9.28

23.60 46.21

32.88

32.54

70

15.56

10.80 46.79 73.15

57.59

15.56 10.80 31.47 57.83

42.27

42.08

l2

L
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Finally, the braking distances of cars equipped
with ABS were a little longer than that of no-ABS.
The results were the same as early researches.
It should be noted that facts considered in this
study were only limited to two factors. Other factors, such as types of vehicles, tires, and other
weather condition, et al. were not included. In the
meanwhile, different types of vehicles have different decelerations. And more tests should be made.
More tests should be done in later researches.
Notwithstanding the limitation, this study does
suggest that the analysis of braking procedure
were approaching the realistic condition.
We must realize the fact that most of drivers
are not familiar with the performance of vehicles.
And too much things outside the vehicle attract
drives’ attention and this may increase the total
reaction time. On the other hand, few drivers are
accustomed with ABS, and know how to use them
properly. Drivers are not supposed to pump the
brake. The brake pedal of an ABS-equipped vehicle behaves quite differently when ABS engages.
A loud grating sound and rapid brake pedal pulsation often accompanies the braking action with
ABS, which may alarm the driver.
Despite the fact that antilock braking systems
(ABS) were designed to reduce crash rate, but
little information showed ABS can shorten the
braking distance. So if the car has ABS, follow the
braking procedure below:
–– When you need to stop, apply firm, steady
pressure to the brake pedal;
–– Gradually steer the car around any obstacles.
–– Release pressure on the brake.
–– Resume driving normally, but consider
lowering your speed.
–– Since many drivers aren’t accustomed to
being able to steer while skidding, they
oversteer and risk running off the road.
Be careful to turn the steering wheel just
enough to avoid obstacles.
–– Driving training school should teach lesson
about ABS.
–– Re-read your car’s owner’s manual to learn
more about the proper use of ABS.
–– In the event of a skid, anti-lock brakes rely
on a computer in the car to pump the brakes
more rapidly than you could pump them
yourself. To make the system work, apply
Volume 5 / Number 4 / 2010

firm, steady pressure to the brake. When the
ABS kicks in, you will feel a vibration or
pulsating sensation on the brake pedal. Many
drivers mistakenly believe this sensation
signals a fault in the system. On the contrary,
it means ABS is working properly.
5. Conclusions
The analysis presented here indicates that lag
time of drivers has a significant effect on the following distance of cars, and the analysis of minimum braking distance was put forward. The results
of this analysis were the braking distances being
longer, and it can be used to help driving cars.
A comparison of braking distances between wet
pavement and dry pavement were carried out. The
results show that the braking distances on wet pavement were 25% longer than that on dry pavement.
This means it would take more time and longer distance to stop cars while driving in rain. The braking
procedure was given for cars with ABS. An advice
was also given that driving training schools should
add course about ABS in China.
In the field of traffic safety, although the human
factors are the most important, others can not be
neglected such as road conditions, traffic conditions and vehicle manufacturing technology, et al.
In China, more and more measures are taking to
decrease traffic accidents now.
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Abstract
The colliers with undergound exploitation in
Republic of Serbia work under the umbrela of
state owned company with head office at Resavica. Undergound mining workings are executed
by use drilling and blasting methods of work. The
effectivelity of construction of undergound workings depends of the effectivelity of drlling and
blasting. Because of said, improving of quantity
of technology of blasting gives big possibilities
for betterment of total techno-economic results of
the company.
To satisfy the demands of effectivelity, economy and safety of work, forces upon need for permanent perfecting of blasting and adopting blasting parameters according to the condition of use.
This paper analyse used technology blasting
during construction of mining underground workings at colliers united under state owned company
(JP PEU Resavica). After that, based on the analyse, have been made experimental blastings in
four colliers (pits).
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Based on all analyses the proposals have been
projected for steps to be practiced to improve drilling and blasting methods of work. The projected
technology was controlled at selected sites and
proposals have been based on test results.
Key words: blasting, colliers, underground
workings
Summary
Rudnici sa podzemnom eksploatacijom uglja u
Republici Srbiji, posluju u okviru Javnog preduzeća za podzemnu eksploataciju uglja Resavica.
Jamske prostorije u svim rudnicima uglja izrađuju
se bušačko-minerskim radovima. Efikasnost izrade jamskih prostorija zavisi i od efikasnosti bušačko-minerskih radova, pa stoga usavršavanje tehnologije miniranja, predstavlja veliku mogućnost
za poboljšanje ukupnih tehno-ekonomskih rezultata poslovanja preduzeća.
Zadovoljavanje zahteva efikasnosti, ekonomičnosti i sigurnosti, nameće potrebu stalnog usavrša861
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vanja miniranja i usklađivanja parametara miniranja sa uslovima primene.
U okviru ovog rada izvršena je analiza primenjene tehnologije miniranja, pri izradi jamskih
prostorija, u rudnicima uglja u okviru JP PEU, a
potom su na osnovu odgovarajuće analize, u četiri
različite jame, izvršena eksperimentalna miniranja.
Na osnovu ovako izvršene analize projektovan
je predlog mera za poboljšanje tehnologije bušačko-minerskih radova koja je proverena na odabranim radilištima i na osnovu dobijenih rezultata
dati su odgovarajući predlozi.
Ključne reči: miniranje, rudnici, jamska prostorija.
1. Introduction
Underground colliers of Serbia united as JP
PEU Resavica, the construction of underground
mining workings, as well coal excavations, is executed by use of drilling and blasting methods of
works. During underground exploitation of coal
for each 1000 t of coal it is necessary, as average
to construct 25 meters of underground mining
workings of which 9 meters are basic underground
mining workings.
As a part of procedure of construction of underground mining works, the drilling and blasting
works have adequate request, which should be satisfied, as follow:
–– maximal utilization of drill holes, that means
progress of site,
–– minimal diference between effected and
designed cross section (minimal over
blasting),
–– high participation of large pieces of blasted
coal, but acceptable for loading and
transportation,
–– minimal spreading and acceptable pile of
blasted mass for effective loading,
–– minimal destruction of support and
postcontur massif,
–– stability of roof and sides of working,
–– minimal consumption of explosive and
minimal quantity of drilling,
–– high during blasting works, especially at
methaneous colliers underground.
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Materialization of blasting results depend, first
of all, by proper selection of drilling and blasting
parameters: quantity (number) and length of drill
holes, quality of explosive, diameter of explosive
filling, quantity of explosive, method of firing,
time and intervals of retardation. Those and other
parameter should be adopted to real conditions on
site. Irreqular selection just only one of parameters
of blasting can very much degenerate total results.
Because of above said it is necessary permanent
improving of drilling and blasting works. The way
of improving, by this paper, would be as follow:
based on site (in city) recorded parameters of used
technology of blasting and received results of blasting at JP PEU, the executed analyse of effectivelity
was done for drilling and blasting works. Following
step using the analyse results, practical knowlege
and positive experience from the countries with
technology it underground colliers – was to detect
possibilities for correction of some parameters of
blasting to improve technology of blasting.
With the existing technical-technological possibilities and regular limitation, experimental
blastings have been executed in four colliers. The
results shows big improvement of techno-economical in diators.
Special attention has been given to betterment of
quality of plugging of blast holes and realization of
safety during blasting in methaneous colliers.
2. Analyse of effectvelity of blasting
technology
The analyse of used drilling and blasting technology for executing of construction of underground mining working was done at four colliers
of JP PEU: JELOVAC, LUBNICA, SENJSKI
RUDNIK, SOKO, ŠTAVALJ and STRMOSTEN.
Summarized results recorded in city for all mentioned colliers are given by table 1.
On the basis of recorded technology for construction of underground mining workings using
drilling and blasting method of work and proper
analyse, it could be concluded as follow:
–– high deflection of real position of drill
holes as regards of designed position. The
consequence is non andardised lines of
minimal resistence,
Volume 5 / Number 4 / 2010
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Table 1. Parallelled display of recorder results

Jelovac

Lubnica

Senjski rudnik

Strmosten

1

2

3

4

5

6

7

8

9

10

1

T

7,0

17

2,43

1

0,55

7,8

0,8

1,07

2,34

2

T

7,4

17

2,20

1,5

0,39

8,2

1

0,57

1,18

3

T

7,8

18

2,31

1,5

0,37

8,4

0,85

0,61

1,3

4

T

7,8

20

2,56

ITI-

0,34

8,6

0,8

0,68

1,57

1

T

6,0

13

2,16

1,5

0,48

7,8

0,5

-

-

2

K

10,2

36

3,5

2,0

0,37

22

0,8

1,01

1,66

3

K

13,2

36

2,72

2,0

0,37

14,8

0,85

0,55

l,62

1

K

9,1

29

3,19

1,5

0,37

13,4

0,8

0,87

1.88

2

T

6,8

14

2,02

1,0

0,48

5,6

0,7

0,91

2,26

3

T

5,0

13

2,6

1,0

0,48

5,6

0,75

0,97

2,28

1

K

9,1

29

3,2

1,4

0,48

15.7

0,93

0,98

1,78

2

T

10,2

19

1,85

1,5

0,42

10

0,87

0,59

1,10

3

T

7,9

17

2,15

1,5

0,39

8,2

1,0

0,53

1,01

4

T

5,83

14

2,40

1,0

0,45

5,2

0,97

0,68

1.84

5

K

9,6

29

2,80

1,5

0,43

16,5 1 0,9

0,83

1,55

Legend:
1. cross section of underground working –circular (K), trapezoid (T) and horse shoe (P)
2. cross section surface (m2)
3. number of drill holes per square meter
4. number of drill holes
5. drill holes depth
6. average quotient of filling
7. mass of explosive for single blasting (kg)
8. utilization quotient of drill hole
9. explosive normative (kg/t)
10. electro detonator normative (pieces/t)

–– very irregular normative consumption of
explosives and electro-detonators,
–– short interval of retardation by using
particular schemes of firing,
–– non adequate plugging of holes, or omission
of plugging,
–– large overblasting or necessity for additional
work to finalise blasted cross-section,
–– non satisfactory advance per single blasting,
–– large spreading and unfavorable granulation
of blasted coal with large participation of
small sizes of granes
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3. Experimental control of inovated
technology of drilling and blasting works
Starting with results of analyse of recorded technology can be given adequate proposals for correction of blasting parameters. Existing laws of this
matter is very limiting factor. Following the laws
and regulations, keeping in mind above mentioned,
it was possible to innovate technology of drilling and blasting works to receive more adequate
techno-economical indicators. The innovation of
blasting parameters – first of all diameter, depth,
position and distribution of drill holles, their plugging, as well interval of retardation – was executed
during experimental blasting into underground colliers: Jelovac, Lubnica, Senjski rudnik and Štavalj.
Based on the executed analyse the proposals of in863
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novated technology of drilling and blasting works
during construction of underground has been given
for the above mentioned mines.
After analyse effectivility of used blasting
technology into colliers of JP PEU, as well study
of possibilities for im proving blasting technology,
the four sites have been selected in differente colliers, and executed blasting tests.
That have been followed blasting effectivility during construction of only one working with
trapezoid and circular cross-section. Two site have
been in brown coal pits and two sites in lignite
coal mines, as follow:
–– construction of horizontal mining working
into brown coal with wooden trapezoid
support – pit “Jelovac”;
–– construction of horizontal mining working
into lignite coal with arch steel support
diameter 3,5 m – pit “Lubnica”;
–– construction of horizontal mining working
into brown coal with arch steel support
diameter 3,5 m – pit “Senjski rudnik” and
–– construction of horizontal mining working
into lignite coal with woden trapezoid
support – pit “Štavalj” .
For purpose of analyse, improving and rationalizing of blasting during construction of underground working with trapezoid, circular and
horse-shoe cross-section the executed of blasting
has been recorded into pits of colliers: Jasenovac,
Jelovac, Lubnica, Senjski rudnik, Soko, Stavalj
and Strmosten. According to the programmed
which was made fore investigation on few sitey,
the recording of cross-section of workings has
been done as well blasting parameters.
The position of drill holes on site was made
by photography. The positions of drill hole mouth
have been signed with fluorescence just over photographies the net of line was brown, what enable
to register countoure of underground working and
position of drill holes for blasting.
The said work was followed and executed during few months on the sites of four mentioned colliers and adequate datas and knowledge have bee
collected, as it will be shown.
On the figure 1. The positions of drill holes for
blasting for experimental blasting has been given.
Table 2. gives blasting parameters.
864

Jelovac

Lubnica

Senjski Rudnik

Štavalj
Figure 1. The positions of drill holes for experimental blasting into pits.
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Table 2. Blasting parameters review
Jama

1

2

3

4

5

6

7

Jelovac

52

430

898

71,7

0,54

1,12

1,5

Lubnica

40

350,8

1014

28

0,54

1,12

0,8

S.Rudnik

24

338,2

716

34

0,75

1,59

1,6

Štavalj
15
172,5
270
Legend:
1. Number of blasting
2. Total consumption of explosive (kg)
3. Detonator number (quantity)
4. Realized advance of working
5. Specific consumption of explosive (kg/t)
6. Specific consumption of detonators (pas/t)
7. Drill holes depth (m)

23

0,43

0,91

1,7

4. The analyse of results
Based to the analyse of results of experimental
blast into the pits: Jelovac (52 blastings with 71,7
m advance), Lubnica – Osojno – south (40 blasting with 28 m advance), Senjski rudnik (24 blasting with 34 m advance) and Štavalj (15 blasting
with 23 m advance), the adequate positive technoeconomic indicators have been registered.
Direct saving on expenditure (cost) for explosive and electrodetonators – according to the yearly planed workings – is few millions dinars. Because of change of blasting technology “Štavalj”
mine has some saving on labour force: from 6,6
wages/m’ it was reducered to 4,7 wages/m’. That
gives for 150 m of horizontal working per mount
the saving for labour cost of 1.147.000 dinars/
month.
As well, there was change of coal granulation
during experimental blasting – more large grains
(large piece, cube and walnut size) have been produce, what means more income for mine. Economic position of mine depends directly to the
quantity of large grains of coal participating at total production.
During blasting experimental at RMU (brown
coal collieris) “Rembas”, using deeper drill holes
with total plugging – based on planed and realized
production of granulation of coal – the increase of
quality of large classes (grains) was 5 % cca.
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Conclusion
Satisfactory result can be achieved only by selection of adequate parameters of blasting – for
concrete condition of blasting - : diameters, depth,
number and distribution of blast holes, type of explosive, diameters and of explosive filling, intervals of retardation and drilling program timing. As
well the results of blasting depends to the crosssection at working, method of supporting and
other factors.
After any of blasting the results have been registered. Some of have not bee satisfactory, as follow:
–– little advance (quocient of use of blast holes
was 1,0 – 0,5);
–– large spreading of coal and non satisfying
granulation of blasted coal;
–– bad and non regular countours of crosssection of working;
–– large quantity of secondary blasting;
–– lowered stability of roofs and side of
horizontal workings (Rembas, Jasenovac,
Soko).
After analyse effectivility of change blasting
technology into pits of JP PEU, as well studying possibilities for improving of blasting, for
four underground colliers have selected sites and
there have been executed experimental blasting.
The effectivility was followed for workings: one
with trapezoid cross-section and one with circular cross-section. Two sites have been located at
865
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brown coal colliers and two sites at lignite coal
colliery: pits Jelovac, Jelovac, Senjski rudnik and
Štavalj. During few months of experiment blasting results have been recorded and analysed and
adequate knowledge and conclusions collected.
The colliers of republic Serbia have on disposable only two type of explosive usable for methaneuses pits. If there are more types of such explosives, it will be possible for concrete condition of
use, to reach better relation between safety and
techno-economical indicators of blasting. Very
strong regulations of safety and impossibility to
select more types of methane safe explosive, are
limiting factors regarding progressive changes of
blasting parameters. But, as well, starting from
the analyse of used blasting technology keeping
in mind existing techno-technological possibilities
and normative restrictions, the correction of distribution and blast holes have been done, as well
quality of plugging and scheme of demolishing
the coal.
Based to the results of techno-economical analyse of experimental blasting, the conclusions can
be made that some improvement of blasting technology during construction of underground workings at colliers at JP PEU, can bring saving of
few tens millions dinars per year. Techno logical
discipline, adequate control and study of blasting
execution must result as a positive change blasting
parameters.
Big omission of blasting technology is total
omit or partial plugging of blast holes. Practicing of total and quality pluging – as it was shown
above mentioned experimental blasting – the expenses for blasting materials can be very much
reduced. Plus, quality plugging means main step
for safety into gaseous (methanous) mines. Many
of gas explosions have happened because of bad
plugging during blasting.
All pits of JP PEU practice only classical methods of plugging using clay–sand plug. But, many
sort of “Water plugs” used by underground colliers into many countries, have excluded clay-sand
plugs.
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Abstract
For the purpose of the higher education integration into the European area, there is intensive
work at the curriculum innovation at the universities in Bosnia and Herzegovina. To this end, within the framework of CDP+ (Course Development
Program +) project of the WUS (World University Service) from Austria, the modification of the
course „Computer-Aided Design” was done at the
Faculty of Mechanical Engineering Sarajevo. Innovation was done in accordance with the similar
courses which are taken at some other EU universities. The results of external and internal evaluation, which were reached after the end of the
above mentioned course, are shown in this study.
The course is attended by the students in the third
year of the first cycle of the studying (BSc) in the
fall semester.
Key words: Computer-Aided Design, CDP+,
external and internal evaluation

Volume 5 / Number 4 / 2010

Sažetak
U svrhu integracije visokog obrazovanja u
Evropski prostor, na univerzitetima u Bosni i Hercegovini intenzivno se radi na inoviranju nastavnih planova i programa. U tom cilju je i, u okviru
CDP+ (Course Development Program +) projekta
Svjetskog univerzitetskog servisa WUS (World
University Service) Austria-e, na Mašinskom
fakultetu Sarajevo izvršeno modifikovanje kursa
„Projektovanje pomoću računara”. Inoviranje je
izvršeno u skladu sa sličnim kursevima koji se
slušaju na drugim EU univerzitetima. U radu su
prikazani rezultati eksterne i interne evaluacije
nakon izvršene modifikacije pomenutog kursa.
Kurs pohađaju studenti III godine I ciklusa studija
(BSc) u zimskom semestru.
Ključne riječi: projektovanje pomoću
računara, CDP+, eksterna i interna evaluacija
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1. Introduction
CDP+ project represents next development and
improvement of the previous implemented CDP
and CEP (Center of Excellence Project) projects of
WUS Austria. The project is focused to the „courses development”. Equipment supply is expected
only in the case when it is necessary for the course
introduction/modification. Curriculum development at the universities in Bosnia and Herzegovina,
with the stress on the higher education integration
into the European area, is supported by this project.
CDP+ projects give supports in the form of:
–– scholarship for professors who introduce/
modify the course,
–– financial resources for scientific-professional
literature acquisition,
–– compensation for mimeographed notes
printing,
–– visitor’s expenses for B&H professors at the
EU universities (max. to 2 weeks; priority
is given to Austrian universities) or visitor’s
expenses for EU professors at the B&H
universities,
–– equipment supply (on special conditions).
During the implementation of CDP+ project,
professors are obligated to submit midterm and
final report to WUS Austria.
Within the project framework, ECTS trainings
for applicants and the members of university staff,
who are included in ECTS problems, are provided. Trainings lasting two days are done by the EU
university employees who are good experts for
ECTS procedures. [10]
2. CDP + project implementation
2.1 Applied Procedure
Applied procedure for CDP+ project consists
two parts.
1. Letter of intent, by which the faculty
confirms its intention to apply for CDP+
project within the proposed period of time.
2. Application, which could be submitted only
by those faculties which submit their letters
of intent by proposed period of time. [10]
868

2.2 Criterions for Appraisal of CDP+
Applications
The following criterions are considered in
CDP+ applications evaluation: „must” criterions,
number of the courses, collaboration with EU university, description and plan of activities, previous
technical assistance from WUS given through CEP
projects and project definition. Also, the following
criterions are considered in the course evaluation:
name of the course, course content, reasons, aims
and importance of the course, methodology of lectures and examinations, target group and ECTS
sameness with the similar courses at the other EU
universities, as well as the following criterions for
possible equipment supply: reasons for equipment
supply, space for equipment, offers and co-financing. [6]
2.3 CDP+ Project Selection, Financing and
Implementation
Commission for the CDP+ projects selection,
on the base of set criterions according to which
technical marking of applications were done, accepted the application named „Computer-Aided
Design” which was submitted by the Faculty of
Mechanical Engineering Sarajevo. The selection
commission, according to the contract „High Education Supporting in B&H” was composed with:
general secretaries from B&H universities which
signed the above mentioned contract, representatives of Austrian Agency for Development and
WUS’s Austria representatives.
Department for Mechanical Design of the Faculty of Mechanical Engineering Sarajevo was implemented the accepted CDP+ project. [6].1 EU
partner in project implementation was Department
for Mechanical Design of the Faculty of Mechanical Engineering Maribor. WUS Austria financed
this project with two-thirds of total amount, and
it is co-financed with one-third of financial resources needed for project implementation by
the Faculty of Mechanical Engineering Sarajevo.
1

CDP+ project implementation (project No.: 43-SA-04)
was done under the supervision of Ministry for Foreign
Affairs of Austria and WUS Austria.
Volume 5 / Number 4 / 2010
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Supply of appropriate equipment was necessary
for the successful project implementation. Appropriate equipment (11 PC workstations and 11
permanent educational licences CAD/CAM/CAE
software system CATIA V5) was purchased [11]
and placed in the Laboratory for Computer-Aided
Design. The laboratory was previously adapted to
the equipment [7]. Training for equipment use was
done, too [12].
3. Analysis of evaluation results

Table 1. Results of External Course Evaluation
1.

Content

Comment

2.

Teaching methodology

Comment

3.1 External Course Evaluation
External course evaluation was done by independent EU experts, who were appointed by WUS
Austria. The independent EU experts graded the
following aspects of the course, and they, also,
made short commentaries for them (Table 1.):
content, methodology of the course presentation,
examining methodology, innovation of the content, innovation of methodology, the course presentation, relevancy of the course from aspect of
practical use (for example, link between theory
and practice, relevancy for labour market, longlife learning). [from 1 to 6]
3.2 Internal Course Evaluation
The two internal course evaluations were done:
–– by professors and assistant who have done
the above mentioned course and
–– by students who attend the course. [6]

3.

3.2.1 Internal Course Evaluation Done by
Departmental Professors and Assistant
Departmental professors and assistant, as well
as WUS’ CDP+ project coordinators, participated
in the process of the project realization. For the
purpose of advancement of activities on the next
projects, departmental professors and assistant
submit filled CDP+ Questionnaire (Table 2.) to
WUS’s CDP+ project coordinator after the project
implementation.
Volume 5 / Number 4 / 2010

There are only two new innovations in
content. More precisely the innovations
consist only in the implementation of
FEM analysis. I am not sure whether
teaching FEM in a CAD course is
the right way. We prefer two courses
CAD for all students and FEM only
for master degree.

Innovation in methodology

Comment

6.

My point of view is that the practical
examination is absolutely necessary,
because to learn a software can only
be done by „learning by doing”.

Innovation in content

Comment

5.

I recognize that there are only few
things new, if I consider the existing
course. Conducting instructions are
absolutely necessary, when teaching
software. But I am missing the use of
new Internet technologies.

Examining methodology

Comment
4.

It looks like that there is too much
content for the lecture. But there is no
specification in the description how
much time this course will take. The
content per se is very good.

The proposed course is a typical CAD
course. The content is comparable
with a standard course within the
universities of the European Union.

Relevance of the course for the practical
application (e.g. linking theory and
practice, relevance for the labor market,
life-long learning)

Comment

For technical engineers absolutely
necessary. Without such knowledge
students will not be competitive on
the market.
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Table 2. CDP+ Questionnaire for professors and
assistant
Are you satisfied with WUS Austria’s CDP+
(benefits, results, disadvantages)?
Are you satisfied with the way the project
was organized and implemented (project
2.
timeframe, required documentation,
communication with WUS)?

1.

3.
4.
5.
6.
7.

CDP+ represents an important step towards
the European Higher Education Area in the
field of course/curriculum development, as
defined by the Bologna Declaration.
Would you recommend CDP+ to your fellow
colleagues?
Do you plan to apply to other WUS Austria’s
projects?
Are you satisfied with other activities which
WUS Austria is implementing in the field of
B&H Higher Education (projects, seminars,
trainings, etc.)?

1° Answers SA (distribution of the results is
asymmetrical – positive asymmetry to the right)

2° Answers A (distribution of the results is
asymmetrical – negative asymmetry to the left)
Figure 1. Polygons of frequencies

Please, assess your cooperation with
WUS Austria (1-poor, 5-excellent).

8. Additional comments.
1° Answers SA
3.2.2 Internal Course Evaluation Done by
Students
The course evaluation done by students, who
attend the course, was done during last lectures.
Before the evaluation, students signed and in that
way made so-called List of students who attend and
evaluate the course. Students anonymously did the
course evaluation by filling CDP+ Questionnaire
(Table 3.). Number of signed students was the same
as the number of students’ evaluation.
It is obviously that the most students answered
with SA and A to questions in the questionnaire.
Because of that, statistical questions processing
(Table 4.) is shown bellow. In that way, more concrete indexes could be getting [8]. The answers
number from the smallest to the biggest number
are sorted, and then grouped in classes (they are
underlined in the table).
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2° Answers A
Figure 2. Galton’s curves (curves of cumulative
functions)
The course evaluates 39 students. Filled CDP+
questionnaires with the results of the course evaluation gotten by students (Table 3.), are delivered to
WUS’ CDP+ project coordinator.
4. Final considerations
Thanks to CDP+ project implementation, modification of the course „Computer-Aided Design”
was done at the Faculty of Mechanical Engineering Sarajevo according to the similar courses
which are taught at some other EU universities.
After the course modification, its external and inVolume 5 / Number 4 / 2010
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Table 3. CDP+ Questionnaire and course evaluation results gotten by students
Questions

SA

A

D

SD

1.

The lecturer is well prepared.

17

20

2

0

2.

I find the lecturer co-operative.

21

18

0

0

3.

The lecturer shows a two-way approach and
the students have the opportunity to actively
participate in the lectures.

21

15

3

0

4.

The topics are presented in an appropriate
way.

20

15

4

0

5.

I find the course well organized – in terms
of the subject matter that has been studied.

25

11

3

0

6.

The ratio of lectures and practical classes is
very good.

8

17

11

3

7.

I find the course practice-oriented.

19

14

6

0

8.

I find the course relevant for my future
profession.

29

10

0

0

9.

I find that the teaching methods of the
lecturer are an improvement to the learning/
teaching practice at my faculty in general.

9

21

7

2

10.

I find the script is well written and
comprehensive.

11

22

5

1

11.

I find the script helpful for the preparation
of the exam.

10

22

6

1
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12.

Is the use of any kind of equipment included
in this course?

13.

Could you specify the kind of equipment
used (especially if you have learned that it
has been donated through WUS Austria)?

14.

39

0

0

0

I find the equipment used in this course
essential for the practical part of the course.

36

2

1

0

15.

Altogether I find this course successful.

25

14

0

0

16.

I think that it is worth supporting the
modification of existing courses and the
introduction of new courses according to the
European standards.

32

7

0

0

17.

Additional comments and suggestions
(optional).

Table 4. Data grouped in classes ( i = 5 )
1° Answers SA (8, 9, 10, 11, 17, 19, 20, 21, 21, 25, 25, 29, 32, 36, 39)
x

f

fc

xsr

f ⋅ xsr

x

xi = xsr − x

f ⋅ xi

xi

xi2

f ⋅ xi2

35-39

2

2

37

74

21,67

15,33

30,66

15,33

235,01

470,02

30-34

1

3

32

32

21,67

10,33

10,33

10,33

106,71

106,71

25-29

3

6

27

81

21,67

5,33

15,99

5,33

28,41

85,23

20-24

3

9

22

66

21,67

0,33

0,99

0,33

0,11

0,33

15-19

2

11

17

34

21,67

4,67

9,34

-4,67

21,81

43,62

10-14

2

13

12

24

21,67

9,67

19,34

-9,67

93,51

187,02

5-9

2

15

7

14

21,67

14,67

29,34

-14,67

215,21

430,42

∑

15

700,77

1323,35

872

325

115,99
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2° Answers A (0, 2, 7, 10, 11, 14, 14, 15, 15, 17, 18, 20, 21, 22, 22)
x

f

fc

xsr

f ⋅ xsr

x

xi = xsr − x

f ⋅ xi

xi

xi2

f ⋅ xi2

20-24

4

4

22

88

14,33

7,67

30,68

7,67

58,83

235,32

15-19

4

8

17

68

14,33

2,67

10,68

2,67

7,13

28,52

10-14

4

12

12

48

14,33

2,33

9,32

-2,33

5,43

21,72

5-9

1

13

7

7

14,33

7,33

7,33

-7,33

53,73

53,73

0-4

2

15

2

4

14,33

12,33

24,66

-12,33

152,03

304,06

∑

15

277,15

643,35

215

82,67

Medium value
1.

Modal classes

2.

Median fixed by Galton’s
curve

3.

Arithmetical average

1° Answers SA

2° Answers A

20-24 and 25-29

10-14, 15-19 and 20-24

Median » 27,

Median » 20,

N
= 7,5
2

x=

∑ f ⋅x

sr

N

= 21 , 6 7

N
= 7,5
2

x=

∑ f ⋅x

sr

N

= 21 , 6 7

Measure of dispersion

4.

Span of variation

R = xmax − xmin + 1 = 3 5

Q=
5.

Quartile deviation fixed
by Galton’s curve

6.

Average deviation

7.

Standard deviation
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Q 3 − Q1
2

=6, 25,

1
⋅ N = 3, 7 5 Þ Q1 » 3 2 , 5 ,
4
3
⋅ N =11, 2 5 Þ Q 3 » 2 0
4
PO=

S D=

∑

f ⋅ xi
N

∑

f ⋅ x i2
N

=7,73

= 9 , 39

R = xmax − xmin + 1 = 2 5
Q=

Q3 − Q1
=4,
2

1
⋅ N = 3, 7 5 Þ Q1 » 2 4 , 5 ,
4
3
⋅ N =11, 2 5 Þ Q 3 »16 , 5
4
PO=

S D=

∑

f ⋅ xi
N

∑

f ⋅ x i2
N

= 5 , 51

= 6,55
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ternal evaluation was done.
The important step to European area of the higher
education in the field of development of course and
curriculum, as defined in Bologna Declaration, has
been made by CDP+ project implementation [9].
The results of the external evaluation (done by
independent EU experts) and internal evaluation
(done by departmental professors and assistant, as
well as by students who attend the course), show
that the course modification was done completely
and very successful.
Methodology of the course „Computer-Aided
Design” modification and evaluation explained in
the study can be successfully applied to modification and evaluation of every course.
Procedures for modification and evaluation, not
only of single courses but of complete curriculum,
have to be done as soon as possible in order to integrate B&H higher education into European area.
5. Nomenclature
f

-

frequency

fc

-

cumulative function

i

-

class size

N

-

data number

PO

-

average deviation

R

-

span of variation

SD

-

standard deviation

Q

-

quartile deviation

Q1

-

the first quartile

Q3

-

the third quartile

x

-

data

x

-

arithmetical average

xi

-

deviation of mean of class from
arithmetical average

xmax

-

the best results

xmin

-

the worst results

xsr

-

mean of class
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Abstract
To meet the demand for educational infrastructure is difficult for government, while it is also not
possible to transfer in the private sector. So, the concept of Public Private Partnership (PPP) has been
evolved. This paper deals with the mode of PPP for
delivering nationwide better education service.
Summary
Like other social services, education is one of
the essential services that government is obliged
to arrange for its country people, but to meet such
increasing demand of educational infrastructures,
government alone faces hues difficulties in capital
investment especially in the developing countries.
So, for developing the education infrastructure
and providing quality education programmes,
Public Private Partnership (PPP) has been proven an advanced tool for government in many of
the countries. However, private investors may
not have much interest for a typical PPP deal in
education sector, because government provides
the education services for free at the primary and
secondary level. Therefore to make the PPP deal
attractive to private investors, this paper suggests
two approaches of PPP funding under the Built
Volume 5 / Number 4 / 2010

Operate and Transfer (BOT) models. Both the Viability Gap Funding (VGF) and Annuity Payment
provide the investors the required subsidy from
the government through payment in the construction or operation phase to make the project viable.
This allows private investors to make revenue at
expected level and government to save of hues
up-front investments. Moreover, among different
types of PPP models, the suggested types – BOT also ensures the quality of education programmes.
Key words: Education infrastructure, PPP
models, BT, BOT, BLT, VGF, Annuity Payment
1. Introduction
Social services are essential to maintain a minimum quality of life. The provision of social services is one of the primary roles of the government. It is imperative that government provides
such basic services as efficiently as possible with
a wide reach of effective coverage. However, the
governments of developing countries are usually
constrained by lack of adequate resources and
over population.
Among different types of social services, education is one of the most important services. Education is also considered as one of the main agendas
of development. Government always shows strong
875
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commitments towards improving the provision of
the services in this sector through increasing the
resource allocation. If government works alone to
provide better education service to mass level, it requires more finance and longer time. On the other
hand, as providing education facility is the responsibility of the government, government cannot leave it
to private sector, especially in developing countries.
Under this situation, government in many
countries has been adopting innovative approaches to ensure efficiency in this service. One of the
approaches is liberalization of an economy with
greater private sector involvement through public
private partnership (PPP). PPP model has been
used in UK, Northern Ireland, Japan, and Republic of Korea for developing social infrastructure,
which do not generate direct revenues, such as
schools, government offices, community facilities, and hospital buildings.
Education represents around 3% of the value
of PPP taken in UK. By the end of 2003, 102 educations PPP deals have been signed which value
is US$3.621 billion (UNESCAP, 2008). In 1997,
USA spent USD$35.5 billion on new school construction, of which $8.4 billion (24 percent) was
spent on private schools - the fastest growing
component of total school construction spending
(U.S. Bureau of the Census, 1998). Moreover, in
older cities and communities, the major school
construction issue is the repair and renovation. For
an example, in early 1999, New York City’s Board
of Education estimated it would need to spend $11
billion for school construction over the next 5
years. (Steinberg, 1999)
In 1997, one of the province- Nova Scotia- in
Canada implemented programs under PPPs to facilitate the construction of new schools. 41 new
schools had been completed or approved for construction under PPP and another 12 have been
proposed for approval by the end of 1998 (P W
Financing 1997, 1998)
As of late November 1998, in Scotland, more
than 70 schools with approximately 50,000 students in eight local authorities were scheduled to
be replaced or renovated under Private Finance
Initiative (PFI). The cost of this renovation and replacement initiative is expected to total USD $554
million provided by private-sector investors (The
Scottish Office, 1998)
876

PPP in the education sectors have been used
extensively in developed countries, but very limited in developing countries. In January 2008, The
Asian Development Bank noted that education
in India was lagging behind its rapid economic
growth with only 12,000 training and vocational
institutes, compared to half a million in China.
There government invites private sector to come
forward to provide tertiary educations, but the outcome is not significant enough. The experts emphasized that only private investment in education
cannot able to solve the problem; a PPP necessary
in education to combine the agility of the private
sector with the social responsibility obligation of
the public sector (Kewalramani, 2008).
Individually both private and public sector has
strong limitation to provide education services;
only combined effort can ensure it in efficient and
quick manner. The concept of PPP is relatively
new which has not yet developed and established
properly. Few developed countries are currently
practicing PPP for service sectors, whereas developing countries as a whole are not able to provide
different social services properly and also not familiar with PPP. This paper is an attempt to show
a methodological approach how PPP can work
as an efficient tool for the provision of education
service to the public, especially in the developing
countries.
2. PPP Modality in Education Sector
PPP describes a government service or private
business venture which is funded and operated
through a partnership of government and one or
more private sector companies. In some types of
PPP, the government uses tax revenue to provide
capital for investment, with operations run jointly
with the private sector or under contract. In other
types (notably the private finance initiative), capital investment is made by the private sector on the
strength of a contract with government to provide
agreed services. In short, PPP can be of natures
where in some instances, the capital investment is
made by the government, and private player operates it, and in some other cases (in fact most of the
cases) private investor solely invests and operates
the venture. However there might have number of
Volume 5 / Number 4 / 2010
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other variations in terms of level of involvement
between government and the private sector in a
PPP deal.
According to Canadian Council for Public-Private Partnership (CCPPP) PPP is “a cooperative
venture between public and private sectors, built
on the expertise of each partner, that best meets
clearly define public needs through the appropriate
allocation of resources, risk and rewards.” The term
Public Private Partnership (PPP) is not defined as
community level but, in general, it refers to forms
of cooperation between public authorities and the
world of business which aim to ensure the funding,
construction, renovation, management and maintenance of an infrastructure of the provision of service (The European Commission, 2004).
PPP has become a recently popular means of
project implementation, especially in areas where
project implementation has been unsatisfactory.
PPP has the following advantages in the provision
of services:
–– Savings of public resources through private
sector arrangement of the resources to build
and finance projects
–– Private sector bear both the fiduciary and
safety related risks related to the construction
and in some cases the performance
–– Government and the public pay for the
services provided by the private sector
–– By Exercising the regulator power government can decide the charges, quality
benchmark and curriculum
The education sector is among many of the social sectors that have benefited from the PPP initiatives of developed countries. The usual practices in
the education sector in PPP projects have been the
Build-Operate-Transfer (BOT) model. This model
entails the private sector through open tender winning the right to build social and educational infrastructure with pre-designed parameters and then
operating these projects in exchange for payment
or fees by the government. Even in cases where the
education infrastructure exists, the government can
engage a private enterprise, usually though open
tender, to operate the public assets. This partnership has the advantage of combining the efficiency
of the private sector and the ownership of assets as
well as the regulatory authority of the public sector.
Volume 5 / Number 4 / 2010

Moreover, apart from BOT, PPP in education
is also applicable through Build and Transfer (BT)
and Build-Lease-Transfer (BLT) model. Under
BT model, investors undertake to finance and construct the infrastructure of the school or college,
and after the completion of the construction the
investor is required to transfer the school or the
entity to the Governmental authority. The Investor
is paid in a fixed amortization schedule specified
in the contract document.
In a BLT model, the selected investor undertakes to finance and construct the infrastructure
and leases out to the government and government
provides lease rental to the investor for specified
period. Generally in this model, the operation
and maintenance of the project lies to the private
sector and the lease rental to the investor covers
this operation and maintenance cost and fees. The
project is transferred to the government authority
after finish the tenure of leasing period.
In the model of both BT and BLT system, private sector engages only for construction of the
facility, where in BOT approach private sector
also engages for construction and operation so
that there is a chance to improve services delivery.
In BT and BLT, the government pays for the construction only but operation belongs to the government. But under BOT model, the operation of the
service that is delivering the education program
belongs to the private sector for improved efficiency. Under BOT model, government subsidizes for both the construction and operation phase
of the education program. But still saves a lot of
money as there is no single point expenditure and
save time as typically it takes long time if government builds the infrastructures and continues
to operate the program by its own fund. The essential advantage of BOT model is that it allows
the government to provide quality education programs through involving private sector.
Typically under a PPP project the investors
receive payment from the users of the service
through toll, fees, service charge or other relevant
methods. But, in regard to the above three PPP
models in education service, it is not profitable or
most of the cases not possible due to government
policy to impose fees on the students. The general
tendency of schooling is low in developing countries, where government provides huge subsidy in877
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cluding books, stationeries, dress, food, cash and
other incentive to attract people to send their child
in school, because increasing the literacy rate is
one of the most crucial development issues for the
country, and education is a core obligation of government to the people. So, here government pays
the investors for PPP in education sector.
In case of PPP, government outsources the construction of the facility as well as management of
the entity, but controls the quality of services and
the curriculum for the students. It has been experienced that such PPP models in education sector releases a lot of pressure of the government to construct numbers of educational institution through
the government’s own budget at a single point of
time.
3. PPP Model for Service Delivery and
Operation
For delivering the quality education service
through PPP under the proposed system - BOT,
government needs to deliver subsidy efficiently.
This paper proposes two models - Viability Gap
funding (VGF) and Annuity Payment - to repay
the cost of construction and operation.

through demand analysis the IRR (Internal Rate of
Return) is found say 1% (even may be negative)
and the investor expects a 20% then government
will provide a subsidy generally at the construction phase to shift the IRR to 20%. Here, in case of
school, the investors provide the required amount
of yearly VGF considering its potential income
sources such as shop, canteen, rental space etc
and expenditure to maintain the required quality
of services.
In annuity, the payment is referred for operational phases and payment is made in installments
rather than the up-front as used in VGF. In many
countries, payment for the IPPs (Independent
Power Producers) is paid in an annuity scheme.
The private investor builds the power plant and
sales the electricity to the government with a premium price. The government provides confirmed
annual payment to cover its costs (construction,
operation and management) and revenue within
the contracted period.
Generally, VGF is provided at the construction
phase where the annuity payment typically provides in the operation phase. The annuity payment
method has been used successfully in schools in
the U.K and Australia. Generally provisions for
this facility are made on a year-to-year basis. Government calls tender for selection of the investor
for construction and operation for school and provides the project to the lowest quote holder
4. Vital Policy Options

Figure 1. Model of Viability Gap Funding or
Annuity Payment for PPP modality in Education
Sectors
VGF furnishes a certain portion of the total
fund requirement in order to attain viability. If the
project is not capable enough for full cost recovery
and attaining expected profit for the investors then
to make the project viable to the investors, VGF is
provided. An example can be given for a toll road
where the traffic flow is very low so the private investor will not have enough revenue for its investment recovery or make desired profit out of it. If
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PPP has also a great impact to the community based construction of schools in terms of cost
savings. Under the traditional process, individual
community based construction, financing, and operating arrangements, which characterizes most
construction of public facilities today in many developed countries, there is always little autonomy
for innovation. In many of these rapidly growing communities with a progressively increasing
school-age population, classroom space and associated facilities such as, libraries, community
colleges, and government offices, can be added
through PPP periodically (once it is required).
This saves the cost for full development of the
facilities upfront. The inherent flexibility of PPPs
Volume 5 / Number 4 / 2010
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can overcome these cost constraints by designing
community specific capital project packages.
PPP, more specifically the annuity based system allows the community with the flexibility to
add or deduct classroom space at minimal cost
by the private sector developer through lease options with further options to renew or terminate at
the end of the lease period. If, at the end of lease
period, the number of student reduces, the school
system can still continue with the remaining students in a smaller number of school spaces and
here in such case the developer takes his sole responsibility to re-rent the unutilized space. Even,
while the number of student increases, the school
system could re-contract for new space as may
be needed for a certain period. In both cases, the
risk of holding the vacant space (if any) lies to the
developers/owners, whose expertise and business
skills adjusts to reuse the space more profitably.
Both VGF and annuity scheme encompasses
that the government can save a lot more for the
construction and service delivery as operation and
maintenance through the PPP. With a certain allocation of budget for a particular year, government
always enjoy the flexibility to involve private
sponsors in doing the same activities for construction of more education infrastructure and on-time
efficient service delivery. Instead of 100 million
dollar expenditure for say 100 quality schools construction, operation and maintenance for say 10
years ,the same numbers of schools and education
programmes can be introduced with 10 times lower expenditure (i.e. 10 million) with better quality
in service delivery and management through the
annuity scheme in PPP, where for each of the ten
years the government might need to spend a bit
more for the operation and maintenance but eventually government able to save almost 90% of its
targeted expenditure in a particular year. Government having some priority expenditure issues in
any particular year in an ad-hoc basis, this VGF
and annuity scheme provides the best utilization.
Moreover, after the term of the contract the government might receive a good running business
from the private developer and operator for education sector.
PPP can shorten the time between the determination that new school facilities are needed
and the completion of the project. Moreover, the
Volume 5 / Number 4 / 2010

management of the entity along with delivering
the service is another utility of PPP in service
sector, especially in education programs. In most
cases, the developing countries, mobilizing funds
for major public construction projects involves a
complicated and lengthy process with an indecisive outcome. Delegating the financial accountability to the private developer reduces the need
for the government to arrange and allocate funds
for infrastructure development for education sector. This time-consuming political and legal approval process can be greatly shortened with private-sector partnerships, although the time saved
may vary from country to country and community
to community depending on existing procedures
and laws. With PPP, once executing agency of the
government decides to go forward with the new
school or colleges, they can go right to the bidding process for the selection of the private developer and operator, although instead of competing
on the price to build in terms of VGF, developers
may compete on the long-term lease which will
be offered to the private sector for operation and
maintenance.
Considering the overall impact on the business
itself, the discussed PPP options are rather instrumental in designing the service delivery under
education programs. This is also very important
to notice that a typical construction contract is
not only less justified in terms of PPP options but
the assessment goes beyond the construction up
to a level of satisfactory service delivery which in
most cases more efficient than that of the government especially in the developing countries.
5. Conclusion
Providing social services is the responsibility
of government. As government has financial and
managerial limitation, ensuring these services is a
time consuming process. To ensure these facilities
in a quick manner, PPP can be a very good alternative. The PPP approach can provide much comfort
to the government in saving large amount of money where the private investor will construct the facility, operate and maintain (BOT model) it. The
government will ensure the quality of the facility
such as, teacher, and curriculum, in respect of pro879
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viding the VGF or annuity payment to the private
investors. In addition to the substantial cost savings, PPP offer better advantages compared with
current publicly financed and managed school
construction methods, and delivery of education
To get the benefits of PPP government needs to
take policy about the PPP allocation in national
budget and make the legal frameworks easy and
investment friendly. After that, other social services provisions such as, public health care, are also
possible to incorporate in the same PPP approach.
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Abstract
The world today faces a considerable growth
and spreading of telecommunication networks.
Mobile communications companies have to build
a sufficient number of base transceiver stations
(BTSs) in order to provide high-quality mobile
communications services for their customers.
Maintenance of such dislocated technical systems
is very demanding regarding the engaged manpower and maintenance expenses.
The paper shows a modeled system of remote
monitoring of parameters of uninterruptible power supply system for telecommunication devices
within base transceiver stations in mobile telephony. In their research work the authors of the
paper have discovered that application of modern
information-telecommunication technologies in
remote monitoring of technical systems contributes to increase of reliability and quality of mobile
telephony services along with decrease of maintenance expenses.
The importance of this paper lies in the attempt
to recognize development tendencies and application of new information-telecommunication technologies in the process of maintenance of technical systems.
Key words: uninterruptable power supply systems, remote monitoring, reliability
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Sažetak
U svetu je prisutan značajan rast i širenje mobilnih telekomunikacionih mreža. Operateri mobilne telefonije moraju da izgrade dovoljan broj
baznih stanica (BTS-Base Tranceiver Station) da
bi ponudili svojim klijentima kvalitetnu uslugu
mobilne telefonije. Održavanje ovakvih dislociranih tehničkih sistema je zahtevno u smislu angažovanja ljudstva i troškova održavanja.
U radu je modelovan sistem za daljinsko praćenje parametara sistema za besprekidno napajanje
telekomunikacionih uređaja u okviru baznih stanica mobilne telefonije. Autori rada su istraživanjem
došli do saznanja da primena savremenih informaciono-telekomunikacionih tehnologija u realizaciji daljinskog nadzora tehničkih sistema doprinosi
povišenju pouzdanosti i kvalitetu usluga mobilne
telefonije, kao i smanjenju troškova održavanja.
Značaj ovog rada je da se ukaže na razvojne
tendencije i primenu novih informaciono-telekomunikacionih tehnologija u procesu održavanja
tehničkih sistema.
Ključne reči: sistemi za besprekidno napajanje, daljinski nadzor, pouzdanost
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Introduction
Today’s world is characterized by a significant
growth and spreading of mobile telecommunication networks with more than 200 thousand wireless base transceiver stations by the end of 20th
century. A large number of base transceiver stations are placed in remote, hard reachable locations such as tops of buildings, away from main
roads, in the mountains.
The main elements of BTS are tower where
GSM or some other type of antenna are mounted
and the shelter which houses telecommunication
equipment. BTS is controlled by a Base Station
Controller (BSC), it transmits signals between
Base Station Subsystems (BSS) and mobile terminals. Introduction of strict quality control
procedure makes the BTS equipment more and
more reliable. However, the electricity distribution network, which supplies the rectifier modules
and which are vital for the system, remains unpredictable especially in rural areas. Failures in
the network are frequent as well as fluctuations
of the network voltage. Problems which occur in
the work of the power supply and reserve supply
devices (rectifier modules, inverter modules and
accu-batteries) are also caused by climate parameters of the location where the BTS is placed
(temperature, moisture). Modern power supply
systems contain microcontrollers. The role of microcontrollers is to monitor, control and manage
the work of the system operation. Beside the controller which controls the operation of the whole
power supply system, individual modules can be
equipped with their own microcontrollers. This
unit usually offers RS232, RS485 and RS422 serial interfaces for industrial communication for remote monitoring, managing and controlling.
Uninterruptible power supply systems (UPS)
The main role of a device for uninterruptable
power supply for telecommunications devices is
to provide power supply from a reserve power
source (accu-batteries) in the moment when power supply from the basic power source, usually
network voltage 230 VAC, is interrupted. There is
a world trend to power supply BTSs from renew882

able energy sources such as solar energy, wind energy, fuel cells, etc. The systems which combine
reliability and application of renewable energy
sources often used on BTS locations are hybrid
power systems. They combine renewable and traditional energy sources.

Figure 1. UPS
An uninterruptible power supply system (UPS)
which uses dc and ac power, consists of the following sub-systems:
Rectifier system which converts the network ac
to dc power and supplies the consumers which are
supplied by dc power -48V. The processor control
system often controls battery voltage depending
on temperature and given parameters, it also controls the current and battery charge voltage and
automatically switches from charging to maintenance and vice versa.
Accu batteries with corresponding capacity
attached to dc power combiners. They are called
stationary batteries due to their purpose. The basic
technical requirements they must meet are reliability, low level of self-discharge, large number
of cycles and long shelf-life. In case of failure of
ac power of electricity distribution network or
generator supply, the dc power supply is automatically, without interruption switched over to accu
Volume 5 / Number 4 / 2010
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batteries. Sealed accu batteries with valve pressure
regulation (valve regulated lead acid – VRLA)
have been used more and more in recent time [1].
Inverter, attached to dc power combiners which
converts dc to ac power and supplies consumers
which use ac power. It is meant for the case of big
variations in network voltage, short interruptions
(due to connection of big nearby consumers) and
long-term interruptions in network supply.
Stationary diesel electric generator (DEG) in
case the area covered by BTS is of greater significance. Continuity in power supply is simpler if
done in dc level.

Figure 2. Functional scheme of dc power supply
for telecommunications device
Big systems such as Telekom and Elektroprivreda have adopted dc power supply of 48V (or
in rare cases 110V or 220V) as a basic voltage of
dc power supply. Continuity of ac power supply is
more difficult to provide since it requires ac voltage generated from dc voltage to be synchronized
with the voltage of the basic power source.
UPS maintenance
UPS are placed between power supply distribution network and telecommunication devices
and have to neutralize all defects in distribution
network operation. Therefore, the probability of
failure in energy electronics device is considerably
bigger than the probability of failure in telecommunication device. In these cases an intervention
Volume 5 / Number 4 / 2010

of maintenance service is required. The intervention has to be timely because capacities of reserve
power supply sources are limited.
Availability of the system for uninterruptible
power supply is directly dependant on strict implementation of measures of prescribed maintenance
procedures. The constituents of effective maintenance strategy are functional system operation
tests and control of particular vital components
which have to be done on regular basis. During
functional testing all key parameters, such as voltage, current and temperature are also controlled.
The following are typical operating controls [2]:
–– Measuring capacity of accu batteries: It is
not a rare case in practice that malfunctioning
of accessory power supply reserve source
is noticed only when interruption of
telecommunication traffic occurs. That is
why a regular control of power supply reserve
sources is important. It can be carried out
automatically when the main power supply
source is operating. Prior determination of
curves of battery discharge depending on
the capacity and loading is necessary. The
simplest way is to switch off the main power
supply source and calculate the available
capacity of batteries by control of form of
battery voltage depending on the time and
the electric current value. The control may be
carried out manually by maintenance service.
Artificial load should be attached to batteries.
This test does not need the main power supply
source to be switched off. Since two parallel
batteries are usually used on location in order
to increase reliability, it is recommended to
test one battery at the time while the other
battery is a reserve one in case of network
failure or rectifier failure during the test. It is
recommended to carry out this test every half
year and thus control functionality of static
switch, inverter and batteries [3].
–– Control of wiring of the system: this control
determines the condition of battery joints
(corrosion, impurity) and verifies wiring of
the system.
–– Visual and thermographic survey of
contacts and electronic switches: spots with
increased temperature are surveyed and
identified once a year. In case the measured
883
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temperature exceeds the approved limits,
the components and switches which have
caused unapproved temperature increase, or
whose operation is hindered, are replaced or
system reconstruction is done.
–– Noise control: The purpose of this measure
is to pay attention to unusual noise (i.e. fan
bearings) whose monitoring and identification
can prevent bigger failures in the system.
Beside functional system controls there
are typical time intervals of replacement of
individual components during maintenance.
Each uninterruptible power supply system
has limited shelf-life components which
should be replaced in accordance with
recommendations of the manufacturer or
when necessary (fans, condensers).
A permanent and documented training of operating staff that have access and work on system
maintenance is also necessary in order to provide
adequate system maintenance.
The BTSs lack in permanents presence of technical support personnel in charge of maintenance (except in cases of BTSs of great importance). These
stations are usually hard reachable and can be as
far as 100 km away from maintenance service units
which are located in regional centers. In spite of
regular periodic control of good working order of
devices and updated administration of preventive
maintenance measures, such a solution is uneconomical and entail frequent interruption in traffic.
Design of a system for remote
monitoring of parameters of UPS for
telecommunications devices
UPS for telecommunication devices in Serbia
are generally not covered by remote monitoring of
vital parameters of the system. There are measurings of telecommunication traffic via modern telecommunication devices and software for monitoring of data transmission. To provide detection of a
region where the failure occurred, stationary performances are considered as well as performances
of the network in transition conditions occurring
after the failure. The transition conditions are followed by increased number of requirements for
884

reconnection made by switched-off consumers.
Software for remote monitoring of parameters
of a power supply system: rectifier, inverter and
combined systems, is installed in a distant computer equipped with GMS modem. The software
provides connection with distant modem, data
collecting from the devices connected to it, their
graphics and commands sent to the devices. Figure 3. shows configuration of a system for remote
monitoring of UPS parameters.

Figure 3. System configuration
The software development tool was REALbasic of the company REALsoft [4]. Real Basic provides writing object-oriented applications in Basic
programming language and can be compiled in
Linux, Windows or Mac OS X platform.
When choosing the way of data transmission
the main criteria were: quantity of data needed to
be transmitted, spatial distribution of BTSs and
quality of telecommunication services in Serbia.
This is the reason why GSM communication appeared as an optimal one. The connection was established by dialing the number allocated to the
device (UPS at defined location). The modem operates at 900 MHz frequency (figure 4).
Each page in the multi-page dialogue box window contains a tab on top of the particular page.
The main window of the application contains a
dialog box with tabs „Data“. A tab with a list of
locations is shown initially.
The chosen diagnose parameters defining the
state of the system are divided into three groups:
–– “Inverters”
–– “Rectifiers”
–– “Climate”
Figure 5 shows a tab “Inverters“ where actual
values of parameters of inverter on chosen location are read.
Volume 5 / Number 4 / 2010
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electric and non-electric values helps identification
of the state of the uninterruptible power supply system on particular location. This enables the maintenance service to prepare all necessary spare parts
and tools needed to carry out maintenance activity
before going to the location.
The objective of the implementation of uninterruptible power supply system is to shorten the
time period for repair, i.e. the time period of failure. The research comprised 15 locations in the region of Niš and Leskovac in the period from April
2009 to January 2010.

Figure 4. GSM modem

Figure 6. BTS locations

Figure 5. Tab “Inverters“
In case when the set limiting values of parameters are exceeded, the alarm (tab “Alarm“) is generated automatically and/or SMS text message about
the occurred event (telephone numbers to which
messages are sent are stored in “SMS” card). The
limiting values of uninterruptible power supply system of BTS are defined considering recommendations of equipment manufacturer (approved range
of ac input voltage i.e. overvoltage and under voltage, approved operating temperature range, current
limits, battery over-discharge voltage, etc.).
For the purpose of simpler forecast of the state of
uninterruptible power supply system on particular
location, a card “Journal“ is created where all text
messages received from the power supply system
of selected location are stored. Analysis made of the
recorded events and on the basis of actual values of
Volume 5 / Number 4 / 2010

The data were collected through regular morning calls made to all stations and the alarm which
the stations send in case of the system failure.
Based on generated priority list of locations which
needed maintenance activities, concrete tasks
(work orders) were allocated to carry out concrete
measures (according to the analysis of the system
and the condition of alarm) and preventive maintenance measures (according to the diagnostic estimation of the condition).
The employees put in charge of the system
maintenance fill out the record card of the machine
for uninterruptible power supply system (record
of performed work) which gives chronological review of all activities performed on particular UPS
with description, number of work orders covering
each activity, time of failure occurrence and time
needed to repair it.
As an indicator of reliability, operating availability of UPS was used, i.e. whether the system
provided required power supply for telecommunication devices in BTSs:
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Table 1. Review of power supply interruptions and interventions in the system
Power supply interruptions (h)

Location

2008
143
209
305
320
158
344
290
139
229
178
42
112
92
140

Sijarinska Banja
Rasovača - Lece
Crna Trava 2
Crna Trava (RTS)
Jakovljevo
Radovinci
Klisura
Vučedelce
Preslap
Ostrovica
Prosek
Soko Banja
Gadžin Han
Mrkonje
Predejane

G o (t ) =(

Tur
Tur +Tuo

April 2009 – January 2010
23
19
8
32
58
13
44
39
22
17
4
42
11
62
110

x 10 0 ) %

where:
- Tur –total or middle time in operation,
- Tuo –total or middle time in failure.
After reestablishing of work condition of the
system, preventive activities were also performed
on locations where corrective maintenance activities had been previously performed. The times of
interruptions in power supply for telecommunications devices in BTSs were calculated from the
time when the alarm had been generated (failure
of individual units does not affect functioning of
the complete system, so only breakdowns and
alarms which caused interruption in mobile telephony traffic which followed the interruption in
power supply were taken into consideration) until
reestablishing of the traffic. This time comprises
the time needed to perform several activities:
breakdown detection, cause identification, preparations (spare parts, documentation, tools), arrival
on the location, work performed on the system itself (replacement of the parts, batteries, testing of
the system, etc.).
Before implementation of the system for remote monitoring of uninterruptible power supply
system for telecommunications devices on BTSs
in the regions of Niš and Leskovac, the mainte886

Number of interventions
2008
7
6
6
4
5
8
8
9
10
9
4
4
6
4
8

April 2009 – January 2010
3
4
3
4
5
3
3
4
3
3
3
3
3
4
6

nance of these systems was based on preventive
and corrective activities with determined timing
which were performed according to the information obtained from emergency service for monitoring telecommunication traffic in regional centers.
In accordance with the data from table 1, an
average availability of the system during 2008
before implementation of the system for remote
monitoring of parameters was:
Go (t ) = 97,94 % ,
while availability of the system during ten
months of application of remote monitoring of parameters was:
Go (t ) = 99,54% .
Number of corrective interventions was considerably smaller during research which contributed to
reduction in system maintenance expenses. During
experimental period (ten months) there were 54 goings on locations, while in 2008 (12 months) before application of system for remote monitoring
of vital parameters of UPS there were 98 recorded
interventions. According to these data it could be
concluded that the number of goings on locations
was reduced by more than 33% on average.
The average period of time of interruption (repair) together with preventive interventions on the
system was also reduced from 27,5 h to 10,4 h,
Volume 5 / Number 4 / 2010
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which was mostly the result of timely information
about occurrence and nature of the failure.
Table 2. shows summarized expenses and benefits resulting from implementation of the system
for remote monitoring of parameters of the system.
Considering that during research and in the
period before implementation of the system for
remote monitoring of UPS parameters there were
approximately the same conditions (number of
staff, available spare parts, means of transportation...) it could be concluded that application of
the system for remote monitoring of parameters of
the system had positive effects on raise of the level
of availability of the system.
Table 2. Expenses and benefits of implementation

The older the battery, the harder it is to estimate its
condition and the more dangerous it is to test its
capacity (full discharge). The cells/blocks causing
the problems appeared to fail after capacity test
and recharging. Unreliability of the procedure is
considerable, especially in the case of partial discharging when certain defects on cells do not show
or individual voltages on cells are not measured.
Therefore, dependency between conductivity and
capacity of batteries is getting more and more attention in order to obtain information about “real”
condition of batteries (figure 7.).

Implementation of the system for remote
monitoring of ups parameters
Expenses

Benefits

Hardware - 3200 € (16
modems, implementation
expenses do not comprise
PC configuration because
the software for monitoring
can be installed on any
existing PC with serial
RS232 port)
Software - 1000 €
(Including expenses for
writing program code and
software application testing)

Reduced number
of interventions
on the system –
save on transport
expenses (1250
€ per year
for travelling
expenses)
Possibility to
reduce number of
UPS maintenance
employees
Increased
reliability of UPS
operating and
quality (QoS)

GSM service - 200 € per
year (daily calls made to
locations, sending alarms)

Possibilities of further upgrading of the system
Reliability of controlling part of UPS has been
improved in recent years thanks to better quality
and performances of active components (transistors, tiristors, etc.), decrease in the number of
logical components (integrated circles, CPU) and
ascertained switching technique. Further development is expected in the area of optimization and
forecast of the shelf-life of batteries.
The capacity tests i.e. load of batteries test is
still a dominating one in practice, but development of new technologies are slowly replacing it.
Volume 5 / Number 4 / 2010

Figure 7. Dependency between capacity and
conductivity
“Online” measurement of conductivity through
the system for remote monitoring can be used to
measure conductivity of each cell (cells in the battery never lose capacity in the same way, so measuring on all cells is required), which is used to
determine its capacity. This saves time and reduces
transportation expenses of load resistance required
to test battery capacity, but implementation of the
system entails significant investments. Conductivity which is here considered is not a reciprocal ohm
resistance, but a complex conductivity measured by
double current impulse at 22,5 Hz frequency [5].

Figure 8. Measurement principle of conductivity
measuring
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Omissions in manufacturing of VRLA batteries
can often cause a problem. Figure 9. shows a burnt
VRLA battery caused by a crack on the housing due
to organic solvent. Since the initial leaking of electrolytes does not cause voltage drop on cells, this problem cannot be detected by monitoring cell voltage.

er time period.
Technologies for the future use in energy storing are developed today and may replace modern
batteries in the times to come. Those are primarily super condensers (electrical-chemical and ultra
condensers), fuel cells, nuclear batteries and biobatteries. In this case, system for remote monitoring of parameters should be redesigned in order
to collect relevant data which will completely „reflect“ the condition of the system.
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Abstract
Aim – This research was done in one organizational medium-sized unit (around 250 workers) in
Belgrade. This research will try to give some crucial ideas how to shorten production cycle using
modified method of current observations through
observing that production cycle. Field observation
should recognize slowdown in chosen production
and should define it statistically and dinamically.
Using good definition and slowdown recognition
further analysis should offer new technical solutions or functioning models how to make better and
faster organization of all production cycle.
Methodology – Research that will be done by
observing production cycle water meter installation on Sample 1 in Belgrade means registering,
data gatehering and observing production cycle,
measuring of production and non-prodution times,
ideas on observations, appearance descriptions,
presentation of certain appearances by means of
parameters (working time, number of done pieces,
working spped, location of machinery, number of
slowdowns and reqasons of slowdown) Analysis
will be planned to give as much as possible descriptive and number data.
Results – Obtained results show the influence
of observations (regfistering) of the chosen production cycle and nitification of certain appearanVolume 5 / Number 4 / 2010

ces such as slowdown caused by certain factors.
By defininfg reasons we can define some other
problems in the organiyation such as: bad work
organization, unmotivation, technological out-of
dateness.
Research restrictions – The research that is
done and presented was done for just one cycle
by random choice. Its limitations are concerned
the time, i.e. it couldnt monitor all the production
cycles for the whole unit, but that will be done in
future. Such research asks for continous observing during several months and then it asks for
some time in order to prepare data. On the other
hand, this research was done in 15 days on randomly chosen sample. Having in mind that the whole company consists of 250 workers, we can say
that we observed cycle of 15-20% of the whole
production.
Originality and validity – This research is
necessary because it can show possible problems
that occur in medium size company production
adn it emphsizes certain practical problems. It also
shows slowdowns presence and how often they
are , how they influence on production cycles and
how they decrease business efficiency.
Key words: method of current observations,
medium size companies, production cycle.
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Sažetak
Svrha – Ovo istraživanje će kroz jednu organizacionu jedinicu srednjeg proizvodnog kapaciteta
(oko 250 radnika) na uzoraku u Beogradu, pokušati da posmatranjem izabranog proizvodnog ciklusa dođe do nekih zaključnih razmatranja koji se
tiču problematike skraćenja proizvodnih ciklusa
uz pomoć modifikovane metode trenutnih zapažanja. Snimanje sa terena treba da prepozna pojavu
zastoja u izabranom proizvodnom ciklusu, da ih
definiše statistički i dijagramski. Pravilnim definisanjem i prepoznavanjem zastoja može se daljom
analizom naći neka tehnološka rešenja ili modeli
funkcionisanja kako doći do brže i bolje organizacije svih proizvodnih ciklusa.
Metodologija – Istraživanje koje će biti sprovedeno posmatranjem proizvodnog ciklusa Montaže
vodomera u Uzorku 1 u Beogradu podrazumeva
snimanje, prikupljane podataka i posmatranje izabranog ciklusa. Merenje proizvodnih i neproizvodnih vremena zapisivanje svojih zapažanja, opisivanje pojava, prezentacija određenih pojava kroz parametre (vreme rada, broj urađenih komada, brzina
rada, položaj mašina, broj zastoja i razlog zastoja).
Analiza će biti tako planirana da može dati što veći
broj opisnih i brojčanih podataka.
Rezultati – Dobijeni rezultati ukazuju na značaj posmatranja (snimanja) izabranog proizvodnog ciklusa i beleženje određenih pojava kao što
je prisustvo zastoja usled određenih faktora. Utvrđivanjem određenih vrednosti kod pojave zastoja
može ukazivati na neke druge probleme unutar
organizacije – loša organizacija posla, nemotivisanost, tehnološka zaostalost i sl.
Ograničenja u istraživanju – Istraživanje
koje je ovde sprovedeno i prezentirano obuhvatalo
je samo jedan ciklus koji je slučajno odabran. Ovo
istraživanje je imalo ograničenje što nije moglo
vremenski duže da snimi kompletno sve proizvodne cikluse za ceo uzorak što će se naknadno obaviti. Takvo istraživanje zahteva nekoliko meseci snimanja, a potom određeno vreme obrade podataka.
Sa druge strane, ovo istraživanje se ograničilo na
slučajno odabran ciklus koji se posmatrao (snimao) 15 dana. Na osnovu ukupne veličine organizacije (oko 250 radnika) moglo se zaključiti da se
posmatrao ciklus koji ima učešće oko 15-20% u
ukupnoj proizvodnji.
890

Originalnost i vrednost – Ovo istraživanje je
potrebno jer bi svojim sagledavanjem problematike ukazalo na moguće probleme koji se javljaju
u proizvodnji srednjeg kapaciteta sa akcentom na
konkretne praktične probleme. Takođe, ukazuje
da prisutnost zastoja i u većoj meri utiču na proizvodne cikluse, i ukoliko su oni učestali, smanjuje
poslovnu efikasnost.
Ključne reči: Metoda trenutnih zapažanja,
srednja preduzeća, proizvodni ciklusi.
1. Introduction
Constant industrial development led to the need
to develop different techniques that monitored statistically effects and results and then they defined
the efficiency of a cycle. In other words, different
techniques were applied in order to enable the entrepreneurs or engineers to look at the parameters
that show if production capacity is optimally used.
Method of current observation in our country
and in our industry has not been enough used.
Method of current observation i.e. its modification
enables to realize and to give some conclusions
of the industrial cycles. This research is necessary
in order to see the whole problems of production
cycle”s appearances, its numerical presentation,
as well as to make certain model that gives precise
results. This research gives possible problems of
production in medium size companies emphasizing real practical problems.
Production is a field that provides necessary
material goods so that people , organized and conscious, using necessary means, acquired knowledge, experiences and skills, manufacture materials from nature, adapting them for personal needs.
Our industry is currently in very bad condition.
Big industrial companies don”t exist in our country. Market that used to have 24 million buyers
in 80-ties is now limited to 6 million buyers who
have low purchasing power. Some data given below show alarming facts if this trend continous in
national industrial production.
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all his observations, certain time data and short
description of each phase. By choosing randoml
sample, it will observe if cycle has a continuity,
the speed of the cycle, if there are slowdowns and
why they occur.

Picture 1. Industrial production in the Republic
of Serbia from 1990 to 2008 (18, pg. 259) with
data for 2009 and fall of around 13%.
2.  Modified method of current observations
Modified method of current observations in
this paper will be based on the monitoring of specific production cycle in medium size companies.
Samples recommended for monitoring should be
samples of different production capacities, but it
shouldn”t have important influence while observing because cycles are independent.
In other words, if production involves 200 or
20 workers, cycles exist in their real capacities.
Where 200 workers work, there are cycles that
have much greater number of parts during one
day. But, at the same time, this does not mean that
production with 20 workers could not have the
same productivity.
Perhaps maybe productivity is bigger in comparison to the proportion of the organization. This
research wants to show production section of medium capacity, but observing cycles that are characteristic for every production. Modified method
by itself will be similar to the basic method, because it will be based on time observing and notifying certain appearances and characteristics
emphasizing human resources, and not on the
machinery. Nevertheless, what is specific for this
research is that it will monitor each phase in cycles
of serial production. Monitoring will be divided
by working hours and our recommendation s to be
done by random, without planning time intervals.
Each appearance will be put on the paper,i.e. on
the Monitoring list where you should define precisely what you are monitoring, which cycle as well
as additional remarks concerning explanations of
xcertain marks written in that list. While observing the chosen cycle, observer will write down
Volume 5 / Number 4 / 2010

3.  Gathering data in Modified method of
current observations
Gathering data for this research will be realized
in several steps:
–– What is observing,
–– How it will be observed,
–– What schedule will be,
–– Times of observations,
–– How observations will be written – form
of the monitoring list, the way data will be
written and defined terminology,
–– How received data will be prepared and
presented.
Observation path/trajectory:
After defining input parameters in preparation
phase, the research itself comes on the field,i.e. the
observer comes to the starting point of path trajectory and starts observing. Before observing our
recommendation is to do „ test observing”where
the observer will learn the path and will learn
about the production cycle he will observe. He
will also practice cycle of observing appearances
without slowdowns, because he can cross the path
in less than a minute. The distance that is observed
is so well coordinated so that it can be crossed in
one minute. With this purpose we took only one
chosen cycle so that the observer could see all the
phases of production cycle in real time.
Time of observing:
Very important part of this research is time of
observing i.e. time intervals when certain appearances will be monitored. Modern literature on
industrial production recommends that time intervals should be chosen by random. This means that
time points should be chosen by random, because
if the observation has regular intervals of an hour
(at 7 h, uat8 h at 9 h etc), research cannot give
precise data. Random choice of time should be
paid special attention, because the choice is rec891
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ommended to be done in some matrix. Matrix,
random choice of numbers, can be made by table
calculator in MS Excel.
Since the observation time is defined as one
minute, for example the first observation should
be at 7 h 32 min., we may say that the observer
will visit and note down all the observations in one
minute and the whole observation is done at 7 h 32
min. More detailed observations don”t have statistical importance and seconds should not be put
into measurements. The following chart shows all
the time observations with additional columns that
correct time if necessary.

–– Making of a product – manually or mecanically,
–– Final processing of a product (taking the
product from the machine),
–– Control of a product,
–– Putting away the product on stock. Observer
also observed duration of each operation
as well as slowdown appearance. The
slowdown was marked by the observer on
the separate piece of paper by putting down
the sign + in specific column for slowdowns.
In the following part of the paper we
showed original form of the list used for this
research, i.e. for observations.

Picture 3. Example of the monitoring list with
written time durations

Picture 2. Chart of random numbers converted
into time units
Monitoring list: For this research we defined
the form of the monitoring list. Monitoring list
is a pattern in written form that is filled with data
from observations for the research. Observer, or
a person who followed the defined trajectory of
the research, writes down his observations in the
monitoring list. Observer while monitoring the
cycle wrote down his observations very quickly in
phases using different abbreviations that defined
specific appearance and its characteristics.
Observer following the trajectory observed
several appearances:
–– Beginning of each phase – taking materials,
–– Checking if materials are in accordance
with proper technology,
892

Picture 4. Example of the monitoring list with
written seen slowdowns
After all time measurements and appearance
observations in a specific cycle, we notified them
Volume 5 / Number 4 / 2010
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in the form appropriate for further analysis. The
research results consisted of several parameters.
Received numerical data are added and presented in the graphs. Certain series that were sorted
as increasing showed which slowdown is mostly
present in the chosen cycle. In the following part
of the paper further analysis came, i.e. research
that processed using general probability for binary
disposition. Reason for using probability formulae is simulation of possible movement of usage
level that depends on the number of observations.
Binary disposition was used in order to try, based
on the gathered data, to project future movement
curve of usage level that is received by formula.
After making tables and graphs key discussions, stating the facts from the field, followed.
All the conclusions must have been supported by
written explanations and by the logical thinking of
possible appearances. Only this kind of judgment
while writing this paper can be scientifically justified. Continuation of the research implied making
of a graph (gantogram) for a cycle. Such a diagram is a basis for slowdown appearances. Since
observation times are defined as random numbers that are shown in time, then these times are
shown as red lines. Point of intersection situation
is achieved by observing diagram and red line position. This line showed time received by random
choice and it enabled to the observer to clearly see
that the cycle had periods of work and periods of
slowdown. These slowdowns were defined as interspaces between certain operations.

For example, if we observe any operation, its time
distance is about 1 minute. That value is received
by adding of technology time values observed directly from the field.

Picture 6. Graph with average slowdown appearance in specific time
Types of slowdowns

% Participation

To - org.
Tm - mater.
Tkm – machine failure
Ta - ned. maš.
Ttr - trans.
Te - energ.
Tc - people
Tos - other

27.5
17.5
10
10
15
12.5
7.5
0
100

Chart 1. Participation of average number of
slowdowns in percents

Picture 5. Example og gantogram cycle picture
with “time lines”
4. Research of the results
This sample has one specific characteristics
and that is the production is serial and almost all
the phases last very short period of time.
Each operation that consisted of several under
operations is shown as one activity with total time.
Volume 5 / Number 4 / 2010

Picture 7. Participation of average number of
slowdowns in percents
The research also gave usage levels of chosen
cycle that can be given as formula.
hем =

n (+)
n

=

14
25

= 0.56 or 56%
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where is:
n (+) – number of non-slowdowns appearances,
i.e. difference between number of observations
and average number of slowdowns (25 – 11 = 14),
n – number of daily observations. Total number
of observations is 25 x 15 days = 375
4.1. Usage levels given as binary disposition
Binary disposition as statistical method enables
to determine by using binary coefficient probability that certain number of favorable results (or
working cycles) will occur in certain number of
observations in certain time intervals. Formula for
binary disposition is:
P(x) =

n!
x! (n – x)!

x px qn–x

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

Recording Number of
No.
recordings

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

Coefficient
of
utilization

0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56
0.56

0.00000000122
0.00000003881
0.00000059280
0.00000578430
0.00004049010
0.00021643798
0.00091822175
0.00317203878
0.00908356559
0.02183725870
0.04446859953
0.07717690827
0.11459601531
0.14584947403
0.15910851712
0.14850128265
0.11812602029
0.07959293346
0.04502226539
0.02111091870
0.00806053259
0.00244258563
0.00056522643
0.00009383206
0.00000995188
0.00000050664

Chart 2. Usage levels for the cycle of mechanism for water meters installation

5. Comments of the research and conclusion
Picture 8. diagram received by general probability for binary disposition
In the next part of this paper by observing the
curve created by the diagram ,we can conclude
that the curve has definite on the basis of which
we can project further diagram of movement depending on „n” observations

Picture 9. Possible diagram of movement of usage
level depending on the number of observations
894

As a conclusion of this research we can say that
planning and good organization of w work is crucial. If making of machines, water meters or something else is in question with real planning possibilities of negative results are minimal.We don”t
say deliberately that good organization provides
success, because even best organizational solutions
have certain risks, which can be external or internal.
This research, which used modified method of
current observations as an auxiliary tool, showed
that poor organization leads to lengthening of production cycles unnecessarily and that the level of
capacities is around 50%.
As recognized problems stated in this modified
method on this sample are:
Technological out-of-datedness – these changes are necessary. This means that major part of
Volume 5 / Number 4 / 2010
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production, if there are financial means, should be
improved technologically and that stuff potentials
should be trained for new technologies.Of course,
technological recommendations in order to shorten
production cycles are change into CAD/CAM technologies as the most common technology in modern
factories. These two technologies enable very fast,
precise and quality analysis of all the production of
certain parts or elements and installation joints.
Lack of motivation – What we saw first is
more phases of operations that the workers. So we
may conclude that some workers do two operations. Seen slowdowns, alanlized and statistically
processed implied possible lack of workers motivation. Many factors can be defined as:
–– Discontent because of the income,
–– Discontent because of the job,
–– Discontent because of the whole climate in
the organization etc.

12.
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Abstract
The objective of the research was focused on
the design, development and evaluation of a sustainable web based network system to be used as
an interoperable environment for University process workflow and document management. In this
manner the most of the process workflows in Universities can be entirely realized electronically and
promote integrated University. Definition of the
most used University process workflows enabled
creating electronic workflows and their execution
on standard workflow execution engines. Definition or reengineering of workflows provided increased work efficiency and helped in having standardized process through different faculties. The
concept and the process definition as well as the
solution applied as Case study are evaluated and
findings are reported.
Key words: design process workflows, workflow and document management, business process, software engineering
1. Introduction
The aim of this research was to help promoting
integrated University. It enables smooth transition
from current University organization from paper
based into electronic and organized in integrated
896

manner. The benefits except the financial ones by
avoiding the expenses for the printing and paper
expenses it also has the advantage of accessibility
having everything organized and saved historically as well as storage advantage, having the documents stored and easy retrievable as well as easy
searched for.
According to [1] workflow technology is becoming increasingly visible as a means for organizations to improve their productivity and competitive position, via automation and reengineering of business processes. Workflow systems offer
organizations the ability to model, execute, report
on, and dynamically control work processes that
typically involve multiple people in collaboration.
Individual users also have the opportunity to see
how their tasks interact with other users’ tasks and
how these all fit together in a business process to
achieve organizational goals [3].
The proposed implementation of a web based
system for workflow and document management
has twofold improvement in directions to improve
usage of documents and improve organizational
aspects.
The wider objective of the research is to design
and establish a sustainable web based network
system to be used as an interoperable environment
for University workflow and document management. The sustainable web based network system
enables equal opportunities and multilingual apVolume 5 / Number 4 / 2010
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proach [2]. The appropriate ICT infrastructure enables transparent and easy access to all University
workflow activities and documents.
Working Methodology and Processes involved
the following software engineering steps: Analysis of needs and requirements; Conceptual design;
detailed study and design of proposed solutions;
Technical details analysis; Realization; Implementation; Dissemination and Sustainability.
In order to make the outputs of the research
available to those who are not directly involved in
the research and exploit massive usage of the system we specify plan for several dissemination actions. These will be achieved by printing information brochures, booklets, flyers, posters, web publishing and multimedia presentations. The target
public of these dissemination actions is University
decision making bodies, other University bodies
or services that have an institutional impact, central University services and both teachers and students. The mission of building a bridge between
science and industry, as well the possibility to get
broader knowledge about this research topics and
present the achieved results is also a part of dissemination activities.
Demonstrations are dissemination activity to
be used for University decision making bodies
after system implementation and integration. Afterwards, public presentations are given to administration of University and its constituent parts,
Faculties and institutes. The system administrators
were trained to use the system and to give support
for initial use.
Dissemination activities are performed according to the adopted methodology and strategy. A
system roll-out plan is defined and realized by ensuring relevant data for document and workflow
are identified and populated within the system.
A plan of dissemination activities is also performed in order to promote integrated University
and create conditions for implementation of this
idea. These activities had impact on creation and
adoption of appropriate legislation that will make
changes to current University organization towards integrated University, by restructuring the
(“business flow”) workflow of activities and document sharing and exchange.
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2. Objectives
This research focuses on the following objectives: restructuring of the management, organization and administration of universities; especially
in the process of reorganization towards integrated
University. The main goal is optimization of faculty-University relationship, meaning that with
this research we will promote an integrated University of which faculties are constituent part and
help realization of this idea. This will be achieved
by using ICT tools and process reengineering of
workflow activities in the University. The final
benefit will be realization of the Bologna process
recommendations.
This research aims at the reform of University administration with the support of University
leadership and decision-making bodies. They require the active involvement of the administrative
staff in charge of the implementation of reforms.
Target groups within university include all staff
involved in the management and administration
of a University, including staff of the University
decision-making bodies and other University bodies or services that have an institutional impact;
Central University services. Students will also
participate in the research having access to all relevant documents and workflow mechanisms as
representatives in the University decision-making.
The process of centralization from independent
faculties towards integrated University is a long
process and there will be a lot of problems arising in the implementation. This research is breakthrough and easy to make step towards rising
awareness of reconstruction and integrated University. We are definitely sure that IT supported
workflow and document management will give a
smooth transition and realize ideas that usually are
very hard to be implemented.
These reforms can not be undertaken directly
by Ministry of Education, according to the integrity of the universities and the new adopted law
for high education. Besides this, the active support
of ministry and other regional or national authorities will be given towards realization and implementation of these ideas since beneficiary country
has already signed agreement to realize Bologna
declaration and represent the strong commitment
towards bringing this country as member of EU.
897
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3. Assessing issues
Issues Identified are as follows:
–– Undefined or poorly defined workflows
–– Knowledge about administrative processes
is implicit and knowledge transfer is very
hard to automate
–– Human Resources issues due to high staff
engagement
–– Cascading dependency creates more issues
with each consequent year/session.
In order to improve the identified issues the
research defines 9 most used workflow processes
used at Faculties in South East European University [2] and transferred them to University within
the Integrated University Model. This enables
easier transition of processes found at department
and faculty levels and now being integrated in the
Integrated University.
–– Apply for position – this use case describes
the process of election of the best candidate
when there is an open position at the
university.
–– Realize a visit – this use case describes the
steps conducted in the realization of a visit.
–– Publish a teaching material – this use case
describes the process conducted to get a
teaching material approved.
–– Project proposal – every project as a working
idea is to be approved by the university
bodies before it is submitted.
–– Thesis submission – the process of getting a
thesis approved for defense is described in
this use case.
–– Realization of teaching – this use case
describes the reporting during the teaching
process.
–– Service request – all the requests at the
university are handled in this use case.
–– Resource reservation – this use case describes
the process of reserving resources (technical
and material) which are shared resources at
the university.
–– Annual reporting – the process of per annual
reporting is described in this use case.
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Figure 1. Workflow Re-registration procedure
4. System architecture
Logically, the application is divided in number
of levels. Each level provides certain degree of abstraction and modularity for the range of its work.
Database Provider – it abstracts the work with
the data base and provides a simple programming
interface. It should be designed modularly for the
purpose of providing easy access to different types
of data bases like SQL, Oracle, MySQL etc.
Base Object Model - defines all of the objects/
model/structures that will be used in the application. Also, the inner structure of the portal is defined.
Business Objects/ Logic – this is where all of
the business objects and logic in the application
are defined.
Service – encapsulates some business process
running in the application. Example: user login
process, check for user rights etc.
UI Process Components – it represents precisely defined process by which the user input is
accepted and processing of it.
UI – user interface for the interaction with the
application.
Portal Service – background service for processing the requests of the services and enables
access to the data base as described in According
to (Biskup et al 2009). Service has the following
structure:
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Figure 4. Portal Service Layers
Figure 2. System Overall

5. Service layer
System provides services for support for the other parts of the application as described in (Biskup
et al 2009). The service is a sum of help functions,
properties, events which belong to one logical unit.
Services are created once and are always available for all the parts of the application. All services
should implement the following interface:

Figure 3. Application Layers
PortalServicesProxy – it should provide for portal services to be available through. Net Remote.
Portal Application – it represents the actual
web application which is generated by the client
application.
–– ClientServicesProxy – enables logic for
communication between clients and services
in Portal Service.
–– Proxy Database Provider – it provides
mechanism for the client to access the
Database Provider level of the Portal
Service.
–– Portal Builder – client application (IDE) for
developing web applications.
Volume 5 / Number 4 / 2010

Figure 5. Service
–– Name – unique name of the service for
accessing it.
–– InitilizeService – initialization of the service.
–– IsInitialized – returns status if the service is
initialized.
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–– UnloadService – releases all the resources
that service uses.
–– Initialize – event that happens on the
initialization of the service.
–– Unload – event that happens when the
services is released.
The service Manager holds all the services
available to the application and is the only place
for accessing some service. Everybody requesting
access to some service must do that through IServiceManager.
Figure 7. Communication Diagram
6.  Multilanguage support for workflows

Figure 6. Service Manager
–– InitializeServices – initializes all of the
added services.
–– IsInitialize – returns status if the manager is
initialized.
–– AddService – adds new service that should
be available.
–– UnloadServices – releases all services.
–– GetService – return a certain type of service.
The request is through the name of the
service or its type.
To be sure that only one instance of this object
will be running, it is implemented as singleton object.
IRequestPermissions interface should be implemented by all of the models that needs certain
rights for Access. Permissions – list of rights that
the user should have in order to gain access to this
model.
Figure below presents the objects and the messages they exchange in the process of transforming
the models from XML presentation to real objects:

900

It should be possible during the development of
the portal to define languages of the portal and to
be possible to add words in the defined languages.
Multi language support is provided by two services:
ILanguageService: Can load a language and
provide access to specific words.

Figure 8. Language Service
–– Load – loads the language. Name of the
language is given as parameter.
–– Language – current loaded language.
–– GetString – returns the string that pairs the
StringID, which is given as parameter.
–– GetLanguageIcon – returns path to the
icon of the current language.
ILanguageManager: Through this manager it
will be possible to add new languages into the system and adding new words in the language files.
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Figure 9. Language Manager

NFR 3.The system will provide info about
level of usability, interactivity and level of on-line
sophistication.
NFR 4.The system will provide conditions to
analyze other interoperability requirements.
NFR 5.The system will not provide info about
customer satisfaction of University Management
services, usability, efficiency, performance, reliability and portability, other than that publicly entered by appropriate officer.

–– Languages – collection of defined languages.
–– AddLanguage – adds new language in the
collection and into the XML file.
–– AddString – adds new string in the specified
language, in the same time writing it in the
language XML file.
–– GetLanguageImage- returns path to the icon
of the language.
–– GetLanguageStrings- returns all string
stored for the specified language.
–– GetLanguage – returns ILanguage object
for the language with the specified name.
7. Context functional requirements
According to (Biskup et al 2009) context functional requirements identify relations between system modules and identified user groups. The administrator can manage resources and users. The
visitor can find and browse relevant info about
documents and workflow. He/she uses search and
browse tool to find and overview specific object.
The power user is the person who creates, edits
and deletes data objects for repositories and portal. He can identify and communicate to different
stakeholders and also can use information entered
by other power users.
Non-Functional requirements are as follows:
NFR 1.The system is not intended for direct access (portal) to all documents. It shows info about
specific document, its realization, functionalities
and characteristics.
NFR 2.The system is intended as a tool for
search and browse of relevant documents and
workflow services. It has intention to show relations between different services, stakeholders and
resources.
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Figure 10. Context Functional Requirements
NFR 6.There must be legislation documents to
support usage of the software.
NFR 7.No ethical issues should be addressed
by this software
NFR 8.No privacy and other safety issues
should be addressed by this software.
8. Software Architecture
The system is realized as a web based application. The customers are expected to be ordinary web browser users. The server side software
should be realized as a three layer application, including database, (business logic) application and
web presentation levels.
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Figure 7 shows examples of static and dynamic
approaches. The static approach uses only one
web server that delivers content stored in static
web pages. They cannot be used to deliver updated and structured info according to the user needs,
since they are static and predefined.

Figure 11. Software Architecture
The dynamic approach used in the web application uses application and database server besides
the web server. The Database server is responsible for storing and organization of data and the
application server is responsible to generate dynamic web pages according to the business logic
requested by the user and extracting data from the
database server.
The user can define search criteria and browse
pages that are dynamically created according to
the user needs and data stored in the database. The
web server is used for presentation purposes and
is used communication with end users by sending
the web pages that are generated by the application server.
9. Assessing indicators of achievement
The indicators of achievement show how successful is the software solution.
Indicators of achievement are listed as follows:
IA 1. reorganized “business flow” in
administration
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IA 2. implemented web based workflow of
activities
IA 3. implemented web based document
management
The specific indicators of achievement show
how successful is the software solution through
measuring specific objectives, as listed as follows:
IA 4. Specification of implemented web
based workflow activities
IA 5. Structure and quantity of documents
that are exchanged through document
management system
IA 6. University administration to have
transparent and easy access to constituent
organizations’ administrative issues
The success of the software solution and its
specific objectives were measured according the
following criteria:
SC 3. Quantity number of implemented
workflow activities and number of usages
SC 4. Quantity number of documents used
in the system and number of usages
SC 5. Possibility to transfer administrative
issues from constituent parts towards
University administration.
10. Authentication
The software solution offers possibility for access of the following three user groups:
–– Administrators
–– Power users
–– Ordinary users.
Administrators are those persons authorized
for system administrator functions like changing
the system password, management of users and
administration of customers who visited the site
with initial leads. They are capable of performing
backup and restore functions required if system
breakdown happens due to malfunction. They can
also change the structure of the system, but with
strict limitations due to the keeping the system
consistency. Administrators are usually persons
with sufficient ICT skills.
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Power users are those University Management
administrators authorised to change the web content by uploading information about workflow activities and documents.
They are responsible for the content of the web
site. Power users are usually persons with ICT
skills educated to work with web applications.
Visitors/ End users of the system should have
basic ICT skills and understand principles of web
and Internet.
Figure 12 presents user groups and roles identified within each group:
Figure 13. “Apply for Position” workflow process

Figure 12. User Authentication
11. Implementation
The portal server is installed as an IIS 6.0 ASP.
NET server application:
The installation is like ordinary ASP.NET applications which makes it easy to understand
The server application is built on custom ASP.
NET modules and maintenance without the Portal
Builder application is hard to realise:
The only way to fix minor or major issues with
the server application is to rebuild it completely
with the Portal Builder
There is no way to make appropriate or custom
changes in the Portal Builder resulting application
(such as make design changes after it has been
built)
General functionalities and business process is
illustrated trough the UML diagrams. As example
the sequence diagram is presented below for the
workflow process “Apply for Position”.
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Figure 14. Software solution for University workflow and document management

Figure 15. Interface for “Apply for Position”
workflow process
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–– They find it somewhat hard to use and
navigate over the options
–– Better indication when the document is
uploaded.
–– Columns of the forms are very tight. The
text could not be read.
–– When creating a new candidate, the
password field is not masked with standard
characters (asterix)
Evaluation Results
–– The referent data (Job positions, etc.) are not
displayed as lists.
–– Constraint problem – two different
candidates with same username
–– Problem on Fully integration with Active
Directory.
–– Access Control List problems (the candidate
sees all menu items) and, also the candidate
has access to all uploaded documents.
–– Vulnerable to exploits and scripts
–– Delete problems - cannot delete candidate
or when candidate name is shown in the
candidate overview list.
–– Problem organizing units – Faculties,
departments.
–– Time or other alerts (triggering)
–– Data management system (archive)
–– Forms are not user friendly and interactive
– A large forms are shown in horizontal
directions which needs a long horizontal
scrolling to see all form.
Testing Results
Figure 16. Application Interface workflow steps
12. Results
The research study reviewed the following
findings:
Usability issues according to the personal
training sessions and demonstrations with selected
SEEU users:
The users of the portal application have noted:
904

High return time and low error averages
–– Faster workflow execution
–– Better and faster results
–– Less manpower
–– Faster delivery time
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Unnecessary display of unauthorized links.
Recommendation for Issue 2 (two):
Provide means of hiding links which the user is
not authorized to view.
Benefit:
Instead of trying what options the user is capable of and going back and forth with access denied pages, he will know in advance what are he’s
authorizations.

Figure 17. Testing Results
13. Recommendations
Have been identified several issues. Recommendations for each identified issue have been
given below.
Issue 1 (one) identified:
No means for previewing process status and
workflow from within the application.
Recommendation for Issue 1 (one):
Provide visual workflow with color cues for
better process preview.
Benefits:
The user will follow naturally the process
workflow and the color cues will enable them faster to continue from where the process has stoped/
paused.

Figure 19. Identified Issue 2(two) and its analyses
Issue 3 (three) identified:
–– Password is visible when creating a new
user
–– Asking the user whether to have active or
inactive account when creating one is very
impractical.
–– Description is useless in this context but
mandatory
–– Asking the user what security group
–– to be member of, is also very impractical
and may pose a vulnerability issue.
Recommendation for Issue 3 (three):
Make the Password text box more secure by
making its contents hidden Remove the Active
checkbox and make the
Description textbox optional. Auto assign the
new user to group ‘kandidati’

Figure 18. Identified Issue 1(one) and its analyses

Benefits:
Provide more secure and easier page for creating new applicants

Issue 2 (two) identified:
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14. Conclusion

Figure 20. Identified Issue 3(three) and its analyses
Issue 4 (four) identified:
The page for application opens regardless the
fact that there are no open applications.
Recommendation for Issue 4 (four):
The application should also provide visual cues
and notifications when there are no open positions
(or in general there are no satisfactory requirements for completion)
Benefits:
The user will be informed netter and faster
about overall process and applications statues.

Figure 21. Identified Issue 4(four) and its analyses
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Analyzed the following indicators: methods
and techniques used in methodology; implementation issues in the model for the web based system;
verification, validation, testing procedures; implementation plan, training plan; activities specified
in dissemination strategy and sustainability procedures.
Besides these quality indicators used were
quantity indicators for system usage by measuring
the number of installations, number of documents
shared and exchanged for a given period, number
of workflow activities used for a given period, etc.
The contributions of this research are:
1. Methodology to design ICT architecture
for administrative workflow and document
exchange - (required for second output and
will lead to “reorganization” of administrative
issues of constituent organizations towards
integrated University).
2. Model of web based workflow and document
management - (will give technical details,
tender procedure for equipment purchase
and implementation procedures)
3. Implementation insights of a sustainable web
based system - (including verification and
validation, testing, system implementation,
demonstration and training)
There are several reasons for sustainability:
–– University and its constituent parts will
continue to use the system since it will enable
a lot of improvements like: paperless work,
easier monitoring of activities, document
share and exchange;
–– Both the students and teachers will like to
use new web based system due to its easy
public access;
Two main sustainability procedures were undertaken within this research. The first activity
concerned maintenance procedures and system
improvement upgrade policy. Possible obstacles,
failures and possibilities to improve workflow and
document management will be shown by life performance of the system. Technical sustainability
of the web system will be realized by giving solutions to these problems. This will lead towards
Volume 5 / Number 4 / 2010
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functional sustainability and overall organizational sustainability.
The second sustainability procedure addresses
“business flow” organizational changes and realizes sustainability at policy level. Beneficiary
university decision making bodies will make all
efforts to enable adoption of new legislation that
will lead towards realization of integrated University and therefore realize institutional sustainability. By adopting legislation to use shared
documents and easy access to workflow mechanisms, University decision making bodies will
ensure also financial sustainability of the system,
appointing budget for system administrators and
system maintenance.
The innovative characteristics of this software
solution are the development of a web based system
to enable equal opportunities for all administration
and students, transparency in documentation and
workflow activities and an environment for the realization of integrated University approach. It will
be an intermediate step for Universities towards
realization of Bologna process goals.
The proposed system as solution emphasizes
the structural reform in higher education and supports its development and implementation. By the
nature of the web based system this project has
a multilingual and multicultural character. It has
characteristics to offer a sustainable system that
will be used not only by University administration
and government officials, but also by professors
and students.
Due to its nature it can contribute to help and
speedup the development of strategic management plans, institutional profiles, mission plans.
Especially we can extract the internationalization
strategy of the University or the strengthening of
quality assurance mechanisms.
One of the aims of the research is the reform
of University governance. It made more transparent all workflow processes. During the realization
of the applicative research it was reviewed and
adapted all process workflows and decision-making procedures and responsibilities of the various
University bodies in order to make IT support to
all workflow activities.
This solution contributes by giving important
insights into possibilities of enhancing the University services. Workflow and document manageVolume 5 / Number 4 / 2010

ment will include the restructuring and modernization of international relations offices, financial
administration, personnel management, internal
quality assurance mechanisms, University libraries, management information systems, student
services, career guidance and counseling. This research solution can also strengthen strategic management capacities of Universities.
Finally, one of the software solution contributions is establishment and strengthening the links
of structures between universities and also links of
University structures with their external environment, like collaboration with industry, nongovernmental organizations or establishment of knowledge and technology centers.
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