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Abstract
Structural engineers significantly rely on the
ubiquitous Finite Element Method (FEM) for modeling the physical behavior of their designs. However, when it comes to certain types of nonlinearities
either geometric, material or loading related (cracking, fracture, terrain-structure interaction, large displacements, textile structures...), this method presents some limitations that lead to either less accurate
models or numerical instabilities. In the recent past,
a discipline named Flexible Multibody Dynamics
is emerging strongly as a tool for physical simulation of phenomena. This involves knowledge from
many areas such as linear algebra, calculus, geometry, classical mechanics or computational geometry
in order to deliver methods and tools for the virtual
prototyping of complex mechanical systems. For
the purpose of structural engineers an introduction
in this entangled merge of different disciplines is
necessary, also in engineering terms. The benefits
associated to the use of these methods are many, as
further comprehension of the physical behavior of
the designed structures, higher levels of accuracy
or the alternative ways of modeling engineering
problems that can be achieved through them. The
present paper aims to present an introductory schema where most of the numerical methods involved
are related and displayed to the average knowledge
level of structural designers. It is also intended to
give some scope to those who want to start into this
fascinating area of research either with engineering
background or not.
Key words: Multi Body Dynamics, Structural
Engineering, Finite Element Method, Time Integration, Matter Integration, Constraint Integration,
Overview.
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“Structural engineering is the art of molding
materials we don’t wholly understand, into shapes
we can’t fully analyze, so as to withstand forces
we can’t really assess, in such a way that the community at large has no reason to suspect the extent
of our ignorance.”
James E. Amrhein - Masonry Institute of America (Retired).
“One may define a computational mechanician
as a person who searches for solutions to given
problems, an applied mechanician as a person who
searches for problems that fit given solutions, and a
theoretical mechanician as a person who can prove
the existence of problems and solutions.”
From an introduction to a course on Non-Linear Finite Element at University of Colorado at
Boulder.
1. Introduction
Flexible Multi Body Dynamics (FMBD) is a
fairly recent area which merges and blends various
disciplines such as linear algebra, calculus, geometry, classical mechanics or computational geometry
in order to deliver methods and tools for the simulation of mechanical systems. Previous surveys on
the subject of FMBD are available [1, 2], that expose in a rigorous manner the underlying principles
and problematics. However, the approach is biased
towards applications into robotics and machine
control, the main source of practical development
for this discipline. The community of Computer
Graphics has also embraced with enthusiasm this
subject but their approach could seem for the engineer less accurate and reliable, given the different
purpose and field of application [3, 4].
555
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Structural engineering, on the other hand, deals
with the design and analysis of complex physical
systems so that they satisfy criteria such as serviceability and safety. The fact that the designs
and mathematical models become real physical
objects, susceptible of failure and liability, converts the engineering practice in a constant trade
off between conflictive parameters such as accuracy, speed, cost, stability, strength, durability, etc.
At the present moment structural engineers rely
mostly on the ubiquitous Finite Element Method
(FEM) either on its linear and non-linear forms
to address nearly any design problem. Nevertheless, the experimented practitioner recognizes also
limitations associated to this method, as for many
everyday situations structural engineers have no
available tools as a side effect of the current “excessive” relying on FEM. “Simplified” models,
“rules of thumb” and other artifacts have then to
be used, provided by codes and regulations that
almost invariably are too much on the safe side.
Besides, their understanding is often greatly obstructed by empirical coefficients and complex
procedures and all of them altogether conform a
corpus of knowledge absolutely vast.
The present paper intends to facilitate a holistic view on solid grounds regarding Flexible Multi
Body Dynamics, as it is a discipline in some points
broader than Nonlinear Finite Element. It is also intended to introduce some of the jargon employed
throughout the literature that is uncommon for
structural engineering practice. Section 2 facilitates
the reader a quick overview on particular subjects
already at reach of any graduated structural engineer. Section 3 presents a more specific review on
the most important numerical methods utilized in
this type of simulations. The fourth section discusses the approaches to the simulation of flexible
multi body systems from the different engineering
perspectives under pragmatic considerations.
2. Theoretical background overview
In order to be able to grasp the plethora of research into the Flexible Multi Body Dynamics
subject (FMBD), the structural engineer needs to
relocate much of the knowledge achieved during
the graduate period.
556

Focus is needed in the areas of Physics and
Mathematics. Each of them comprise a whole set
of nested sub domains, which also often overlap
and extend among each other in a multidisciplinary
tangle of knowledge. It would be too ambitious to
even intend to display them all deeply enough in
a single article. Nonetheless a short outline of the
main concepts involved is necessary and will be
presented in this section.
2.1. Physics
Physics is commonly divided into five main
branches (Classical Mechanics, Electromagnetism, Statistical Mechanics, Thermodynamics
Quantum Mechanics and Relativity) which also
have many ramifications.
The main branch of our interest here is that of
Classical Mechanics, where we can find the three
main subjects that study most of the developments
for our purposes: Classical Mechanics, Rigid
Body Dynamics and Continuum Mechanics.
2.1.1. Classical Mechanics
Classical mechanics has three main segments:
Statics, Dynamics and Kinematics. This division
accounts for the state of motion of the studied phenomena. However, still another division according
to the mathematical formalism of the description
of motion is possible: Newtonian Mechanics, Lagrangian Mechanics and Hamiltonian Mechanics.
The one of our interest here is that of Lagrange’s, given its broad applicability to FMBD.
2.1.1.a) Euler - Lagrange Formulation
Lagrangian Mechanics were introduced by Joseph-Louis Lagrange in 1788 in his “Mécanique
analytique” [5, 6]. It is a refined algebraic version
of a graphical method developed by Euler in 1744
applied to the solution of mechanical problems
(Fig 1) [7].
This revolutionary approach to the solution of
mechanics problems uses kinetic energy and work
function (scalar magnitudes) instead of force and
momentum (vectorial magnitudes) to predict motion of bodies [8].
Volume 6 / Number 3 / 2011
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2.1.1.b) Action Functional
Euler and Lagrange introduced the calculus of
variations as a tool for finding maxima and minima of functionals (functions whose arguments are
not just variables but functions) such as the ones
appearing in mechanical problems. When the
studied functional is that of the difference between
kinetic and potential energies of a system (which
are themselves a function of time), we refer to it as
the action functional (Fig 2).

The equation of the action functional S involves
the monitoring of the kinetic K, and the potential
B energies for every time step between t1 and t2.
Their difference is known as the Lagrangian L.
These scalar magnitudes K and U can be obtained via many different formulations, depending
on the coordinate system chosen by the analyst.
2.1.1.c) Least Action Principle
The above methodology of representing motion of a particle by means of the action functional
provides the value of the action integral for one
particular path.
However, the set of possible paths followed by
the particle between the points A and B is infinite.
The Least Action Principle states that the path
chosen by Nature is going to be no other but the
one with a minimum value of the aforementioned
integral. This is also called, in a more precise manner, the principle of stationary action.
Thanks to it, the description of particle trajectories is simplified into a minimization problem [8].
2.1.1.d) Generalized Coordinates
The set of parameters which describe uniquely
the kinematics (how things move) of a system is
known as generalized coordinates. The minimum
number of these coordinates necessary to completely describe a configuration is the degree of
freedom of such system.
Understanding of the properties of these coordinates is necessary because when we hit on a certain
type of coordinates called “cyclic” or “ignorable”, a
Volume 6 / Number 3 / 2011

partial integration of the basic differential equations
is at once accomplished. If all our coordinates are
ignorable, our problem is completely solved.
Hence we can formulate the entire problem of
solving the differential equations of motion as a
problem of coordinate transformation.
Many approaches to the solution of mechanical
problems just do so: instead of trying to integrate
the differential equations of motion directly by
means of variational methods they try to produce
more and more ignorable coordinates [8].
2.1.1.e) Least Constraint Principle
The Gaussian principle of least constraint is
a minimum principle comparable with the principle of least action, but simpler in not requiring
an integration with respect to the time. By means
of Gauss’s principle we use least squares to find
action’s minimal value, whereas the principle of
least action would lead us to an extremum value
of the integral [8].
Although mathematically equivalent, this formulation has several advantages in computational
terms and allows for the consideration of frictional
dissipative constraints [9].
2.1.2. Rigid Body Dynamics
Rigid Body Dynamics studies the motion of
bodies whose deformation is considered negligible with respect of their displacement or rotation.
Unlike particles, where only three degrees of
freedom are enough to describe the kinematics,
rigid bodies need also three more parameters to
describe their rotations [10].
2.1.2.a) Kinematics and constraint formulation
Kinematics deals with the study of how things
move independently of what causes the movement.
For such purpose it uses the concepts of reference frame and coordinate system, position, displacement and distance, velocity, speed and acceleration, which account for the spatial configuration of the studied bodies.
In order to simulate body interactions and motions, it is needed to take into account the environmental constraints that affect to a system of rigid
bodies.
557
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Constraint formulation implies the correct fixing in the values of any or all of the aforementioned variables (Fig 3).
2.1.2.b) Linear momentum, angular momentum and impulse
Linear Momentum p is the product of the mass
m and the velocity v of a body. It is therefore a
vectorial magnitude.
Newton’s second law states that the rate of
change of linear momentum of a body whose mass
is constant equals the total of the forces exerted on
the body. Angular Momentum L is the cross product of the linear momentum p and the position r
vectors. It is an axial vector or pseudovector. It is
not to be mistaken with the angular momentum
associated to the rotational movement of a body,
where the inertia momentum of the body and its
angular velocity are involved.
Impulse I accounts for the rate of change of
linear momentum by means of Newton’s Second
Law. In classical mechanics literature, also, impulse is just the integral in time of a force applied
to a body, but it is commonly used to refer to a
fast-acting force.
This type of impulse is often idealized so
that the change in momentum produced by the
force happens with no change in time. This sort
of change is a step change, and is not physically
possible. However, this is a useful model for computing the effects of ideal collisions and is widely
used in many physics simulators [10, 11].
2.1.3. Continuum Mechanics
Continuum Mechanics studies the behavior of
deformable bodies, as opposed to rigid bodies. It is
traditionally subdivided into Solid and Fluid Mechanics, mostly depending on the deformational
behavior of the body.
There are two main ways of kinematically describing the changes in configuration of the body:
Lagrangian and Eulerian. By means of the first,
continuum is represented as an atomic model
where particles “float” in a vacuum and relate to
each other in energetic terms. The Eulerian approach makes a cellular division of this continuum
and maps the changes that happen in constant locations, hence representing the flow implicitly, in
the form of a field with its variations [12].
558

2.1.3.a) Forces within the continuum
In the theory of continuum mechanics, stresses
are used as measures of the forces and pressures.
As in the case of strains, different definitions can
be used for the stresses; some of these definitions
are associated with the reference configuration,
whereas the others are associated with the current
deformed configuration. The effect of the forces
on the body dynamics can only be taken into consideration by using both stresses and strains. These
stress and strain components must be defined in
the same coordinate system in order to have a consistent formulation.
Two basic types of forces are easily distinguished from one another: those acting on all
volume elements, and distributed throughout the
body, and those forces which act upon and are distributed in some fashion over a surface element of
the body.
2.1.3.b) Deformation and motion
A change in the configuration of a continuum
body results in a displacement. The displacement
of a body has two components: a rigid-body displacement and a deformation.
A rigid-body displacement consists of a simultaneous translation and rotation of the body without changing its shape or size. Deformation implies the change in shape and/or size of the body
from an initial or undeformed configuration to a
current or deformed configuration [12].
2.1.3.c) Displacement Field
The displacement field is the set of vectors that
describe the change of a body from one configuration to another.
It serves to represent changes in the position of
the different points in a region or the whole body.
Unfortunately, the mathematical notation associated to displacement fields makes them less intuitive than what they really are: a function involving many vectors and points at the same time. [13]
2.1.3.d) Governing equations
The equations from which the behavior of material points is described, and that are to be satisfied, are classified according to their nature:
–– Conservation of matter
–– Conservation of linear and angular momentum
Volume 6 / Number 3 / 2011
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–– Conservation of energy
–– Constitutive equations
–– Strain-displacement equations
The possible manners of expressing these equations with different purposes gives place to the innumerable available formulations in literature, either optimizing the numerical methods associated
or in the search for more general descriptions of
the behavior of materials. Almost invariably they
are differential equations [12].
2.1.3.e) Balance laws
The balance laws express the idea that the rate
of change of a quantity (mass, momentum, energy) in a volume must arise from three causes [13]:
–– The physical quantity itself flows through
the surface that bounds the volume.
–– There is a source of the physical quantity on
the surface of the volume.
–– There is a source of the physical quantity
inside the volume.
2.2. Mathematics
All the above physical concepts are idealizations of reality derived from pure observation.
Eventually, these observations become relations
between variables and parameters which are managed by means of mathematical tools.
These mathematical tools are mainly located in
the fields of differential equations and linear algebra.
Differential equations are involved in the representation of the continuum, while linear algebra
is utilized to solve the complex relationships that
appear when applying the minimization variational principles of Euler and Lagrange.
2.2.1. Differential Equations
A differential equation is any equation containing derivatives in it.
The derivation can be ordinary (the function
has only one independent variable on which we
can derivate) or partial (more than one independent variable is present so we derivate just on one
variable at a time and leave the rest as constants).
Volume 6 / Number 3 / 2011

Also, according to the number of derivations of
the equation with respect of the variable, the equation can be first, second or higher order.
Although time, matter and constraints are modeled and idealized as a continuum, they need to
be discretized into a finite integer number of subelements for the computer to process them. This is
important when numerical methods are considered
for the solution of Differential Equations, as many
analytical procedures give exact solutions impossible to achieve computationally. Likewise, there are
problems that are not solvable analytically, hence
the recurrence to numerical computational methods.
2.2.1.a) Ordinary Differential Equations
Ordinary Differential Equations (ODEs) are
those in which only the derivative with respect of
one independent variable is present. The derivative
can be the first, the second, etc. of the function but
only for one independent variable in the relation.
For the solution of ODEs there is a whole set of
analytical methods that account for the form in which
the coefficients and the variables are displayed in
the equation. This leads to a series of classifications
and definitions from which further association can
be made. The more complex forms of ODEs out of
these catalogues sometimes are not solvable, but often it is possible to manipulate their formulation in
order to fit them into any known solvable scheme.
It is important to distinguish between these
analytical methods and the numerical ones further
detailed in the third section of this article.
2.2.1.b) Differential-Algebraic Equations
The name DAE combines the terms differential
and algebraic, so as to express that these are algebraic systems containing differential equations.
Provided that engineering normally requires
conservation laws to be studied altogether with
constitutive equations and design constraints, it is
much more efficient to do it by keeping these relations separate. This commonly leads to a set of
differential and algebraic equations (DAEs).
2.2.1.c) Partial Differential Equations
A Partial Differential Equation (PDE) is a relation u of several independent variables x,y,z,t,...
and the partial derivatives of the relation with respect of these variables.
559
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A partial derivative of a function is its derivative with respect to one of its variables, with the
others held constant.
As an illustrative example, the graph of a function of more than one variable defines a surface
when represented into Euclidean space (fig 9).
In the literature, second order PDEs are commonly classified as one of three types, with terminology borrowed from the conic sections, given
the resemblances of their formulas with that of the
conics: Elliptic, Hyperbolic and Parabolic.
2.2.2. Linear Algebra
Linear algebra studies vectors. Its main structures are linear maps (functions that input vectors
and output others) and vector spaces. For their
representation matrices are typically used.
2.2.2.a) Linear equations
Linear equations are algebraic relations in
which each term is either a constant or the product
of a constant and a single variable. If the power
of the single variable is higher than one, then the
equation is not considered linear anymore, becoming quadratic (second power), cubic (third power),
quartic (fourth power), etc.
Linear equations can have one or more variables. When this happens they commonly group
in a collection of equations that is easily representable in a matrix form.
These matrix representations of the systems allows for algorithms such as Gauss or Gauss-Jordan leading to their solution.
2.2.2.b) Matrices
Matrices allow for a clean and straightforward
manner of representing linear equations and transformations.
Thanks to the modern computational tools, the
tedious work of operating with them (addition,
multiplication, inversion, etc) is greatly facilitated
to the engineer and the researcher.
Nevertheless, for the study of FMBD it is necessary to be proficient in more advanced notions
such as matrix pseudoinverse and null space or
kernel (utilized for the solution of linear equations), determinant (useful to characterize invert560

ible square matrices), eigenvectors (those vectors
whose direction is not affected by being multiplied
with a square matrix), and eigenvalues (the magnitudes by which eigenvectors are scaled).
These concepts are extensively used throughout the literature and generally non-trivial. It is required a further effort from the structural engineer
in order to understand them and be able to comprehend their implications in the numerical solutions that they lead to.
2.2.2.c) Matrix Decomposition
A matrix can be decomposed into a product
of matrices of special types, for an application in
which that form is convenient (i.e. getting a system solved). This can be achieved either via direct
or iterative methods. Standard direct methods use
some matrix decomposition and comprise:
–– Gaussian elimination
–– LU decomposition
–– Cholesky decomposition for symmetric and
positive-definite matrix
–– QR decomposition for non-square matrices.
Iterative methods try to find the root of the system
of equations by successive approximations starting
from an initial guess. These are generally the only
choice for nonlinear equations. The most utilized are:
–– Jacobi
–– Gauss–Seidel’s
–– Newton-Raphson
–– Successive over-relaxation
–– Conjugate gradient
2.2.2.d) Computations
Once associated to a matrix, there are other
types of operations that can be made out of sets of
linear equations, generally as sub-steps to the final
purpose of solving them.
When the set of equations is larger than the set
of unknowns (i.e. the system is overdetermined),
the method of the Least Squares can be used, either in its linear or non-linear form, to approximate the solution of the system.
It is also possible to perform a Gram-Schmidt
process over the system in order to orthonormalize
its matrix, leading to a further QR decomposition
and its eventual solution.
Volume 6 / Number 3 / 2011

technics technologies education management

Table 1. A visual display to the relationships between knowledge disciplines and numerical integration
methods of the different kind

3. Numerical integration methods
For the simulation of FMBD three different
physical concepts need to be integrated: time, kinematic constrains and matter. Each one of these
notions involves the simultaneous solution of Ordinary Differential Equations (ODEs), Differential-Algebraic Equations (DAEs) and Partial Differential Equations (PDEs), respectively.
The three main parameters that concern the
engineer performing numerical simulations are
the accuracy of the solution, the stability of the
simulation and the efficiency of the calculation.
The first problem derives from the fact that computational precision is finite, whereas the physical/
mathematical models are continuous hence only
approximations to the behavior can be obtained.
By stable is meant that small errors due either to
arithmetic inaccuracies or to the approximate nature of the derivative expressions will not accumuVolume 6 / Number 3 / 2011

late and grow as one proceeds. The third subject
involves the speed of calculation and the occupied
memory, which are also very sensitive to the design of the algorithms.
Generally, an early analytical approach is preferred to skip numerical issues along with the
achievement of higher levels of precision. Nevertheless, the general problematics of the approximations remain in any method.
For a dynamics simulation to occur at least
time and continuum (ODEs + PDEs) or time and
constraints (ODEs + DAEs) have to be integrated.
3.1. Time Integration Methods: ODEs
Standard introductory differential equation
courses focus on symbolic solutions, in which the
functional form for the unknown function is to be
guessed. In contrast, we will be concerned exclu561
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sively with numerical solutions, in which we take
discrete time steps starting with the initial value of
the position.
The first possible classification for ODEs solvers distinguishes between explicit, implicit and
hybrid methods. This arises from the so called
stiff ODEs, by means of which the size of the adopted time step has to be so small that the time
to convergence never arrives, or otherwise adopt
time steps so large that the simulation becomes
unstable. The stiffness can be produced by the
physical characteristics of the multi-body system
(components with large differences in their masses, stiffness and/or damping). However in many
other instances, stiffness is numerically induced
due to either the discretization process, the large
number of components and equations of motion,
or sudden or accumulated violations in the constraint conditions. Explicit methods present this
kind of problem. The advantage of implicit methods is that they are usually more stable for solving
a stiff equation, meaning that a larger step size can
be used. However, extra computations need to be
done internally and it requires extra time. Hybrid
methods will not be treated here.
Another division is made according to the order of the derivative of the equation of motion employed. So a method is characterized as first, second, third or higher orders accordingly. The higher
the order the more accurate the result would be,
though it limits the span of possible time steps due
to instabilities.
The third possibility is that of the method being
Single or Multi-Step. Single-step methods refer to
only one previous point and its derivative to determine the current value. Multi-step methods attempt to gain efficiency by keeping and using the
information from previous steps rather than discarding it. Consequently, multi-step methods refer
to several previous points and derivative values.
In the case of linear multi-step methods, a linear
combination of the previous points and derivative
values is used.
The following does not intended to be a fully
comprehensive list of methods but an illustration
of the main issues that arise in the numerical computation of Ordinary Differential Equations applied to the specific field of Dynamics.
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3.1.1. Explicit Methods
Explicit methods use the the differential equation at time t to predict a solution at time t+dt. In
structural dynamics, where stiff equations often
arise, the required time step is very small to avoid
unstabilities. Explicit methods are hence conditionally stable with respect to the time step size.
3.1.1.a) Forward/Explicit EulerMethod (EE)
In practical terms this method is never utilized
as it presents problems of stability and accuracy, but
has been included here for its pedagogical value.
It is devised considering that from any point on
a curve, it is possible to find an approximation of
a nearby point on the curve by moving a short distance along a line tangent to the curve [14].
3.1.1.b) Explicit Runge-Kutta Methods (ERKn)
The basic idea of this family of methods is to
eliminate the error terms by evaluating the function
in points located half way and including them in
the current step. Higher order Runge-Kutta methods exist, being the 4th order Runge-Kutta the most
commonly used. An n order Runge-Kutta implementation requires n evaluations of the function per
step, so for most problems four is a good compromise between computational cost and accuracy.
A mnemonic device known as Butcher‘s Tableau is used to arrange the data necessary to describe the different methods. The original formulation is that of a single step solver. In general this
is adequate for non stiff problems and provides an
acceptable level of accuracy. Lower order formulations provide lower accuracy [15].
Explicit Euler‘s method (EE) can be also considered a 1st order Runge-Kutta. Dormand-Prince
method (RKDP), Fehlberg method (RKF) and
Cash-Karp method (RKCK) are slight variations
on this method.
3.1.1.c) Adams-Bashfort–Moulton Method (ABM)
This methodology employs multiple previously recorded steps to achieve a solution, hence
being more efficient. Initial values need to be provided and are usually obtained from a Runge-Kutta
scheme. It also presents an acceptable level of accuracy depending on the chosen step size and is meant
to solve non stiff systems. Shampine-Gordon method (SG) is based on this methodology [16].
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3.1.1.d) Chung-Hulbert method (CH)
This algorithm is devised for structural dynamics calculations where high frequency dissipation
is needed. It uses a set of parameters to enable
treating physical damping explicitly without reducing the accuracy [17].
3.1.1.e) Leapfrog / Velocity Verlet Method (LF)
Leapfrog integration is a simple method for integrating differential equations, particularly in the
case of a dynamical system. The method is known
by different names in different disciplines. In particular, it is similar to the Velocity Verlet method,
which is a variant of Verlet integration.
Leapfrog integration is equivalent to calculating positions and velocities at interleaved time
points, interleaved in such a way that they ‘leapfrog’ over each other. For example, the position
is known at integer time steps and the velocity is
known at integer plus half time steps [16].
3.1.2. Implicit Methods
For implicit methods the strategy consists on satisfying the differential equation at time t once the solution at time t-dt is available. This requires the solution of a set of linear equations at each time step, but
allows for larger time steps and gives further stability
or even unconditionally stable schemes [18].
3.1.2.a) Backward/Implicit Euler Method (IE)
While forward Euler takes a step along the derivative at the current time and position the backward Euler method uses almost the same time
stepping equation, but with an extra step.
Backward Euler chooses the step, k, so that the
derivative at the new time and position is consistent
with k. Doing this requires solving this equation for
k, which amounts to a root finding problem if f(x)
is nonlinear. The forward Euler step is a common
place to start the root finding iteration [14].
3.1.2.b) Implicit Runge-Kutta methods (IRKn)
Implicit Runge-Kutta methods are usually
more stable than any explicit method of the same
family. The simplest example of an implicit Runge–Kutta method is the backward Euler method
enumerated above.
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Crank-Nicholson method (CN), also known as
the trapezoid method is another example of implicit Runge-Kutta methods [19].
3.1.2.c) Gear’s / Backward Differentiation
Formula (BDF) Method
BDFs are formulas that give an approximation
to a derivative of a variable in terms of its function
values and earlier times (hence the “backward” in
the name). They are derived by forming the k-th
degree interpolating polynomial approximating
the function using the values up to the k-th value, differentiating it, and evaluating it. Despite of
being multi step, this is a generally less efficient
method than RK4 of ABM. It is also often utilized
for the solution of stiff problems and of Differential Algebraic Equations (DAEs) [20].
3.1.2.d) Newmark-Beta Method (NB)
The Newmark-Beta method is a particular one
of several time-step methods originally proposed
by Newmark in 1959. It is commonly used for the
solution of linear and non-linear equations and
uses a numerical parameter designated as Beta. It
is devised specifically for structural analysis. The
general method additionally contains a second parameter Gamma. Particular values of these parameters leads to well known methods for the solution
of the differential equation of motion. Newmark’s
algorithms are unconditionally stable for linear
problems, but only conditionally stable for non
linear problems [21].
The Hilbert-Hughes-Taylor method (HHT) is a
generalization of the Newmark-Beta method.
3.2. Kinematic Constraints Integration Methods:
DAEs
When bodies are subject to kinematic constraints, further equations besides to the purely
time-related ones have to be satisfied. These constraints come in the taste of contacts between different bodies or as joints in particular chain configurations (planar constraints, cylindrical, spherical,
rectangular, revolute or screw joints, etc). These
chains can be opened or close, hence facilitating
the use of optimized types of algorithms for the
solution of the DAEs.
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In order to numerically tackle these conditions the equations of motion are rearranged in
literature to obtain different schema from which
construct stable, accurate and faster formulations. The possibilities are to do it either in the
acceleration level, the velocity level or the position level.
3.2.1. Acceleration level schema
This is the most common, “classic” approach
utilized to solve the constraint equations. The
methods using this approach are considered Constraint Based. By means of this, at the beginning
of each time step the internal forces (elastic, viscous or pressure) and the external ones (gravity,
collisions, etc) are computed and accumulated.
Then, by means of Newton’s second law, they are
transformed into accelerations and then velocities
and positions are updated for each integration time
step. Given the tendency to numerical drift shown
by these approaches, stabilization techniques are
generally accessories to them, being Baumgarte’s
the most popular one [22].
3.2.1.a) Penalty method (PM)
This method adds a force to a multi-body
system, if a constraint is not satisfied. The magnitude and direction of this force depends on the
constraint violation. This numerical integration
algorithm has the advantage of being much simpler than those shown below corresponding to
other methods. However, it may not be the most
efficient. In addition, as the numerical integration
proceeds using this algorithm, the constraint conditions are progressively violated leading to unacceptable results in all but very short simulations.
[23]
3.2.1.b) Lagrange Multipliers(LM)
The Lagrange multipliers are numerical artifacts (additional algebraic variables) that enforce
constraint conditions between the elements. Rather than eliminating the multipliers and obtaining
coupled system coordinates, the values of the Lagrange multipliers are solved in time as part of the
numerical technique. The constraint equations are
included into the acceleration term by derivation
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of them twice with respect to time. It allows for
the solution of the dynamic problem at the expense of solving for an augmented set of (n+m)
unknowns [23, 24].
3.2.1.c) Generalized coordinates / Reduced coordinates method (GC)
A reduced-coordinate formulation provides a
more accurate simulation. Holonomic (redundant)
constraints reduce the degrees of freedom of a
multi-body system permanently. This property is
used by reduced-coordinate methods. For a multibody system a parameterization is required to reduce the number of coordinates that describe the
system’s state to a minimum. For each degree of
freedom one coordinate is needed [11].
3.2.1.d) Udwadia-Kalaba formulation (UK)
This method represents a more compact and
general form of solving the DAEs by means of
the Moore-Penrose generalized inverse matrix. It
is based on Gauss’ Principle of Minimum Constraint, which establishes that the explicit equations of motion be expressed as the solution of a
quadratic minimization problem subjected to constraints, but at the acceleration level [9].
3.2.2. Velocity level schema
Originated by the necessity of efficiently handle the collision constraints, these methods utilize
the notion of impulse as a fast acting force (see
2.1.2.b), hence they are more commonly known as
Impulse Based methods.
3.2.2.a) Impulse Based Methods (IB)
The approach has several advantages, including simplicity, robustness, parallelizability, and an
ability to efficiently simulate classes of systems
that are difficult to simulate using constraint based
methods. The accuracy of impulse based simulation has been experimentally tested and is sufficient for many applications [10, 11]. Currently under very active development, results particularly
popular among the Computer Graphics community given their remarkable speed.
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3.2.3. Position level schema
This paradigm integrates the equations of motion directly from the position terms. This permits
avoiding the appearance of DAEs as geometric
constraints get inserted in a straightforward manner as projections without further need of derivation. This skips many drifting problems caused by
the numerical integration of differential terms. It
offers a certain amount of generality, as a wide
variability of geometric constraints can be added
without considering conservation laws, etc [25,
26]. This is also a very recent line of research still
subject to a good deal of discussion among Computer Graphics developers.
3.3. Matter Integration Methods: PDEs
To describe the dynamics of matter we have an
infinite number of degrees of freedom because the
particles that conform them can have arbitrary displacements with respect to each other. Such systems are described using partial differential equations where time and spatial coordinates are related. These general partial differential equations,
which are applicable to any solid or fluid material,
were outlined in the second part of this article.
For their solution, two different approaches can
be taken in order to control the number of degrees
of freedom (i.e. discretize): creating a mesh where
these displacements are limited (mesh based methods) or establishing the equations in the form of
potential functions so the particles regulate each
other (mesh free methods) [27].
3.3.1. Rigid Body Models (RBM)
Rigid Body Models (RBM) are idealizations of
solids of finite size in which deformation is neglected. This is the simplest approach to modeling the continuum and implies that no PDEs are
integrated. Rigid bodies, in contrast to particles,
occupy space and have geometrical properties
(center of mass, moments of inertia, etc.). These
properties characterize motion in six degrees of
freedom (translation in three directions plus rotation in three directions).
Volume 6 / Number 3 / 2011

When rotational motion is important, but material deformation does not have a significant
effect on the motion of the system it is broadly
utilized for modeling physical systems and machinery.
The generated models are made taking into account the later ease of computation of collisions
between bodies.
3.3.2. Mesh based Methods
As mentioned earlier the governing equations
of continuum mechanics present two main possibilities: Lagrangian description and Eulerian description.
In the Lagrangian description, which is made
in the material domain, the material quantities
mass, energy and momentum move along with
the mesh cells. Because the mass within each cell
remains fixed, no mass flux crosses the mesh cell
boundaries. When the material deforms, the mesh
deforms accordingly [27]. This description results efficient for computational solid mechanics
problems, where small deformations occur, but is
very difficult to apply when the mesh is heavily
distorted. Also, the level of accuracy depends on
the smallest element size, not on the chosen time
step, leading to then less efficient solutions such as
re meshing. It is typically represented by the Finite
Element Method (FEM).
In the Eulerian scheme, the grid is fixed in
space and the changes in material flow across.
The shape and volume of the mesh cell remain
unchanged along the whole simulation. However, the dependence on a regular grid is a source of
trouble when dealing with irregular or complex
geometry aiming for the precise location of inhomogeneities, free surfaces, deformable boundaries and moving interfaces. The main exponent of
the Eulerian description is the Finite Difference
Method (FDM).
There is still a third possibility by means of
which it is intended to combine the advantages of
each description above so as to strengthen their
advantages and to avoid their disadvantages . It
has given place to Arbitrary Lagrange Eulerian
and Coupled Eulerian Lagrange, but given their
complexity will not be covered here.
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3.3.2.a)Finite Element Method (FEM)
The web has over 11,000,000 references to
the FE method. Obviously a chapter devoted to
the method can only cover some highlights of the
method and introduce some of the more basic concepts and approaches of it.
That being said, the FEM mathematical abstraction of a structure is that of a continuum
body being formed by a set of points called particles with certain mechanical properties. For
FEM analysis the body is divided into elements.
Assuming that these elements are small one can
use low-order polynomials to describe the set of
vectors that describe the change of the element
from one configuration to another (its displacement field). Once the polynomials are introduced
the entire body equations of motion can be obtained by assembling those of its elements using
the connectivity conditions at the finite element
boundaries. In the literature there are many finite
element formulations that are developed for the
deformation analysis of mechanical, aerospace,
structural, and biological systems. Some of these
formulations are devised for small-deformation
and small-rotation linear problems (dominating
in structural analysis), some for large-deformation
and large-rotation nonlinear analysis, and others
for large-rotation and small-deformation nonlinear problems. This provides a very rich set of
powerful tools that, however, presents some well
known limitations [27, 28, 29]:
–– The dependence on nicely formed meshes
consumes a substantial quantity of manpower.
–– In stress calculations, the stresses obtained
using FEM packages are less accurate.
–– When handling large deformations, considerable accuracy is lost because of element
distortions.
–– Crack growth with arbitrary and complex
paths has to be coincident with nodal lines,
which is never known a priori.
–– As FEM is based on continuum mechanics,
fragmentation is very difficult to represent,
hence many discontinuous materials can not
be accurately modeled.
–– The interfaces between bodies of different
material properties and their coupled behavior is not completely accurate.
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The answer to these limitations seems to be in
the adaptive re-meshing approaches, that however
only serves well on 2D meshes and also consumes
a very high amount of computational power.
3.3.2.b) Finite Differences Methods (FDM)
Finite Difference methods apply a grid over the
region and solve the Partial Differential Equation
by approximating the derivatives via the Taylor
series expansion and using differences as an approximation. For this method it is important that a
uniform grid is applied over the region to reduce
the errors by the differencing method. Finite Differencing methods are thus less robust for irregular
shaped bodies than finite element methods which
divide the region into separate elements to fit the
region and use a variational approach to solving
the PDE. The benefits of FD methods are that it is
easy to understand, easy to explain, easy to program, meshing is simple, and the error is known in
terms of the remainder from the Taylor series expansion of the derivatives. It used to be commonly
used in fluid dynamic methods mainly because of
its stability [3].
3.3.2.c) Finite Volume Method (FVM)
The finite volume method is a discretization
method which is well suited for the numerical
simulation of various types of conservation laws
(elliptic, parabolic or hyperbolic, for instance);
it has been extensively used in several engineering fields, such as fluid mechanics, heat and mass
transfer or petroleum engineering. Some of the
important features of the finite volume method are
similar to those of the finite element method: it
may be used on arbitrary geometries, using structured or unstructured meshes, and it leads to robust schemes [30].
The implementations of FVM methods for
Computational Solid Mechanics can be classified
into two categories: the cell centered approach and
the cell-vertex one. In the cell-vertex approach,
the displacement and stress variables are stored at
the vertexes of the mesh which are themselves enclosed by control volumes formed by the median
duals of the mesh; whereas in the cell-centered
method the variables are stored at the centroids of
cells which are also used as control volumes themselves. Thus the cell-vertex approach needs conVolume 6 / Number 3 / 2011
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siderably less computational effort and memory
for a given mesh.
3.3.2.d) Mass-spring systems (MSS)
Mass-spring systems have been widely used in
computer graphics because they provide a simple
means of generating physically realistic motion
for a wide range of situations of interest. Even
though the actual mass of a real physical body is
distributed through a volume, it is often possible
to simulate the motion of the body by lumping the
mass into a collection of points. While the exact
coupling between the motion of different points
on a body may be extremely complex, it can frequently be approximated by a set of springs. As a
result, mass-spring systems provide a very versatile simulation technique.
In most particle systems, the forces derived
from tension energy are equivalent to spring forces. Hence, we can view the model as a network of
particles connected by springs. Since particle systems already represent a discretization in space,
only a system of ordinary differential equations
has to be solved. The trajectory of each particle
with mass m at position x is computed by Newton’s equation of motion.
3.3.3. Mesh free Methods
The key idea of the meshfree methods is to
provide accurate and stable numerical solutions
for integral equations or PDEs with all kinds of
possible boundary conditions with a set of arbitrarily distributed nodes (or particles) without using any mesh that provides the connectivity of
these nodes or particles. One important goal of the
initial research is to modify the internal structure
of the grid-based FDM and FEM to become more
adaptive, versatile and robust. Much effort is concentrated on problems to which the conventional FDM and FEM are difficult to apply, such as
problems with free surface, deformable boundary,
moving interface (for FDM), large deformation
(for FEM), complex mesh generation, mesh adaptivity, and multi-scale resolution (for both FDM
and FEM). Recently, a number of meshfree methods have been proposed for analyzing solids and
structures as well as fluid flows. These meshfree
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methods share some common features, but are different in the means of function approximation and
the implementation process (see table 2).
Table 2. Relation of typical meshfree methods
from [Liu03]

The following is not a fully comprehensive list
but just a short enumeration of the most important
meshless methods available according to literature
[28, 29, 31].
3.3.3.a) Smoothed Particle Hydrodynamics
(SPH)
In the SPH method, the state of a system is
represented by a set of particles which possess
individual material properties and change according to the governing conservation equations. SPH
was developed for hydrodynamics problems in the
form of PDEs of field variables such as velocity,
density, energy, etc. To achieve the numerical solution of the mentioned PDEs one needs to discretize the problem domain where they are defined.
Next, a method for obtaining the approximated
values and time derivatives at any point is need.
The function approximation is then applied to the
PDEs to obtain a set of ODEs in a discretized form
with respect only to time. This set is then solvable
by using one of the standard integration methods
described in previous chapters.
3.3.3.b) Partition of Unity (PU)
Meshless methods can also be based on partitions of unity. A partition of unity is a paradigm
in which a domain is covered by overlapping
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patches, or subdomains, each of which is associated with a function I (x) which is nonzero only in
I and has the property that the sum of all the values
of function over the domain equals one.
3.3.3.c) Moving Least Squares (MLS)
An alternative but related approach to developing a meshless approximation is to use a moving
least square (MLS) approximation. Moving least
squares is a method of reconstructing continuous
functions from a set of unorganized point samples
via the calculation of a weighted least squares
measure biased towards the region around the
point at which the reconstructed value is requested. In computer graphics, the moving least squares
method is useful for reconstructing a surface from
a set of points. Often it is used to create a 3D surface from a point cloud through either downsampling or upsampling.
4. Discussion
From the above chapters the interested reader
might already have achieved some perspective over
the entangled subject of Flexible Multi Body Dynamics. This is an important purpose of this paper
as a comprehensive, clear and accessible introduction to the topic seems to be unavailable at the moment. This happens despite the existence of numerous specialized courses on Non-linear Structural
Analysis and also the huge amount of literature
produced. It is the opinion of the authors that unfortunately the tendency appears to be that of overspecialization either in the structure and contents of the
courses as in the topics and development of the articles and books. It most likely discourages not only
the newcomer but also those who try to look up into
other branches of the same tree. Another perceived
phenomenon is that of the over dominant position
of the Finite Element approach (hence the title of
the article), that relegates sometimes unfairly other
equally effective methods.
The need of such an approach is justified from
the point of view of pragmatism. As computer
power increases, the modeling of structural behavior by means of simplified schema as those
provided in regulations and codes is starting to
weaken. The comprehension of a particular model
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described in standard codes and regulations of, for
example buckling, is in itself fairly complex, not
to mention those of earthquake, plasticity or wind
and terrain-structure interactions. It is suggested
here that in the present moment a better understanding of numerical methods utilized with simulation purposes, can equally provide satisfactory
and safe answers to structural engineering needs.
The Table 3 enumerates some different scientific and engineering fields. By means of a sample
of currently popular packages (either commercial or open source), and exposing the numerical
methods in them implemented, it is shown how
these industries are related to the integration concepts described in the previous chapter (*).
This table displays how mechatronics, robotics
and aero spatial oriented packages, where a high
level of accuracy and stability is compulsory, provide the user with a wide range of time solvers,
either implicit and explicit, and rely on the more
canonical acceleration based methods for enforcing the constraints. The integration of continuum
mechanics ranges from the simplistic Rigid Body
Models, utilized in robotics, to the Finite Volume
Method that allows for easier implementation of
flow-solid interactions. Automotive simulators
and game engines, where real time experience and
computer efficiency are the main concerns, make
a wider use of explicit time integrators (lower accuracies), the faster impulse-based methods to
compute the constraints and show a dominating
presence of the simpler Rigid Body Models. Also
in the automotive field safety simulations and prototyping are made, hence the use of implementations with more sophisticated methods.
When it comes to health environments, where
the level of detail is focused on complex tissue-like
materials, the span of choices regarding matter integrators grows considerably. However, provided
the need of also efficient time and constraint simulations, more advanced techniques are made available.
Simulations of molecular dynamics mainly
happen in academic and research environments
(chemistry, biophysics, etc), and in general do not
imply constraints among bodies as the simulated
elements are just particles. Explicit time integration is utilized as the common duration in this case
is usually no longer than few seconds, hence short
time steps can be taken to avoid stiff problematics.
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Table 3. Relationship between different scientific / engineering fields, integration concepts and sample
specialized implementations available

Regarding Structural Engineering it is shown
the dominance of FEM and the application of very
specialized time integrators. As computational
cost is not regarded so much as accuracy and numerical stability, the choice of these integrators
along with the more canonical constraint enforcing ones makes perfect sense within this field.
(*) It must be highlighted that the selection of
implementations was made purely with illustrative purposes, so many other important and well
established names may have been omitted. A
proper survey on the matter of computer software
for FMBD would be the topic for a much longer
article and is left open by the authors.
5. Conclusions and future work
A concise yet illustrative road map was provided up to the level of knowledge of a graduated
engineer. The purpose of this road map is to facilitate the transition for those who already have
an interest in the matter but find it hard to tackle it
given the scatter in literature currently existing. It
is also aimed to give some scope and to put together common subjects which, although available to
Volume 6 / Number 3 / 2011

every engineer during the formation period, seem
too abstract and inapplicable. Despite the daunting
amount of literature available, it was not found by
the authors any organized scheme in terms of tangible and engineering concepts such as time, matter and constrains.
It permits also to clarify how FEM is a name too
much generic for a very broad field of simulation
tools. The fact that an implementation contains a
continuum mechanics PDE solver by means of the
FEM doesn’t convert this engine into a FEM. It
is a common case to encounter in literature references to implicit FEM when describing numerical
methods using an implicit ODE integrator where
FEM is the method of choice for approximating
material behavior (PDE), however that misleading
and confusing that might be.
Some benchmarking in the conceptual side of
the state-of-the-art methods has been shown for
evaluation and also as a comparative self explanatory scheme. It serves to locate the level of complexity and accuracy where implementations used
in structural engineering are. Insofar the trend
within this discipline seems to be that of sacrificing computational efficiency in benefit of canonical schemes of higher accuracy.
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By means of this article the authors want also
to promote a shift in current structural engineering
practice from code and regulations based design towards more holistic simulation based approaches.
Often the main argument behind the first approach
is that of simplicity in the conceptual model and
ease of use, altogether with an inclination towards
safety. This is often questionable (and questioned),
as in the end this accumulated “conservative” models have generated a corpus of knowledge nearly as
wide as that of Flexible Multibody Dynamics, with
levels of abstraction considerably higher entangled
within a plethora of coefficients but with an often
lower level of precision.
Future research should be focused on objective
experimental benchmarking. Given the complex
interactions that arise when integrating nonlinearities in the equations of motion, the choice of
a proper comparative framework must be made
carefully. Numerical simulation can only provide
but an approximated model of reality, and the main
problematics that arise when using them are to be
addressed. However, its capability to augment the
comprehension of the modeled phenomena has
been sufficiently proven in the past and is a tool that
structural engineers cannot afford to underutilize.
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Analysis of Measures for Energy
Efficiency Enhancement in
Building Design and Construction
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Abstract
The biggest energy consumer in Bosnia and
Herzegovina is the building design and construction sector, where significant saving potentials lie.
This paper discusses possible measures for the enhancement of energy efficiency. An optimal solution for the enhancement of energy efficiency can
only be achieved through technological and economic compromise.
Key words: energy efficiency, building design
and construction, energy savings
1. Introduction
Constant rise in prices of energy generating
products, limited conventional sources of energy
and their effect on the environment makes the energy efficiency in building design and construction a very important issue. The energy efficiency
in building design and construction is an area with
the largest potential for the decrease of total energy consumption. Estimates based on data obtained
from 15 EU member countries indicate that the
largest savings can be achieved in the building design and construction sector. Therefore, there is an
increased need for investment in the rationalization of energy consumption. This means meeting
the same needs with lower energy consumption.
The decrease of energy consumption or the decrease of energy costs cannot be achieved without
some investments in the application of measures
for energy consumption decrease.
All activities related to the increase of energy
efficiency are related to three basic requirements
for future development of the energy system: cli572

mate change combating, security of energy supplies and industry competitiveness. The European Commission has found that despite the everincreasing prices of energy generating products,
environmental consequences and dependency on
the procurement of fossil fuel outside the borders of European Union, 20% of energy is being
wasted. Indirect reasons for the increase of energy efficiency could be found in the employment,
economic savings, environmental protection and
climate change. A more efficient use of energy results in reduced consumption, improved environmental quality and contributes to the global fight
against climate change.
2. Types of measures for the enhancement
of energy efficiency in building design
and construction
The current status of building design and construction in BiH is characterized by irrational energy consumption resulting in great losses due to
poor thermal insulation and insufficient public
awareness about the need for more efficient energy consumption. The reason for that being the
fact that the buildings that are currently in use
have been designed and built at the time when the
energy was cheap.
The goal of energy efficiency in building design
and construction is to establish the mechanisms
that will reduce the energy demand for designing,
construction and use of new buildings, as well as
for the reconstruction of the existing ones; and
to remove the obstacles for the implementation
of energy efficiency measures in the existing and
new buildings. The successful implementation of
Volume 6 / Number 3 / 2011
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energy efficiency measures in building design and
construction is based on:
–– amendment of legislation regulating the field
of thermal protection and energy savings and
application of renewable energy sources;
–– increased thermal protection of the existing
and new buildings;
–– increased efficiency of heating, cooling and
ventilation systems;
–– increased efficiency of lighting systems and
energy consumers;
–– energy control and management in the
existing and new buildings;
–– introduction of energy certificate as a system
of building designation based on annual
energy consumption;
–– ongoing education of the public and
promotion of the measures aimed at the
increase of energy efficiency.
According to the data from 2005, the BiH residential building sector consumes 49.7% of the total final
energy consumption (Figure 1). The enhancement of
energy efficiency in building design and construction
results, not only in significant energy and environmental savings, but also directly affects the comfort
of living and prolongs the life of buildings.

Figure 1. Sectoral breakdown of final energy consumption in BiH (year 2005)/ Source: BiH Energy
Sector Study – Module12: Consumption management, energy savings and renewable energy sources
The following measures for the increase of energy efficiency in building design and construction are:
–– increase of solar energy use (especially in
new buildings); solar architecture is not
aimed solely at the increase of solar energy
use, but also the increase of cooling in the
summertime (Trombe wall);
Volume 6 / Number 3 / 2011

–– reduction of transmission and ventilation
loss (improvement of thermal insulation,
energy efficient windows);
–– reduction of losses in heating systems
(energy efficient boilers, pipe network
insulation, automatic regulation);
–– increase of the share of renewable energy
resources (solar collectors for hot water
system (HWS) and addition to heating
systems, use of biomass);
–– low-energy and passive construction.
Instead of paying for the increased energy consumption, a more rational variant would be to invest
in the enhancement of energy efficiency in building
design and construction while ensuring physical
comfort in the residential space which primarily includes satisfactory temperature, humidity, coolness
and internal air flow. Another important factor is a
high-quality natural and artificial lighting. When
the energy consumption is analyzed at the stage of
the usage of residential building the following systems are taken into consideration (Figure 2):

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Space heating
Water heating
Air conditioning
Freezers
Lighting
Electronic devices
Washing
Cooking
Computers
Other
Adjustment according to SEDS regime

33%
15%
10%
9%
6%
5%
5%
5%
1%
3%
8%

Figure 2. Structure of energy consumption in
households in 2000 (USA)
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Figure 2 hows that the largest percentage of
energy consumption goes for heating/cooling. According to the data from the Study of efficiency of
investment in the reduction of heat loss in the sector
of collective living in Sarajevo Canton, which covered the municipalities of Novo Sarajevo and Novi
Grad, average annual energy consumption for heating is ca. 150 kWh/m2. For comparison purpose,
modern low-energy houses use approximately 40
kWh/m2, and passive 15 kWh/m2 or even less.
Measures for the increase of energy efficiency
can be classified into three groups:
–– Technical (construction and machines)
–– Organizational (maintenance of the building
and heating installations; use of building
and heating installations)
–– Institutional (legal regulations, technical
regulations and economic incentives)
According to the amount of investment, energy
efficiency measures can be divided into three groups:
I Zero investment measures:
They are based on the motivation of building
users to rationally use the energy. These measures
are organizational and institutional. Zero investment measures include small investments, education, propaganda, good management and maintenance measures. International experiences show
that the key factors for a successful implementation of energy efficiency program are activities
aimed at education, information and raising the
public awareness about the importance of efficient
use of energy and the connection with the environmental protection goals.
II Measures with small costs and quick return on investment (up to three years):
These are energy efficiency measures that
include investment in new technical solutions,
equipment, installations, in order to optimize their
functioning. These measures are organizational
and institutional.
III Financially intensive measures (return
on investment over three years)
These are energy efficiency measures that include significant integral investments in the reconstruction of buildings, modernization of equipment
and installations in order to achieve positive economic effects through energy savings. These measures are technical measures. The energy savings
574

measures in the construction part can have a short
amortization period (interventions on windows and
doors, improvement of thermal insulation, reduction of heat loss) and long amortization period (replacement of windows and doors, facade thermal
insulation, reconstruction of roofs and stairs, closing of balconies and loggias).
Improvement of thermal insulation of buildings can save ca. 20-30% of energy consumption.
Additional investments in thermal insulation
have a relatively quick return due to the reduction
of heating expenses for the building. This period
can be defined according to the relation [1]:
n = ln [1-(Ci / Cd) (i-r)/(1+r)]/ln[(1+r)/(1+i)]
where:
n – is return on investment period (in years);
Ci – is value of investment;
Cd – is profit from investment;
i – is interest rate;
r – is inflation rate.
Figure 3 shows a schematic representation of
the principle of determination of optimum thermal
insulation for a building when construction structure and technical heating system are known.

Heating system costs (investments and amortization)
.................
Exploitation costs (installation and maintenance)
— ∙—∙—∙—∙—
Average annual costs of thermal insulation ———
Total average annual costs — —
Figure 3. Dependence of annual heating costs on
the degree of thermal insulation of the building
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In addition to the high level of thermal protection, energy efficiency and energy consumption
also depend on avoiding thermal bridges and their
minimization.
Given the fact that the walls make only ca. 30%
of the total external surface of a residential building, adequate interventions on windows and doors
can help to achieve larger energy savings. Table 1
shows data for transmission loss of heat in wintertime and heat inflow by transmission and radiation
in summertime through a transparent panel of 100
m2 area for different types of glass.
Table 1. Representation of solutions for different
types of glass surfaces
No.

Glass surface

Transmission Heat gain,
loss, QT [kW] QF [kW]

1

22.4

53.03

2

4.18

35.09

3

1.9

29.03

Note: In this design a simplified calculation method was
used with the assumption that the transparent panel is located in Sarajevo, with design outdoor temperature -18°C
in wintertime and +31°C in summertime.
U (k) – the overall heat-transfer coefficient

Concerning effects on the environment, it is
also necessary to mention eco-indicators (Table
2), since the effect of residential buildings on the
environment is very significant [1].
The most rational model for determination of
the eco-indicator in building design and construction is based on the observation of two effects on
the environment: energy consumption and CO2
emission in the building’s life cycle.
Reduction of energy consumption for heating
and reduction of CO2 emission in the building design and construction sector resulting from the application of adequate technical interventions can
be illustrated using the example of the reconstruction of residential buildings in Sarajevo as part of
a pilot project aimed at the reduction of energy
consumption launched within the framework of
the Strategic Development Plan of the Heating
Company, Cantonal Public Utility Company, for
the period between 2006 and 2016.
All selected buildings are rather old (built in
1960-ies) with large specific heat load. Activities
aimed at the energy efficiency enhancement included the following:
–– installation of new thermal insulation 5-8
cm thick,
–– sealing the windows to reduce ventilation
loss, and
–– installation of thermostatic valves in
apartments in order to enable rationalization
of consumption.
Results are shown in Figure 4 and Figure 5.
Average energy saving is ca. 100 kWh, and the
reduction of energy consumption also reduces the
CO2 emission in the atmosphere, which is reduced
for ca. 20 t of emission per year.
Analysis of the costs of thermal insulation enhancement and the return on investment gave the
following results (Table 3):

Table 2. Weighting factors (points) according to Eco-indicator 99 Methodology
Effect
Climate changes (emission of CO2)
Coal exploitation
Petroleum exploitation
Natural gas extraction
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Weighting factor
0.00545 points/kg
0.00599 points/kg
0.14000 points/kg
0.12500 points/m3

Effect
Electric energy (EU)
Coal energy
Petroleum energy
Natural gas energy

Weighting factor
0.0220 points/kWh
0.000204 points/MJ
0.00342 points/MJ
0.00357 points/MJ
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mechanical engineering and services in the
field of construction).

Figure 4. Specific consumption ratio before and
after the installation of insulation

Figure 5. Dependence of the amount of payment
on the specific heat load
Some benefits that can be achieved by investing
in the energy efficiency enhancement measures in
building design and construction are:
–– in case of a single investment in the
reduction of energy consumption, energy
savings are daily, i.e. there is a period of
return on investment,
–– investment in the reduction of energy
consumption also reduces the outflow of
foreign currency for imported energy (gas
and liquid fuel in case of BiH),
–– investment in the reduction of energy
consumption increases local employment
rate (design services, services in the field of

Speaking about the cost-effectiveness of the
energy efficiency maintenance in building design
and construction it is important to mention that the
price of energy is not the key element, but rather
the costs related to the purchase of energy generating products, conversion of energy generating
products in the furnace or other device and prevention of energy loss in the space. Given the increase in the prices of energy generating products
and total energy-related costs, these costs require
an increasingly careful management.
There are three significant areas where subsidies or other types of support to energy efficiency
can be applied: research and development of special technologies, subsidies for energy production
per production unit (or per capacity unit), and reimbursement of external costs that are mainly paid
to the community or are subsequently collected by
the government. The effects of adoption of such
measures in developing countries are:
–– increase of employment, as one of the key
contributions to the economy and social
community,
–– reduction of energy import (lower foreign
trade deficit),
–– incentive for technological development
(chance to apply scientific knowledge in
practical work),
–– quality of life of the population (living,
health, working conditions, ...),
–– reduction of greenhouse gas emission which
contributes to attracting direct foreign
investments.
Calculation of optimum insulation based on
already outdated thermal protection regulations
has long been surpassed. Energy prices now are
so high that investments in thermal protection are

Table 3. Analysis of total costs of buildings warming up and investment period return
Enhancement of thermal
protection according to
economic price

Total costs of the
building protection
(KM)

Actual annual savings
in energy consumption
reduction (KM)

Return of
funds

Kemala Kapetanovića 11-15
Ustanička 5-7
Prvomajska 6-8

150 000
160 000
130 000

16 000
10 100
10 000

ca. 9 years
ca. 15 years
ca. 13 years
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a priority. The issue that arises here is the profitability of such investments, i.e. the length of the
period of return on invested funds. Experience
shows that this period is relatively short in case
of measures including small costs, but relatively
long (up to ten years) in case of larger investments. However, when estimating the efficiency
of investments, two more things should be taken
into consideration:
–– role of the economic multiplier (in a
situation of insufficient employment the
effect of investment can increase up to three
times due to money flow),
–– in cases when imported fuels are used, the
investments at the same time reduce the
import and outflow of foreign currency and
stimulate employment and development of
construction design.
In addition, regulation of energy characteristics
of buildings is very important for the building design and construction sector (Directive 2002/91/
EZ (2010/31)). It brings new changes for all participants in the design and construction. The purpose of the regulation in the field of energy efficiency in building construction and design is to
point out the necessity to reduce the consumption
of all types of energy in the buildings that are to be
built and the existing ones. The energy efficiency
certificate for buildings must include values such
as the existing legal standards and comparisons in
order to enable the customers to compare and assess the energy value of a building. The certificate
must be accompanied by recommendations for
economically justified energy efficiency enhancement. The purpose of the certificate is to provide
information.
Producers of construction material must be responsible for the certificate of their products conformity, which represents a reliable statement that
the producer has an established quality system and
the factory products control in order to ensure the
conformity of production with the relevant technical specifications. The policy of EU is that the state
subsidizes construction materials and services that
are on the line of enhancing the energy efficiency
in terms of energy consumption, instead of subsidizing the energy consumption. The introduction
of energy cards for buildings and the certification
Volume 6 / Number 3 / 2011

of buildings will significantly increase the value of
buildings with low energy consumption at the real
estate market.
The regulation is aimed at enhancing the energy efficiency and as such it is the instrument of
improvement of the total security of energy supply, reduction of dependency on the import of
energy generating products and reduction of CO2
emission from the energy sector. The purpose of
the regulation is to increase the cost-effectiveness
of energy efficiency enhancement by adopting the
necessary goals, tools, initiatives, financial and legal frameworks for the removal of barriers affecting the efficient usage of energy. This will ensure
the application of adopted measures primarily in
the public sector focusing on the most cost-efficient measures that bring the largest energy savings and the fastest return on investments.
3. Conclusion
The energy efficiency concept should change
from the concept of energy supply to the concept
of energy usage – from the concept where the
energy producer is the focus of attention to the
concept where the energy user is the focus of attention. The energy efficiency in building design
and construction can have significant economic
effects because direct and indirect savings create
possibilities to export energy and generate income
from that. Reduced consumption of imported energy generating products reduces the costs of their
procurement. The implementation of this energy
efficiency policy requires special organization
of legislation, technical regulations, cooperation
between authorities on all levels, cooperation between the authorities and the public, finding the
ways to finance and support the energy efficiency enhancement projects. According to the BiH
Energy Sector Study – Module12: Consumption
management, energy savings and renewable energy sources, the application of energy efficiency
measures should result in the reduction of the final
energy consumption in households to 40.1 % by
the year of 2020.
Numerous international and European experiences show that one of the most successful ways
to support the energy efficiency is to establish a
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fund whose basic goal would be to stimulate the
implementation of those activities and measures
of energy efficiency that have positive effect on
the society as a whole. The areas covered by the
Fund should be: energy efficiency in building design and construction and sustainable construction, as well as energy efficiency in centralized
heating systems. The existing situation with the
energy efficiency in building design and construction in BiH can generally be described as unsatisfactory, which means that there are significant saving potentials. It is very important to increase the
awareness of the public and institutions about the
energy efficiency in building design and construction through education and counseling about the
energy consumption, information and education
of the urban developers, designers, architects and
other professionals.
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Information technologies do not
solve problems in business – they
just provide solutions if used in
the right way
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Abstract
The implementation of information system in
an organization without previously considering the
aims and way an organization works cannot produce
satisfactory results. Instead of the question: “How
should information technologies be used in order
to improve what we already do in our company?”,
a completely different question should be posed:
“How should we work in a different way from the
current way of working, which could be provided
by information technologies, so that we dramatically improve the modern performance measures
of the company?” The case study of the “Enterijer
Janković” company shows how the changes in organization system and the way of working lead to
improved data, knowledge and information flow,
which results in an adequate information system
and hence significant enhancement of the company’s business performance. This is especially significant for companies that have grown out of running business in a classical industrial manner and
companies that have their interdependent activities
located at various distant sites.
Key words: information systems, organization, project, organizational structure
Introduction
“Enterijer Janković”, the company specialized
in design, production and interior design, was established in 1994 by one man himself. The initial
number of employees accounted for a director and
Volume 6 / Number 3 / 2011

five workers, while today there are four hundred
employees in two business units in Novi Sad.
The company is active both in the domestic and
foreign market. The volume of daily work requires
working in three shifts and very often working
overtime or during the whole night in the field or
in the factory.
As it is already mentioned, the company deals
with designing and production of interior components meeting the needs of previously known customers according to the turnkey system. Some of
the company’s references are:
–– Complete interior works of the State Duma
in Moscow,
–– Complete interior works of the Russian War
Headquarters building,
–– Interior works for the hotel chains in Spain,
hotels in France and Russia.
In our and even in terms of world business, the
company is deemed to be successful, competitive
and of dynamic growth. The organizational structure of the company is a classical hierarchical organization, as it is shown in Picture 1.
Such organizational structure is not suitable,
especially in the working conditions of “Enterijer
Janković” which embody the following:
–– Dealing with a previously known customer,
meeting their needs and requirements
completely;
–– Production of unique items of great
complexity. Every contracted interior
is unique. Except for the use of wood,
there are also works in gypsum as well
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as in stainless steel, which requires the
company’s cooperation with subcontractors
(who produce elements of stainless steel and
elements of interior made of gypsum);
–– A great deal of work is done at a customer’s
location, which could be at a great distance,
even some thousands of kilometeres
away from the production sections of the
company;
–– The capacity of the company production
sections are not big enough for the existing
workload, so a part of work is done in
cooperation with partners.

Picture 1. Organizational structure of the “Enterijer Janković” company
The previous facts imply that the company does
not work in a classical industrial manner, since
there is no mass, well-established production, in
which the business processes and especially production processes are repeated regularly, but on
the contrary – each and every contracted project
literally stands alone.
The owner of the company, who is at the same
time its General Manager, was not satisfied with
the company’s level of manageability. Due to the
short period of time available for production, the
business quotations were made ad hoc, without
real or precise indicators and so they involved
the risk of great losses if the quoted price was too
low, or the risk of losing the job if the price was
too high. Accepting of new tasks disturbed the
planning in the production to such an extent that
lateness became an everyday characteristic. In
addition, great amount of materials were ordered
for factory sections just to be left there due to the
changes in the production plan until they were forgotten, or material was ordered according to one
indent for goods and then used according to an580

other one, after which it was left just to block the
working space. The designer solutions made problems to construction department whose work, on
the other hand, was not precise enough or of low
quality for the production. The analysts did not
manage to determine the cost of particular works
even when the task was completely finished. Thus,
the owner never knew at which stage a project
was, how much money had been spent on a project at a particular moment, how much money was
yet needed, what the future receivables or existent
payables towards the suppliers were. The solution
to this problem had been sought in constant variations of the presented, hierarchical organization
structure and in the introduction of information
systems. Within the following years, the hierarchical structure was varied several times. Three
complete information systems were bought from
the eminent software companies and each of the
systems was tried, one after another one, but the
solution to the given problems was not found.
The analysis of the problem
Faced with such problems, the owner addressed
our team requesting an information system that
would suit the business performance of his company. Upon the observation of business processes
in the “Enterijer Janković” company, the following problems which disturb the appropriate functioning of the company were noticed:
1. the confusion in the statements regarding the
organization of the company, allocation of
work and information flow;
2. failure in following already established
procedures determined by the quality
programme;
3. an out-of-date hierarchical organization concept
based on the theory of F. Taylor and M. Weber;
4. lack of real team work and cooperation among
the employees;
5. lack of defined and determined terminology of
professional terms and expressions used in the
business cycle;
6. the changes in the company occur only to meet
demands of the environment for a higher rate
of service and as a result of cooperation with
renowned investors;
Volume 6 / Number 3 / 2011
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7. the employees and their superiors are
concentrated on tasks, instead of being
concentrated on results;
8. there is no integration of information processes
into real processes that provide information;
9. the range of working space exceeds the existent
framework for doing business and sharing of
information;
10. insufficient synchronization of parallel
activities;
11. insufficient level of competence of the workers
and most of their superiors;
12. the main decision-making is not at the working
site;
13. there is no information system for obtaining
information and data at the very source of
information (where they are provided);
14. there is no solution to the way of reacting to
rapid changes in production so as to be able to
quickly adapt to newly arisen situation;
15. investors’ (customers’) requests that are not
defined or clear enough are accepted;
16. at times, the quotation and contract do not
comply with each other;
17. there are cases when investors define their
demands inadequately or incompletely;
18. there are no contemporary models or
techniques in the process of evaluation of
business parameters which are indispensable
for decision-making that should lead to
successful business performance;
19. there are neither modern methods of project
and production management nor application
of an integral information system;
20. during the work, there are ad hoc changes in
the type of work activities, regardless of the
amount of the possible costs;
21. quality management and quality improvement
do not practically exist;
22. as in most cases, the organizational structure
has been defined before considering the way
of working (working processes)
23. the lack of concentration on the efficiency of a
process could be felt;
24. the employees’ attitude is that they work for a
department, sector, section or on some project
instead of feeling they work for a business
process;
25. activities and tasks assigned to a department
Volume 6 / Number 3 / 2011

26.
27.
28.

29.
30.

31.
32.
33.
34.

35.

or as a part of a project in which the employees
are involved are typically assessed in a routine
manner;
there is no efficiency measurement of the
undertaken processes;
functional tasks are grouped in functional
organizational units instead of grouping of the
activities that are logically connected;
special functions are also created; each of
them has its own “limited” functional task and
makes crucially important decisions without
proper consideration of the impact on other
organizational units or processes;
every facility (regardless of the size or
purpose) is mostly a unique item;
the facilities are often located some thousands
of kilometers away from head office of the
company that carries out the works. This
poses series of problems; in organization and
information terms;
there is not (enough of) coordination between
designers and architects in the process of
production, which causes enormous problems;
there is no database of positive and negative
experiences and therefore mistakes are
repeated;
there is neither database nor categorization of
business partners or subcontractors;
there is no human resources management in
the company; there is nobody who should take
care of the existent (very often concealed)
antagonism among employees as well as
between organizational units of the company
and of employees’ dissatisfaction. All these
result in a bad functioning of business
processes and thus in bad functioning of the
whole company;
the owner and management are focused on
organizational structure instead of being
focused on the way in which the business
processes function.

It is concluded that the most of the noticed
problems are caused by the company’s bad organizational system. Namely, a hierarchical organization structure could be an appropriate way of
organizing only for the companies dealing with
mass production in a classical industrial manner.
Such production was convenient in the early pe581
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riods of industrialization when markets were not
saturated. Nowadays, it is completely inadequate
because it provides a rigid, inflexible organization
which is not sensitive to the demands of the market or to changes in the market features. [2],[5]
This was a distinct feature of the situation in the
“Enterijer Janković” company since they produce
unique products of great complexity for previously known customers entirely meeting customers’ needs and requests. Therefore, there is practically no mass production. “Enterijer Janković”
is actually a multiproject organization and thus a
multiproject organizational structure would suit
it best. Such a structure provides more flexibility
in organization, ability to deal with rapid changes, frequent changes in production plans or even
changes in business performance when there are
no definite plans, whereas each and every product
is a project itself.
A project organizational structure is introduced in order to meet the targets of a particular
project, which is not attainable if the established
organizational structure is used. A project organizational structure is developed to meet the real
conditions and overcome the limitations.[3],[6]
Therefore, specialists from various organizational
units are engaged or outsourced and the tasks are
allocated to them. They report to the project manager, who is entirely responsible for the realization of the task. The engaged specialists are free
from their duties when the project is completed
and they return to their usual duties or they are
assigned to another project. Such structure can be
combined with the existent organization system of
the company in various ways. In extreme cases,
entire independence in decision-making is granted
even for decisions on financial issues. This type
of organization structure entails involvement of a
coordinator, a future project leader, at early phases
of project processing. As the processing of work
goes on, the coordinator recruits members for his
team on the basis of the gained knowledge about
the future work. In the further development of
work, appropriate specialists fill the planned posts.
The advantages of project or similar organization structures (e.g. matrix or cluster) are numerous:
A team, which can “see” the whole work instead of taking into account only “their” segment of
work is formed for every single project. This is very
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important because in this way workers take on responsibility towards customers instead of being responsible to their functional superiors. In addition,
the involved employees have a better knowledge of
other team members’ duties, of their problems, limitations etc., which contributes to better cooperation
instead of antagonism and shifting of responsibility onto other organizational unit within a classical
functional (sector) organization.
Team now functions as an independent unit, in
which all members share the work. Thus, a large
organization is broken into more practically small
specialist workshops (teams), which eliminates
the need for complex management that is typically
required by a large organization.
Since the team functions as one whole, it is
more sensitive to the disturbances that come up
and to the necessary changes in the project. The
team perceives problems easier and reacts faster
and better to them compared to the situation when
the problems are obscure or “invisible” because
the whole project is broken into parts according to
the organizational units of the company. In brief,
the entire organization is much more flexible and
the quality of work is better.
The team members are, naturally, more interested to have their team functioning as a whole,
not as an organizational unit that it used to be.
Therefore, the contribution of every team member
to improvement of the team performance is stronger now compared to the situation when they work
within an organizational unit. A team as a structure
is more innovative and if managed appropriately,
it could become self-manageable.
The implementation of the new way of
working
During the talks with the owner and employees,
it was concluded that the company was not ready
to undergo such organizational changes at that moment because the company’s organizational culture
did not allow for it. The compromise solution was
reached to some extent, so the company was reorganized according to the matrix organizational structure, as picture 2 shows. Such type of organizational
structure is less formal than hierarchical one. It is
also flexible and allows for changes depending on
Volume 6 / Number 3 / 2011
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the concrete situation. Hierarchical relations are less
defined and new relations, being often temporary,
are established among the workers engaged in the
same task. Horizontal relations are developed between the specialists of various vocations and different groups during coordination and realization of
the joint task, whereas the relations are less directed
towards communication along the vertical. What is
also typical is the less distinct feeling of belonging
to one permanent group in the company, while the
cooperation with specialists of other vocations is developed on the project. In this way workers become
devoted to the mutual aim and their motivation for
the success of the entire project is high.
The fundamental principles of the organization
functioning according to the organizational scheme
presented in Picture 2. When a customer submits a
request for quotation, it is forwarded to the MPM
(Multi-Project Manager). The MPM with associates coordinates the work of all teams that are active at that moment, monitors the level of engagement of the project managers (who could also be
team leaders) and on the basis of the provided information and personal experience appoints the team
leader of a particular project. At that moment the
team leader does not have a team. According to the
customer’s request, the team leader forms the initial team selecting the employees needed for processing of the request. The MPM, who is in charge
of coordinating of the teams, approves of the team
members and makes corrections to the list of team
members together with the team leader. The team
comprises the employees who should provide the
necessary evaluations regarding the project realization (see “project planning” above). It is highly
likely to have the evaluations from the following
sectors of work: construction, production, installation and certainly from legal affairs, accounting etc.
There is no need for these sectors to be physically
at the same location since their collaboration is provided by software systems for the work of “virtual”
teams. In addition, their engagement in the team
could be for a short period of time – until they finish
their part of project planning and have it complied
with the others working on the planning. It should
be pointed out that planning is not a sequential, but
parallel process (everybody works on their parts at
the same time, as much as it is possible for them).
After that, the MPM gets in touch with a customer
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and in the interaction with a customer and the team
leader (who is in interaction with other team members) the quotation is defined. We should emphasize again that the following communication: the
MPM-customer, customer-team leader and team
leader-team members via the software systems is
fast, asynchronous and parallel. The MPM has the
data about previously completed projects, the phases of their completion and availability of the resources. On the basis of such data the MPM makes
necessary corrections to the project plans made by
the team leader (concerning deadlines or need for
engaging additional resources such as cooperation
and so on). The concluding of the contract up to
a certain amount could be in charge of the general
MPM, and for the sums beyond his authority, the
contract has to be approved of and signed by the
general manager. If the quotation is not finalized by
signing of the contract for any possible reason, the
initial team is dissolved. If the contract is signed,
the team leader forms the final executive team that
consists of those employees planned in the project
as human resources (workers at machines, installation workers, varnishers etc.) and the implementation of the projects starts as it is planned. During the
implementation, the team leader manages the team
and controls the project range of activities, costs
and quality. The team leader also makes any necessary corrections which are included in the planned
reports that he/she makes. The reports are entered
into the software system and then they are instantaneously available to the MPM both at the level of
every single project and at the level of all active or
selected projects. Finally, the project is closed and
the team is dissolved after the final report.
The team and team leader are responsible for
the whole project. The MPM coordinates the teams
and ensures that there is no overlapping which
would disturb running of any project. The MPM
could point out to the team leader that there are not
enough resources in the company (human resources, machines etc.), but the team leader approaches
and coordinates the co-operative companies as well
as the subcontractors if needed. (based on the [8])
The MPM takes care of the number of projects
in which each employee is involved and coordinates the load that employees, machines and other
resources have to handle and also optimizes the
time needed for every project running on.
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Picture 2. New organizational structure of the “Enterijer Janković” company
The numbers from 1 to 12 in Picture 2 refer to:
1. Project Managers
2. Animation
3. Designers
4. Technological preparation
5. Procurement
6. Production Management
7. Production
8. Internal installation
9. Warehouses
10. External installation
11. Logistics
12. Cooperation and subcontractors
Such presentation of the idea underlying
the new way of working provides the description of all business processes that the “Enterijer
Janković” company comprises. The business processes may seem complicated, which might create
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confusion given the fact that the basic premise of a
successful business performance is simplification
and making business processes, phases and activities within them shorter. Although each of the activities in one process seems perfectly logical in
theoretical terms, to the employees experienced
in production, especially in the companies dealing with engineering and production of unique
products according to the turnkey system and with
no established mass production (like the situation
in “Enterijer Janković”), it seemed impossible to
keep the processes described functional.
If the business processes are to be developed as
it is decribed further on in the text, some assumptions have to be made previously:
The business should be trade-like, in terms of
emloyees’ skills, flexibility in realization of work,
product quality and customer relations, while at
the same time the necessary features of the indusVolume 6 / Number 3 / 2011
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trial way of work should be kept since they provide productivity, efficiency and consistent planning.[2], [6], [7]
In order to make this possible, it is necessary
to develop the ability of making unique interiors
that are tailored to suit wants, needs and capabilities of a customer. However, it is also necessary to
use the highest possible percentage of standardized, “established in production” parts, elements
and configurations with “once developed for multiple use” technical and technological documentation (modules), and as little as possible of details
which would make the final product (interior)
unique and meet the needs, wants and capabilities
of a customer. By various combinations of “modules” and adding particular details, trade-like and
industrial way of working merge together eliminating all drawbacks, but keeping good features
of each of them.[1],[2] For instance, there are
three or four types of doors but the entire door
construction for a particular model is always the
same. The differences are made by changes to the
external door layer (e.g. different kind of veneer,
horizontal or vertical sticking, use of one-out-offive types of battens etc.) It is the obligation of
the interior designer in the first place and of the
animator to try to meet wants and needs of a customer using the modular way of designing (and,
of course, forming “library-archive” of the module). In that way, for every new task, for 80% of
interiors or even more, there would be construction lists available. They should be just modified
slightly. There would also be a list of the required
material and tools, operations and work norms. On
the basis of such data it is easy to set deadlines
using a computer software. The databases already
contain experience norms of external installation
for similar tasks, and in such cases, the planning
of the project task realization could be carried out
in a satisfactory way, within a reasonable period
of time and with acceptable involvement of resources in making of the plan of the project task
realization or making of the quotation, assuming
that it might be rejected. In addition, all previous
tasks have to be in the company’s information system, broken into steps for planning of the project
task realization, so that they are, with some modifications, reusable in future projects.[6], [7]. The
planning of the project task realization conducted
Volume 6 / Number 3 / 2011

in this way ensures that the running and realization of the task are done with minimum of distrubances, hindrance or surprises and with maximum
of planning. In addition, the planning of project
realization of any future task is improved, faster
and more real compared to the existent one. Such
an approach results in providing the minimum of
cost of “thrown away” effort put into the planning
if the quotation is rejected, while the deadlines for
making of the quotation are more acceptable when
it comes to concluding of contract and realization
of the entire task.
The abovementioned model is an ideal case. It
means that (Team) Project Leader is allowed, if
he/she considers it necessary, to change the previously given business processes circle, i.e. he/
she is allowed to modify or even “skip” some
of the determined activities that make a process.
For example, he/she can “skip the making of
pattern sheets, operations lists (of technological
procedures) and setting deadlines when making
the quotation, and give (free) estimate of the resources necessary for production (time, people,
material, tools) on the basis of the previous experience or in some other way. However, he/she
must not change any activity that is an integral
part of tha process or modify it unless he/she provides a written explanation for the reasons why
it is not possible to follow the set procedure in
that particular case. He/she also has to give the
asssessement of risk arising due to the changes
to the set procedure. Each of these items has to
be disscused and upon the realization of the task
at “Analysis of the achievement of project realization” the employees in charge of Business
processes analysis and TQM (see Picture 2) have
to make their suggestions and take measures to
overcome and eliminate the perceived problems
so that they do not hinder the process of making
a quotation in the future. The project leader also
has to suggest the correction to the price of the
task that is to be included in the quotation. The
correction to the price is caused by the previously
estimated risk quotient incurred due to not being
able to provide precise planning of task realization.
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Conclusions
At the beginning of 18th century, when the foundations of the today’s dominant, industrial business
were laid on the basis of the division of labor described in the works of Adam Smith and Frederick
Winslow Taylor, the only way to achieve an effective management of the entire process of making a
product was by taking over the managerial, or more
precisely, command structure which proved to be
successful long before in the military organizational
structures. The experience of military organizations
showed that it is effectively possible to manage a
company with at most ten people at lower executive
levels, while the number of people to be managed
in an adequate way decreases with a higher level of
management. The whole commanding system was
based on a classical hierarchical structure and subordination, which was applied to business environment without any changes and where it proved to
be successful and efficient.
This whole paper is based on the abovementioned premises. The “Enterijer Janković” company deals with known customers whose impact on
the product design and product features, terms of
delivery, means of payment and deadlines is huge,
and practically decisive. This means that the concept of mass production is entirely abandoned and
the new business concept, which suits the age of
knowledge, is adopted.
Over the years there were numerous attempts
consisting of constant changes to variations of hierarchical structure so as to adjust it to the business
needs of the company. There were also attempts
of “informatization”, i.e. the introduction of a new
information system which should have helped the
business defined by such a hierarchical organizational structure and unchanged business philosophy
to enhance its performance, minimize problems and
possibility of coming to a standstill as well as prevent
faults. However, all these attempts failed. The team
in charge of animation and presentation of a future
interior for the previously known customer did meet
the customer’s wants and needs, but their solutions
often caused problems to interior designers and architects who should have had to “transform” the
animation into a feasible project. On the other hand,
the designers’ solutions caused problems to production preparation which could have been much more
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efficient and easier if some changes had been made
to the project. The fact that new projects were constantly undertaken disturbed the planned tasks in the
sections and made insurmountable problems to production. The personnel engaged in installation activities, usually working thousands of kilometers away
from the head office, was left to themselves and
made mistakes caused by lack of connection with
the production. The subcontractors were uncoordinated with the company liable for the works, which
caused additional problems. The implementation
of information technologies “within the company’s
four walls” did not produce any results in this case
as the business philosophy was based on the premises of industrial way of production which proved to
be inadequate for this company.
The classical information management system is
entirely inadequate for such kind of business. Software packages for project management are, on the
other hand, insufficient in view of the needs for production management and specific features regarding
the making of the quotation in the interior industry.
The only solution that seemed plausible was development of software which would strictly follow the
newly established business processes which were
brought about by the transition from the hierarchical
to multiproject organizational structure.
The change in the organizational structure
led to radical changes in business processes, i.e.
to reengineering of all business processes of the
company. The proper running of these processes is
not possible without the support of an information
system created to strictly follow these processes.
The realized information system is designed and
developed in combination with the reengineering
of the business processes.
In this way, by adopting a different, more creative approach to organization and information
technologies, the modern business performance of
this company that deals with production of interiors for a known customer is enhanced.
The initial results of the implementation of this
approach to the “Enterijer Janković” company
prove a point. Owing to such an approach, even
an exceptionally difficult business year of 2009 resulted in the company’s success. The lateness was
considerably reduced while the customers and,
what is equally important, employees expressed
much deeper satisfaction.
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Introduction
The analysis of data in the space of multivariate
phenomena is a very complex issue, therefore one
should always try to study fundamental laws with
systematic neglect of details. This phenomenological characteristic of science is understandable and
justified, however only if it does not distort a picture, and in situations which cannot be exclusively
included in phenomenological framework. In such
a manner, rules are discovered, as well as potential
differences of individuals afterwards. However,
individual positions are no less interesting. Properties of individuals, in a condition or process, are
usually seen as a) an individual within a mass of
entities, b) an individual within a group or cluster, and c) an individual alone. Literature does not
know a situation when a whole sample or population, described by a larger number of variables, are
seen from the aspect of only one selected entity.
Generally speaking, methodologically there
have not yet been found sufficiently solid logical foundations for the construction of appropriate actions and procedures by which all other entities might be described in a multivariate space
with properties which characterize one and only
entity. It should be emphasized that if exactly such
an individual is what we need in a situation, then,
without any risk, a portion of all other characteristics and capacities of all other individuals, from
the aspect of objective, may be declared a mistake.
An individual who “ideally” describes the properties for exactly such an activity, is, by himself,
the best measure of normative values, although,
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at first sight, it does not seem that obvious, and
his position in a multivariate model is defined by
multidimensional parameters of his very properties and the very activity, not by results of all
other individuals who, per whatever criterion, we
choose as a sample of which he is a part.
Problem and Objective of Research
The thoughts described in the introduction inevitably direct us toward taxonomy of data and
understanding of all entities with their properties
in taxonomic sense. With this, it is easy to conclude that one of important determinants of action is exactly the identification of truly existent
groups-taxons with certain composites of properties. However, even if we put these positions to
extreme, it shall become clear that even then the
ultimate goal is not reached, but that it will occur exclusively by placing any individual into the
very center of our interest. The reason is that it is
easy to imagine an activity, any activity, in which
a certain individual, and nobody else, will give his
maximum. It is not at all important whether that
concrete activity really exists or not. If we set the
problem in this manner, that “ideal” entity shall be
a realistic measure for successful implementation
of that activity, while all others will show smaller
or larger deviations in accordance with their properties. Mathematically, this means that the multivariate measure of the central tendency of population for such an activity is given by the parameters
of exactly that individual!
Volume 6 / Number 3 / 2011
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This does not mean anything else but the mapping of measured data of all entities from one space
defined by general rules into a new space whose
rules determine the properties of selected individual, taking into account the existence of variations
represented by all others. The objective of this research is in accordance with that, and it is contained
in the definition of a new framework of reference in
which the selected individual represents exactly the
expected condition, and his results multivariately
stand exactly in the middle of population values of
thus defined multivariate model. This is obviously
about the mapping of data from one space into another, when the initial space certainly gets deformed
to some extent in order to meet criteria parameters
determined by the data of selected entity. Clearly,
the secondary goal is also to determine the location
of any other entity (or group) in thus determined
framework of reference. Of course, from thus rescaled date, it is also necessary to separate the higher-order mechanisms for interpreting the results. By
application in multiple control points, the information is provided on the individual’s transformation
in compliance with the applied set of stimuli, and
thus the whole area, if exactly that individual, for
any particular reason, is extremely important for the
definition of space.
Algorithm
When E = (ei; i=1,...,n) is a union of entities
randomly selected from a population P, and V =
(vj ; j:=1,...,m) is a union of linearly independent,
normally distributed quantitative variables, then
by the operation of associating the values V to the
entities from E we get a matrix X = E ⊗ V which
describes the condition of union E on union V at
some point of time t. When M = (mj ; j=1,..m) is a
vector of mean values on m variable of matrix X,
(mj= Σ xi / n), and when in vector S = (si ; j=1,..m)
there are standard deviations of the variables from
V described in X ( sj = sqrt( Σ (xi - X)2)/n), in matrix
Z (zij; i=1,..n, j=1,...,m) there shall be standardized
values of the results of entities per individual variable expressed in the values of standard deviations
of each variable (zij = (xi,j – mj)/sj).
Now let us choose one entity at will. Let us
declare all his results zero, i.e. center the whole
Volume 6 / Number 3 / 2011

matrix Z at the values of that entity. Let us center numerically smallest and largest results per
each variable at arbitrarily expressed z value ±δ
which expresses extreme values, with the smallest one being ±3.5 (pz=±0.50000; surface under
normal curve). With this operation, we defined a
new stretched space and limits of the new reference system in which the chosen entity is the exact
measure of central tendency of all m variables. All
other results of all variables between 0 (zero) and
MIN (-δ), and between 0 (zero) and MAX (+δ) we
should rescale to get the following matrix
W (wij ; i=1,..n, j=1,...,m)
when
wij = (zij / zmin j) * (- δ )
for zij < 0.0
for zij > 0.0
wij = (zij / z max j) * (+δ )
for zij / i = rb, ordinal number /
zij = 0.0.
We now have matrix W as an interpretation of
matrix Z in the new coordinate system defined by
shift per each univariate starting point separately.
In matrix W there are hypothetical standardized
population values of the data of entities, under
the assumption that out of total population (or
sample), there has been selected exactly the unit
sample whose only correct multivariate parameters are arithmetical means of equal value of the
selected entity.
The values of deviation of population are as
different from the measured data, as the z values
differ from 0 (zero). In relation to this reference
system, we can now precisely, univariately determine the distance of any individual from targeted
values. However, our goal is also to get the information in multivariate field.
Therefore, when matrix C (cij; i=1,..m, j=1,...,m)
contains gross covariance of m variables from W
(C = WTW), with diagonal D2 matrix of variances
of thus defined relations m of rescaled variables,
there will be their associations (R = D-1/2 C D-1/2)
in symmetrical matrix R (rij; i=1,..m, j=1,...,m).
Under the factor model, by the reduction of dimensionality on the basis of non-trivial values of
the spectrum of matrix R, there will be defined orthogonal latent mechanisms in the space stretched
with m variables. For easier interpretation, this
system is translated into an optimal orthogonal solution under varimax model, while the final nonorthogonal solution under the orthoblique model
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offers a final description of higher-order mechanisms. This algorithm obviously gives results in a
defined space, under the assumption that the entire
space may be maximally marked by one individual. Since there is total n of such individuals in
the described model, it is clear that the procedure
should be iterated, according to a criterion, until
the desired rules are determined.
Algorithm Behavior – Problem of Adequate
Training
For the purpose of checking the quality of algorithm, the data of 249 male entities were analyzed,
their age being 7 years +/- 2 months, students of
the first grade of elementary school. Within the
period of one year and a half, they were subject
to systematic transformational procedures with
an aim to support the functions of growth and development. On three occasions, at the beginning,
middle and end of the treatment, the entities were
measured with 26 variables intended to cover the
area of morphological and motor dimensions. Out
of this number, there were 14 morphological variables for which it is certain that they are used according to the international biological program,
but also that they can relatively well cover the different models of latent dimensions obtained from
different studies: body height (AVIT), leg length
(ADUN), arm length (ADUR), wrist diameter
(ADRZ), knee diameter (ADIK), biacromial diameter (ASIR), bicrystal diameter (ASIK), body
mass (ATEZ), amplitude of forearm (AOPL), volume of tibia (AOPK), middle thorax (AOGK), upper arm skin fold (AKNN), skin fold of the back
(AKNL) and abdominal skin fold (AKNT). There
were also used 12 motor variables planned to cover the area of primary motor dimensions (coordination, frequency of motion, flexibility, balance,
repetitive strength, explosiveness, static strength
and endurance) according to different studies: side
steps (MKUS), polygon backwards (MPOL), hand
tapping (MTAP), foot tapping (MTAN), straddle
forward bend (MPRR), standing on the balance
bench (MP2O), broad jump (MSDM), throwing
ball into distance (MBLD), 20-minute run from a
standing start (M20V), sit-ups (MDTS), held part
in the hang (MVIS), 3-minute run (MT3M). Out
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of all 249 entities for this review, there were selected some who were typical by certain characteristics. For example, the entity with ordinal no.
083 was selected due to his extreme height within
the overall sample. The entity with ordinal number
232 was selected because he displayed remarkable improvement in certain motor abilities. The
entity no. 028 was selected because his individual
results in the third measurement represent a composite with characteristics of the small ballast and
differently defined mass, while his motor set is extremely favorably defined.
As is shown in Table 1, the definition of entire
stretched space and all entities under the dictatedby-reference-model parameters of Entity no. 083,
produced a structure of 4 latent dimensions in the
first measurement. It is clear from the original
data that this is an extremely tall child, with strong
athletic transversal dimensions, but also some adipose tissue; with extremely good body balance,
excellent lower extremities tapping and very poor
running endurance. In relation to factors, the first
dimension is obviously a motor set with the dominant influence of management and explosiveness
of lower extremities. The second dimension is
general voluminosity, while the third dimension
is a motor factor of production of repeated power
and coordination activities. The fourth dimension
is the obvious growth of hard bone tissues. The
correlations of factors indicate the strong connection of the management of lower extremities and
bone segments of locomotor apparatus, and positive connection of the segments of morphological
dimensions. The second measurement obviously
did not bring any important changes to the structure of dimensions of entire space, which were defined by the selected entity. It is clear that this is an
extremely tall child, now with less adipose tissue,
which continues to have the high level of management of lower extremities, and excellent body balance, and arm frequency now. It is also obvious
that the selected entity within the sample has additional deterioration of the ability of persistent running; significantly lower coordination ability and
explosiveness of arms are particularly expressed.
In the latent space, the first factor, without any
doubt, is longitudinality associated with a series of
motor manifestations, including coordination and
persistent running with negative prefix. The secVolume 6 / Number 3 / 2011
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Table 1. Entity 083. Z Values and OBQ Sets in Three Measurements
Var
AVIT
ADUN
ADUR
ADRZ
ADIK
ASIR
ASIK
ATEZ
AOPL
AOPK
AOGK
AKNN
AKNL
AKNT
MKUS
MPOL
MP2O
MPRR
MTAP
MTAN
MSDM
MBLD
M20V
MDTS
MVIS
MT3M

Z1
1.67
1.83
2.76
0.67
1.11
1.99
-0.90
0.34
0.18
0.22
0.61
0.72
-0.43
0.15
-0.37
-0.05
2.19
-0.85
0.96
1.51
0.61
-0.18
-0.47
-0.23
-0.45
-1.19

Obq1
Correlations Obq2
of factors Obq3
Obq4

Obq1 Obq2 Obq3 Obq4
0.06 -0.03 0.01 0.89
0.12 -0.01 -0.04 0.84
0.31 -0.01 -0.06 0.72
-0.28 -0.24 0.23 0.80
-0.04 -0.21 0.06 0.77
0.20 -0.07 0.00 0.73
-0.81 -0.35 0.32 0.03
-0.34 -0.69 0.08 0.51
-0.13 -0.88 0.11 0.00
-0.23 -0.85 0.15 0.13
0.05 -0.70 0.03 0.25
0.27 -0.67 -0.25 0.07
0.17 -1.01 -0.30 -0.59
0.27 -0.76 -0.22 0.00
-0.06 -0.18 -0.53 -0.28
0.15 -0.10 -0.66 0.06
0.59 0.04 -0.01 0.42
-0.17 -0.28 0.18 -0.46
0.69 -0.06 0.10 0.09
0.62 0.01 0.03 0.31
0.63 -0.06 0.51 -0.09
-0.06 -0.11 0.67 0.21
-0.79 0.44 -0.44 0.72
0.00 -0.25 0.63 -0.30
0.41 0.31 0.46 0.00
-0.58 0.14 0.36 -0.11
Obq1 Obq2 Obq3 Obq4
1.00 -0.27 0.00 0.66
1.00 0.14 -0.64
1.00 -0.14
1.00

Z2
2.22
2.04
3.04
0.48
1.05
2.43
0.86
0.84
1.01
0.13
0.58
0.20
0.35
-0.08
-1.15
2.17
1.87
-0.36
1.84
2.85
0.19
-1.13
-0.50
-0.41
0.07
-1.30
Obq1
Obq2
Obq3
Obq4

Obq1 Obq2 Obq3 Obq4
0.74 -0.27 -0.07 -0.04
0.73 -0.25 -0.10 -0.01
0.84 -0.14 -0.11 -0.01
0.04 -0.74 0.36 -0.30
0.38 -0.55 0.04 -0.12
0.71 -0.28 -0.06 -0.01
0.20 -0.71 0.09 -0.08
0.14 -0.89 0.06 -0.04
0.29 -0.71 0.02 0.16
-0.28 -1.04 0.21 0.05
0.10 -0.89 0.16 0.12
-0.18 -0.84 -0.22 0.00
0.14 -0.69 -0.24 -0.02
-0.10 -0.86 -0.17 -0.03
-0.95 -0.19 -0.29 0.00
0.68 -0.05 -0.45 0.01
0.94 0.10 -0.03 0.01
-0.29 -0.27 -0.10 0.92
0.89 0.02 0.00 0.03
0.96 0.06 -0.06 0.00
0.66 0.26 0.71 -0.10
-0.44 -0.20 0.76 -0.14
-0.49 -0.07 -0.50 -0.39
-0.14 -0.12 0.71 0.11
0.83 0.42 0.32 0.18
-0.56 -0.01 0.42 0.04
Obq1 Obq2 Obq3 Obq4
1.00 -0.61 -0.24 -0.08
1.00 0.30 0.14
1.00 0.32
1.00

ond factor is voluminosity of whatever type. The
third dimension is pure energy regulation, while
the fourth is the single flexibility factor. Based on
the aforementioned, it is no surprise that there is
a particularly expressed connection between the
first and second factors, while other connections
are weaker.
The results in the third measurement as an expression of the mapping of all data into the space
of selected entity at the end of transformational
procedure show unusual tendencies. On the basis
of original Z values we recognize that, within the
treated sample, it is an extremely tall child, with
excellent motion frequency, good agility and body
balance, but poor ability of persistent running, explosiveness of arms and coordination. In relation
to factors, the first dimension is the growth of hard
tissues in general, and a composite of motor abiliVolume 6 / Number 3 / 2011

Z3
2.60
2.17
3.29
0.07
0.85
1.93
1.58
0.98
1.02
-0.03
0.57
-0.06
0.34
-0.11
-1.22
2.27
1.46
-0.31
1.81
2.85
0.04
-1.04
-0.44
-0.40
0.13
-1.44
Obq1
Obq2
Obq3
Obq4

Obq1 Obq2 Obq3 Obq4
0.82 0.17 -0.05 -0.06
0.80 0.16 -0.06 -0.06
0.88 0.09 -0.08 -0.04
-0.06 0.51 0.54 -0.55
0.43 0.41 0.12 -0.26
0.72 0.26 0.02 -0.07
0.55 0.43 -0.02 -0.02
0.34 0.68 0.07 -0.12
0.36 0.68 0.06 0.08
-0.24 0.90 0.26 -0.08
0.19 0.82 0.22 0.05
-0.36 0.90 -0.21 0.02
0.16 0.68 -0.28 0.03
-0.12 0.83 -0.23 -0.02
-0.89 0.22 -0.24 -0.05
0.73 0.05 -0.38 0.00
0.90 -0.12 -0.01 -0.02
-0.41 0.62 -0.02 0.78
0.87 0.02 0.00 0.11
0.95 -0.04 -0.08 0.07
0.63 -0.37 0.66 -0.05
-0.36 0.06 0.70 -0.11
-0.34 -0.13 -0.43 -0.58
-0.10 0.08 0.66 0.14
0.79 -0.30 0.23 0.32
-0.63 0.05 0.37 0.13
Obq1 Obq2 Obq3 Obq4
1.00 0.55 -0.23 -0.20
1.00 -0.21 -0.38
1.00 0.36
1.00

ties in which management and endurance play the
main role in every sense. The second factor relates
to all soft tissues which are clearly defined, while
the third continues to be energy regulation. The
fourth factor is the single flexibility factor, and in
this context, practically an artifact. The relations of
factors are generally median, however they are all
still different from zero. The first two dimensions
are again distinguished by their strong connection,
most probably via general morphological set.
As it was possible to perceive on the basis of
results presented in the tables, and particularly on
the basis of Z values through three reference transformational points, the selected entity has not significantly changed its position within the entire
sample, therefore we can generally declare it stable,
especially because his position was dominantly dictated by morphological measures which were not
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impacted by the transformational procedure. However, it is obvious that in motor manifestations, he
significantly regressed, especially in coordination,
arm explosiveness and persistent running. Since his
adipose tissue does not represent a specific value in
any of the three measurements, and his mass has
evidently, easily and systematically grown in relation to the entire sample, then, without any risk,
it may be concluded that the constituent effects
of the implemented transformational procedure
have bypassed him, which is obvious also from his
increasingly poorer results in throwing the ball or
long jump. In his test tasks related to the control
points, the entity has clearly shown that he realized
motor movements dominantly at the expense of his
relatively light and longitudinally expressed body
constitution which ensured him good results in the
activities which do not require any additional effort or realization of the larger, controlled muscle
force. To this are also added all smaller values of
the diameters of wrist and knee, which altogether
increase the gracility of body constitution.
As the volume of lower leg reduced, and the volume of forearm and hip width slowly grew, and endurance ability increased, the picture of a tall, relatively “weak” child completed. Of course, the characteristics of body balance also slowly declined due
to poorly expressed ability to generate force to hold
his body (keep posture), irrespective of the communication channels which were at the very high
level. Such an entity, in the projection of results of
this algorithm, if the entire space was formed on
him, would mark the entire space in such a way that
the structure of dimensions would be formed and
change its character in a specific and dissatisfactory
manner. Morphologically totally unintegrated realization of motion at the very beginning of the treatment is noticed, which, taking into account the body
constitution and age, is somewhat expected. However, in the second measurement the integration of
information component of motion in the direction
of responding to the problems of expressed longitudinal limitations, i.e. unfavorable activity of lever arms and rotational moves is clearly registered.
The poorer integration of the energy component of
motion in the general set is of particular concern,
which has, to a large extent, remained distinctive
till the end of treatment. Finally, persistent running
as a specific and fundamental kinesiological ability
592

is clearly negatively projected in the longitudinal
constitution set, which testifies to insufficiently developed aspects of the general aerobic abilities.
On the basis of everything mentioned, one can
clearly underscore that with regard to the selected
entity, no quality kinesiological effects have been
produced, therefore he went through the entire
process more or less intact; his development was
almost exclusively influenced by predominant genetic characteristics marked with very early longitudinal growth. Functional and other tasks of the
treatment were extremely inefficient, and from the
aspect of this algorithm, there is a justified question about what would happen if such an entity, for
any reason, was allowed to form, i.e. deform the
entire space according to his developmental rules,
and therefore represent the pattern for the composition of transformational procedures.
According to Z indicators in Table 2, in the first
measurement, it is obvious it is a shorter child of
shorter bone segments and generally small volume and mass, with little adipose tissue. In motor
sense, it is an extremely average child in the sample, except in the case of start accelerations when
he has poorer results. With regard to factors, the
lack of integration of functions is obvious; even
6 latent dimensions were registered: soft tissues,
energy regulation without aerobic component,
and information regulation of the motion without
coordination, hard tissues, single flexibility factor
and persistent running. The relations of these dimensions are weak, which confirms the assumption about unconnected functions. It can only be
determined that there is the more serious connection between morphological dimensions, and to
some extent between a part of energy regulation
and growth of bone segments.
The second measurement has brought many
changes both in regard to local and general indicators.
On the basis of Z values, we conclude that the
selected entity has significantly changed his position in the sample. The growth is still below average with modest transversal dimensions, and
still without expressed adipose tissue and volume.
However, there has happened divergence of motor dimensions, therefore a negative shift in coordination and balance is perceived, an extremely
positive shift in explosiveness, and slightly posiVolume 6 / Number 3 / 2011
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Table 2. Entity no. 232. Z Values and OBQ Sets in Three Measurements
Var
AVIT
ADUN
ADUR
ADRZ
ADIK
ASIR
ASIK
ATEZ
AOPL
AOPK
AOGK
AKNN
AKNL
AKNT
MKUS
MPOL
MP2O
MPRR
MTAP
MTAN
MSDM
MBLD
M20V
MDTS
MVIS
MT3M

Z1 Obq1 Obq2 Obq3 Obq4 Obq5 Obq6 Z2 Obq1 Obq2 Obq3 Obq4 Obq5 Z3 Obq1 Obq2 Obq3 Obq4
-0.82 0.01 -0.09 0.01 0.98 0.00 0.07 -0.98 1.00 0.13 0.00 -0.01 -0.08 -1.22 0.93 -0.13 0.04 -0.03
-0.39 -0.06 -0.27 0.06 1.00 -0.02 0.11 -0.60 1.02 0.12 0.09 -0.09 -0.13 -0.69 0.96 -0.15 -0.07 -0.16
-0.87 0.02 -0.01 0.04 0.92 0.05 -0.12 -0.91 0.97 0.19 0.01 0.01 -0.03 -0.83 0.96 -0.19 -0.07 -0.09
-1.01 0.29 0.29 -0.23 0.36 -0.14 0.16 -0.96 0.73 -0.03 -0.07 0.11 0.05 -0.99 0.76 0.05 0.04 0.07
-1.00 0.34 0.25 -0.15 0.36 -0.03 0.04 -1.06 0.72 0.04 -0.12 0.03 0.12 -1.31 0.76 -0.06 0.18 0.05
-1.24 0.25 0.38 -0.16 0.39 -0.02 -0.09 -1.31 0.55 0.07 -0.27 0.20 0.22 -1.36 0.73 -0.10 0.20 0.15
-0.21 0.35 -0.05 0.02 0.39 -0.11 0.37 -0.48 0.75 -0.23 0.17 -0.07 -0.03 -0.12 0.70 0.25 -0.31 -0.24
-0.91 0.57 0.00 -0.03 0.46 -0.04 0.06 -0.73 0.73 -0.31 0.10 -0.08 0.15 -0.80 0.85 0.26 -0.06 -0.05
-0.88 0.75 0.18 -0.06 0.06 0.13 -0.06 -0.83 0.22 -0.21 -0.01 -0.03 0.63 -0.83 0.75 0.20 -0.09 0.02
-0.77 0.70 0.10 0.00 0.22 0.06 -0.02 -0.51 0.43 -0.37 0.15 -0.07 0.34 -0.51 0.70 0.36 -0.19 -0.05
-0.87 0.71 0.12 -0.06 0.15 0.10 0.02 -0.97 0.39 -0.22 0.02 0.03 0.49 -1.16 0.74 0.17 0.04 0.17
-0.91 0.90 0.03 0.03 -0.21 -0.15 -0.11 -0.70 -0.04 -0.74 -0.24 0.06 0.17 -0.42 0.05 0.82 0.17 0.04
-0.47 1.02 -0.36 0.15 -0.42 -0.12 0.03 -0.48 -0.10 -0.90 -0.11 -0.03 0.00 -0.37 -0.10 0.87 0.14 -0.01
-0.37 0.91 -0.52 0.29 -0.23 -0.06 0.12 -0.28 -0.10 -0.91 0.15 -0.16 -0.02 -0.15 -0.08 0.86 -0.10 -0.15
-0.19 0.27 -0.22 -0.63 -0.46 -0.13 0.24 -0.28 -0.17 -0.07 -0.44 -0.53 0.21 -0.24 -0.06 0.09 0.36 -0.51
0.01 0.07 -0.79 -0.13 0.08 0.07 0.00 1.33 -0.06 -0.19 0.31 -0.64 -0.25 1.67 -0.31 0.19 -0.30 -0.56
-0.12 0.18 0.20 0.45 -0.24 0.18 0.18 -0.93 -0.11 0.05 -0.32 0.66 0.21 -0.89 0.04 -0.01 0.29 0.60
-0.16 0.27 -0.10 -0.01 0.04 0.95 -0.02 -0.52 -0.37 0.20 0.00 -0.10 1.00 -0.73 0.44 -0.14 0.06 0.16
0.49 -0.01 -0.18 0.73 0.01 0.00 0.10 0.80 -0.18 -0.38 0.58 0.20 -0.24 0.69 -0.27 0.34 -0.56 0.30
-0.03 0.05 0.18 0.77 0.12 -0.22 -0.07 -0.38 -0.13 -0.40 -0.01 0.92 -0.23 -0.63 -0.17 0.33 0.04 0.92
-0.26 -0.08 0.71 0.30 -0.07 0.03 -0.01 -0.38 0.12 0.13 0.27 0.72 -0.07 -0.36 0.09 -0.13 -0.41 0.65
-0.86 0.13 0.70 -0.02 0.00 -0.08 0.30 0.23 0.25 -0.08 0.78 0.10 -0.07 0.78 0.03 0.08 -0.79 -0.07
1.72 -0.15 -0.78 0.08 0.02 0.00 0.23 -0.14 0.27 -0.13 -0.41 -0.32 -0.61 -0.77 -0.09 0.06 0.77 -0.20
-0.68 0.26 0.78 -0.08 -0.24 0.12 0.16 0.57 -0.04 0.02 0.75 0.05 0.24 0.93 0.01 0.03 -0.80 -0.01
0.18 -0.29 0.00 0.24 -0.13 0.16 0.36 0.31 -0.16 0.22 0.68 -0.08 0.12 0.26 -0.05 -0.27 -0.69 -0.04
0.73 -0.26 0.02 -0.06 -0.01 0.03 0.82 0.95 -0.08 0.09 0.72 -0.24 0.02 1.06 -0.12 -0.03 -0.69 -0.15
Obq1 Obq2 Obq3 Obq4 Obq5 Obq6
Obq1 Obq2 Obq3 Obq4 Obq5
Obq1 Obq2 Obq3 Obq4
Obq1 1.00 0.24 -0.27 0.63 -0.19 -0.07 Obq1 1.00 -0.37 -0.37 0.25 0.66 Obq1 1.00 0.25 0.45 0.30

CorrelaObq2
tions
of
Obq3
factors
Obq4
Obq5
Obq6

1.00 -0.02 0.47 0.04 -0.03 Obq2

1.00 0.11 0.19 -0.24 Obq2

1.00 0.01 -0.28

1.00 -0.28 0.13 0.30 Obq3

1.00 0.09 -0.24 Obq3

1.00 0.07

1.00 -0.11 -0.04 Obq4
1.00 0.06 Obq5
1.00

1.00 0.34 Obq4
1.00

1.00

tive shift in endurance. With regard to factors, one
less dimension is noticed, which also testifies to
restructuring of dimensions; the following ones
are visible: bone growth, ballast mass of adipose
tissue, energy regulation of motion with frequency, motion management and volume connected to
flexibility. In the correlations of factors, a part of
morphological set distinguishes which defines the
active mass in locomotion.
Z values of the selected entity in the third
measurement are balanced and are mostly around
average values, with some deviations. Of course,
the general mass and morphological indicators tell
that this is about smaller bone growth and volume. Motorically, an extremely favorable set is
configured with almost all positive dimensions in
Volume 6 / Number 3 / 2011

the sample, except flexibility and foot tapping. In
the latent space, there has occurred further reduction of dimensions, which truly testifies that the
integration of functions is primarily at the level of
manifest variables; however, what is particularly
interesting is the much more pronounced purity of
latent dimensions. Therefore, it is easy to recognize the general body constitution without adipose
tissue, energy regulation of motion and information regulation of motion. The correlations of factors are less pronounced, while the important connection is perceived between the morphological
set and energy regulation of motion in the sense
of limitation which the mass generally sets during
the realization of high-energy motion, which testifies to optimization.
593
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According to what is noticeable from the data in
Table 2 per Z values, the selected entity has significantly changed his position through three treatment
control points. The child with small body constitution has kept his position, and in that sense it can be
said that the treatment has not produced any special
effects. However in motor subspace, multiple progress is visible, especially with regard to the dimensions which define energy regulation. The results
of the third measurement, both manifestly and latently, indicate the final configuration of treatment
effects, under the assumption that the entire space
is marked with maximal influence of the selected
entity in a way that the treatment has provided
good conditions for progress to the selected entity.
However, that progress has occurred dominantly
at the expense of increase of energy reserves of
all shapes, mostly in the sense of explosive start
motions. Simultaneously, there has occurred the
reduction of importance of coordination, balance,
frequency and flexibility, i.e. possibility to manage locomotion, which is not a desirable situation
at all. The selected entity was obviously very responsive to the tasks which increase the short-term
energy reserves, and abilities of the transportation
system to some extent; however, general management mechanisms of the middle nervous system
have remained, excessively, beyond reach of the
possible quality constitution. Under the assumption
that the stretched space was formed on the basis of
the parameters of selected entity, the structure of
dimensions changed and formed in a very specific
way. Primarily, the number of latent dimensions
responsible for monitored manifestations has reduced, which is an unmistakable sign of a sort of integration of functions. Also, out of many divergent
functions saturated with different variables outside
the primary definition, what is visible in the end is a
quite clear and clean situation.
This is, of course, a partly desirable situation, especially because it has resulted in two clear morphological mechanisms (general active mass and ballast
adipose tissue), and two clear motor management
mechanisms (energy component of motion and information component of motion). Under the influence of treatment, and with specific characteristics
of the sensibility of selected entity to stimuli, there
occurred two parallel processes. In one, simplification of functions was noticed, while in the other, the
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differentiation which resulted in the insufficient connection of these very functions was recognized.
When these findings are added the conclusions
on the domination of adaptations over the very intense tasks, it may be concluded that the sufficiently good kinesiological effects have not been produced with the selected entity. Although he went
through the entire process with multiple changes,
his development was dominantly under the influence of stimuli which demanded energy optimization in relation to the tasks of explosiveness, while
the regulation of motion remained mostly intact,
and even regressed, which certainly is not the objective which is to be achieved by kinesiological
operators and entire transformation process. The
fact that some children are more explosive does not
necessarily imply that they are motorically more
capable. In the case when, ‘under the magnifying
glass’ of this algorithm, the transformation programs are observed, it is clear that the final conditions of such work are defined by the achievement
of short-term results, which, in long run, cannot at
all meet the targeted, proclaimed criteria of work.
A much more serious situation could be registered
if in the entire sample the larger number of entities
with the properties like those of the selected one
were present. It would not be good.
On the basis of the results in Table 3, for the first
measurement, it is obvious it is the entity that is
extremely short, with extremely small mass, and
insignificant presence of adipose tissue registered.
In the motoric space, all variables are of such values
that they indicate to the fact that this is, generally
speaking, one of the most fit entities in the sample
(actually, on the basis of these indicators, he was
selected for this review). In the latent space, a well
integrated set with general morphological factor is
visible, which is, clearly, followed by the dimensions of energy regulation, then the independent
factor of adipose tissue, and finally obviously the
clearly defined factor of information regulation of
motion. Only one serious connection between factors has been expressed, and that is the one which
polarizes two ways of the motion management. It
seems that such a simple structure has been achieved
exactly due to the characteristics of selected entity,
which would, chronologically, in his seventh year
of age already show the tendency of quality formation of individual, higher-order functions.
Volume 6 / Number 3 / 2011
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The results of the second measurement indicate that the selected entity strictly keeps its position in the sample, and even significantly improves
it in the tasks which describe endurance and coordination, and to some extent explosiveness and
balance. There has been recorded a slight decline
of results in the space of frequency of motion.
In the latent space, an important change has occurred, since there is one more factor. The first is
very similar to the factor in the first measurement,
i.e. morphological factor with energy regulation.
The second one describes almost the entire motoric set. The third continues to be adipose tissue,
while the fourth one is now the factor of frequency
of motion. The relations of these factors indicate
the newly created links, where the frequency of
motion has separated relatively independently. It
may be an indication of undesired change, since
the results of frequency of motion are poorer. If
we assume that the treatment caused the changes
in the space of endurance particularly, and the coordination is much better, then we conclude that
there have been produced specific changes in the
transmission of impulses to the effector.
The final solution of treatment in the third measurement with the selected entity indicates the maximization of configuration recorded in the previous
measurement. Namely, the majority of z indicators is still poorly pronounced, and bigger positive
changes are noticeable only in balance, while negative ones are noticed in further weakening of the
frequency of motion, which coincides with the explanation from the second measurement, especially
in compliance with the pronounced pull-up hang
and persistent running. In the latent space, three factors are visible, which generally very much match
with the ones from the first measurement (general
morphological with energy regulation, information
component of motion and adipose tissue). It may be
said that the stabilization occurred, i.e. adaptation
of the functions to applied stimuli; then after slight
divergence in the second measurement, the functions returned to their basic pattern. However, the
greatest capital is reflected in the relations of factors. It is obvious that all functions are integrated,
mutually connected and optimized, of which the
consequence is probably very efficient motion with
minimum disturbing factors generated from the
very constitution set.
Volume 6 / Number 3 / 2011

As noticed on the basis of data in Table 3, the
selected entity has not particularly changed his relative position in the overall sample, in either morphological or motoric subspace. The consequence
of this is a relatively stable position on the z-scale,
according to which such an entity is easily recognized and located by its results. The results of the
second measurement latently indicate the changed
configuration of actual treatment effects, under the
assumption that the entire space is marked with
maximal influence of the selected entity.
Obviously, the treatment provided to the selected entity good conditions for advancement,
however these conditions have been significantly
reconciled with his actual abilities, by which it can
obviously be proven that the treatment preferred
exactly such entities. In such manner, there has
come to the fore the ability of adaptation of limited number of subjects, who, without much risk,
may be considered athletic types within the defined sample, with initial characteristics of small
mass and height, and good regulation of motion
in general. Still, the fact cannot be avoided that
even with such subjects, there was a negative
influence on their motion frequency, i.e. transmission of impulses between the middle system
and effectors. Namely, from the second measurement on, there was already recorded the decline
of frequency values, for which, without doubt, the
responsibility lies with the adaptation of functions
in the sense of optimization of motion under the
strong pressure of energy demands.
In the latent space, the structure, through all
three control points, was relatively stable and recognizable, except in the second measurement
where the special factor of motion frequency distinguished, which confirms the earlier stated assumption. Namely, if a genetic or similar mechanism was
responsible for the changes in frequency, then after
nine months of work, the decline of values would
not be recorded, and furthermore, the special factor,
which disappears after another nine months, would
not distinguish. It is very clear that all this is the
consequence of the very intense work, which had
a suppressive effect on the structure of the selected
entity, on the transmission of automatically guided
impulses through communication channels. This is
not a desirable situation at all, especially because
the decline of values continued all the way to the
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Table 3. Entity no. 028. Z Values and OBQ Sets in Three Measurements
Var.
AVIT
ADUN
ADUR
ADRZ
ADIK
ASIR
ASIK
ATEZ
AOPL
AOPK
AOGK
AKNN
AKNL
AKNT
MKUS
MPOL
MP2O
MPRR
MTAP
MTAN
MSDM
MBLD
M20V
MDTS
MVIS
MT3M

Z1
-2.09
-2.79
-1.50
-2.18
-1.57
-1.41
-0.97
-2.05
-0.99
-1.20
-1.38
-0.26
-0.71
-0.76
-0.24
-0.30
0.06
0.12
0.02
1.00
-0.01
0.84
-1.95
-0.83
1.12
1.73

Obq1
0.89
0.89
0.88
0.88
0.88
0.89
0.79
0.89
0.74
0.83
0.83
-0.13
0.17
0.34
-0.50
-0.62
0.03
-0.04
0.16
-0.32
0.52
-0.20
0.56
0.82
-0.54
-0.56
OBQ1
OBQ1 1.00
CorrelaOBQ2
tions
of factors OBQ3

Obq2
0.05
0.10
0.03
0.06
-0.01
0.01
-0.16
-0.13
-0.35
-0.29
-0.22
-0.92
-0.78
-0.73
-0.31
-0.43
-0.02
-0.12
-0.03
-0.16
0.38
-0.09
0.13
0.25
0.04
-0.05
OBQ2
-0.29
1.00

Obq3
-0.10
-0.17
-0.04
-0.13
-0.05
-0.03
0.11
-0.08
0.14
0.08
0.02
0.26
0.00
0.10
-0.59
-0.52
0.62
0.24
0.67
0.61
0.64
0.67
-0.49
0.28
0.42
0.36
OBQ3
-0.49
0.27
1.00

Z2
-2.44
-2.32
-1.66
-2.00
-1.56
-1.53
-1.97
-2.08
-1.13
-1.36
-1.59
-0.43
-0.89
-0.95
-0.68
-1.15
0.83
0.43
-0.38
0.70
0.72
0.82
-1.84
-0.90
3.99
2.68

Obq1
0.87
0.86
0.97
0.81
0.89
0.92
0.80
0.89
0.98
0.92
0.94
-0.16
0.11
0.30
-0.19
0.00
-0.13
0.54
0.12
-0.43
0.15
0.14
0.19
0.89
-0.52
-0.50
OBQ1
OBQ1 1.00
OBQ2
OBQ3
OBQ4

third control point. The solutions for this situation
may be found by influencing at three possible levels: the level of the sources, which send the impulses, which is not likely because of the complex
structures within the nervous system, which are
located in appropriate areas; the level of synapses
through which the impulses are transmitted, which
is possible, or, maybe the level of neuro-muscular
plate where impulses are translated into contractile
mechanism of muscular work, which would be a
much better solution. Judging by all said, it would
be best to carefully program the tasks and modalities of stimuli in order to avoid such a situation in
the future.
Overall, except for the problems with frequency, everything else was more than desired, therefore, from the aspect of the selected entity, the
treatment may be described as very efficient. That,
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Obq2
-0.19
-0.19
0.00
-0.18
-0.01
-0.01
-0.15
-0.02
0.40
0.18
0.14
0.32
-0.20
-0.13
-0.48
-0.69
0.62
1.08
-0.15
0.22
0.61
0.86
-0.76
0.08
0.56
0.57
OBQ2
-0.72
1.00

Obq3
-0.09
-0.08
-0.13
-0.01
0.01
-0.02
0.07
0.13
0.21
0.21
0.16
1.01
0.74
0.66
0.25
0.13
0.01
-0.04
0.17
0.35
-0.22
0.03
0.00
-0.28
0.05
0.08
OBQ3
0.55
-0.44
1.00

Obq4
-0.02
-0.02
0.01
-0.05
0.04
0.01
-0.05
0.01
0.15
0.04
0.02
0.15
-0.08
-0.11
0.42
0.20
-0.07
0.46
-0.84
-0.62
-0.37
-0.09
0.01
-0.33
0.07
0.06
OBQ4
0.12
-0.36
0.19
1.00

Z3
-2.61
-2.29
-1.92
-1.96
-1.42
-1.95
-2.39
-2.02
-1.20
-1.22
-1.67
-0.55
-0.71
-1.13
-0.71
-1.27
1.08
0.33
-0.49
0.34
0.78
0.86
-1.58
-0.66
4.18
2.84

Obq1
0.92
0.92
0.94
0.87
0.77
0.91
0.87
0.80
0.62
0.64
0.81
-0.38
-0.23
0.43
-0.33
0.37
-0.52
-0.17
0.76
0.05
-0.03
-0.32
0.43
1.02
-0.82
-0.80
1.00

Obq2
-0.09
-0.07
-0.01
-0.02
0.02
-0.01
-0.06
-0.02
0.17
0.16
0.12
-0.03
-0.10
-0.08
-0.69
-0.57
0.39
0.35
0.68
0.78
0.72
0.62
-0.59
0.55
0.27
0.30

Obq3
-0.02
-0.02
-0.03
0.06
0.15
0.01
0.07
0.22
0.41
0.41
0.28
1.01
0.93
0.53
0.31
-0.01
0.07
0.34
-0.01
0.18
-0.18
0.17
-0.07
-0.25
0.08
0.13

-0.58 0.61
1.00 -0.43
1.00

of course, refers to the local results of that individual, but also to the latent structure which would
be achieved in the overall sample if it was maximally marked with exactly that individual. This is
because the structure of latent mechanism is very
well integrated, and the integration is directed in
such a way that it was maximized in the last (the
third) control point. For athletic types of this age,
the implemented treatment was obviously desirable, and quite well directed.
Conclusion
There has been written and tested the algorithm
which, within whatever sample, configures the
multivariate values of stretched space on the basis
of the values of only one individual. In such a way,
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the entire space gets obviously intentionally deformed in order to maximally satisfy the position
of the exactly selected entity. Thus defined data
are subjected to the analysis of spectrum, which,
in final solution, results in orthoblique factors.
To illustrate the behavior of algorithm, three
specific entities were selected from the overall
sample of 249 entities – males, 7 years of age,
who participated in the transformational process
and were monitored with 14 morphological and
12 motor variables on three occasions every nine
months (at the beginning, middle and end of treatment). The results indicated the extreme validity
of algorithm in the definition of treatment effects
per individual, i.e. generally. It is proposed that, on
the basis of this algorithm, transformational procedures be precisely planned and programmed in the
future, in order to avoid adverse effects of work in
kinesiology in general, and in order to make useful
and desirable effects closer to each individual with
regard to satisfying his bio-psycho-sociological
needs for motion and well supported development,
or individual training. Since the analysis was conducted for all 249 entities, the algorithm indicates
that it is perfectly clear that the treatments which
rely on whole groups (classes, sport teams, etc),
as well as the so-called homogenized groups may
not be absolutely satisfactory, and that the attention should be focused exclusively on individual,
which is especially true in sports!
It should be emphasized that the presented algorithm, except in kinesiology, yields particularly
interesting results in, for example, sociological and
similar studies, when the position of an individual is
extremely interesting, because it happens in these
areals exactly that the individual frequently significantly deforms the entire field. This is also true for
athletic competition groups; however, a clear example often found in practice has been chosen for illustration, i.e. the problem of inadequate programming and application of tasks, which are frontally
and too generally applied to individuals.
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Implementing knowledge
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medium-sized organisations in the
autonomous province of Vojvodina
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Abstract
In any economy, especially digital, knowledge
features as a crucial and virtually indispensable resource of any organisation. To achieve continuous
development and competitive advantage, it is necessary for organisations to master the information
and knowledge resources, and build appropriate
concepts for managing these resources. Similar to
many other areas, implementing information and
knowledge management concepts is infeasible
without applying contemporary accomplishments
of information and communication technologies
(ACT). This article presents the analysis of results
and conclusions based on the empirical research
conducted by the authors, primarily related to the
level of ACT implementation in knowledge management in small and medium-sized organisations
in the Autonomous Province of Vojvodina.
Key words: knowledge management systems;
small and medium-sized organisations.
Introduction
Knowledge represents the process of transforming, i.e. translating information and gained
experience into a relevant set of relations that can
be adopted and implemented by the users in an
organisation. Explicit knowledge can be shared
– it can be documented, categorised, conveyed to
others in the form of information etc. Knowledge
which is based on a person’s accumulated experience and learning, and is hard to reproduce or
598

share with others, is referred to as tacit knowledge. This knowledge is very hard to document,
categorise and share. Knowledge management is
the process of identifying, adopting, organising
and disseminating intellectual capital critical for
long-term enhancement of an organisation’s performance (Deposit, 2006).
In measuring an organisation’s performance,
Kaplan and Norton created the Balanced Scorecard (BSC) method. According to this method, an
organisation’s performance is viewed from four
different perspectives: the Financial perspective,
the Customer perspective, the Internal Business
Processes and the Learning and Growth perspective. Each of the above is measured via indicators.
Raising the knowledge levels of the organisation’s
employees (the Learning and Growth perspective) will make a direct impact on the conduct of
business processes (the Business Processes perspective), resulting in customer satisfaction (the
Customer perspective), and the organisation will
achieve higher profit levels (the Financial perspective) (Bosilj Vukšić, Hernaus, & Kovačić, 2008).
The characteristics of the of this contcept point to
the fact that the main competitive advantage in an
organisation’s business operations depends to a
high extent on the organisation’s ability and willingness to use its workforce’s knowledge.
Direct communication betweeen the staff, i.e.
oral communication, is the avenue for disseminating the largest portion of knowledge within an organisation. Such practices result in the fact that a
significant percentage of knowledge is not recorded, so that organisations use practically very little
Volume 6 / Number 3 / 2011
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of the potentially available knowledge. To mitigate
this problem up to a certain extent, organisations
opt to implement various knowledge management
systems inevitably based on modern ICTs.
1. Information and communication
technologies in the function of
knowledge management
A knowledge management system may comprise various subsystems. The content of knowledge
management systems will vary across different organisations. The actual choice of the system and its
components will depend on the organisation’s size
and complexity, and the type of knowedge to be
managed. Various technologies are used for knowledge management support, including (Đurković,
Trninić, Vuković, & Raković, 2010):
–– document management systems,
–– content management systems,
–– Web 2.0 technologies,
–– e-learning systems,
–– collaboration software (gropuware),
–– online forums.
Document management systems provide infrastructure for organising and managing documents.
This refers to the document location, document
creation methods, document search, document
safety, document storage time and document distribution. 80% of knowledge is stored in documents (Worldox, n.d.). The aim of content management systems is to effectively manage explicit
knowledge, providing infrastructure for creating,
storing and accessing this type of knowledge in
an organisation. As well as document management systems, these systems are limited in terms
of needs for tacit knowledge management. In recent times, they are internet technology based, so
as to achieve large-scale content utilisation. (Pastore, 2004). Web 2.0 acts as an umbrella, covering
i.e. encompassing numerous technologies and services such as blogs, wikis, RSS and Social Bookmarking. These services and technologies are
highly user-friendly, which has led to their largescale acceptance among the user community. If
used appropriately, each of them can, in its own
way, contribute to knowledge management (Levy,
Volume 6 / Number 3 / 2011

2009). E-learning is a form of support to users in
extending their knowledge, providing a structured
learning content, and thus ensuring knowledge acquisition (Putzhuber, n.d.). Collaboration software
plays a dual role in knowledge management. As
far as explicit knowledge is concerned, these softwares can be used for knowledge gathering, unification, interpretation and dissemination. In the
case of tacit knowledge, collaboration software
gains importance, as it enables staff interaction, resulting in creation, interpretation, clarification and
transfer of tacit knowledge. Whether it is about
explicit or tacit knowledge, collaboration software
fatures as support to communication between individuals and groups on different locations (Falbo,
Arantes, & Natali, 2004).
2. Research problems, objectives and
methods
Research problems and objectives
In what manner and to what extent knowledge
management systems are approached to and utilised
in some economic environments and organisational
systems is a hypothetical question. Valid answers
to such questions can only be obtained by empirical research. The authors based this research on the
following research questions, i.e. problems: is systematic knowledge management present in small
and medium-sized organisations in the Autonomous Province of Vojvodina, and to what extent?
What is the extent of implementation of knowledge
management systems in small and medium-sized
organisations in the Province?
The objective of this research was defined as follows: to establish the level of presence of knowledge
management in small and medium-sized organisations in the Autonomous Province of Vojvodina.
Sample
According to EU criteria and the Serbian Accounting and Auditing Law, small and medium-sized organisations are defined as follows
(Đorđević, Đuričić & Stanisavljev, 2010; Bošnjak,
Tumbas, Bošnjak, Grljević & Raković, 2010):
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–– A medium-sized organisation has up to 250
employees, is not part of a larger organisation
or a chain, with an annual turnover under 50
million euros.
–– A small organisation has up to 50 employees
and an annual turnover of up to 10 million
euros.
Small and medium-sized organisations are the
most profitable segment of Serbian economy. In
2006, small and medium-sized organisations participated in the total number of organisations with
99.8%, and with 65.5% in the total number of
employees in Serbia. In addition, small and medium-sized organisation accounted for 50.2% of
the total exports, 64% of total imports, and 36%
of gross domestic product (Stefanović, Prokić &
Ranković, 2011; Đorđević, Đuričić, & Stanisavljev, 2010).
For the purpose of empirical research, a random sample of n=41 organisations was selected
from six sectors, as shown in Table 1. The total
number of respondents included in the research
was 383.

Table 1. The structure of organisations in the conducted empirical research
#
1
2
3
4
5
6

Sector

Number of Number of
organisations respondents

Manufacturing
industry
Agriculture
Trade and logistics
Finance
Education, science
and social work
Public utilities and
services
Total:

13

98

7
7
5

49
56
58

4

69

5

53

41

383

Research instrument
For the purpose of this research, a Likert-type
scale comprising 12 statements was prepared for
assessing knowledge management implementation levels. The scale is shown in Table 2. In order to provide for maximum possible quality of
research results, the survey was conducted anony-

Table 2. Assessment scale
Variable
V1
V2
V3
V4
V5
V6
V7
V8
V9
V10
V11
V12
600

Statement
Our organisation has a data warehouse storing knowledge in the
form of procedures, rules, methods and techniques of work.
Our organisation has a certain form of intranet portal.
Our organisation has an established and pre-defined flow of
documents containing knowledge, easily accessible to employees
requiring knowledge.
Our organisation has an online forum for employees dealing with
certain professional issues.
The organisation uses the equipment and software that enable
audio conferencing.
Our organisation uses a certain level of groupware (software for
teamwork on the same issues or projects)
Our organisation uses certain categories of social software such as
wiki, blog and bookmarking.
Our organisation has implemented and uses an e-learning system.
Our organisation has set up a system encouraging knowledge
sharing and dissemination.
Our organisation believes that exchange/sharing the best practices
is the key method for resolving operating problems.
The staff or our organisation expresses a strong willingness to
participate in professional upskilling.
Our organisation is highly innovative.

Scale
1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6
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mously. The surveyed respondents were classified
into four categories: operations managers, tactical
managers, strategic managers and experts. By responding to statements from the assessment scale,
the respondents expressed their views on the levels of agreement (1 to 6). The semantic meanings
of the numeric values on the scale are as follows: 6
– fully agree; 5 – agree to a high extent; 4 – mostly
agree; 3 – partly agree; 2 – agree to a low extent;
1 – totally disagree.
The first eight variables of the assessment scale
depict the level of knowledge management systems implementation in small and medium-sized
organisations. The other four variables represent
the acceptance levels of the knowledge management concept.
Methods and techniques applied in data
analysis
In order to establish the categories of variables,
we conducted hierarchical cluster analysis and
multidimensional scaling (MDS). The hierarchical cluster analysis was conducted in order to clusterise individual statements from the assessment
scale into a certain number of clusters, so that the
statements within a cluster could be as similar as
possible, and at the same time different from the
statements from other clusters. Multidimensional
scaling was conducted in order to establish the relation, i.e. similarity of individual statements from
the assessment scale.
3. Research results
Table 3 shows the arithmetic mean and standard deviation of the results of the conducted research. The hierarchical cluster analysis resulted
in the tree diagram shown in Figure 1. Two clusters can be distinguished in the diagram, the first
one including statements V1, V3, V2, V10, V11
and V12, whereas the other cluster is comprised of
statements V4, V5, V6, V7 and V8 (see Table 2).
The content analysis of statements included in the
first cluster (V1, V3, V2, V10, V11 and V12) points
to knowledge resources and systems which can, in
certain ways, serve as great support to knowledge
Volume 6 / Number 3 / 2011

management concepts within organisations. The
other cluster, formed by statements V4, V5, V6,
V7 and V8, points to means that facilitate communication, i.e. can enable high-quality collaboration of the groups and individuals employed in the
organisation.
Table 3. Arithmetic mean and standard deviation
V1
V2
V3
V4
V5
V6
V7
V8
V9
V10
V11
V12

Arithmetic mean
3.428571
3.661376
3.407407
2.468254
2.457672
2.235450
1.841270
1.820106
3.383598
3.410053
3.791005
3.669312

Standard deviation
1.692997
1.739429
1.605081
1.548610
1.593940
1.434739
1.100369
1.240098
1.459787
1.506345
1.274614
1.346637

Figure 1. Tree diagram obtained by hierarchical
cluster analysis
In order to provide foundation for the results
obtained by the above analysis, multidimensional scaling was performed as well. The diagram
shown in Figure 2, created by multidimensional
scaling technique, points to the similarities between variables V1, V3, V2, V10, V11 and V12,
and between variables V5, V6, V7, V8, V4, which
confirms the above analysis.
Results obtained by cluster analysis show that
there are subsets of statements bearing the highest
resemblance according to assigned values. However, to obtain information on and indicators of the
levels of these values, we grouped the values into
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two categories. The first category includes low
values – from 1 to 3, whereas the other includes
high values – from 4 to 6. This enabled forming
a graphic overview of the level of adopting the
identified information technology components in
the areas of the organisations where the empirical
research was conducted.

Figure 2. Scatterplot diagram obtained by multidimensional scaling technique
The diagrams below will show the acceptance
levels of the statements from the assessment scale
across organisation sectors. The darker columns
represent low values (1-3), whereas the lighter
columns represent high values (4-6). The x axis
shows the organisation sectors (Table 1), whereas
the y axis marks the number of lower and high
values.
Figure 3 refers to Variable 1: Our organisation
has a data warehouse storing knowledge in the
form of procedures, rules, methods and techniques
of work. It points to the information that low values prevail in all organisation segments apart from
the fourth (Finance) i.e. that there is a low utilisation level of data warehouses storing knowledge
in the form of procedures, rules, methods and
techniques of work.
Figure 4 refers to Variable 2: Our organisation
has a certain form of intranet portal. It points to
the information that positive values prevail in four
segments (Trade and logistics; Finance; Education, science and social work; Public utilities and
services), whereas the first segment (Manufacturing industry) also contains a significant number
of high values. The above analysis leads to an
encouraging conclusion that most organisations
602

in practically all segments have a certain form of
intranet portal.

Figure 3. Distribution of high and low values for
Variable 1

Figure 4. Distribution of high and low values for
Variable 2
Figure 5 refers to Variable 3: Our organisation
has an established and pre-defined flow of documents containing knowledge, easily accessible to
employees requiring knowledge. It points to the information that positive values prevail in only two
segments (Manufacturing industry and Finance),
whereas negative values prevail in the segments
of Agriculture and Public utilities and services.
The above points to low implementation levels of
document management systems.
Volume 6 / Number 3 / 2011
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conferencing. Similar to the previous variable, the
use video conferencing equipment and software is
present only in the Finance segment.

Figure 5. Distribution of high and low values for
Variable 3
Figure 6 refers to Variable 4: Our organisation
has an online forum for employees dealing with
certain professional issues. Although this knowledge management system has high web presence,
research results show that online forums still have
not gained adequate prominence in small and
medium-sized organisations in Vojvodina. One
exception is found in small and medium-sized organisations in the Finance sector, where high values prevail by a narrow margin.

Figure 6. Distribution of high and low values for
Variable 4
Figure 7 refers to Variable 5: The organisation
uses the equipment and software that enable audio
Volume 6 / Number 3 / 2011

Figure 7. Distribution of high and low values for
Variable 5
Figure 8 refers to Variable 6: Our organisation uses a certain level of groupware (software
for teamwork on the same issues or projects). Unfortunately, all the segments show prevailing low
grades, pointing to low presence, or even absence
of groupware.

Figure 8. Distribution of high and low values for
Variable 6
Figure 9 refers to Variable 7: Our organisation
uses certain categories of social software such as
wiki, blog and bookmarking. As Figure 9 shows,
practically none of the surveyed organisations
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uses social software for knowledge management.
The use of these technologies is very simple, but
the low figures can be explained by low familiarity levels.

Figure 9. Distribution of high and low values for
Variable 7
Figure 10 refers to Variable 8: Our organisation
has implemented and uses an e-learning system.
Unfortunately, results similar to the previous variable shows that e-learning systems are not used in
small and medium-sized organisations.

Conclusion
Empirical research conducted in organisations
in the Autonomous Province of Vojvodina was realised with the aim to examine the current condition and investigate the level of implementation
and utilisation of information and communication
technologies (ACT) in the knowledge management context. The research results generally point
to a low application level of these technologies in
practice and the business models of the organisations in the Province. In the context of these
general findings, there are rather relevant differences among particular sectors. Significantly better results were identified in financial organisations (Figures 3, 4, 5, 6 and 7), which points to
the existence of higher level of awareness of the
significance of and need for applying knowledge
management concepts. In addition, certain segments – within the sectors of Trade and logistics,
Education, science and social work, and Public
utilities and services – showed a positive stance
regarding the implementation of knowledge management systems. Another interesting obtained
research result is the one that organisations differentiate between two segments of information
and communication technologies. The first, which
includes technologies, resources and knowledge
systems that can support organisational knowledge management in certain ways, and the other,
which includes means facilitating communication,
and can serve as an avenue for ensuring very good
collaboration among groups and individuals employed in an organisation.
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Abstract
This paper is about real time estimation and calibration of a brushed wound-pole dc motor parameters, experimantally. An Electrical Machines Test
Bed (EMTB), a dc motor with a driver and a data
acquisition card (DAQ) installed computer is used
in the experiment setup. The software application
is developed on Matlab-Simulink platform using
Real-Time Windows Target library. Firstly, motor
parameters are estimated by using ODEs. Then estimated parameters are simulated within the model
and compared with real motor behaviour. Finally,
parameters are calibrated with Matlab-Parameter
Estimation tool and linear model of the dc motor is
acquired according to velocity output.
Key words: parameter estimation, parameter
calibration, simulation, modeling, model validation.
1. Introduction
Diagnostics and model development for electro-mechanical systems are quite important in the
applications of practical control system design.
System diagnostics includes development of a
dynamic system model with the the input-output
measurements obtained from a real system. The
purpose is to establish a reliable mathematical
model usually an ordinary differential equations
(ODE) or a transfer function representing the input-output relationship of the system. The aim of
this model is to predict response, controls and the
redirection of the system in the desired course.
The system diagnosis process is constituted of
experimental planning, data acquisition, model
606

establishment, prediction of unknown system
parameters from the experiment data and test of
the validity of the established model. In the design and control optimization of an electric motor,
identification of the motor model and parameters
accurately provides to obtain a high dynamic performance and energy efficiency from the motor.
These parameters are generally acquired either
analytically during the motor design or generally from the experimental measurements. Thus,
knowing the system model provides the formulization of the system characteristics and this formulization realizes the design and establishment
of high performance control systems. [1-4]
There are some studies about the modeling and
estimation of the parameters of an electric machine
in the literature. In [5], an experimental approach
in estimation of the parameters of a dc motor is
one of these methods. Motor armature winding resistance and inductance, Back-EMF constant, motor torque constant, moment of inertia and friction
coefficient are calculated throughout the experiments. The measurements of the armature current
are flattened by using the discrete time Kalman
Filter and angular velocity is calculated.
In [6], another study on the experimentally
modeling of PM-DC motor and parameter estimation can be seen. First of all, by using standard
linear differential equations, a three-mass system
model has been developed. Then, it is modeled
with numerical input-output data and system linear differential equations. The acquired model has
been tested with the discrete-time identification algorithm. The values experimentally acquired from
over the model outputs and motor set experiments
are observed to be close to each other. The modVolume 6 / Number 3 / 2011
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el has been verified with the Root-mean-square
(RMS) error method. Open loop and closed loop
with PI controller tests have been made.
Linear and non-linear models can be established in order to find the parameters of a system.
Basic non-linear parameters like Coulomb friction and dead zone are included in the non-linear
model. Hammerstein non-linear system approach
is used to estimate the non-linear system model.
Thus, a concurrent model of a system like a dc
motor can be established by using the linear and
non-linear models.[7]
The Hartley modulating functions (HMF) method can be used for physical parameter estimation
of the nonlinear continuous-time systems, where
a frequency-weighted least squares formulation is
applied base on input-output records over a finite
time interval. In [8], thyristor driven dc-motor parameters are experimentally estimated by using the
HMF-method. Another approach in the modeling
of non-linear systems is using NARMAX (Nonlinear AutoRegressive Moving Average with eXogenous input) model which is a method giving quite
accurate and efficient results. This method is based
on a general parametric model that is constituted
of the polynomials that contain various linear and
non-linear concepts which unite the inputs, outputs and modeled system errors. In [9], a dc motor is modeled with the NARMAX approach. MLP
(Multilayer Perceptron) network is used in order to
establish the structure of the NARMAX model.
In [10], DC Decay test has been performed on
a 4,5 KW ASEA synchronous machine which is
one of the necessary methods of estimating the parameters of synchronous machine. DC Decay test
includes holding a machine’s rotor at a certain position and applying a small amount of dc voltage and
acquiring of the parameters by experimental techniques. This method is also called standstill timedomain test or DC Decay test. This method is quite
advantageous and worth noticing since it does not
need any special test equipments.
This study is focused on estimating the model
parameters of a wound-pole brushed dc motor experimentally to develop a linear model of the system by using ODEs. Open-loop experiments have
been performed in order to define and calibrate the
response of the sensors and the motor driver. Then,
simulation models of the dc motor and the motor
Volume 6 / Number 3 / 2011

driver are established in Matlab-Simulink environment. Measurements and experiments have been
performed to acquire data necessary for estimating the motor parameters defined in the simulation
model. Estimated parameter values are implemented into the simulation model and evaluated by observing real-time response of the dc motor. Then,
Matlab-Parameter Estimation tool has been used
for parameter calibration while acquiring approximate values with regard to the real-time output response of the motor.
2. Experiment apparatus setup
Experiment apparatus setup in this study is constituted of an Electric Machines Test Bed (EMTB),
an externally-excited wound-pole brushed dc motor with driver, a DAQ card installed computer
and a digital multimeter.
Our testing unit, TQ Equipment Company FH2
model (EMTB) is designed to test common electric machines in the range with various fractional
horse-powers like Three Phase Wound Pole Motor
(FH100), Step Motor (FH150) and Wound-Pole
Brushed DC motor (FH50). It has a taco-generator for measuring the rotor speed (rpm), a straingauge for obtaining the rotor shaft torque (Nm)
and a Foucault-brake for altering the load of the
motor. By the help of analog IO ports that EMTB
has; measured speed, applied reference voltage to
the motor and motor load values can be transferred
to the DAQ installed computer. A standard PC and
a 100 Ks/S, 12 bit DAQ card is used in this setup.
For measuring the motor current, a multimeter that
has a computer connection via serial port (rs232)
and software support, is preferred. Experiment apparatus setup can be seen in Figure 1.

Figure 1. The view of FH2 EMTB and experiment
apparatus setup.
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Figure 2. Overall structure of connection scheme in the experiment apparatus setup
The overall electrical signal and connection
scheme between the elements of this experiment
apparatus setup as in Figure 2.
2.1 The Structure of the DC Motor and
Mathematical Correlations
The motor used in the experiment is TQ Equipment Companies’ FH50 model which has both serial and shunt winding; in this study, it is used as
an externally-excited dc motor. When the machine
is operated as a shunt motor and its armature and
field are fed with approximately 110 V, the rotor
speed increases approximately to 1500 rpm with
no-load condition [12]. The electro-mechanical
structure of the motor is as shown in Figure 3.

ea ( t ) = ia ( t ) Ra + La

d ia (t )
dt

+ e b ( t ) . .... (1)

If La is neglected in correlation (1) [13];
ea (t ) = ia (t ). Ra + eb (t ) .................... (2)
the result will be as shown in correlation (2).
Back-EMF is as follows;
eb (t ) = K b .ω (t ) .......................... (3)
Shaft torque related to the electrical part;
Tm (t ) = K m .ia (t ) ......................... (4)
Shaft torque related to the mechanic part;
Tm ( t ) = J

d ω (t )
+ B ω ( t ) + T L ( t ) ........ (5)
dt

is as shown above. The terms and explanations
of the terms used in these correlations are defined
as follows:
ea (t ) = Armature Voltage (110 V)
Figure 3. The electro-mechanical structure of the
used dc motor.

ia (t ) = Armature current (1 A)

According to the above scheme, the correlations that will be used to calculate the parameters
of the dc motor are as follows [13]:

eb (t ) = Back-EMF (V)
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Ra = Armature resistance (Ohm)

ω (t ) = Angular velocity (rad/s)
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K b = Back-EMF constant (V/rad/s)
Tm (t ) = Shaft torque (Nm)
J = Inertia (Nm/rad/s2)
B = Friction (Nm/rad/s)
TL (t ) = Load torque (Nm)
K m = Torque constant (Nm/A)
3. Estimation of the motor parameters
3.1 Estimation of Armature resistance ( Ra )
and Back EMF Constant ( K b )
If every term in correlation (2) is divided by ia;
ea (t )
ω (t )
= Kb .
+ Ra ..................... (6)
ia (t )
ia
(6) is derived. For the estimation of the parameters in (6), the voltage applied to the motor has
been started from 0 and increased. The rotationspeed of the shaft and motor current are measured
then the graphic in Figure 4 is acquired.

In the other method for estimating K b ; the motor is operated as a dc generator while measuring the different values it generates at different
rotation-speeds, as a result, the value of K b has
been acquired approximately as 0.7182. Now that
this value is close to the value acquired in the first
method, found K b value in the first method will
rad s .
be used as 0.6739
V
3.2 The Estimation of Friction (B) :
According to the correlation (5) above, derivative term is zero since the speed will be constant
in steady-state and therefore the equation in the
correlation (5) will be:
d ω (t )
= 0 ⇒Tm ( t ) = B ω ( t ) + TL ( t )
dt
A graphic is drawn by using measured shaft
torque Tm (t ) and angular velocity ω (t ) values
while the motor is operated under a certain load
torque TL (t ) . B and TL (t ) values are again calculated according to the equation found in the graphic by curve fitting. In this experiment, while the
motor is operating at the nominal voltage value
(110 V), it is loaded until 0.1 Nm is read in the
torque gauge. After this process, the motor rotation-speed is decreased gradually and according to
Tm (t ) and ω (t ) values at each rotation-speed, the
graphic in Figure 5 are acquired.

Figure 4. Estimation of armature resistance and
Back-EMF constant
After applying curve fitting to this graphic,
y = 0.6 7 39 x + 31.8 2 5 equation has been acquired. When this equation is matched with the
equation (6), Back-EMF constant and armature
resistance is acquired as follows:
rad s
K b = 0.6739
, Ra = 31 .825Ω
V

Figure 5. The Estimation of Friction (B).
After the curve fitting process on the graphic,
y = 0.0001x + 0.0865 equation has been ac-
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quired. When this equation is matched with the

current at the instance of first rotation and torque

equation Tm (t ) = B.ω (t ) + TL (t ) , B = 0.0001 and

constant K m .

TL = 0.0865 are acquired.

3.3 The Estimation of Torque Constant ( K m ) :
The correlation (4) can be used to estimate the
torque related to the electrical part. Torque constant can be found by using the current absorbed
by the motor and measured shaft torque. In the experiment done for this purpose, the motor has been
operated at nominal values in the no-load condition, then the applied torque has been increased

Ta = K m .iamax ............................ (8)
As for acceleration, it can be derived from the
slope of the time-speed graphic that will be acquired when the nominal operating voltage is applied to the dc motor.
aw =

ωn
tx

............................... (9)

starting from 0 and Tm (t ) values corresponding to
ia (t ) values are recorded, the graphic in Figure 6
has been acquired as shown below.
Figure 7. Acceleration graphic and the estimation of inertia
In the current measurement process, the first
rotation current of the motor is measured as
i a m a x = 1.7 3 A . From the acceleration graphic in
Figure 6. Torque - current graphic.
After the curve fitting process on the graphic,
y = 0.5024 x - 0.0547 equation is found, and
from this equation K m ≅ 0.5024 is acquired.

Figure 7, it can be observed that the slope value is
approximately 268.29. Accordingly it is acquired
as follows:
T a = K m i a m a x ⇒ 0.5 3 4 9*1.7 3 = 0.9 2 5 38 N m
J=

3.4 The Estimation of Inertia (J ) :
Inertia is basically related to acceleration
torque Ta (t ) and angular velocity a w (t ) as can also
be seen in the correlation (7) below [11].
J=

Ta (t )
.............................. (7)
a w (t )

Acceleration torque can be derived from the
multiplying of the maximum value of the absorbed
610

Ta
aw

⇒

0.9 2 5 38
= 0.0 0 3 4 4 917 812 8 N m
rad
2 6 8. 2 9

s2

After covering all the calculations, the parameters that belong to the motor have been approximately acquired as follows:
V
R a = 31.8 2 5 Ω , K b = 0.6 7 39
rad
K m = 0.5 0 2 4 N m

A

, B = 0.0 0 01 N m

J = 0.0 0 3 4 4 9 N m

rad

rad

s
s

s2
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4. Analysis and calibration of the estimated
parameters
In order to test the accuracy of these estimated
parameters; the model of the system is needed
to be established and the model should be simulated by using estimated parameters. The results
acquired from simulation and the real system responses are needed to be compared. With the experiments done so far, the parameters of the dc
motor which is the main component in the system
model have been acquired.
As it can be seen in Figure 2, the motor is
driven by an electronic-driver which generates dc
output voltage (motor operating voltage) between
0-110 VDC with a reference input signal between
0-6 VDC. For this reason, the response of the
driver is determined before observing the motor
model. Three different levels of step inputs have
been applied to the driver and input – output realtime responses are observed. As a result, the following graphic is obtained representing the driver
characteristic (Figure 8).
In Figure 8, the response of the driver with regard to the three different step inputs demonstrates
certain incline and decline slopes, as 22.5 and
-20.4(V/s), respectively. After the driver responses

have been acquired, the model of the experiment
system has been established in Simulink environment as seen in Figure 9.

Figure 8. The three different step response of the
dc motor driver
After the Simulink Simscape model have been
established, the parameters acquired by the experiments, performed in section 3, have been implemented into the simulation. After the comparison
of the real system response and the simulation
results, it has been observed that the simulation
results are almost coincident with the real-time response. In order to have better simulation results,
parameter-calibration task has been applied by using Simulink-Parameter Estimation tool, in which
the values of unknown parameters in both continuous-time and discrete-time models are estimated

Figure 9. The Simulink Simscape model of the experiment system
Volume 6 / Number 3 / 2011
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and/or known parameters are calibrated by using
experimental data. This is especially useful when
some parameters cannot be measured experimentally or estimated parameters are needed to be calibrated within acceptable values. When the tool is
utilized, it compares the real-time measured data
with the data generated by the Simulink model.
Using optimization techniques, the software estimates the parameters and (optionally) initial conditions of the states, to minimize a user-selected
cost function. The cost function typically calculates a least-square error between the empirical
and model data signals [14].
Parameter-Estimation tool is started within the
system model created in Simulink environment.
Then input data, which will be applied both to the
model and the real system, is prepared and applied
to real system. Real system response is recorded
since it will be a reference for the tool while calibrating the parameter values. After input and output data are imported into the tool, the parameters
to be calibrated and their value ranges are defined.
When assumed that more than one parameter will
be calibrated within the tool, the change in the
each parameter values is expected to affect the
others. So, it’s important to define value ranges in
consideration with the calculated values. For example, Ra is estimated as 31 .825Ω in section 3.1
and by measuring with the ohmmeter, the value
of Ra is observed approximately 30 ohm. Therefore, the acceptable initial-guess value range for
Ra can be defined as 27 ohm minimum and 35
ohm maximum in the tool.
The results of our experiments show that, ignoring the initial guess min/max values may cause
the tool to calculate insensible parameter values,
like finding Ra or J negative. This may be due to

the use of “non-linear least squares” method with
“Trust-Region-Reflective” algorithm in the tool,
which only focuses on finding local minimums.
Thus, defining the range for the parameters to be
predicted improves the accuracy for the results of
the calibration process and reduces the computational time elapsed by optimization algorithms.
Calibrated and validated motor parameters are
seen in Table 1 with respect to the estimated parameters in section 3.

Figure 10. Defining estimation parameter value
ranges within Parameter-Estimation tool.
5. Discussion
When the estimated and calibrated parameters
in Table 1 are examined, there exists more rational change in Friction (B) -800.00%- and Inertia
(J) -44.97%- values than in the other parameters.
This is considerable because in physical systems
like dc motor, estimating B and J values are harder than the other parameter’s estimation. In Figure 11, graphic shows the motor’s simulation response with the estimated parameters in section 3
versus the simulation response with the calibrated
parameters in section 4 and the motor real output
response.

Table 1. Estimated and calibrated parameter values
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Figure 11. DC motor non-calibrated vs. calibrated parameters simulation and real output response
6. Conclusion
Many physical systems can be represented by
using ordinary differential or difference equations
with variables, referred to a mathematical model.
Primarily, important components and correlations that interact within the system are identified.
Variables (parameters) present in the correlations
are calculated by analyzing the internal correlations and external responses of the system. Thus,
a complete mathematical model of the system is
acquired to estimate and control the system responses in different situations. When considered
that the systems are getting bigger and complicated nowadays, the importance of modeling the system components and accurately estimating their
parameters will be understood better.
A dc motor is one of the basic actuator that
can be found in many complicated industrial or
home-application systems. It converts electricity
into mechanical energy and it includes both electrical and mechanical components. In this study, a
dc motor is modeled based on its velocity output
data and the parameters in the model have been
calculated with the experiments by using mathematical correlations. The identified model and
parameter values have been tested on the model
established in the Simulink environment. When
the real response of the system and the simulation
results with estimated parameters are compared,
it is observed that simulation acts almost like the
real system with little differences. At this point,
Volume 6 / Number 3 / 2011

the estimated parameters are calibrated by using
Simulink-Paratmeter Estimation tool. Due to the
new parameter values acquired as the result of the
estimation process, simulation results and the real
system responses are observed to coincide with
great proximity.
As a result of this study, mathematical model of
a wound-pole brushed dc motor has been identified based on the velocity output data. The identified model and parameters will be the base of further studies related to the control of the same dc
motor with different control algorithms.
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Abstract
During researches of optimal technological
solution of oil shale exploitation process, from
Aleksinac deposit, based on physical-mechanical
and deformation characteristics, necessity for defining final slope angle of the new open pit has
occurred.
In the world, slope stability problem is solved
by computer programs, which quantitatively becomes standard procedure. There are several well
known computer programs who solve this kind
of problem, and one of them is GeoStudio 2007
program, who was made by Canadian firm GEOSLOPE International Ltd. Engineers from Mining
and Metallurgy Institute Bor also use this program,
on the base of researched and tested parameters of
working environment.
These are the reasons why authors of this paper
took samples from Aleksinac oil shales basin, did
necessary tests for determination of the required
parameters, and also did calculations for defining
final angle of slope stability of the new open pit
mine by mentioned computer program, as the
most rational solution.
Key words: oil shales, sample testing, calculation of stability, GeoStudio program
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Introduction
During projecting and technology of excavation in open pit mines, slope stability has been researched for the most adequate conditions, so that
the time of working level stability and permanent
stability of the final slope can be determined. Research and determination of slope was done for
the slope who provides enough security for workers and equipment on working level, as well as
undisturb functioning of mining production with
minimum costs.
Authors were considered criteria of border
equilibrium analysis that are expressed in dependence of permitted [1] security factor. Shearing resistance parameters [1, 6] of material that creates
rock massif of working environment, are never
well known, and security factor must compensates
different between real and calculated values during slope stability analysis for new open pit mine.
Many factors and parameters affect on size
of the allowable safety factors. They are: quality
of geological exploration [2, 7], representative
sample for laboratory determination of resistance
parameters and their interpretation, „In-situ” determination of shear resistance parameters [6] on
large samples, their orientation and water bearing
zone and so on.
In geomechanical laboratories of the Institute
of Mining and Metallurgy Bor were examined pa615
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rameters that are necessary for the stability calculation, on the samples taken from the Aleksinac oil
shale deposits.
By the program GeoStudio 2007 [3] calculation of the final slope stability were carried out of
the newly projected open pit, on the characteristic
profiles [5] selected on the basis of deposit’s geomodel, done in the Institute of Mining and Metallurgy Bor by Minex program 5.2.3. The results
were statistically analyzed in Origin 8th. 50 calculations were done [3] in GeoStudio 2007 program,
and 10 statistical analysis in Origin 8th program.

In addition to mechanical, deformation parameters of solid rocks were also investigated on oil
shale’s samples:
–– Compressive strength sp [MPa] by SRPS
B.B7.126:1988,
–– Cohesion, C [MPa],
–– Angle of internal friction, j [º]. The results
for the cohesion and angle of internal friction
are obtained by graphical method.
Appearance of prepared samples for geomechanical testing are presented in Figures 1 and 2

Tests at the laboratory of geomechanics
Within Aleksinac productive series, according
to the primary lithological characteristics and the
superposition of layers, working environments
were defined [2, 5 and 11].
Series of oil shale [8] were systematically studied by mining operations, exploration drilling,
and to a lesser extent, by geophysical works [2].
Since the deposit was investigated by exploration
drilling and mining operations, applied exploring methods are reduced to mining operations by
channel samples method [2, 8]. Complete chemical and other analysis were done in the laboratories of the Faculty of Mathematics Belgrade, as
well as in the Institute of Chemistry, Technology
and Metallurgy in Belgrade [4, 9].
In addition to study research, analysis and synthesis of previous geological studies [14], based
on obtained documents [10], laboratory testing
was also done. Laboratory tests were conducted
on samples taken from oil shale’s outcrop [5] Point 1, and two from level entries from Subotinac
in Aleksinac - Point 2. Sampling was done on May
7th 2009 and testing was completed on June 10th
2009 [7]. Samples were processed and tested in
the laboratory for geomechanics [6, 7]. The tests
were conducted on prepared samples [7] according to applicable standards for each type of test for
mining [8] as recommended by the International
Society for rock Mechanics - ISRM.
On oil shale samples were determined, in laboratory conditions:
–– Bulk density with pores and cavities in natural
state γ [g/cm3] by SRPS B.B7.113:1993.
616

Figure 1. Appearance of prepared samples points
1 and 2
Results of sample tests, needed for stability calculation, are given in Tables 1 and 2.
Stability calculation program
GeoStudio2007 – SLOPE/W
Software GeoStudio 2007, respectively its tool
SLOPE / W is intended for calculation of stability
by limited equilibrium condition [1, 12 and 13].
The program contains all methods that are well
known in the world: Ordinary, Bishop, Janub,
Spencer, Morgenstern-Price, Sarma, Lowe Karafiath, Figure 2
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Table 1. Parameters for stability calculation from Point 1
Physical-mechanical parameters
Statistics parameters
Number of samples
Min. value
Max. value
Average value
Standard deviation
Coefficient of variation K [%]

Bulk density with pores and cavities
in natural state * γ [kN/m3]
10
18,86
19,98
19,332
0,4186
2,1654

Cohesion
C [MPa]
9
1,50
2,36
1,914
0,2949
15,4050

Angle of internal
friction j°
9
18
34
27,556
6,0645
22,0082

Table 2. Parameters for stability calculation from Point 1
Physical-mechanical parameters
Statistics parameters
Number of samples
Min. value
Max. value
Average value
Standard deviation
Coefficient of variation K [%]

Bulk density with pores and cavities
in natural state * γ [kN/m3]
10
21,04
21,74
21,433
0,1753
11,2283

Cohesion Angle of internal
C [MPa]
friction j°
10
10
8,68
28
12,50
40
10,693
33,60
0,7958
4,2999
6,4358
12,7972

Note: Values for bulk density are calculated values who are got from data for density

*

Figure 2. Limited equilibrium condition methods
in software GeoStudio 2007 SLOPE/W
Characteristics of the working environment are
defining in Mohr - Coulomb model [1, 7] through
cohesion, bulk density and angle of repose. Influence of groundwater on stability [1, 12, 13] is
modeled by hydrostatic level, coefficient of pore
water Ru, pore water pressure B-bar, Figure 3
Profiles for the final slope stability analysis of
the newly-pit mine, by whom would be made the
exploitation process of oil shale deposits from the
site Aleksinac [3], are defined by [10] geological
profile of Aleksinac geo-model, made in the Institute of Mining and Metallurgy Bor by program
Minex 5.2. 3 [3], Figure 4
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Figure 3. Modeling of influence of groundwater
on stability in software GeoStudio 2007 SLOPE/W

Figure 4. Geo-model of Aleksinac deposit of oil
shale in Minex 5.2.3 program
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According to the position of the deposit [14], the
final slope stability analysis of the newly-pit mine
was done on two profiles. The first profile is for the
final slope that is entirely in sandstone and shale lying wall. The second profile is for the final slope
that passes through the neogene and clay hanging
wall [2]. Depth is varied to values of 100-300 m.
Numerical values of physical - mechanical
parameters of working environment are defined
based on existing data [2] and new researches [6,
7 and 8]. The average values of cohesion, angle
of repose and bulk density of these documents are
presented in Table 3
Table 3. Physical-mechanical characteristics of
oil shale deposit from Aleksinac
Environment
Neogene
Clayey marl in
hanging wall
Hanging wall’s oil
shale
Coal
Lying wall of
sandstone and oil
shale

C, [kN/m2] j, [°] g, [kN/m3]
18,00
18,50
17,74
51,28

53,13

23,00

42,87

48,48

17,91

63,00

30,60

20,40

53,71

50,36

19,23

Marl clay hanging wall, the roof of oil shale
and underlying sandstones and shale are less permeable working environment [2]. Data concerning
the level of groundwater in the area of Aleksinac
oil shale deposits are not available, so stability calculation was done for the coefficient of pore water
ru. Values of ru coefficient are defined on base of
historical data and are shown in Table 4
Table 4. Pore water coefficient by working environment
Environment
Neogene
Clayey marl in hanging wall
Hanging wall’s oil shale
Coal
Lying wall of sandstone and oil shale

Results of stability calculations
Stability calculation was performed for 50 different cases, the working environment, the newly
dug deep and the final slope angle. For each of the
50 cases the coefficient of stability calculated by
methods of Morgenstern-Price, Bishop and Janub.
The calculation results of the final slope stability of
the newly open pit slope angles for different depths
and in the exploitation process oil shale from the
site Aleksinac deposits are shown in tables 5 and 6.
The results of calculations of stability GeoStudio2007 program SLOPE / W were analyzed in
Origin 8. Statistical analysis was performed for 10
different cases, the working environment and dig
deep. An example of statistical data processing in
Origin 8 is shown in Figures 6 and 7. Maximum
final slope angles of the newly-pit mine exploitation in technological processes of oil shale from
the site Aleksinac deposits that meet the safety aspect, are given in Tables 7 and 8

ru
0,1
0,3
0,2
0,1
0,3

Calculation of stability was performed by applying Morgenstern - Price, Bishop and Janub. The
position of the sliding plane in GeoStudio2007
SLOPE / W was elected by Grid and Radius tool
[1, 12], which defines the potential sliding plane,
their center and radius of sliding - Figure 5
618

Figure 5. Grid and Radius tool in program
GeoStudio 2007 SLOPE/W

Figure 6. Statistical analysis of the coefficient of
stability by program Origin 8 for open pit depth
of 100 m
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Table 5. The results of calculations of stability for the profile in the Neogene and marl and clay hanging
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value

100m/15°
3,383
3,374
3,258
3,338
150m/15°
3,118
3,096
3,068
3,094
200m/15°
3,060
3,024
2,298
2,794
250m/15°
3,040
3,007
2,976
3,008
300m/15°
2,744
2,686
2,658
2,696

100m/20°
2,534
2,520
2,502
2,519
150m/20°
2,302
2,253
2,221
2,259
200m/20°
2,169
2,112
2,078
2,120
250m/20°
2,103
2,043
2,020
2,055
300m/20°
1,997
1,923
1,896
1,939

100m/25°
2,242
2,222
2,198
2,221
150m/25°
1,762
1,700
1,675
1,712
200m/25°
1,651
1,577
1,551
1,593
250m/25°
1,567
1,494
1,463
1,508
300m/25°
1,480
1,370
1,344
1,398

100m/30°
1,666
1,632
1,612
1,637
150m/30°
1,364
1,291
1,262
1,306
200m/30°
1,285
1,205
1,173
1,221
250m/30°
1,216
1,116
1,086
1,139
300m/30°
1,163
1,050
1,013
1,075

100m/35°
1,368
1,346
1,313
1,342
150m/35°
1,176
1,111
1,062
1,116
200m/35°
1,011
0,940
0,894
0,948
250m/35°
0,958
0,851
0,812
0,874
300m/35°
0,901
0,792
0,756
0,816

Table 6. The results of calculations of stability for the profile in lying wall of sandstone and oil shale
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value

100m/15°
3,428
3,424
3,347
3,400
150m/15°
3,236
3,231
3,152
3,206
200m/15°
3,221
3,217
3,147
3,195

100m/20°
2,491
2,484
2,405
2,460
150m/20°
2,415
2,409
2,340
2,388
200m/20°
2,342
2,337
2,286
2,322

100m/25°
2,060
2,005
1,923
1,996
150m/25°
1,886
1,876
1,806
1,856
200m/25°
1,811
1,808
1,770
1,796

100m/30°
1,594
1,586
1,522
1,567
150m/30°
1,471
1,456
1,385
1,437
200m/30°
1,415
1,406
1,355
1,392

100m/35°
1,247
1,238
1,180
1,222
150m/35°
1,131
1,107
1,037
1,092
200m/35°
1,099
1,083
1,027
1,070

Table 6. The results of calculations of stability for the profile in lying wall of sandstone and oil shale
(continuation of the table 6)
Method
Morgenstern-Price
Bishop
Janub
Average value
Method
Morgenstern-Price
Bishop
Janub
Average value
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250m/15°
3,219
3,215
3,138
3,191
300m/15°
3,084
3,080
3,020
3,061

250m/20°
2,338
2,334
2,292
2,321
300m/20°
2,274
2,269
2,226
2,256

250m/25°
1,730
1,726
1,683
1,713
300m/25°
1,637
1,632
1,590
1,620

250m/30°
1,357
1,346
1,293
1,332
300m/30°
1,339
1,331
1,285
1,318

250m/35°
1,054
1,047
1,004
1,035
300m/35°
1,039
1,026
0,970
1,012
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Figure 7. Statistical analysis of the coefficient of
stability by program Origin 8 for open pit depth
of 300 m
Table 7. Maximum final slope angles of the newlypit mine in Neogene and marl and clayey hanging
Open pit depth H, m
100
150
200
250
300

Final slope angle, α °
35,7
30,2
28,9
27,6
26,4

Table 8. Maximum final slope angles of the newlypit mine in lying wall of sandstone and oil shale
Open pit depth H, m
100
150
200
250
300

Final slope angle, α °
33,7
31,9
31,4
30,4
30,2

Conclusion
Based on previous and new tested physical mechanical and deformation characteristics of the
working environment, the final calculation of the
maximum angle of slope of the newly open pit for
a particular work environment was made. Also,
based on analysis and calculation of stability there
was a variation of the newly dug deep for the values
of 100 to 300 m, and the calculation is performed
using Morgenstern - Price, Bishop and Janub.
Ultimate slope angle of the newly-pit mine is
dominant and one of the basic geometric parameters
that affects on pit construction. Small changes in the
final angle of the newly open pit slopes have a large
620

impact on the amount of trench that should be dig,
which is particularly pronounced for large mines
such as mine and discussed Aleksinac deposits
Ultimate slope angle is one of the primary technical parameters in determining the optimal contour of the newly open pit and thus its limit depth.
For these conditions and analyzed, adequate
selection of the final slope angles of the newly-pit
mine is relevant and necessary to the technical economic aspect and the aspect of safety in technological processes of surface mining.
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Abstract
Datamatrix codes can be successfully read with
a code reader or with mobile phone if the code
is printed with appropriate contrast between the
printing ink and the substrate. The readability of
Datamatrix codes printed separately with pure process colors was studied. It was proved that yellow
codewords may cause a reading failure. The readability of dichromatic and multi-colored Datamatrix codes was also studied. Datamatix codes are
capable of ensuring good readability even if they
contain a substantial number of poorly readable
codewords due to the Reed-Solomon error correction system. The multi-colored Datamatrix codes
were printed on four different substrates and the
code readability using two different camera-based
readers was determined. The results revealed that
all multi-colored codes with two yellow codewords printed with an inkjet and laser printer were
readable on all printing substrates if they were captured with mobile phone. When capturing with a
conventional reader an exception appeared on one
printing substrate. This phenomenon was studied
in detail with the evaluation of substrate whiteness
and by measurements of L*a*b* values, chroma
(C*) and optical density (D) of printed colors. All
codes with three yellow codewords were unreadable regardless of the printing substrate, printing
technique or reading machine.
Key words: Datamatrix codes, readability,
multi-colored codes, error-correction system.
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1. Introduction
The concept of 2D codes is based on encoding
the data in both horizontal and vertical directions.
Its development enables the encoding on a smaller
area of much larger quantity of numeric or alphanumeric data, up to 70 times more compared to conventional barcodes. 2D codes can be read by camera-based readers (like mobile phones equipped
with camera and software) [1, 2]. Application of
2D codes is in a broad range from direct marking
of small parts in metal, to computer and aviation
industry; they are also used in medicine and pharmacology [3, 4]. There are several standardized 2D
codes, such as Datamatrix, QR Code, MaxiCode,
Aztec Code, PDF417 Code and others, but mainly
Datamatrix and QR codes are used. 2D codes can
be applied in advertising and information management and captured by mobile phones [5, 6, 7].
2D codes can be printed on different packaging
materials and thus give to the customer additional
information about the product or can be linked to
the producer’s web page or other content [8, 9].
With the purpose of mobile marketing propagation, different industry-wide initiatives like Mobile com group [10], supported by GS1, were established to enable consumers access to product
information via their mobile phones [7].
2D codes are usually printed ensuring maximum contrast, such as black code printed on white
substrate. This is due to the properties of reader
devices which operate well if the contrast between
code color and printing substrate is high. In advertising, however, design often demands the use of
colors other than black and white. This may create
problems in reading and decoding.
Volume 6 / Number 3 / 2011

technics technologies education management

The aim of the study was to define the limits
of readability of different monochromatic, dichromatic and multi-colored codes printed with two different printing techniques on four different printing
substrates using a mobile phone and a conventional
code reader. With this study we wanted to prove
that the 2D codes can be printed with multi-colored
design allowing for some limitations.
2. Theoretical part
2. 1 Datamatrix code
Datamatrix code consists of black modules arranged in a code matrix. Around the code there is
a unique finder pattern used for orientation and
determination of the symbol. Two adjacent sides,
the left y and bottom x sides, forming the L boundary, are solid dark lines. They are used primarily
to determine physical size, orientation and symbol
distortion. The other two, opposite sides of code
are made up of alternating dark and light modules.
They are used primarily to define the cell structure
of the symbol and determine the physical size and
distortion (Figure 1). [11]
In accordance to ISO 16022 standard [11] Datamatrix code can encode up to 2335 alphanumeric
data characters, 1555 or 3116 numerical data at
only 1/10 of space of the linear barcode [11, 12].
The size of the Datamatrix code depends on the
amount of data ranging from 10 × 10 to 144 × 144
modules. Actually, the minimum amount of information encoded is 8 × 8 plus 2 modules: one on
each side for the finder pattern. Datamatrix codes
can be read even at only 20% contrast between the
printing ink and substrate according to the ISO/
IEC 15415 [13].

Figure 1. Datamatrix code. [14]
Volume 6 / Number 3 / 2011

2. 2 Code readers
For code decoding various code readers are
used. In addition to readers, 2D codes can be decoded also with certain types of mobile phones.
There are essentially three types [15] of code readers: camera-based, laser and CCD readers.
2. 2. 1 Camera-based readers
Camera-based readers are the newest type of
code readers. This type of readers uses a small
video camera to capture an image of the code.
Sophisticated digital image processing techniques
are then used to decode the code. Video cameras
are equipped with the same CCD (Charge Coupled Device) technology as in CCD code readers
except that instead of having a single row of sensors, video camera has hundreds of rows of sensors arranged in a two-dimensional array so that
they can generate an image [16]. Camera-based
reader is the one used in capturing the codes with
mobile phone camera. One main difference has to
be mentioned between mobile phone readers and
conventional camera-based readers. The latter use
red laser light for code capturing, while the mobile
phones use only the light from environment.
2. 3 Datamatrix code encoding
The amount of data that can be encoded into the
matrix of each particular size is defined by standard [11] and is shown in Table 1. Beside this, lots
of other important parameters which describe the
properties of information encoding are included.
For example if we focus on a symbol size 10 × 10
with data region size 8 × 8 we can see that 8 codewords can be encoded – 3 of them for data encoding and 5 for the Reed-Solomon error correction
system (described later). The encoding process for
Datamatrix code is divided into following steps:
–– The size of the code is determined according
to the type and amount of data (Table 1);
–– Data (numbers or letters) have to be
changed into binary values (0 and 1) using
the convert table between ASCII, decimal
and binary values;
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Table 1. Properties of information encoding into code symbols of different sizes. [11]
% of
Max.
ReedSymbol
Total
Maximum data
Mapping
Intercodewords
correctable
Data
region
Solomon
sizea
capacity
matrix codewords
leaved
used
codewords
block
size
blocks
for error
Error /
Row Col Size No.
Data Error Data Error
Num. Alphanum. Byte correction erasure

a

10
12

10 8 × 8 1
12 10 × 10 1

8×8
10 × 10

3
5

5
7

3
5

5
7

1
1

6
10

3
6

1
3

62,5
58,3

2/0
3/0

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

…
…
…

144 144 22 × 22 36 132 × 132 1558 620

156
155

62
62

8
2

3116

2335

1555

28,5

310/590

…
…
…

…
…
…

Symbol size does not include quiet zones, i.e. module width on all four sides around the code.

–– Binary values have to be entered into
codeword as is shown on Figure 2 (a);
–– Codewords with binary values are entered
into the code matrix according to defined
rules (Figure 2 (a));
–– To complete the code, the finder pattern is
added around the encoded data.
The basic form of data encoding is determined
by the form of codeword, which consists of 8 binary bits distributed from position 1 to 8 as shown
in Figure 2. In one such codeword we can encode
two numbers or one letter.

2. 3. 1 Positioning of codewords into the code
matrix
After positioning of bytes into codewords, they
have to be positioned into the code matrix. The
positioning starts with the second codeword (2.1
– 2.8) in the uppermost left corner. It is continued
in a manner that all eight bits of each codeword
are followed by a diagonal at 45° as is shown in
Figure 2 (a). At some parts of the code, codewords
have to be divided into more parts and placed into
the code matrix according to the rules for codeword dividing defined in the standard.
While positioning the codewords into the code
matrix the codewords with encoded data are posi-

Figure 2. (a) Codeword - gray (first number refers to number of codeword, second number refers
to position of bits) and positioning of codewords into the code matrix, (b) positioning of bits into the
codewords and code matrix and (c) final Datamatrix code with finder pattern. [11]
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tioned first, followed by codewords for error correction. Thus, in Figure 2, data codewords are positioned in places 1._, 2._ and 3._ and all the other
codewords represent error correctors.
2. 3. 2 Example of data encoding
According to the ASCII encoding procedure, to
encode numerical values of two digits, 130 should
be added to the number. Encoding of numbers
»1«, »2«, »3«, »4«, »5« and »6« is presented below. ASCII encoding converts 6 characters into 3
bytes:
»12« = 12 + 130 = 142
»34« = 34 + 130 = 164
»56« = 56 + 130 = 186
After a short calculation each “result” is represented with followed decimal numbers: 142, 164
and 186. The conversions according to ASCII,
from decimal to binary values, are shown in Table
2 [18]. The binary values are then put into codewords and inserted into the code matrix.
Table 2. Conversions from numbers to binary values.
Pairs
of numbers

Adding
130

Result or
decimal value

Binary
value

»12«
»34«
»56«

12 + 130
34 + 130
56 + 130

142
164
186

10001110
10100100
10111010

2. 4 Reed-Solomon error correction system
To enable the detection and correction of errors
that arise when storing or reading data, the Datamatrix codes employ the Reed-Solomon errorcorrection system [19]. It is known that adding t
error correcting codewords to the data results in
capability of correcting at most [t/2] (codeword)
errors when using a linear error-correcting code.
This above is achieved by the Reed-Solomon
codes.
The description of the process of encoding data
with Reed-Solomon codes for the 8 x 8 Datamatrix
codes: all the arithmetic is done in the binary Galois
field GF (28) of order 28 , defined by the irreducible
polynomial f(x) = x8+x5+x3+x2+1. That means that
Volume 6 / Number 3 / 2011

any codeword is represented as a polynomial of
degree at most 7; addition is the usual addition of
polynomials (reducing coefficients modulo 2) and
multiplication is the usual multiplication of respective polynomials, followed by a reduction modulo
f(x) (and again reducing coefficients modulo 2).
To produce five error correcting codewords from
three data codewords, an appropriate irreducible
generator polynomial g(x) of degree 5 is used,
namely g(x)=x5+62x4+111x3+15x2+48x+228 (the
coefficients of g are symbols from GF (28), represented as decimal numbers). The data s=(s1, s2, s3)
is then treated as the polynomial s(x)=s1x2+s2x+s3
of degree 2 with coefficients from GF (28). The socalled check polynomial c(x) is calculated and it is
the remainder of the polynomial s(x) . x5 divided
by the generator polynomial g(x), i.e., there exists a
polynomial r(x) such that s(x) . x5= r(x) g(x)+ c(x).
The coefficients of the check polynomial, which
is of degree at most 4, give the 5 error correcting
codewords. This results in capability of correcting 2
corrupted codewords from any of the 8 Datamatrix
codewords. A Datamatrix code is read correctly,
if g(x) divides s(x) . x5- c(x), where the polynomial
s(x) is formed from the first three codewords and
c(x) is formed from the remaining five codewords
of the code. Otherwise a more sophisticated decoding algorithm must be used that determines the
positions and values of the errors. The ISO 16022
standard [12] recommends and describes the Peterson-Gorenstein-Zierler decoding algorithm.
2. 4. 1 Example of check-digit calculation
Let us calculate the error correction codewords
for the data »123456« from the previous example.
This data is represented with the decimal values
142, 164 and 186. The data polynomial is formed
as s(x)=142x2+164x+186. The check polynomial
c(x)=114x4+25x3+5x2+88x+102 is calculated as
the remainder of the polynomial s(x).x5 divided
by g(x), the five error correcting codewords being (114, 25, 5, 88, 102) in decimal notation,
or (1110010, 00011001, 00000101, 1011000,
1100110) in binary notation. These codewords are
then inserted into the code matrix as in Figure 2.
All the arithmetic is done in the Galois field GF
(28) described above.
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3. Experimental part
Our previous research [20] on the readability of 2D codes printed in several digital printing
techniques and using different ink colors (cyan,
magenta, yellow and black - CMYK) proved the
possibility of printing 2D codes in different monochromatic colors. The level of contrast of each individual color necessary for successful readability
of the code was determined.
The creation of multi-colored 2D Datamatrix
codes offers additional options for advertisers and
designers and consequently more esthetic final
product or packaging. Therefore, the readability
of multi-colored 2D Datamatrix codes was studied. To prove our hypothesis the code with a data
region of 8 × 8 modules (symbol size 10 × 10) was
used. It provides two codewords that can be corrected (Table 1). The experimental part included
the analysis of the readability of:
1. monochromatic codes (C, M, Y and K);
2. dichromatic codes with a finder pattern in K
and data region in C, M or Y;
3. dichromatic codes with a finder pattern in C,
M or Y and data region in K and
4. multi-colored codes.
From the previous research [20] it was assumed
that Y printed modules are poorly readable or not
readable at all, while C, M and K printed modules
are readable.
3. 1 Materials and methods
3. 1. 1 Code generating
Code was generated using the Kaywa generator [14]. Numbers “123456” were encoded into
the Datamatrix code. They were encoded into first
three codewords according to the described procedure of data encoding.
3. 1. 2 Staining the modules
At the first step, Datamatrix codes were printed
in three different ways with solid colors;
–– four separated process inks: C, M, Y and K;
626

–– a finder pattern in C, M or Y and with a K
data region;
–– a finder pattern in K and data region in C,
M or Y.
Secondly, multi-colored codes were designed and
printed with two and three Y codewords. The aim of
the last step was to prove that only codes with two
codewords printed with poorly readable color are
readable, while codes with three codewords are not.
3. 1. 3 Printing
The codes were printed in two different digital
printing techniques on four different printing substrates. We used Laser printer (HP Color LaserJet
3550 with default settings and resolution 600 ×
600 dpi) and Inkjet printer (HP Deskjet 5652 with
default settings and resolution 600 × 600 dpi).
Printing substrates:
–– Recycled Motif, 100 % recycled laser &
copier paper, 80 g/m2
–– Newspaper Vipap Videm Krško 45 g/m2
(newspaper)
–– Officeline Super quality paper, Laser &
inkjet, 80 g/m2 (super Q)
–– Packaging cardboard Reno de Medici 230
g/m2 (cardboard)
Whiteness of printing substrates was determined
as reflection at wavelength 457 nm (Table 3).
Table 3. Whiteness of printing substrates samples.
Printing
Card
Recycled Newspaper Super Q
substrate
board
ISO
66.76%
60.02%
97.87% 83.65%
whiteness

3. 1. 4 Reading
All samples were exposed to standard daylight
in The Judge II (Gretag Macbeth) chamber and illuminated at 45° angle. The readability of codes
was detected using conventional reader (Digital
reader Symbol Technologies DS6607 using 650
nm laser diode for aiming pattern) and mobile
phone (Nokia N86 8MP with i-nigma software for
decoding 2D codes).
Volume 6 / Number 3 / 2011
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Beside code reading the whiteness of base
printing substrates, L*a*b* values, chroma C*
and optical densities D were measured for printing colors. The spectrophotometer Eye-One from
Gretag Macbeth with measuring conditions D50
illumination and 2° observer was used.
4. Results and discussion
4. 1 Monochromatic code readability
The readability of each individual color code
printed in four solid process inks was determined.
Table 4 presents the readability of codes printed
with both laser and inkjet printer.
As is shown in Table 4, all codes printed in the
process printing inks are readable using the mobile phone, while in reading with a reader, Y codes
are not readable at all.
4. 2 Dichromatic code readability
The analysis of code readability with a finder
pattern in K and data region in C, M or Y printed
was determined (Table 5). The readability tests
showed that Datamatrix codes with a finder pattern in K and data region in C and M were readable printed on all four printing substrates and read

with mobile phone as well as with a reader. The
K-Y combination was not readable. Even though
the finder pattern was printed in K and enough
contrast was provided for good readability and to
detect the orientation of the code, none of the readers could read the code with Y printed data.
The code readability of a finder pattern in C, M
or Y and data region in K was determined as well.
Again, for all printing substrates and both readers,
the C-K and M-K combinations were readable,
while the Y-K combination was not.
In the Y-K combination the reader could not
find the orientation of the code implying that the
contrast between the finder pattern and the data region was too high.
4. 3 Analysis of multi-colored codes
In the last experimental part 2D Datamatrix
codes consisting of codewords in all four process colors were printed. Some codes had two
and some had three Y codewords (Table 6). The
readability of codes printed with different printing
techniques onto different printing substrates using
mobile phone and code reader is presented in Table 7. The experiment showed that the multi-color
2D Datamatrix codes with two Y codewords were
all readable with a mobile phone, while those with
three Y codewords were not readable at all.

Table 4. The readability of codes printed with laser and inkjet printer; (+) readable, (-) unreadable
Printing
ink
C
M
Y
K

Printing substrate
Recycled
Reader
+
+
+

Phone
+
+
+
+

Newspaper
Reader
+
+
+

Super Q

Phone
+
+
+
+

Reader
+
+
+

Phone
+
+
+
+

Cardboard
Reader
+
+
+

Phone
+
+
+
+

Table 5. The readability of dichromatic codes; (+) readable, (-) unreadable
C, M and Y data and K finder pattern

C, M and Y finder pattern and K data

Picture of code
Readability

+
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+

-

+

+
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Table 6. Multi-color Datamatrix codes.

2 Y codewords

3 Y codewords

Table 7. Multi-color Datamatrix readability results – laser and inkjet printing; (+) readable, (-) unreadable

Reader

Phone

Reader

Phone

Reader

Phone

Reader

Phone

Reader

Phone

Reader

Phone

Reader

Phone

Cardboard

Phone

Super Q

Reader

Newspaper

Number of Y
codewords

Recycled

2
2
2
3
3
3

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

+
+
+
-

Laser

Inkjet

Laser

Inkjet

From the results one exception is evident.
Inkjet prints with two Y codewords could not be
read with the conventional code reader if they
were printed on substrate with low whiteness, e.g.
newspaper (Table 3). To find out the reason for
the non-readability of the prints on newspaper the
comparison between inkjet and laser-printed samples was analyzed in detail. At first the L*a*b*
and C* values of printed colors on newspaper
were measured.
The separate results for L* vs. C* and a* vs. b*
are presented in Figures 3 and 4. From both diagrams, some differences between each single color are visible. The colors differ between printing
techniques. As it is seen from the Figure 3, C, M,
Y colors printed with laser have a higher chroma
(higher saturation). The lightness of C and M is
lower and for Y a little bit higher in laser prints. In
Figure 4 it is shown that Y and C show higher differences and have higher saturation in laser prints.
Only by measuring and evaluating the L*a*b* and
628

Laser

Inkjet

Laser

Inkjet

C* values we could not find out the reason why
sometimes 2D codes printed with inkjet were not
readable by conventional code reader. Because of
this the optical density of colors printed on newspaper was also measured. In Table 8 we can see
that optical density for all printed colors has a
higher value in laser prints. The highest difference
is achieved with M prints (0.54). Consequently
we assume that the reason for non-readability is
not just the color itself, but also its optical density.
Beside different end printed colors the whiteness
of the printing substrate has a major effect on code
readability. The ISO whiteness of newspaper has
the lowest value (60.02 %) of all printing substrates (Table 3). Lastly, we have to mention that
besides Y printing ink, that proved unreadable already at the beginning of the analysis, M printing
ink could be unreadable because of red light that
is used for illumination of sample when using the
conventional reader.
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Figure 3. Chroma and lightness of inkjet and laser color prints on Newspaper.

Figure 4. a*b* diagram for inkjet and laser
color prints on newspaper.
Table 8. Optical density of printing colors printed
with laser and inkjet on newspaper
Printing
ink
C
M
Y
K

Printer
technique
Laser
Inkjet
Laser
Inkjet
Laser
Inkjet
Laser
Inkjet

Optical density
D (-)
1.41
1.21
1.58
1.04
1.04
0.84
1.54
1.49

ΔD
0.20
0.54
0.20
0.05

5. Conclusion
The study has shown that 2D Datamatrix codes
can easily be printed in different solid colors. Regarding the readability, the colors behave differently. The results of the experiment proved that cyan,
magenta and black codes are readable regardless of
the printing technique, printing substrate or reading device. Yellow codes are readable only using
Volume 6 / Number 3 / 2011

mobile phone as a reader, while conventional code
reader does not read the codes. In this respect, yellow proved to be poorly readable. In addition, the
colors can be used in printing of code elements finder pattern or data region. The codes printed in
combinations of black and color (black finder pattern and colored data region or vice versa) proved
to be readable for cyan and magenta. When yellow
is used either for the finder pattern (with black data
region) or for data region (with black finder pattern)
the code is not readable at all. This implies that the
contrast between the printing substrate and the printed code is not the only relevant factor for readability
but the modulation of code (contrast between the
code elements) is relevant as well. It is also possible
to produce the code using all four process colors, the
multi-colored code. Due to the Reed-Solomon error
correction system it is possible to accurately decode
the data from multi-color codes if they contain up to
two poorly readable elements (yellow codewords)
in an 8 × 8 data region (10 × 10 code size). This is
true for both, laser and inkjet printers, all four printing substrates and for reading with a mobile phone.
The non-readable codes with two yellow codewords
are detected using inkjet technology on newspaper
and decoded by conventional code reader. The differences of L*a*b* and C* values of printed colors
between the codes printed with inkjet and laser are
important for code reading. Beside colors, whiteness of base printing substrate and optical density of
printed colors also have a high effect on code readability with conventional code reader. This reader
uses red light for code detection, so this could be
the reason, that magenta codeword with low optical
density also could not be readable. In this example,
the number of poorly readable codewords is greater
than two (two yellow plus one or more magenta). If
the number of poorly readable codewords exceeds
two, the entire code is not readable. We may conclude that multi-colored codes are suitable for advertising and marketing where some special color
effect is attractive and codes are read with mobile
phones. But if we use poorly readable colors only
the codes that do not exceed the limited numbers of
poorly readable codes (in accordance with standard)
are readable. Our research fully proved our starting
hypothesis that multi-colored code could be applied
in different areas especially in advertising where
mobile phone is used as a reader.
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Abstract
The aim of our study was to record and analyze
parameters of muscle strength using isokinetic
device in different sport specialties and describe
sport specific differences from the measured data.
Four groups of subject were formed to participate
in the study: 10 elite judo players (heavy weight),
10 elite judo players (medium category), 10 elite
soccer players and 10 male students. Thigh muscle strength was measured using Biodex isokinetic
dynamometer in concentric-concentric mode as
well as concentric strength measurement for both
dominant and non dominant arm for shoulder internal and external rotators. The data were subjected to one way ANOVA with post-hoc NewmannKeuls`s test, the level of p<0.05 being considered
significant. Testing differences of analyzed groups
via multivariate analysis of variance we came to
the conclusion that for more parameters statistical significance appeared. Difference was found
for parameters SHER-L, SHER-R, SHIR-L and
SHIR-R for the level of significance p<0,01, while
for the parameter KE-L level of significance was
p<0,05. The two sports (judo and soccer) differ
significantly in the way of maximal strength performance.
Key words: judo, soccer, knee, shoulder, isokinetic
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Introduction
Competitive combat sports nowadays are putting
individual in high demanding position concerning
level of physical fitness (Drid et al., 2009a). In judo,
during high intensity actions opponents are trying
to through each other on the back or to control the
opponent during the ground phase (Franchini et al.,
2005). Also it is one of the most demanding sports
from a metabolic perspective and it is a sport where
the requirement of absolute strength and power is
critical (Kraemer, 2002; Hernández-García, 2009).
This sport is an athletic mode with a high demand
of physiological parameters in competition elevated
physiological demand is due to the high intensity in
which the encounters take place since they predominantly require two metabolic pathways, aerobic and
anaerobic lactate (glycolytic), due to the fact that
judo matches have an average duration of 7.19-10.6
± 1.33 minutes. There are rest period lasting 9.0-12.5
seconds preceded by work sequences of between
19.6 and 35 second (Sterkowicz and Maslej, 1998)
at intensities of close to 95-100% of maximum oxygen consumption (VO2max). Therefore the judokas
need a high participation of anaerobic metabolism.
Some novel studies (Marcon, 2010) have shown
even shorter periods of high energy bursts and shorter periods of rest between the actions.
On the other hand soccer is the team game in
which aerobic capacity plays an important role. The
management of the physical and physiological status of elite soccer players relies on detailed knowl631
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edge regarding the demands of performance. Soccer at the elite level requires that the players have
a high aerobic capacity and that they are able to
perform many high-intensity actions, especially the
capacity for repeated high-intensity actions (Dellal,
2010). It has been estimated that approximately 8090% of performance is spent in low to moderate intensity activity whereas the remaining 10-20% are
high intensity activities (Bloomfield, 2007).
During Olympic cycle training goals and milestones are set. It is well known what are the physical demands and level of fitness needed to fight for
the medals. Maximal muscle strength and muscle
endurance are subjects of constant monitoring,
and isokinetic testing is the proper tool to follow
up the changes induced by the sport training.
The aim of our study was to record and analyze
parameters of muscle strength using isokinetic
device in different sport specialties and student
population and possibly describe sport specific
differences from the measured data.
Method
Four groups of subjects volunteered to participate in the study: 10 elite judo players (heavy
weight) group A, 10 elite judo players (medium
category) group B, 10 elite soccer players and 10
male students (Faculty of Sport and Physical Education) group PES. Their physical characteristics
are presented in table 1.
All participants were free from musculoskeletal shoulder and knee injuries and any potential
participant with a history of a previous shoulder or
knee pain, discomfort or weakness during activity
was excluded from the study.
Subjects warmed up using an upper-body ergometer for approximately 5 minutes before the
start of the testing session. Concentric and eccentric
strength measurement for both dominant and non

dominant arm were performed on Biodex isokinetic
dynamometer (Biodex Corp., Shirley, New York) at
60 deg/sec. During test the subjects were positioned
in the supine position and the straps were placed
across the chest and hips. The tested arm was positioned with the shoulder abducted to 90º and the elbow flexed to 90º. Strength was tested through 150º
of range of motion (ROM), between 60º of internal
rotation and 90º of external rotation, for both the
internal and external rotation tests. The concentric
strength was tested first followed by the eccentric
strength test. After the thorough explanation of the
testing procedures subjects performed three sub
maximal trials to familiarize with the ROM and
the accommodating resistance of the dynamometer.
Both concentric and eccentric testing consisted of
five maximal-effort reciprocal repetitions and standardized instructions of “push as hard and fast as
possible” were given.
Thigh muscle strength was measured under
isokinetic conditions using Biodex isokinetic dynamometer (Biodex Corp., Shirley, New York) in
concentric-concentric mode according to standard
testing protocol for subjects in sitting position. Prior to every test the machine was calibrated, ROM
was set at 90º and a warm up consisting of bicycle
run and stretching of quadriceps and hamstring
muscles were applied. A more specific warm up
consisting of 3-4 sub maximal repetitions at the
testing speed of 60 deg/sec for both quadriceps
(knee extensors - KE) and hamstring (knee flexors - KF) muscles in order to prepare subjects for
regular testing. After 2 min the subjects performed
4 repetitions of maximal voluntary contractions
of thigh muscles. The same person conducted
all measurements and the same protocol for both
legs was used (Gleeson and Mercer, 1996; Madsen, 1996). Relative peak values of thigh muscle
torques were recorded: right and left knee extensors (KE-R and KE-L respectively) and right and
left knee flexors (KF-R and KF-L respectively).

Table 1. Physical characteristics of subjects
Age (years)
Body height (cm)
Body mass(kg)
BMI
Training experience (yr.)
632

Judo players A
24.8±3.29
180.2±8.06
96.05±12.95
29.6±3.57
16.4±2.75

Judo players B
20.95±3.25
176.35±5.5
75.27±5.12
24.19±1.08
11.0±4.08

Soccer players
20.5±1.51
180.6±5.83
79.26±8.73
24.24±1.8
13.0±2.31

PES
20.6±1.35
181.2±6.46
75.72±7.93
23.19±3.08
-
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Functional asymmetry was defined as absolute lateral difference (disregarding the sign) expressed as percentage of the muscle torque of
dominant side. The flexor-to-extensor ratios were
computed and expressed in percentages. The data
were subjected to one way ANOVA with post-hoc
Newmann-Keuls`s test, the level of p<0.05 being
considered significant.
Results
Testing differences of analyzed groups via
multivariate analysis of variance we came to the
conclusion that for more parameters statistical significance appeared. Difference was found for parameters SHER-L, SHER-R, SHIR-L and SHIR-R

for the level of significance p<0.01, while for the
parameter KE-L level of significance was p<0.05.
The differences between groups were determined via analysis of variance (Newmann-Keul`s
test). The judoka group B (medium weight)
showed significantly higher results for parameter
KE-L than soccer players and PES group at the
level of significance p<0.05. Both groups of judokas (group A and B) have statistically different
results than both soccer players and PES for all
shoulder tested parameters at the level of p<0.01.
The Hcon/Qcon ratios for the right and left legs
combined were in judoka group B significantly
lower than in other groups (Table 3).
There was no significant differences betweengroup being detected between the mean of External/
Internal ratios for the left and right arms (Table 4).

Table 2. Comparison of Mean Peak Torques (Nm) between judo players A (heavy weight), judo players
B (medium weight), soccer players and students (PES) of thigh muscles and shoulder for testing speed
of 60 deg/sec

KE-L
KE-R
KF-L
KF-R
SHER-L**
SHER-R**
SHIR-L**
SHIR-R**
*

Judo players A

Judo players B

Soccer players

PES

Mean±SD
251.16±39.53
247.59±46.17
138.49±28.45
138.3±30.79
57.95±13.17++††
56.5±11.15++††
108.55±15.79++††
106.97±17.07++††

Mean±SD
266.0±43.53+†
254.9±54.46
125.1±24.57
114.2±22.6
53.32±12.2++††
52.9±11.32++††
102.58±16.76++††
102.6±17.7++††

Mean±SD
227.31±29.71
237.29±43.54
128.48±21.51
128.34±26.3
35.25±8.97
36.83±8.77
61.09±12.97
62.28±13.0

Mean±SD
226.02±30.42
228.23±21.73
120.58±23.08
123.25±18.25
36.5±6.38
33.69±5.19
63.23±16.14
67.04±10.78

Legend: KE - knee extensors; KF - knee flexors; SHER - shoulder external rotators; SHIR - shoulder internal rotators; L
- left; R – right; + Significantly (p<0.05) higher than in Soccer players; ++ Significantly (p<0.01) higher than in Soccer players; † Significantly (p<0.05) higher than in PES; †† Significantly (p<0.01) higher than in PES;* level of significance between
groups p<0.05; **level of significance between groups p<0.01

Table 3. Comparison of the thigh peak moment Hcon/Qcon ratios (%) between judo players A (heavy weight), judo players B (medium weight), soccer players and students (PES)

R
L

Judo players (A)

Judo players (B)††

Soccer players

PES

Mean±SD
55.67±10.9
55.88±7.2

Mean±SD
44.88±9.15
46.97±10.74

Mean±SD
54.59±8.43
56.46±5.46

Mean±SD
54.95±6.45
53.69±7.08

L - left knee; R - right knee; †† Significantly (p<0.01) lower than in other groups

Table 4. The peak moment External/Internal ratios (%) of the right and the left shoulder

R
L

Judo players (A)

Judo players (B)

Soccer players

PES

Mean±SD
52.80±8.23
53.58±10.07

Mean±SD
51.86±8.36
52.75±9.9

Mean±SD
59.42±8.31
57.79±10.92

Mean±SD
50.28±8.2
57.94±7.39

L - left shoulder; R - right shoulder
Volume 6 / Number 3 / 2011
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When absolute right/left differences (i.e. greater
value – smaller value) between muscle torques of
knee flexors or extensors and shoulder external or
internal rotators were computed and expressed in
percentages of greater (right or left) value, no significant between-group differences being detected.
Discussion
Observing all four tested groups we can notice
that there is statistically significant difference for
tested parameters of peak torque. This difference is
higher between the two judoka groups (A and B) and
soccer player group and PES group. Since in judo
as sport strength play significant role in achieving
top competitive level apposite than in soccer it was
maybe expected to have such finding. This result
could be described as consequence of specific judo
throwing techniques (Uchi-mata, Harai-goshi, Osoto-gari i Ouchi-gari) (Brown and McMurray, 1996;
Sterkowicz and Maslej, 1998; Drid et al., 2009b)
and sport related development of movement patterns. Also in ground part of judo fight both lower
and upper limbs are highly involved both in attack
and defense phase. Imamura et al. (2007) showed
that both thigh extensors and flexors play important
role in executing judo throwing techniques. Our
findings of balance of strength of thigh muscles in
both groups of judokas and higher absolute values
than in other two tested groups is in accordance
with previous research. Although the judoka group
B showed somewhat lower H/Q ratio which indicate higher peak torques generated by the quadriceps group and lower peak torques produced by the
hamstring group.
The absolute asymmetry of shoulder external
rotators is less than 10% in all tested groups except
the PES group, but more profound in judokas. The
possible explanation is side dominance normal for
every individual who was found to be high only in
the group of students but not in the active athletes
groups (Radaelli, 2010). In late study of Ellenbecker et al. (1988) it was stated that side dominance in
shoulder external-internal ratio play important role
especially for overhead sports, however some other
studies opposed such finding (Newsham, 1998).
More surprising result of our study is absence
of difference in strength of tested muscle groups
634

between the soccer players and students (PES)
for the maximal strength of thigh muscles especially concerning the fact that soccer players have
long competitive experience. Although, we measured higher values of peak torque in the group of
elite soccer players than reported in the study of
Tourny-Chollet et al. (2000).
Analyzing different sports, for an example judo
and soccer, we come to conclusion that the sport
related activities are specific. The influence of the
maximal strength is different in different sports
and even in the same sport but for different position in the team. Training programs need constant monitoring in order to keep up the pace with
growing competition. Useful tool to assess such
progress is isokinetic dynamometry as shown in
our study.
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Abstract
Modern business environment is based on entirely new dimensions, where the spatial dimension is lost in importance and goes into the background. Mass customization enables companies
from around the world via the Internet to participate in the competition and fight for every customer. The aim of this paper is to explore on-line
shopping in Serbia, as well as the possibility that
companies use mass kastemerizaciju.Na the basis
of these results the authors propose further steps
for the implementation and development of this
modern form of access to the consumer.
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Introdiction
Competition increse, financial unstability and
market uncertanity impose permanent bussines
costs decreasing, i.e. productivity and efficiency
increasing as an imperative. A way out is to be
found in different inovative contents and appropriate technology solutions. Competition increase is
built by accomodation to new things order, as well
as by the fact that appliance of newest information
and telecomunication technologies is a crucial for
modern bussines.
The most of the companies lose approximately
25% of their customers for the reason of strong
competition, wrong strategy or due to often habit
and need change of the customers. In such conditions, a company has to have developed strategy for
customer retaining. It is five times more expensive
to attract new customers then to retanin the existing.
Today, a customer, as an individual, is a base
for competition advantages. Such bussines dic636

tates detailed recognition of a customer, which is
possible to manage only by interaction between a
customer and a company by permanent monitoring of its needs. Cooperation becomes stronger by
time, i.e. a customer becomes a loyal one, as well
as a partner of a company. A customer today needs
more than a simple product. He needs satisfaction
and fulfilment of his specific „emotional“ needs
[1], which conduces to demands increasing with
design according to personal experience and style.
Mass customization is developed from the
open inovations model and today represents a
new trend in companies bussines strategy. Open
inovations stand for combination of internal and
external ideas. The focus is in transformation of
previous firm company limitations into semipermealbe membranes, in order to allow the inovation to move faster between external enviroment
and internal researching development process
(IR). The aim is new ideas with market potential
researching.
Information technoligies (IT) development
enables such software making which supports
product desinging process according to customers
wishes via Internet. By a modul, which customers choose themselves, this software compound
a product which a customer creates. This form of
mass customization is called e-customization and
implying that even one of three elements –market
subject, product or process – digital [2].
The most often examples of this strategy could
be met in industry of shoes, clothes, watches, glasses, but also in car, bicycles and computers industry.
A company which accepts the mass customization strategy would be conducted by customer
needs. New values for a customer and a company
are made, which decrease bussines risks, i.e. satisfied customer is made, which is the source of competition and profit.
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Mass customization main advantages, for domestic companies, are easier finding and reaching
of target customers, as well as market spreading to
those which were difficult and impossible to come
in traditional market conditions. By this bussines
model way, companies in Serbia have opportunity
to manage new solutions for shorter time and by
less financial resources. On the other hand, customers have opportunity of a better purchase process, wider product assortiment, due to variants
number increase, and saving of time and costs.
This work aim is researching of on line market
development emphasizing its infuence on a customer life quality who is intrested in education of
product creation according to mass customization
principle.
1. Internet as selling- buying channel at
developed markets
Modern currency in the World economy indicates
globalization process, an uprising phenomena, characterized by free moving and communication between people, technologies, capitals, goods/services
and intellectual properties. A word net becomes key
word which indicates technical part of globalization,
which contents new sides of communications itself.
Globalization process has its contribution in a new
way of business thinking creation and new strategic
postulates for successful business.
Higher usage of technology appliance is on, i.e.
human resources change with technology in bussines and communication processes.
Today, Internet represents multimedial distributing infrormation system for it comprises practically the whole World and enable enterance not
only for multimedial contents distributed through
space, but also generatin of specific multimedial
contents at bases of concrete customer demand
in interactive work regime. Internet, as the World
net, makes possibilites to customers to make an
image about concrete product real values and its
advantages, which hasn’t been possible in domination of singlecourse media.
As a source, it connects everybody to everyone
providing same starting positions for all. Internet
has almost crucial role in business globalization in
general which overtook business world. In such enVolume 6 / Number 3 / 2011

vironment open market transparency has been improved, as well as communication and cooperation.
Possibilities of quality increasing, agility for additional services and sale price decreasing are higher.
According to company “Jupiter Research” research, in the year of 2007, 1, 1 billion of people
used Internet regularly. If same tendency growth
continues until the year of 2011, 1, 5 billion people
all over the world would use Internet, 38% more
than in 2007, i.e. 22% of the total world population. Thus, the most intensive growth will be recorded in China, India, Brazil and Russia. Growing rate of Internet users in America, West Europe
and Scandinavia decreases, though, existing users
use Internet more intensive. Nevertheless, Interned
offers large business opportunities and enormous
market as to companies so to customers.
Electronic commerce, though, comprises a
group of commercial activities which are heading by electronic nets, the most often by Internet,
and which have as a final goal sale or purchase of
products or services. Internet, electronic business
and commerce open a way to a totally new form of
economy – Internet economy.
“Mentis Corporation” researches show that every day 3 million of customers all over the world
buy something by Internet. It is evaluated that online commerce of European market would reach the
value of 323 billion Euros till the year of 2011.
According to researches executed by Republic
Institute for Statistics in Republic of Serbia, 33,2%
households in Serbia possess Internet connection,
which presents growth of 6,9% in comparison to
the year of 2007, and 14,7% comparing to 2006.
Usage of Internet connections is the highest in Belgrade and amounts 45,5%. In Vojvodina its usage
amounts 34%, and in central Serbia 27,2%. The
poles used Internet in the most numerous cases for:
sending and receiving e-mail massages (79,9%),
asking for information concerning goods and services (60,4%), service using referring to travel and
accommodation (28.3%), Internet banking (10.4%).
According to the research 86,3% of poles have never used / order products or services via Internet.
Presented data shows that there are still a low
number of Internet connections in households in
Serbia, though, there is a growing tendency. The
Internet users in Serbia in the most numerous cases ask for information about products and servic637
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es, but on the other hand only 13.7% have bought
something via Internet. Considering above mentioned it could be concluded that Serbian market
possesses a large idle market potentials referring
to e-commerce. Therefore, mass customization
strategy implementation would make possibilities for better purchase process for customers, as
well as larger product assortment due to numerous
variants and time and cost saving, too.
As far as domestic companies concerned in
Serbia, which possess Internet connections, they
in 68.9% of cases possess Website, while this
share in the year 2007 amounted 61,8%, and
52,9% in 2006. The highest share of companies of
69.8% use Website as a posibility of products or
services introducing, then 60.4% provide infromation referring to products features and prices to the
customers, while 55.8% offer an adjusted Website to the regular visitors. However, only 19.5%
of companies offer service of on-line order, i.a.
booking of products/services, which results from
the fact that only 10.7% of companies provide
on-line payment. Besides, reseaching results show
that 17% of companies, which possess Internet
connection, during 2007 were receiving orders via
Internet, which is increase of 0,2% in comparison
to 2006, and 8,7% in comparison to 2005. The research shows a low degree of consciousness about
Internet usage importance for a company bussines, which is confirmed by data that even 62% of
companies don’t see in which way Internet could
help in profit increase, new products/servoces development or in work processes simplification.
It could be concluded, from above mentioned
data, that e-commerce in Serbia is still not developed enough, which actually presents a market
potential of companies for higher profits managing. The basic reason of this results in fact is lack
of information in companies about possibilities of
bussine managing via Internet. Base advantages
of mass customization strategy via Internet for domestic companies are easier finding and reaching
to target customers which were difficult to find in
traditional commerce conditions, as well as market
spreading. By this form of bussines, the companies
in Serbia have opportunity to come to new solutions
for shorter time and with less financial resources.
There are several main reasons for lack of practice referring to open inovations usage in Serbian
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business practice, as transiton in Serbia, lack of
economical and political stability in the region,
global economis crisis etc. Besides, a great deal
of companies depend on import. Serbial market is
not only small, but also it is isolated. There is a
fact that bussines is still similar to socialistic management models of old hierarchy structure. Market economy is still new in its early phase.
2. Mass customization
Mass customization came from the model of
open inovation and presents a new tendency in production today, compounding product/services according to customer wishes. This approach today
becomes more and more popular due to growing of
product variant numbers and increasing opportunities of e-commerce. Global market competition demands from companies to change their approaches
in production hitherto, which leans on „seller view“,
into approach which is facing towards customers
and their wishes. The result is drastical increasing
of product varian number. In order to retain high
competition at the market, companies execute their
product modeling including individual customer
wishes. This way of bussines represents one of the
most important industrial strategies nowdays.
Mass customization leaves traditional development model of a product and brings to the twin
model, in which first degree is company area, and
another customer area. Company is a designer and it
forms product, i.e. area of possible solutions, while
customer is co-designer and he decides about the final solution. That second degree changes customer
role from the root from a product buyer to a partner
who participates in new values making. Customers
demand more than a simple product to buy today;
they look for pleasure and satisfaction of their specific „emotional needs“ which brings to demands
increasing for designing according to personal experience and style. Mass customization is an approach, which is in its base conducted by individual
emotional relationship between a customer and a
product, which could be seen in its participation and
involvement in co-designing of the product.
Modern approach towards a customer is mass
customization. If in production realization participate company, as an base of possible product,
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and customer, as an co-designer, risk is minimal.
A customer realizes satisfaction of its individual
specific needs at the base of possible product models/services which company offers.
2.1. Appliance area of mass cutomization strategy
Companies which markets are high turbulent, due to customers needs change, technicaltechonoligical development, product life cycle
shorter duration etc., are the proper markets for
mass customization.
By researching via Internet of Internet company
“Choice” in the year of 2007 categories of products
which are subbmited to customization most often
are made. To the first category belong: clothes, bathing suits, jewlery etc. The second group concernes
the products characteristic for house and office, the
most often furniture and computers. An example of
furniture customization which is offered by company “Bomz” via Internet is shown at figure No.
16. Following are media, i.e. photographs, books,
TV sets and music. Personal care, i.e. soaps, cosmetics and vitamins, represent the following group
of products which are subject of customization.
Services and sport equipment are also very often
customized products. One example is snowboard
customization provided by company “Revolution”.
Presents, as the last trend of customization, are
more and more often. It is interesting that balloons
are specific in presents category, as an often decoration for celebrations.
The most appropriate products for customization are those where name and picture of customer
could be entered, i.e. where the most important
personal stamp is possible, as for example soap
with name or cake with customer icon. Also, products which are characterized by physical sizes are
customized abroad.
2.2. Electronic form of mass customization
and differences between traditional
form of mass customization and
e-customization
A difference is often made between e-customization and traditional customization. Traditional
Volume 6 / Number 3 / 2011

customization refers to customer participation as
a co-designer in product creation processes, without new technologies implementation. Tailors sew
according to customer wishes, i.e. on the base of
their individual physical sizes, desired materials
and models, etc.
IT sector development enables making of such
software’s which support product process creation
according to customer wishes via computers.
By modulo supporting, which customers choose
themselves, that software’s compound a product
which a customer imagine. This form of mass customization is named e-customization and implies
that even of three elements – market subject, product and process, is digital [2].
An successful example from practice is represented by a company of sports wear “Nike”, which
offers to the customers many options as color selection, personal stamp, as well as various shoes
created for various purposes. By this software programmed form “NikeiD” there are plans for 200
possible combination of product spreading in selection of a thousand new products during next future
years. Today, everybody with a computer, Internet
connection and a credit card could participate in
this revolution. Site visitors could be easily transformed into designers and choose favorite models
themselves, colors, materials, air sole, even writing of personal messages on sneakers tongue. This
is a new style of life which enables that creation
power and brand making go to customer hands.
Sale increasing of „NikeiD“ sneakers has shown
that many customers are ready to pay more in order
to stylize sneakers and wares themselves. Average
sneakers price is approximately 150 Euro, and time
of delivery four weeks.
3. Searching
A. Metodological approach to the problem
A.1. Researching targets:
1. Customer choice distribution appointing
(between standarized and individually
adapted) of products/services
2. Distributions of products/services groups
appointing, which are more often adapted to
particular individual demands.
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3. Opportunities and threats for market
development of mass customization
appointment.
A.2. Hypothesis:
1. Most of customers today prefer products/
services adapted to their specific individual
needs.
2. The most ofthe products/services, which are
the subjects of customization are furniture,
clothes, shoes, fashion accessories (glasses,
jewlery, etc.), vehicles and touristic services.
3. Mass customization opporunities are
product/services adaption to specific
individual customers needs, building
of partner long-term relationships with
companies, overwhelming of teritorial and
time distances. On the other hand, mass
customization threts are lack of habits for
such kind of purchase, difficult electronical
payment and difficult distribution.
A.3. Used instrument
Used instrument is questionnaire – poll made
for reseraching needs.
A.4. Sample
Sample comprises of 500 pollees, older than
18, from Novi Sad area. B. Results and discussion
Results and Discussion

Target 1: Customers choice distribution appointment (between standarized and individually
adapted) of products/services and verification if
there is connection between economical situation
and age and customer choice between standard
and customized products/services.
Considering results at the base of provided
velocities it could be concluded that of 500 pollees, the majority, i.e. 340 pollees or 68%, prefer
products, i.e. services adapted to their specific individual demands, while 32% or 160 polees rather
choose standarized products (Figure 1.). Provided
results confirm the hyphotesis that nowdays customers more often choose customized product/
service. The results could be explained by a presuppositions that an accent is put on a customer
640

as an individual, on which way particular specification of needs is emhasized and also a demand
with its satisfaction, and often identifying with a
product or a service.

Figure 1. Customer choice between standarized
and adapted products
Target 2: Appointing of group of products
which are adopted to particualar individual demands most often.
Researching results provided by valocity show
that the most part of pollees have decided to be a
co-designer at furniture making, clothes and fashion accessories. From 340 polees, who rather prefer adapted product, 320 i.e. 94.1% choose furniture customization. Cloths belongs to the next
group which is chosen by 300 polees, i.e. 88.2%.
For adapted fashion accessories creation (glasses,
watches, jewlery etc.) decided 220 pollees i.e.
64.7% (Figure 2.). It is a presupposition that these
groups of products provide the highest degree of
specifical individual needs satisfaction. Though,
co-designing of furniture, clothes and fashion accessories provide opportunities for the strongest
individual stamping through colour, shape, material, etc. selection. Touristic services are the following category chosen by 190 polees i.e. 55.8%.
For foodsrtuffs products, designed according to
individual demands, decided 47%, i.e. 160 polees.
150 polees, i.e. 44.1%, choosed adapted catering
services. Customization of sport equipment and
vehicles, motorcycles and bicycles is chosen from
130 polees, i.e. 38.2%. The least group of polees
of 120, i.e. 35.2%, is for customizacion of tehnics
according to their needs. There is presupposition
that it is hard to satisfy their „emotional needs“
through technic, but satisfaction of „commercial“
needs is more often. i.e. bussines needs.
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Figure 2.- Products chosen by customers to be
the most adapted to themselves
Target 3: Appointment of opportunies and
threts for mass customization market development
Results show (Table 1) that the most number
of polees beleive that main threats for market
development of products adapted to individual
needs present lack of habit (54%) for this kind
of purchase, difficult electronic payment in Serbia (50%), then often frauds and not correct offers
(48%), as well as difficult distribution of products
(46%). The minor number of polees beleive that
culture is a barrier of mass customization development, while negligible number accentuates possible privacy annoying (12%) and that customer
“doesn’nt know what he want” (8%). Considering
political, economical and social situation in our
country in recent twenty years, provided results
could be expected. The presupposition is that

customers in Serba hardly change their habits, i.e.
there is mistrust in new trends as mass customization. Also, polees beleive that basic conditions are
not fullfilled for this kind of bussines, as electronical payment and efficient product distribution.
Researching results show (Table 2) that most
part of polees (66%) see overwhelming of territorial and time distances as main opportunity for
market development of customized products/services. Then, a lot of them think that possibilities
of comparison of different variants of products
(54%), as well as adaption to individual needs
(52%) also important advantages of this kind of
this bussines form. On the other side, the minor
part (24%) beleive that building of partership and
long-term relationships with company is an opportunity. A pressupositon is that polees want to
buy products/services from long distance areas in
order to save time, money and energy, and receive
a product/service which satisfy their preferences
more. If there is preposupposition that customers
are not enough trustfull to companies could be
explained by thata that only 24% see building of
partnership and long-term relationships as one of
opportunities for mass customization market development.

Table 1. Products adapted to individual needs purchase threats
Lack of habits
Difficult electronical payment
Difficult distribution
Possible privacy annoying
Frauds and non correct offers
Customer “doesn’t know what he want”
Culture

Velocity
27
25
23
6
24
4
17

Velocity [%]
54
50
46
12
48
8
34

Total
50
50
50
50
50
50
50

Total [%]
100
100
100
100
100
100
100

Table 2. products adapted to individual needs purchase opportunities
Possible compairison of different product variants
Addaption to individual needs
Building of partnership and long-term relationships with a
company
Overwhelming of territorial and time distances
Volume 6 / Number 3 / 2011

Velocity
27
26

Velocity [%]
54
52

Total Total [%]
50
100
50
100

12

24

50

100

33

66

50

100
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4. Summary
Bussines philosophy nowdays, as a consequence of information technologies development
faces two adversary processes: globalization and
individualization. Market encrease, customers
variaty and their heterogenuous needs and wishes
represent a permanent challenge for producers, as
well as constant need for new market approach
creation. Pariticular wishes and needs satisfaction
of the final customers represents a key of success
in dinamical market struggle.
Researching results of advantages and disadvantages of mass customization implementation
on domestic market show first of all that customers choose more adapted products. Furthermore,
the most part of polees chose to be co-designers at
furniture making, clothes and fashion accessories.
Besides, through co-designing of these groups of
products an opportunity is provided of the strongest individual stamping by colour, form and material selection. Also, the most of polees beleive that
main threats for market development of products
adapted to individual needs are lack of habits for
this kind of purchase, difficult electronical payment
in Serbia, then often fraud and non correct offers,
as well as difficult product distribution. There is
a presupposition that customers in Serbia hardly
change their habits, i.e. they are untrustfull towards
new trends as mass customization. Also, the polees beleive that base condition are not fullfilled
for such kind of bussines, as electronical payment
and efficient production distribution. The final, researching results show that majority of polees see
overwhelming of territorial and time distances as an
main opportunity for customized products/services
market development. Then, a lot of them beleive
that possibilities of compairing of different product
variants, as well as adapting to individual needs are
also important advantages of this kind of bussines.
It is believed that polees want to purchase products/
services from far away areas in order to save time,
money and energy, and provide a product/service
which satisfy their preferences more. The customers are not enough trustfull according to companies,
which could be explained by data that only 24%
polees see building of partnerships and long-term
realtionships as one of opportunities for mass customization market development.
642

The results show that one of the basic faults of
domestic companies is bad communication with
customers, i.e. lack of long-terms partnerships between a company and a customer.
By marketing approach „one to one“ instead of
the struggle for market participation, a struggle for
participation in budget of each particular user happens. Let’s hope that in the future e-customization
will overwhelm after all, providing its contribution to each citizen life quality improvement.
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Abstract
After the building of the Three Gorges Dam
(TGD), the water area has increased, and the land
use characteristics changed. More and more scholars
concerned with the effect of the TGD on the precipitation. In this paper, we used the Rotated Empirical
Orthogonal Functions (REOF) method to analysis
the temporal and spatial distribution of annual and
seasonal precipitation in the vicinity of the TGD
using the daily effective precipitation data from
1958.01 to 2008.12 of 36 conventional weather stations. The results showed that after the building of
the TGD, the annual and seasons precipitation in the
northern and southern part of the Yangtze river has
not significant reverse trend, the effect of the TGD
on its vicinity at the regional scale (100km) and the
local scale (10km) have no evident change. Therefore it has not been shown with reasonable significance that the similar dipole pattern of precipitation
around the TGD has been affected by the TGD.
Key words: Three Gorges Dam (TGD); reservoir region; precipitation; Rotate Empirical Orthogonal Function (REOF)
1. Introduction
The impacts of man-made reservoir change on
weather and climate have received increasing attention (Pielke, R.A. and W.R. Cotton 1992, Vorosmarty et al. 1998, Xue and Fennessy 2002). The
Three Gorges Dam(TGD) Project is located on the
upper reaches of Yangtze River in China represents
the world’s largest man-made reservoir, with an
expected total storage capacity of 39.3 billion m3,
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representing a significant land use change in topography and evaporation that is expected to result in
changes in the regional weather and climate patterns.
More and more people are concerned with the effect
of the TGD reservoir on climate. The previous studies of climate change on the TGD region, Zhang. et
al(2004) think that the effects of TGD on the meteorological elements at the regional scale(100km)
in the reservoir area is greater than at the local scale
(10km); Wu L.et al.(2006) considers that the precipitation of the regions between Qinling Mountains
and Daba has increased while the precipitation in
the reservoir area showed a decreasing trend, and
the effects of TGD on its vicinity’s precipitation at
the regional scale(100km) is greater than at the local scale (10km) after the impoundment of TGD;
Miller.(2005), Xiao C. et al. obtained the opposite
conclusion through research. As for Wu L.(2004),
Xiao C.(2009) regions were divided based on each
portion’s mean annual precipitation and the time periods were divided into 1998~1960 and 1960~2005.
The above studies neglected that when we are trying to differentiate anthropogenic influences from
natural factors, the analysis of local climatic variation with a limited dataset must be done carefully
which it needs to ensure the continuity, integrity and
validity, so that the conclusions were reasonable
and feasible and is able better able to explain the effect of human activities on the natural phenomena.
Therefore, this paper analyzed annual average and
seasonal precipitation in the TGD vicinity and the
northern area of the Yangtze river on the basis of a
long series of daily effective precipitation data from
January 1st 1958 to December 31st 2008 of 36 conventional weather stations in the TGD vicinity using REOF method, we conclude that the variation in
Volume 6 / Number 3 / 2011
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precipitation around TGD showed by Wu L.(2006)
were unreasonable.
2. Data information and research method
2.1 Data information
TGD vicinity locates in the upper reaches of the
Yangtze River with a total length of about 600 km,
the main tributary of the northern bank are Min River, Jialing River and Tuo River, in the southern bank
there are Wu River and other big rivers. This study
uses 36 rain gauge stations distributed in the TGD vicinity ((Fig 1,north latitude 28°18’-33°54’, east longitude 105°54’-112°48’), which have good quality,
continuous data records for the period 1958.01.012008.12.31. The quality, continuity, homogeneity and
the length of data records are considered to be more
important than the number of stations. Quality control and homogeneity testing of the meteorological
stations were performed by calculating the von Neumann ratio(N), the numulative deviations (Q/n0.5
and R/n0.5), and the Bayesian procedures(Buishand
1982; Maniak, 1997,Gemmer et al. 2004). The data
sets of all stations prove to be homogeneous with
high significance beyond 95% confidence level.
These material is originated from the National Meteorological Information Center(NMIC) of the China Meteorological Administration(CMA) including
daily observations of precipitation for the period of
1958.01.01 – 2008.12.31.Here, according to research
of TGD area in different boundary (Zhang (2004),
Wu (2006)). Figure 1 shows the topographic map in
the TGD vicinity.

Figure 1. The geographical features of the TGD
region
Volume 6 / Number 3 / 2011

2.2 Research Methods
REOF has been widely used in meteorology and
climatology to define temporal and spatial variability of a large set of variables (Richman 1986;
Briffa et al. 1994; Cook et al. 1999; Qian et al. 2003,
Kim and Wu 1999, Jinbao Li.Edward et al.2009).
This technique is one of the best ways to define
the most significant regional patterns, as it can efficiently recover the “simple structure”(Thurstone
1947; Kaiser 1958) and thus facilitate the search
for physical interpretations, from this distribution
of values, we can see where regions have obviously change. The REOF method is the correlation based varimax rotation (Kaiser 1958), which
is generally considered the most accurate analytic
orthogonal rotation, and is the only orthogonal
rotation method that has been used widely (Richman 1986). This method attempts to simplify the
structure of the patterns by making each factor to
have a small number of large loadings and a large
number of the loadings towards zero. After this,
each original variable tends to be associated with
one (or a small number of) factor and each factor
represents only a small number of variables. The
REOF method increases the spatial variability of
the obtained modes (Wang et al. 2006). Additional
information on REOF analysis can be found in the
review papers of Richman (1986), Hannachi et al.
(2007) and Wei FY.(1999).
3. Analysis of precipitation change in the
vicinity of the Three Gorges
3.1 Analysis of the average annual
precipitation eigenvector field
Figure 3A-B show the first and second leading
modes of the REOF. The contribution rate of the
first load accounts to 59.1% of the total variance,
and 14.7% for the second loa. The two kinds of
modal graphs both show northwest - southeast
distribution. The main load is positive and negative opposite between the northern and southern
part in the Yangtze river, but the negative value in
low-value area is close to 0, which indicates the
trend of precipitation is opposite and the degree
of change is much lower. The distribution pat645
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tern in Figure 3A is consistent with the figure 1 of
WU L(2006), while the distribution in Figure 3B
complies with the pattern showed in figure 2 (c)
of Xiao C.(2009). Figure 3C-D showed that considering the coefficient curve of annual average
precipitation in the TGD vicinity, the fluctuations
of the first and second mode graphs are normal after 2003. From the 5-year moving smoothed curve
(the red line in Figure 3C-D), the annual precipitation in the TGD vicinity has changed three times
before the building of the TGD, one is from 1960s
to 1970s, the second is from 1970s to 1980s and
another is from 1980s to 2000s. The change of
precipitation occurred only once in Wu L. which
was 1970s-1980s and occurred twice in Xiao
C.(2009), such as 1970s-1980s and 1980s-2000s.
These results showed that before the building of
TGD, precipitation have been several changed.
They also indicate that during the 6 years from
2003 to 2008, precipitation in the TGD vicinity
saw a certain amount of fluctuations but within
a limited range. This is normal climate fluctuation. The precipitation between Daba and Qinling
Mountains and in the vicinity of the TGD didn’t
occurred opposite change trend. In order to further
confirm this conclusion, this paper analyzed the
fluctuation situation of the precipitation in different seasons in the TGD vicinity.

B. The second eigenvector field graph of average
annual precipitation

C. The first eigenvector field time coefficient
graph of average annual precipitation

A. The first eigenvector field graph of average
annual precipitation
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D. The second eigenvector field time coefficient
graph of average annual precipitation
Figure 3. The eigenvector field and time coefficient graph of average annual precipitation in the
Three Gorges Reservoir Area
Volume 6 / Number 3 / 2011
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3.2 Analysis of eigenvector field of
precipitation in different seasons
Figure 4A-D graphs illustrated that, the spring’s
contribution rate of the first load is accounts to
59.6% of the total variance, while in summer, autumn and winter the contribution rate is 40.3%,
47.8% and 60.5% respectively, which represents
the same amount of precipitation variation between
the northern and the southern areas of the Yangtze
River in different seasons. The main loads in spring
and winter are positive in the northern and southern
area, which reflects the trend of precipitation in the
northern and southern part of the Yangtze river in
spring and winter; In graph B and C, the main loads
showed a positive-negative anti-phase distribution
relationship in the northern and southern part of the
Yangtze river, the precipitation decrease gradually
from the north to the south represent an increase
in the northern area and a decrease in the southern
area, but the change range of positive and negative
values is still little; The graph E, F are the first modal coefficient graphs in summer and autumn, it can
seen that the range of change of the 5-year moving
smoothed curve after 2003 is less serious than that
before 2003, this confirmed that the impacts of the
TGD on the precipitation in the northern and southern area is not significant, therefore, Wu L.(2006)’s
conclusion is not reasonable.

B. The first eigenvector field in summer

C. The first eigenvector field in autumn

A. The first eigenvector field in spring
D. The first eigenvector field in winter
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E. The first eigenvector time coefficient graph in
summer

F. The first eigenvector time coefficient graph in
autumn
Figure 4. The eigenvector field graph and time
coefficient graph of precipitation in different seasons in the Three Gorges Reservoir Area

tion in the northern area of the Yangtze river with
the TGD vicinity. In Figure 5, the red line presents
the anomaly value of difference. From Figure 5E,
the anomaly value of annual difference around the
year 2003 decreased by 0.09 (0.42-0.33) mm/d.
From Figure A to D, the anomaly value of difference respectively decreased by 0.05 (0.8-0.75),
0.24 (0.52-.28), 0.17 (0.11 +0.06) and -0.11 (0.250.36) mm/d. During the 45 years before the operation of the Three Gorges Dam and the 6 years after
the operation, the difference fluctuation range of
annual and seasonal precipitation in the TGD vicinity and the northern area of the Yangtze river
is not significant, which confirms the fact that the
effects of the TGD reservoir on precipitation at the
regional scale (100km) is greater than that at the
local scale (10km) concluded by Wu L was not
reasonable.

A. the difference in spring precipitation

3.3 Analysis of Precipitation between the
TGD vicinity and the northern part of
Yangtze River
Wu L.(2006)(Figure 2) considered that the effects of the TGD reservoir on the annual average
precipitation at the regional scale(100km) is greater than that at the local scale (10km), but Xiao
C.(2009) (Figure 4) considered the effects of TGD
reservoir at the regional scale(100km) and the local scale (10km) had no significant differences.
Both of them explained the phenomenon based on
the annual average precipitation. In order to confirm the rationality of the two kinds of conclusions,
we compared the annual and seasonal precipita648

B. the difference in summer precipitation
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4. Conclusions and Discussion

C. the difference in autumn precipitation

D. the difference in winter precipitation

E. the difference in annual precipitation
Figure 5. The difference in annual , seasonal
precipitation between the region north of the
Yangtze River and the whole TGD area
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This paper using the REOF method analyzed
the annual and seasonal precipitation changed in
the TGD vicinity, the daily precipitation data from
January 1958 to December 2008 were used.
The results show that, after the building of the
TGD, the precipitation between Qinling Mountains and Daba did not show the obviously reverse
trend; the anomaly value of difference of the annual and seasonal precipitation in the northern
area of the Yangtze river and the TGD vicinity
only decreased by 0.09,0.05,0.24,0.17,-0.11mm/
d; the effects of TGD vicinity on the regional
scale(100km) and local scale (10km) do not show
significant difference. This paper confirmssome
conclusions of Wu L.(2006) are unreasonable.
There are two reasons for this. The first is the data
information (Jan 1998-Jan 2006) Wu L.(2006)
used was limited. The second reason is the EOF
method employed by Wu L.(2006) can’t clearly
show the characteristics of different geographical regions in the spatial distribution structure after separation, and the spatial distribution graph
of eigenvector obtained would be different when
choosing the TGD vicinity and the northern area
of the Yangtze river. The REOF method used in
this paper have made high-load only appear in a
small number of variables, the rest were close to
0, which simplifies the load matrix structure, after
the rotation of main factors axis forming the bipolar differentiation of the maximum and the minimum. From the point of view of the variable field,
there is only one small area with a high load in the
separated spatial mode, making the spatial distribution structure clearer and reflecting the changes
in different regions and the relevant distribution in
different regions much better.
The TGD has received increasing attention because of the effects of climatic fluctuation and land
use changes in reservoir area. The climate within
the TGD area is different from that in the eastern
plain region of Yangtze River middle and lower
reaches with the same latitude, and it is also different from that in the western part of the Sichuan
Basin. The climate within the TGD area has the
characteristic of different climatic transition zones
and the regional distribution of the meteorological
elements have obvious differences. Meanwhile,
649
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due to the effects of the Qinling Mountains, the
monsoon climate in northwest part of the reservoir area is not much more obvious than that in
the eastern part. The normal operation water level
of the TGD reservoir in 2009 reach to 175m from
156m in the initial stage and the water area will attain to 1084km2. Both of the two factors will cause
a much more hydrothermal exchange between the
water surface and atmosphere. At that time, how
to construct a climate model which is suitable for
the TGD reservoir area with complicated terrain
and climatic characteristics is a critical issue to
solve the effects of the TGD on the climate in its
vicinity.
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Abstract
E-business is enabled by the intensive development of electronic means supporting such management of business resources in contemporary
companies. In well-developed market economies,
e-business involves primarily: (1) e-commerce (2)
e-procurement and (3) e-marketing.
The gaps in the literature limit our understanding of the process of e-business innovation and
consequently of e-business value. Key research
questions that motivated our work are: (1) What
framework can be used as a theoretical basis for
studying e-business use and value? (2) Within this
theoretical framework, what factors can be identified as key antecedents of e-business use and
value? (3) How would these factors vary across
different economic environments like Vojvodina?
To better understand these issues, we developed
a conceptual model for e-business use based on
the technology-organization-environment (TOE)
framework. We also analyzed e-business value
creation, from a resource-based perspective, that
stems from the unique characteristics of the Internet. E-marketing refers to a company’s efforts to
inform, present, promote or sell its supplies predominantly via the Internet.
Key words: e-marketing, firm performance,
structural equation modeling
1. Introduction
The adoption, use, and value of electronic business (e-marketing) has emerged into an active research area in the information systems (IS) disciVolume 6 / Number 3 / 2011

pline. Drawing on the literature, we define e-business as using the Internet to conduct or support
business activities along the value chain (Porter
2001). We focus on marketing/sales, procurement,
coordination, and internal operations. However,
we recognize that value chain activities for e-business are broader and include operations/manufacturing, logistics, infrastructure, human resources,
and finance as well.
Skepticism about the value of e-business and
information technology (IT) has been renewed recently, in part due to the gap between substantial
firm spending on IT-particularly on Internet-related
technologies-and the widespread perception about
the lack of value of value from e-business.
Today more than ever, IS research face strong
pressure to answer the question of whether and how
e-business investments create business value. Although innovation diffusion represents a complex
process, much of the existing research has focused
on the adoption decision and on measures such as
“intent to adopt” and “adopting versus nonadoption” (Fichman 2000). We need to view e-business
diffusion as a multistage process that starts at adoption and extends to usage and value creation.
Generally speaking, online retailing – or e-tailing – is manifested in three principal forms: (1)
pure online sale, (2) Internet-based ordering, and
combined, i.e. brick-and-click retailing. In pure
online sale, the product is ordered, paid for and
distributed via the Internet. Internet-based ordering implies that distribution of ordered products is
performed in real-time environment.
The development of e-commerce has resulted
in the fact that nowadays there are pure-click (virtual or click-only) companies, which set up their
651
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own web sites even before incorporation, unlike
the brick-and-click companies dominant in practice, which, in addition to business operations in
brick-only environment, offer the consumers on
their web sites the opportunity to obtain information and/or conduct e-commerce.
There is a lack of empirical evidence to gauge
e-business usage and its impact on firm performance, partly because of the difficulty of developing measures and collecting data. A related issue
is the lack of theory to guide empirical research.
Although showing recent signs of advancement,
the linkage between theory and measures is still
weak in the e-business literature. Clearly, there is
a need for a theoretically rigorous and empirically
relevant framework for examining the use and
value of e-business in organizations.
We believe it is important to investigate whether innovation theories can be generalized and
empirical findings are applicable in different economic contexts. To achieve this, we study e-business experience of organizations in developed and
developing countries that might represent different stages of e-business transformation, for results
in Vojvodina.
2. Theoretical foundations of e-business
2.1. E-Business and E-Marketing
The powerful and rapid establishment of ecommerce motivated brick-and-mortar companies
to set up their own attractive sites, despite their
initial attempts to avoid e-commerce by way of
web sites, justifying this by the potential conflict
of sales channels. However, the new and growing
business practices resulted in adding the channels
of online, i.e. e-commerce. The conflict of channels was not thereby solved; rather, the question is
posed on how to develop a sales strategy through
both online and offline marketing channels. Three
alternative strategies are possible:
1. online supply contains different products,
i.e. brands;
2. offline distributors are offered higher
commissions as a compensation for the
negative impact of online sale on their
business operations;
652

3. online communication is used for receiving
orders, while distribution and collection is
left to retailers.
The global experiences in the adoption of ecommerce vary to a great extent. Some companies
followed and engaged in the new business practices
very cautiously, whereas others did not hesitate to
become the pioneers of e-business in their respective industries. Unlike these, the traditional brickand-mortar retailers, such as Publix, Safeway and
Albertsons developed online marketing channels
on time, thereby increasing the effects of their sales.
The new, contemporary business practices
have also resulted in novelties in the marketing
concept. E-marketing represents adaptation of
marketing concept to online business, where the
greatest change is reflected in altered communication. Boosting profits through e-marketing activates is primarily a result of a well-conducted
e-mail campaign, aimed at establishing, developing and enhancing e-consumer relationships. An
e-mail campaign is much lest cost-intensive than a
d-mail campaign, i.e. a direct mailshot campaign.
A well-conceived e-mail campaign should
stimulate consumers and respond to such messages,
should have a personalised content of e-mail messages, but likewise, it should offer the potential consumers something they cannot get through direct
mailing. In addition, consumers expect confidentiality and discretion from online communication, as
well as online transaction security, interactiveness,
speed of response, usability and convenience.
Viewed generally, electronic channels are the
most recent direct marketing channels. Unlike
traditional media, the Internet enables companies
to convey personalised marketing contents individually to observed consumers. Interactiveness
and individualisation are becoming increasingly
frequent characteristics of contemporary targeted
marketing strategies. The development of interactive marketing also keeps pace with the expectations of computer-educated consumers, aiming to
defining customer relationships and cooperation,
i.e. define the information required for making
purchase decisions. The application of interactive
marketing is especially prominent in online advertising, bearing in mind the interactive opportunities of combining animation, image and sound.
Volume 6 / Number 3 / 2011
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Interactive marketing involves designing an attractive company web site, as one of the main tasks
of interactive marketing is related to attracting attention of as large target audience as possible. Site
hits and encouraging site revisits requires companies to bear in mind the cite context and contents
in mind, as well as its regular updating.
The application of interactive marketing is relies largely on well-conceived direct marketing
campaigns, which are, in modern business operations, integrated with other marketing channel design activities. Unlike the typical focus on adoption (or intent to adopt) as found in the literature,
we focus on postadoption stages, that is, actual
use of e-business and value creation from e-business; both are important stages in the process of
conducting business over the Internet. These issues are analyzed on the basis of two theoretical
foundations: (1) the TOE framework and (2) the
resource-based theory of the firm.

3. The conceptual model and basic
elements for diffusion of e-business
3.1. The Conceptual Model
Integrating the TOE framework and the resource-based theory, we developed a conceptual
model to assess the use and value of e-business by
organizations. We present the model first in Figure
1, followed by explanations of the key elements of
the model and postulated relationships.
Figure 1 focuses on two postadoption stages: use and value. The Internet is being adopted
quickly by firms in both developed and developing countries, but there are differences in Internet
adoption between these countries. The extent of
technology diffusion depends on a variety of economic, social, and political factors, including basic information infrastructure; regulatory environment; and access to technical, managerial, and fi-

Figure 1. An Integrated Model of E-Business Use and value
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nancial resources. Therefore, we expect that there
will be systematic differences between countries
and also among firms in the actual use of e-business and related value creation. We will use our
model to examine these differences.
The focus on postadoption is also motivated
by the process-oriented view about the use and
value creation of IT innovations. According to the
process-oriented view, merely examining the initial adoption or the dollars invested in IT cannot
reveal the reach and richness of postadoption activities, because a multistage process exists before
the business value of IT can be realized. Thus, we
incorporate these two important stages in one unified model. We could have just used adoption and
postadoption.
E-business use is defined as the extent to which
e-business is being used to conduct value chain
activities. This is measured by the breadth of use
for different value chain activities and the depth
of use (percentage) for each activity that has been
migrated to the Internet platform. E-business value refers to the impact of e-business use on firm
performance, which is measured by three major
activities along the value chain: downstream sales
(i.e., increasing sales and improving customer
services), upstream procurement (i.e., reducing
inventory and procurement costs and improving
coordination with suppliers), and internal operations (i.e., increasing employee productivity and
making internal processes more efficient).
The right-hand side of the conceptual model
shows how the use of e-business impacts firm
performance. Drawing on the value hierarchy in
Figure 1, we posit that e-business leverage the
unique characteristics of the Internet to improve
business performance. These characteristics (open
standard, public network, and global connectivity) are examined from a functional perspective.
That is, we investigate e-business functionalities
that make use of these unique characteristics and
consequently enable e-business value creation.
We classify these e-business functionalities into
two types: front-end functionalities that provide
product information to consumers on the Internet, facilitate transaction processing, and enable
customization and personalization; and back-end
integration that links Web applications with backoffice databases and facilitates information shar654

ing along the value chain. Together with usage,
these two IT-enhanced capabilities will contribute
to e-business value.
The left-hand side of the conceptual model
shows the antecedents of e-business use. As discussed earlier, the extent of e-business use by an
organization would be influenced by its technological, organizational, and environmental contexts within the TOE framework.
We have selected six antecedents based on prior research and particular linkages to the nature
of Internet-based e-business. We incorporated six
factors within the technological, organizational,
and environmental contexts of the TOE framework. Further justification for each of these factors is provided below, together with hypothesis
development.
3.2. Basic Elements for Diffusion of E-Business
Based on the TOE framework, we developed
the following basic elements, corresponding to the
six factors in Figure 1 within the technological,
organizational, and environmental contexts of the
TOE framework.
4. Measurement model
The development of the measurement model
included successive stages of theoretical modeling, statistical testing, and refinement (Straub
1989). Measurement items were developed on the
basis of a comprehensive review of the literature
as well as expert opinion. We then tested multiindicator constructs using confirmatory factor
analysis (CFA - For the purpose of testing the robustness of our measurement model, we also ran
eyploratory factor analysis on all indicators. Principal component analysis with equamax rotation
yielded a consistent grouping with CFA). Based
on the assessment of CFA, the measurement model was further refined and then fitted again.
Several constructs deserve further explanation.
First, technology competence is instrumented not
only by physical technologies, but also by IT human resources that possess the knowledge and
skills to implement e-business. Such a design is
Volume 6 / Number 3 / 2011
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consistent with the theoretical rationale discussed.
Our study used the major items in the first three
dimensions to instrument front-end functionality, and the fourth dimension corresponded to our
back-end integration.
To empirically assess the constructs theorized
above, we conducted CFA using structural equation modeling as implemented in partial least
squares (PLS). We assessed construct reliability,
convergent validity, discriminant validity, and validity of the second-order construct. The measurement properties are reported in Table 1.
1. Construct Reliability: Construct reliability
measures the degree to which items are free
from random error and therefore yield consistent
results. In our measurement model, all constructs
have a composite reliability over the cutoff of
0.70, as suggested by Straub (1989).
2. Convergent Validity and Discriminant Validity:
Convergent validity assesses the consistency
across multiple operation. As shown in Table
1, all estimated standard loading are significant
(p<0.01), suggesting good convergent validity.
To assess the discriminant validity-the extent
to which different constructs diverge from one
another-we used Fornell and Larcker’s (1981)
criteria: average variance extracted for each
construct should be greater than the squared
correlation between constructs. Such results
suggest that the items share more common
variance with their respective constructs than
with other constructs. All constructs meet this
criterion.
3. Validity of the Second-Order Construct:
Table 1 shows the estimation of the secondorder construct, e-business value. The paths
from the second-order construct to the three
first-order factors are significant and of high
magnitude, greater than the suggested cutoff
of 0.7. Our model has a very high T ratio of
0.99, implying that the relationship among
first-order constructs is sufficiently captured

by the second-order construct. Therefore,
on both theoretical and empirical grounds,
the conceptualization of e-business value as
a higher-order, multidimensional construct
seems justified. In summary, our measurement
model satisfies various reliability and validity
criteria. Thus, constructs developed by this
measurement model could be used to test the
conceptual model and the associated hypotheses
proposed earlier. Empirical tests are discussed
in the following section.
5. Conclusions
For e-business use, our study has examined six
factors, within the TOE framework, as drivers of
e-business use. Some of these factors play different roles across different economic environments.
This finding shows that, while e-business is a
global phenomenon, its use is moderated by local
environments. For e-business value, our study has
demonstrated that the extent of e-business use and
e-business capabilities, both front-end functionalities and back-end integration, contribute to value
creation of e-business, but back-end integration
has a much stronger impact.
In summary, this study has developed an integrative theoretical framework for assessing ebusiness use and value, beyond initial adoption.
This study is the first to demonstrate the theoretical value of integrating TOE and RBV. The
findings contribute to the unsettled debate on IT
value-in this case, in the e-business environment.
This framework could be applied by researchers
to study other complex information systems in different setting. We see this research as a first step
toward understanding the complex relationships
among technology, environments, and organizational performance. We hope that these initial results will motivate others to engage in future research to refine the theory and measurement.

Table 1. Measurement Model: Second-Order Construct
Second-order construct
E-business value
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First-order construct
Loading
t-stat
Impact on sales
0.865***
77.68
Impact on internal operation
0.805***
44.08
Impact on procurement
0.844***
55.52
* p < 0.10; ** p < 0.05; *** p < 0.01

Composite reliability
0.88
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Abstract
The most common way of measuring financial
performances and quality of banks management is
the calculation of financial ratios and their comparison with benchmarks. If numerous criteria,
such as profits, liquidity, asset quality, risk level,
management strategies, are considered simultaneously, the process can be very complex.
The banking sector in Serbia has gone through
the period of turbulence, changes of the ownership
structure caused by privatization, organizational
structure changes inside the bank institutions, as
well as the changes due to the law requirements.
In those circumstances, it is very difficult to measure banks’ efficiency, rank them and set up stable
benchmarks.
The non-parametric operational research method, named Data Envelopment Analysis (DEA),
recently became a leading method for measuring
and comparing performances of entities in different area, including banking industry.
This paper will present the results of such analysis carried out on the basis of data regarding 30
banks in Serbia operating in the economically turbulent five-year period from 2005 to 2009. Relative efficiency ratios are calculated for each bank
and each year. The banks are ranked according to
their average efficiency and similarities and differences among them are analyzed and commented.
Key words: Banks, Efficiency, Data Envelopment Analysis
1. Introduction
Serbian industry went through a long period of
recession in the 90s. Banking industry was faced
with decreasing of performances, undeveloped fiVolume 6 / Number 3 / 2011

nancial market, absence of an appropriate legal
framework, etc. In the last decade, comprehensive
changes in industrial sector, legal system and institutions, and, consequently, in the banking system,
have occurred. Positive trends have been recorded
from 2003, especially in the better-structured financial balance reports. During the previous years,
banking system recovered and became one of the
strongest industry development drivers. In the reforms of the financial system in Serbia, the number
of banks was reduced from 86 in 2000 to 37 in 2007
and 34 at the end of 2009 [1]. One of the most important changes in banking sector was made when
the new Law of Banks was introduced in November
2005. That law has been fully implemented since
October 1st 2007. The procedure of strict banking
control, based on the same consolidate parameters,
was introduced according to the new law terms
and provisions [2]. The global economic crisis has
strongly affected Serbian economy and its consequences can bee seen in the banking industry too.
However, banks in Serbia are operating under very
restrictive conditions set up by the National Bank
of Serbia, strong competitiveness and process of reforms and privatization of their clients. Due to these
facts, the economic crisis was not fatal for the banks
operating in Serbia. The banking sector is still one
of the strongest parts of Serbian economy and, according to different indicators, there is enough
space for its further expansion [1]
A set of standard financial ratios, suitable for
comparison of achievement in banking sector, are
used and each bank in Serbia is obligated to publish official financial statements regularly. On the
other side, if comparative analysis, based on multiple criteria, is to be done, some of parametric or
non-parametric analysis should be employed.
The Data envelopment analysis (DEA) is increasingly popular non-parametric method for rela657
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tive efficiency evaluation. It allows performance
measurement of the decision making unit (DMU)
in comparison to achievement of the other units in
observing set (banks in one country), which operate
in similar circumstances, produce the same outputs
consuming the same inputs. In the chapter 2 of this
paper, DEA is described in more details. The chapter 3 summarizes results of efficiency evaluation in
Serbian banking sector throughout five-year period
of transition and privatization. The statistical correlation and cluster analysis is performed to verify
and clarify obtained DEA results. Finally, some
conclusions are given in chapter 4.
2. Methodology review
DEA has been used for performance evaluation
in the wide spread areas in the last 30 years. DEA
was introduced in 1978. By Charnels, Cooper
and Rhodes [3]. The aim was to ease efficiency
measurement in the non-profit sector, where a lot
of intangible, non-financial factors need to be introduced into analysis. Efficiency, in the terms of
economy, is defined as ratio of one output and one
input. The DEA models allow the consideration of
more than two inputs/outputs simultaneously and
efficiency calculation of all units in the observing
set. Relative efficiency ratio of observed DMU
is calculated in relation to other units. Efficiency
frontier is created as a set of best performers. In
the set of DMUs, DEA gives measure of DMU’s
efficiency by comparing performances of DMU
with efficient entity. Inputs generally refer to resources, while outputs are items produced from
the inputs, as a result of the process performed
within the DMU. Efficiency measure is an extension of economic definition, given as ratio of
sum of weighted outputs and weighted inputs. The
most often applied DEA models are linear version of basic CCR models. It lets each DMU to
“choose” the most appropriate set of weights in
order to become as efficient as possible in comparison with the other units in the observing set.
Efficiency ratio is scaled between 0 and 1, and all
efficient units have the same ratio equal to 1.
In order to make difference among efficient
units and allow their ranking, Andersen and Petersen introduced super-efficiency measuring
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model [4]. That model will be used in the research
presented here.
Suppose that DMUj ( j = 1,, n ) uses inputs xij
( i = 1,, m ) to produce outputs yrj ( r = 1,, s ).
Input-oriented weighted version of Andersen-Petersen’s super-efficiency DEA model is following:
(max) hk =

s

∑µ
r =1

r

yrk . ................. (2.1)

st.
m
∑ vi xik = 1
i =1
s

m

∑ µ y - ∑v x
r =1

r

rj

i =1

i ij

. ......................... (2.2)

≤ 0 , j = 1, ,n, j ≠ k ........ (2.3)

µr ≥ e ; r = 1, 2,...,s,
vi ≥ e ; i = 1, 2 ,...,m, ................... (2.4)

The optimal values of efficiency scores hk are
obtained by solving the linear model (2.1)-(2.4)
k-times (once for each DMU in order to compare
it with other DMUs). Efficiency score hk is greater or equal to 1 for all efficient units and smaller
than 1 for inefficient units. In this way, ranking
of units, according to their efficiency, is enabled.
The smaller value of efficiency score hk, the less
efficient the unit.
–– DEA offers many advantages over traditional
efficiency measurement approaches. Some
of them are the following:
–– DEA provides a single unambiguous
measure of performance,
–– DEA can handle multiple inputs and outputs,
in different measurement units,
–– DEA is focused on DMUs best practice, and
–– DEA results can be used in determination
of the forthcoming actions in managing
the observed DMU. It can offer
recommendations by calculating a virtual
DMU efficiency for each DMU under
evaluation.
DEA is widely used for measuring performances in financial industries, especially in banking. According to Berger and Humphrey [5], DEA
is used in 70 out of 131 applications, mostly in
Volume 6 / Number 3 / 2011
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USA (23 out of 57 applications). A lot of applications have been done recently. They differ regarding the role of a bank as DMU. Some authors
consider bank or bank branch as operating unit,
while others consider the intermediary aspect as
more important for profit making. The selection of
inputs and outputs depends on chosen approach.
In [6] the authors compare cost efficiency among
289 banks in 15 post-communist countries using
intermediary approach. Results show that foreign
banks are more competitive and have better results in the cost efficiency than domestic banks.
In [7] the authors evaluate efficiency of the Polish banks. They concluded that better results were
obtained when the banks were divided in two
groups, domestic and foreign. Using the intermediary approach, performances were evaluated.
Havrylchyk at al. in paper [8], published in 2006,
carried out similar study. Profitability of the banks
in Turkey has been studied in [9]. As inputs, the
authors used ratio of administrative expenses and
earning assets and ratio of total expenses and total
earnings. On the other side, ratio of earning to total asset, ratio of loanable asset to total liabilities
and return to asset have been treated as outputs.
Jermić and Vujcic [10] compared banks efficiency
in Croatia during the transition period from 1995
to 2000. The trend of efficiency ratio was positive,
due to ownership structure changes. At the beginning of observing period, there were 1 foreign and
53 domestic banks. At the end of the period, there
were 20 foreign and 20 domestic banks. Multivariate statistical evaluation of financial market
in Vojvodina is presented in [1]. Mihajlovic at al.
[2] attempted to evaluate performances of Serbian
banking industry for the first time in 2009. DEA
and I-distance methods were used. Results of the
more comprehensive analysis are presented in the
next chapter of this paper.
3. Results
DEA analysis is performed for the 30 banks
operating in Serbia in each of the five-year period from 2005 to 2009 (data on the year 2010
are not available yet). Two of 34 banks operating
in Serbia at the end of the year 2009 are of local character, operating in Kosovo and Metohija
Volume 6 / Number 3 / 2011

(Kosovsko-metohijska banka and Jugobanka a.d.
Kosovska Mitrovica), and they are excluded from
the analysis, as well as two banks (Moskovska
and Opportunity banka) which began to operate
in 2007 and 2008. They are excluded due to the
lack of data necessary for comprehensive analysis.
This has not affected the results of the analysis as
the share of total assets for the 4 excluded banks
in whole banking sector of Serbia in 2009 is less
than 1%. These four banks can be considered as
outliers for relative efficiency analysis.
In order to measure efficiency and rank the
banks, we used Andersen – Petersen’s DEA model
(2.1)-(2.4), described in chapter 2. The annual data
on 9 business indicators, 6 on the banks’ inputs and
3 on their outputs, are used in the analysis. The indicators of banks’ success have been published in
the Reports of National Bank of Serbia [11].
The inputs, based on available data for each
bank and each considered year, used in analysis are:
–– Measure of bank’s operating costs as fixed
asset-to-equity capital ratio;
–– Unit price of current assets as the ratio of
annual interest expenses to total loanable
funds;
–– Measure of the riskiness of the bank’s
overall portfolio as ratio of provisions to
total assets;
–– Measure of the bank’s size as the total assets
on January 1st of the observed year;
–– Number of employees;
–– Number of bank’s branches.
Considered outputs are:
–– Total assets on December 31st of the
observed year (total assets at the beginning
of the year plus annual profit/loss as measure
of business performance);
–– Total revenue from 1st January to 31st
December;
–– Interest rates income (measure for bank’s
primary income driver).
This approach is kind of mixed intermediary
and operating approach. Due to accounting standards of reporting for National Bank of Serbia,
banks are enabled to present equity and assets
structure on various, often incomparable ways. In
order to overcome this issue, financial ratios are
659
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introduced as inputs. Data on selected inputs and
outputs are captured from official financial statements. Finally, the data set had 30 DMUs (banks)
and the values of 9 variables for each of 5 years
included in the study. The values of the relative
efficiency scores for each bank and each year,
minimum, maximum and average values of annual efficiency scores for each bank, as well as the
ranks obtained according to the average scores,
are given in Table 1.
4. Discussion
From Table 1, it can be seen that ranks of the
banks, according to their efficiency, have not

changed much over the time. The values of the
Spearman’s correlation coefficients for the pairs
of the annual efficiency scores and their average
values are given in Table 2.
Table 2. Correlations (Spearman’s rho) of the efficiency scores
2006
2007
2008
2009
Average

2005
0.899
0.851
0.836
0.830
0.916

2006

2007

2008

2009

0.962
0.946
0.931
0.976

0.985
0.977
0.981

0.985
0.974

0.965

The values of the coefficients are between
0.830 (2005-2009) and 0.985 (2007-2008 and
2008-2009) which indicates that the correlation

Cluster 4.
Strongly inefficient

Cluster 3.
Inefficient

Cluster 2.
Near efficient

Cluster 1.
Efficient

Table 1. DEA eficiency scores and clusters
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Bank
Raiffeisen bank
AIK banka
Banca Intesa
Hypo Alpe-Adria-Bank
Komercijalna banka
Unicredit Bank
Société Générale Bank
Eurobank EFG
Vojvođanska banka
ProCredit Bank
Alpha Bank
Poštanska štedionica
OTP bank
Agrobanka
Volksbank
Erste Bank
NLB Bank
Piraeus Bank
Crédit Agricole Bank
Univerzal banka
Metals-banka
Srpska banka
Marfin Bank
Privredna banka
Čačanska banka
KBC Bank
Privredna banka
Credy banka
Findomestic Bank
JUBMES banka

2005
1.97
1.61
1.19
1.32
1.17
0.90
0.85
0.28
1.19
0.73
0.73
0.80
0.71
0.42
0.26
0.37
0.60
0.26
0.34
0.28
0.24
0.40
0.27
0.16
0.15
0.22
0.23
0.25
0.10
0.16

2006
1.58
1.68
1.33
1.32
1.06
1.09
0.92
0.89
0.70
0.73
0.66
0.55
0.59
0.45
0.61
0.46
0.35
0.40
0.36
0.27
0.24
0.26
0.21
0.17
0.15
0.14
0.27
0.15
0.12
0.14

2007
1.68
1.74
1.34
1.41
0.99
0.81
0.76
0.95
0.69
0.80
0.61
0.49
0.55
0.61
0.62
0.57
0.37
0.45
0.42
0.38
0.32
0.17
0.23
0.18
0.21
0.13
0.11
0.12
0.14
0.09

2008
1.31
1.33
1.37
1.21
0.89
0.87
0.87
1.01
0.74
0.77
0.71
0.45
0.52
0.55
0.63
0.62
0.50
0.39
0.39
0.40
0.26
0.14
0.18
0.20
0.24
0.17
0.07
0.10
0.15
0.10

2009
1.28
1.27
1.43
1.14
0.92
1.00
0.88
0.97
0.65
0.77
0.51
0.48
0.35
0.65
0.55
0.56
0.42
0.39
0.37
0.40
0.29
0.11
0.18
0.27
0.23
0.16
0.04
0.09
0.16
0.08

Min
1.28
1.27
1.19
1.14
0.89
0.81
0.76
0.28
0.65
0.73
0.51
0.45
0.35
0.42
0.26
0.37
0.35
0.26
0.34
0.27
0.24
0.11
0.18
0.16
0.15
0.13
0.04
0.09
0.10
0.08

Max
1.97
1.74
1.43
1.41
1.17
1.09
0.92
1.01
1.19
0.80
0.73
0.80
0.71
0.65
0.63
0.62
0.60
0.45
0.42
0.40
0.32
0.40
0.27
0.27
0.24
0.22
0.27
0.25
0.16
0.16

Av.
1.57
1.53
1.33
1.28
1.01
0.93
0.85
0.82
0.79
0.76
0.64
0.56
0.54
0.54
0.54
0.52
0.45
0.38
0.38
0.35
0.27
0.22
0.21
0.20
0.19
0.16
0.14
0.14
0.14
0.11

Rank
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
27
26
28
29
30
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among them is very high. It means that average
efficiency score is good represent of the banks’ efficiency in the whole analyzed period.
In the same table it can be seen that the values of relative efficiency scores for the majority of
the banks have decreased as the time passed. The
main descriptive parameters on efficiency scores
for each year are given in Table 3.
Table 3. Descriptive statistics for efficiency
scores
Year
2005
2006
2007
2008
2009
Average

Minimum Maximum Mean
0.10
0.12
0.09
0.07
0.04
0.11

1.97
1.68
1.74
1.37
1.43
1.57

0.61
0.60
0.60
0.58
0.55
0.59

Std.
Deviation
0.48
0.45
0.46
0.40
0.40
0.43

The mean value decreased from 0.6053 for the
year 2005 to 0.5850 in the last year of the observed
period. The mean values for the first three years are
almost equal, while standard deviations for these
years are greater than ones for the years 2008 and
2009. These facts indicate that the overall performances of the banks in Serbia in the years of crisis
have decreased as well as the differences among
the banks’ efficiency. Smaller variance in score
values can indicate, despite the global crisis, that
the banking sector in Serbia is more harmonized
now due to strong restrictive conditions set up by
the National Bank of Serbia, strong competitiveness and the process of reforms and privatization
of their clients.
The values of efficiency scores for each bank
obtained for the five-year period and presented in
Table 1, can be used in order to detect the similarities and differences among the banks in Serbia and

to group them, consequently. Ward method for hierarchical clustering [12] is used and four clusters
of the banks are identified.
To Cluster 1. belong four banks, classified as
Efficient at the top of the ranking list, whose efficiency scores have been greater than 1 in each of
the five observed years. Their efficiency has decreased, but they are still superefficient.
Six banks, classified after these in the Cluster
1, belong to the Cluster 2. (Near efficient). Their
efficiency scores vary around 1, as their performances have changed during observed period.
The average scores for the banks in Cluster 2. are
from 0.76 to 1.01. They have not been always efficient, but close to it.
Among the first ten banks, belonging to the
Clusters 1 and 2, there are only two banks (AIK
banka and Komercijalna) which are not completely foreign ownership. Range of efficiency ratios
picked for Eurobank EFG, for which minimal value
is 0.28 in 2005, and maximal value is 1.01 for the
year 2008. The great improvement happened as the
consequence of multiple total asset increase during
the observed period. That is obvious evidence of
privatization impact on business performances.
Cluster 3. (Inefficient) comprises next 10
banks with ranks between 11 and 20 and average
efficiency scores from 0.35 and 0.64. They have
been inefficient in each of the five analyzed years,
but in the most cases, their efficiency has been increasing over the time. Entities that belong to this
inefficient group are foreign, medium banks, in
term of total assets value. These banks are more
efficient than last 10 banks, belonging to the Cluster 4 (Strongly inefficient). The most efficient
bank in the Cluster 4. has average efficiency score
0.27. Others are even more inefficient, dominantly small domestic, state owned banks which are
planned for ownership transitions in near future.

Table 4. Descriptive statistics for average efficiency scores in clusters
Average
eff. score

Cluster 1
Efficient

Cluster 2
Near efficient

Cluster 3
Inefficient

Cluster 4
Strongly inefficient

Mean
Std. Deviation
Minimum
Maximum
# of banks

1.43
0.14
1.28
1.57
4

0.86
0.09
0.76
1.01
6

0.49
0.09
0.35
0.64
10

0.18
0.05
0.11
0.27
10
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The main descriptive parameters for average efficiency scores and corresponding boxplot for the
clustered banks are given in Table 4. And Figure 1.

Figure 1. Boxplot for average efficiency scores
5. Conclusion
The main advantage of DEA methods is the
possibility of taking multiple heterogeneous indicators into consideration when the efficiency
of DMU is to be evaluated. Index obtained as the
indicator of the efficiency by DEA is relative and
depends on number of parameters and DMUs in
observing set. At the same time it determines the
rank of the unit.
Using DEA in the analysis of banks’ efficiency
allows us to identify the market leaders, who follows them, but who is very inefficient, too. The
mathematical model developed and applied as
presented in this paper enables clear description of
the situation in banking sector of the country for
the period if interest.
According to the DEA results, there is an obvious general trend of average performance decrease
of banks during crisis years. Partly, the crisis itself
can be blamed for that, and partly increase of competition among banks. Another trend is efficiency
increase of banks that went through privatization
process, i.e. ownership change. The thing that
marks the whole period is extreme inefficiency of
smaller state owned banks, while domestic larger
banks are very efficient and are successfully struggling with foreign competition.
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Abstract
In the last few decades, at the education market
in Serbia, state faculties have been facing competition, private own faculties. In order to sustain at
the education market, state faculties have to “wake
up” and realize that business excellence principles
adoption will become condition for their survival
and growth. In that sense, faculties must question
their “value proposition” or elements of services
which they offer to students, as their customers.
The purpose of this paper is to point out the significance of students’ requirements consideration
and analysis, because students’ satisfaction has
to be observed as primary or the most important
faculties’ task. Bearing in mind significance of
students’ satisfaction for current and future faculties’ financial performances, a research has been
conducted at the Faculty of Economics, University of Nish, with the aim formulated as value proposal improvement. For the analysis of students’
requirements and appropriate decision-making,
some statistical methods have been used.
Key words: competitiveness, stakeholders,
students, requirements, statistics.
JEL classification: C12, C83, I21.
Introduction
In modern conditions, high education institutions, like faculties, face some challenges as a
consequence of greater competition for resources,
stronger opposition from new providers of higher
education, and significantly reduced public funding. Also, there will be even greater pressure to
perform and deal with challenges of new forms of
Volume 6 / Number 3 / 2011

learning, new technologies for teaching, and new
requirements for students’ competences. Against
this background, the need for educational organizations, including faculties, to carry out market
research and keep a close check on internal and
external offerings is self-evident. Quality must not
represent just one of the subjects in certain faculties plan and programme, but also a way for reaching competitive advantage.
Though usage of quality tools is very important for competitiveness sources identification in
all kind of business, it can be also very significant
for competitiveness improvement in non-profit institutions, such as faculties (high education). According to allegations by many authors, the XXI
century will be the century of quality. This is why
the fact that quality management tools have been
intensively used is not surprising at all. Considering that education output is very hard to measure
these tools significance is very often neglected.
However, output quality is a consequence of process quality. Considering that sources of competitiveness are “hidden” in the processes, faculties
have to define the basic or key processes and to
“look inside them”. Likewise, important input for
processes’ definition and analysis are customers’
requirements or, in this case, students’ requirements. Bearing this in mind, it can be assumed
that some quality tools can be used for education
process improvement. The improvement of this
process is very important for students’ satisfaction, but also for faculties’ competitiveness.
The usage of quality tools can not be dividend
from statistical measures and instruments, because
good quality analysis can not be provided without
these measures and instruments. However, it seems
that statistics role for faculties’ competitiveness im663
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provement is underestimated or, at least, it is not
used with “full capacity”. In this paper some statistical methods are used for analysis of high education,
with regard to Faculty of Economics, University of
Nish. The purpose of this paper is to discover critical
requirements for students’ satisfaction, and therefore
to determine which activities represent the basis and
sources for competitiveness improvement.
Students as a central stakeholder
Education process has three main components. First, there is acquisition of new information - often information that runs counter to or is
a replacement for what the person has previously
known. The second aspect of learning may be
called transformation - the process of manipulating knowledge to make it fit new tasks. Transformation comprises the ways one deals with information in order to go beyond it. The third aspect
of learning is evaluation - checking whether the
way one has manipulated information is adequate
to the task. In this process different participants
are involved. These participants can be assigned
as education stakeholders or, in the case of faculty,
as faculty’s stakeholders [8].
A stakeholder is a person (or group) that has an
interest in the activities of an institution or organisation. According to Maassen (2000) stakeholders
in higher education mean specific groups of external, but also internal actors that have a direct or
indirect interest in higher education. New stakeholders have penetrated a traditional monopolistic
relationship between the state and public higher
education institutions with two main characteristics. Firstly, the role of the external actors has become more important in last few decades. Secondly, the influence of these external actors has also
grown with respect to internal affairs of individual
higher education institutions [7].
Participants in education process at faculties have
different roles and tasks. They can roughly be divided into two groups: active and passive participants.
Thereby, students and professors can be considered
as active, while economy, parents and state can be
considered as passive participants (stakeholders).
Students represent some kind of faculties’ customers since they receive certain knowledge from
664

their professors. However, considering that they
alone need to study the suggested literature, they
can be considered as specific processors. Finally, if
education process is observed wider, besides faculties’ boundaries, students may be considered as suppliers, because after their graduation, they provide
additional knowledge for the economy (quantitatively and qualitatively). A students’ role in education is to be active participants rather than passive.
It is also very important to read ahead of their professors, try to participate in class activities. Students
and professors have to be collectively engaged in
the process of teaching and learning. As learning is
the process through which development occurs, it
is crucial for students to be actively engaged in the
classroom. Course activities are the vehicle through
which students may become more engaged with
academic material. Davis and Murrell (1993) clearly indicate that the quality of effort that a student
expends in interactions with professors is the most
important determinate of faculties’ outcomes.
Professors can be observed as faculty’s resource,
but also as a processor in the sense of transferring
knowledge to students, and in the sense of scientific work. When they use the results which were
achieved by professors (their colleagues) who were
teaching students before them or teachers in high
school, professors may be considered as customers.
Finally, professor can act as supplier, when students
he was teaching, start to intend courses of other
professors. If the professor had carried out his role
as a processor successfully, then professors whose
lectures students listen in further studies will have a
good base for further knowledge transfer.
Students’ parents (financial supporters) represent one of the passive participants in the education process. They have multiple roles. The role of
the processor, when it comes to parents, reflects
in supporting, but also in creating of habits and
building the ways of students learning. The parents’ role as suppliers manifests through entering
children to the faculty, while their role as creditor
manifests through financial support.
The state, as the founder, by definition represents the stakeholder of state faculties. It can be
in position of customer, because it is assumed
that the results of faculty’s work, embodied in
students’ knowledge, will be in function of development of the state and its economy (assuming
Volume 6 / Number 3 / 2011
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that there is no “brain-drain“). In the case when
it approves grants for research stays abroad and
training of students, the state has a role of creditor – financial support. Bearing in mind that the
state approves research stays abroad and invests
in training of professors who work at the faculty, it
can be considered as some kind of supplier.
One of the faculty’s stakeholders is the economy. As a consumer or user of the results of faculty’s work, the economy (companies) gets high
educated and professional employees. When employs students and provides them with additional
training and development, economy or the companies that „is made” of act as a processor [1].
Though all stakeholders have a particular importance for faculty’s functioning, the fact is that
the students are in the middle of the process of
high education. As stakeholder, they are related to
all other stakeholders and, in fact, they connect all
other stakeholders (Figure 1). This means that students are the central faculties’ stakeholder. Concerning this assumption, but also bearing in mind
that students’ the most significant role, from the
faculties viewpoint, is „customers role“, one can
come to the conclusion that actions concerning
competitiveness improvement have to begin from
students’ requirements.

Figure 1. Active and passive participants
Students’ satisfaction as the most important
faculty’s task
Students’ satisfaction improvement is very important for every high education institution or faculty, because students represent their customers,
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or consumers of their services. In the Introduction
it was pointed that the purpose of this paper was
to discover critical requirements for students’ satisfaction, concerning students from the Faculty of
Economics in Nish. The authors’ intention was to:
–– Discover the requirements which are the
most important from students’ viewpoint,
–– Examine connection between some
requirements,
–– Check the difference in requirements’
significance for students from different
years of study,
–– Benchmark the requirements’ significance
and requirements’ fulfilment average marks,
and finally
–– Propose possible ways for Faculty’s value
proposal improvement.
With purpose of students’ requirements identification, a research has been conducted. This research comprised 200 students of this faculty. In
this sample, 63 students are the first year students,
57 at the second year, 49 at the third year and 31
at the fourth year of studies. Number of students
surveyed by years of study has been determined
based on the percentage of students by years of
study in the total number of students at the Faculty. Data about students’ needs and demands
were gathered through survey questionnaire (there
were 42 completely fulfilled questionnaires). At
first, pre-research has been conducted to check
the validity of the questionnaire. Also, additional
data needed for analysis were gathered through
focus groups. Based on data collected about the
students’ needs and demands, questionnaire comprehended the following requirements:
–– The latest Business Practices,
–– No overlap of subjects’ contents,
–– Access to local business practice,
–– Communication Skills,
–– Research skills,
–– Clear explanations,
–– Clear notes for lectures,
–– Interaction with teachers,
–– Practical experience,
–– Transparent criteria,
–– Team work (projects),
–– Small groups to continue,
–– Presentation of lectures,
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––
––
––
––

The ability of knowledge transfer,
Open to criticism,
Available for students,
Friendly mood.

According to Andjelkovic Pesic (2009) these requirements can be classified into three categories,
namely: subjects’ contents, the way of teaching and
professors’ relationship with students. The first five
students’ requirements belong to the category subjects’ contents, the following eight to the category
the way of teaching, and the last four to the category professors’ relationship with students.
However, students’ requirements do not have
the same level of significance for students’ satisfaction. Based on data collected about the importance of certain students’ requirements, analysis
resulted in the following information: the highest
average score received a requirement that relates
to the Ability to transfer knowledge (4.69), followed by Clear explanations (4.57), Availability
of professors to students (4.56), The latest business practices (4.37), Communication skills (4.37)
and Interaction with professors (4.37), while for
the students the least significant requirement relates to the Overlapping content of subjects (3.41).
The requirements with the highest average grade
can be considered as critical elements of Faculty’s
value proposal quality [1].
Previously mentioned, but also every other requirements, can be provided through appropriate
Faculties’ services elements. At this stage of research, eleven service elements have been identified, and they are:
–– Usage of modern literature,
–– Usage of information technology,
–– Cooperation among professors,
–– Usage of local business examples,
–– Clear presentation of subjects’ contents,
–– Discussion on lectures,
–– Professors’ preparation for lectures,
–– Projects development and case studies,
–– Respecting of consultation hours,
–– Competence for information technology
usage,
–– Providing literature for exams preparation.
The next step in students’ satisfaction improvement process is identification of connec666

tion between students’ requirements and service
elements, if there is connection at all. Considering that all requirements do not have the same
“weight” for students’ satisfaction, identification
of connection between students’ requirements
and service elements is very important. This connection actually shows which service elements
are the most important for students’ satisfaction.
One of the instruments that can be helpful in this
case is Quality Function Deployment (QFD) and
its’ “house of quality”, as some kind of “quality
table”. According to this instrument service elements’ significance can be determined based on
columns’ value from “quality table”. In this case,
the most significant service elements are: project
development and case study, discussion during
lectures, respect of communication hours, usage
of local practice examples, professors’ preparation
for lectures, and usage of information technology.
For example, as a service element, project development and case study affects the following
students’ requirements: The latest business practice, Approach to local business practice, Communication skills, Research skills, Clear explanation,
Clear notes for lectures, Interaction with professors, Practical experience, Transparent criteria,
Teamwork, and Small groups for lectures. This
actually means that through the improvement of
this specific service element Faculty can influence
many students’ requirements. In this way, Faculty
can provide efficient usage of its resources.
Statistical analysis of students’ requirements
The first of applied statistical methods was
analysis of variance. Analysis of variance represents statistical method for comparing the means
of several populations. The method is often referred by its acronym: ANOVA. The aim of ANOVA is to detect differences among several population means, and the technique requires the analysis of different form of variance associated with
the random samples under study – hence the name
analysis of variance. ANOVA hypotheses in this
research are as follows:
- H0: There is no difference among population
means, or H0: All populations’ means are
equal,
Volume 6 / Number 3 / 2011
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- H1: There is difference among population means, or H1: Not all populations’ means are equal.
When the null hypothesis is true, the test statistic of analysis of variance follows an F-distribution
[10]. In statistics, analysis of variance is a collection of statistical models, and associated procedures, in which the observed variance is partitioned
into components due to different explanatory vari-

ables. In its simplest form ANOVA gives a statistical test of whether the means of several groups are
all equal, and therefore generalizes Student’s twosample t-test to more than two groups. ANOVA is
helpful because it possess a certain advantage over
a two-sample t-test. Doing multiple two-sample ttests would result in a largely increased chance of
committing a type I error. For this reason, ANOVA
is useful in comparing three or more means. The

Table 1. Analysis of variance for The latest business practices
F-ratio P-value
Source of Variation Degrees of Freedom Sum of Squares
Mean Square
Treatment
3
2,345
VA = 0,782
Error
0,682 0,5687
38
43,56
VR = 1,146
Total
41
45,905
Conclusion:
There is no difference among average score for The latest business practices
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
3,61
1,42
1,19
4
2nd year
2,75
0,91
0,95
15
3rd year
3,33
1,38
1,17
10
4th year
3,40
0,48
0,69
13

Table 2. Analysis of variance for Communication skills
Source of Variation
Degrees of Freedom
Sum of Squares
Mean Square
F-ratio P-value
Treatment
3
3,909
VA = 1,303
Error
38
44,21
VR = 1,163
1,12 0,35311
Total
41
48,119
Conclusion:
There is no difference among average score for Communication skills
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
4,50
1,00
1,00
4
2nd year
3,86
0,98
0,99
15
3rd year
3,40
1,15
1,07
10
4th year
3,61
1,42
1,19
13

Table 3. Analysis of variance for Clear explanations
Source of Variation
Degrees of Freedom Sum of Squares
Mean Square
F-ratio P-value
Treatment
3
1,08
VA = 0,36
Error
38
35,991
VR = 0,947
0,38 0,76779
Total
41
37,071
Conclusion:
There is no difference among average score for Clear explanations
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
4,25
2,25
1,50
4
2nd year
3,66
0,95
0,97
15
3rd year
3,80
0,40
0,63
10
4th year
3,76
1,02
1,01
13
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following tables show results for analysis of variance for critical students’ requirements, precisely
for the following requirements:
–– The latest business practices,
–– Communication skills,
–– Clear explanations,
–– Interaction with professors,
–– Ability to transfer knowledge,
–– Availability of professors to students.

According the results in previous six tables,
analysis of variance shows that there is no statistically significant difference between average
marks of the requirements’ fulfilment for each of
four years of study. Due to that, further analysis,
which assumes benchmarking of requirements’
significance and requirements’ fulfilment, has
been conducted for the whole sample (not for each
year of study).

Table 4. Analysis of variance for Interaction with professors
Source of Variation Degrees of Freedom Sum of Squares
Mean Square
F-ratio P-value
Treatment
3
0,042
VA = 0,014
Error
38
50,077
VR = 1,318
0,011 0,99847
Total
41
50,119
Conclusion:
There is no difference among average score for Interaction with professors
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
3,50
1,00
1,00
4
2nd year
3,40
1,82
1,35
15
3rd year
3,40
1,15
1,07
10
4th year
3,38
0,92
0,96
13

Table 5. Analysis of variance for Ability to transfer knowledge
Source of Variation Degrees of Freedom Sum of Squares
Mean Square
F-ratio P-value
Treatment
3
3,936
VA = 1,312
Error
38
29,683
VR = 0,781
1,679 0,18766
Total
41
33,619
Conclusion:
There is no difference among average score for Ability to transfer knowledge
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
4,75
0,25
0,50
4
2nd year
3,66
0,80
0,89
15
rd
3 year
3,80
0,17
0,42
10
4th year
4,00
1,33
1,15
13

Table 6. Analysis of variance for Availability of professors to students
Source of Variation Degrees of Freedom
Sum of Squares
Mean Square
F-ratio P-value
Treatment
3
4,302
VA = 1,434
Error
38
50,103
VR = 1,318
1,088 0,36602
Total
41
54,405
Conclusion:
There is no difference among average score for Availability of professors to students
Descriptive statistics of treatments
Treatments
Mean
Variance
Standard deviation
n
1st year
4,00
4,00
2,00
4
2nd year
3,13
1,26
1,12
15
3rd year
3,80
0,40
0,63
10
4th year
3,69
1,39
1,18
13
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The other part of statistical analysis is based on
correlation analysis. Correlation is a measure of association between two variables [3]. The variables
are not designated as dependent or independent.
Two the most popular correlation coefficients are:
Spearman’s correlation coefficient and Pearson’s
product-moment correlation coefficient. When
calculating a correlation coefficient for ordinal
data, one should select Spearman’s technique. For
interval or ratio-type data, more reliable results
can be provided by Pearson’s technique.
No matter what technique is used, the value of
a correlation coefficient can vary from minus one
to plus one. A minus one indicates a perfect negative correlation, while plus one indicates a perfect
positive correlation. Correlation coefficient which is
equal zero means there is no relationship between the
two variables. When there is a negative correlation
between two variables, it means that while the value
of one variable increases, the value of the other variable decreases, and vice versa. In other words, for
a negative correlation, the variables behave opposite
each other. When there is a positive correlation between two variables, it means that while the value of
one variable increases, the value of the other variable
also increases. The variables “move” together.[6]
The standard error of a correlation coefficient is
used to determine the confidence intervals around
a true correlation of zero. If correlation coefficient
falls outside of this range, then it is significantly
different than zero. The standard error can be calculated for interval or ratio-type data (i.e., only for
Pearson’s product-moment correlation).
The significance (probability) of the correlation
coefficient is determined from the t-statistic [9].
The probability of the t-statistic indicates whether the observed correlation coefficient occurred
by chance if the true correlation is zero. In other
words, it asks if the correlation is significantly different than zero. When the t-statistic is calculated
for Spearman’s rank-difference correlation coefficient, there must be at least 30 cases before the
t-distribution can be used to determine the probability. If there are less than 30 cases, one must
refer to a special table to find the probability of the
correlation. Pearson’s coefficient significance test,
based on the sample, assumes previously definition of null and alternative hypothesis. In this case,
hypotheses have been defined as it follows:
Volume 6 / Number 3 / 2011

Table 7. Null and alternative hypothesis
H0: There is no linear correlation in the population
H1: There is linear correlation in the population

For all variables Pearson’s correlation coefficient is very close to zero (the higher value is
0.2149). This means that there is a weak correlation between years of study and requirements’
fulfilment. From Table 8 it also can be seen that
for the most of variables (critical student’s requirements) Pearson’s correlation coefficient has
negative value (four of six requirements). These
negative values actually mean that senior students
(student that attend higher years of study) have
more rigorous criteria and greater expectations
from professors. This is the fact that professors
must have in mind when they prepare for lectures,
teach and interact with senior students.
The last column in Table 8 shows P-value, as
probability for rejection of null hypothesis. Since
all values are higher than 0.05 (significant level) it
means that null hypothesis do not has to be rejected. From there proceeds that in population there
is no linear correlation or that the value of these
coefficients is valid only in this sample and can
not be appropriate for making conclusion at population level.
Further analysis assumes benchmark of requirements’ significance and requirements’ fulfilment. In Table 9 there are presented average
marks for requirements’ significance and average
marks for requirements’ fulfilment, according to
students’ perceptions. The last column of this table shows that there is statistically significant difference between requirements’ significance and
requirements’ fulfilment for the most of requirements (since p-value is smaller than 0.05). There
is no statistically significant difference only for
two requirements, and they are: Research skills
and Presentations for lectures.
The good news for this Faculty is the fact that
for the two groups of requirements (the first and
the third group), the most significant requirements
are, at the same time, the requirements with the
highest marks, and they are:
–– For the first group - Clear explanations
(average mark for significance 4.57 and
average mark for fulfilment 3.79) and
669
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Concluding remarks

–– For the third group - the Ability of knowledge
transfer (average mark for significance 4.69
and average mark for fulfilment 3.90).

Education process, and precisely process of
high education, can be observed as process of creation or adding value for students, but also for society as a whole. This is because students, through
knowledge expansion and intellect development
during their studies, get significance precondition
to become useful members of society. Considering
that knowledge that students get at the faculty is
output for faculties, but input for economy (com-

For the second group of requirements, the most
significant requirement is Interaction with professors (average mark 4.37), while the requirement
with the highest average mark is Team work (average mark 3.48).

Table 8. Pearson’s correlation coefficients
Variable Y
Latest business practices
Communication skills
Clear explanations
Interaction with professors
Ability to transfer knowledge
Availability of professors to students

Pearson’s correlation
coefficient
(X year of study)

Standard error
of a correlation
coefficient

t-statistics

P-value

0,2015
-0,2149
-0,0546
-0,0209
-0,0522
0,0941

0,1549
0,1544
0,1579
0,1581
0,1579
0,1574

1,3014
-1,392
-0,3455
-0,1319
-0,3306
0,5976

0,200566
0,171624
0,7314953
0,8957144
0,7427034
0,5534811

Table 9. Descriptive statistics for requirements’ significance and fulfilment
Requirements’
Requirements’
p - value in
significance evaluation fulfilment evaluation hypothesis testing
Requirements
Subjects’ content
The latest Business Practices
No overlap of subjects’ contents
Access to local business practice
Communication Skills
Research skills
Clear explanations
Clear notes for lectures
The way of teaching
Interaction with professors
Practical experience
Transparent criteria
Team work (projects)
Small groups to continue
Professors’ relationship with students
Presentation of lectures
The ability of knowledge transfer
Open to criticism
Available for students
Friendly mood
670

Mean

Standard
deviation

Mean

Standard
deviation

4,37
3,41
3,91
4,37
3,93
4,57
4,32

1,09
1,27
1,43
0,91
1,13
0,77
1

3,38
2,71
2,93
3,74
3,76
3,79
3,48

1,06
1,17
0,92
1,08
1,03
0,95
1,23

0.0001
0.00414
0.0001
0.001
0.418
0
0.0001

4,37
4,28
3,92
4,04
4,07

0,94
1,36
1,09
1,14
1,14

3,40
3,24
3,17
3,48
3,05

1,11
1,1
1,27
1,06
1,31

0
0.00004
0.001
0.01
0.00002

4,00
4,69
4,13
4,56
4,41

1,17
0,64
1,12
0,79
0,97

3,79
3,90
2,76
3,55
3,31

1,18
0,78
1,19
1,15
1,18

0.346
0
0
0
0
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panies), providing quality of this specific output
is faculties’ primary task. However, there are
more reasons for introducing quality philosophy
and methodology at the faculties or, precisely, in
process of faculty’s management. Particularly, the
high education market is more competitive than
it has ever been. Educational establishments are
under closer scrutiny than ever before, budgets are
tight, job markets are enormously competitive and
students are becoming increasingly discerning in
the establishments and courses they choose.
The first on the list of things that should be done
with purpose of quality improvement is collecting
data concerning students’ requirements. With this
purpose, at Faculty of Economics in Nish, through
the mentioned questionnaire students were asked
to evaluate significance for each of proposed requirement, but to evaluate fulfilment of each requirement at the Faculty. Based on students’ marks
for proposed requirements it has been possible for
authors to identify which requirements could be
considered as the most important or critical for
their satisfaction. These, critical requirements are
the first ones that have to be fulfilled. Critical, but
also all other requirements have been analysed by
usage of some statistical measures. [4]
Considering that students’ requirements have
been grouped in three categories (subjects’ contents,
the way of teaching and professors’ relationship
with students), the first part of analysis concerns
identification of the most significant requirements
and the most significant requirement in each category. Six the most significant requirements from
students’ point of view are: The ability to transfer
knowledge (4.69), Clear explanations (4.57), Availability of professors to students (4.56), The latest
business practices (4.37), Communication skills
(4.37) and Interaction with professors (4.37). In the
first group of requirements (Subjects’ content) the
most significant requirement is Clear explanations.
In the second group of requirements (The way of
teaching) the most significant requirement is Interaction with professors, while in the third group
of requirements (Professors’ relationship with students) the most significant requirement is The ability of knowledge transfer.
Likewise, analysis of variance shows that there
is no statistically significant difference between
average marks of requirements’ fulfilment for
Volume 6 / Number 3 / 2011

each of four years of study. Due to that, further
analysis, which assumed benchmarking of requirements’ significance and requirements’ fulfilment, has been conducted for the whole sample
(not for each year of study). This analysis is especially important for the requirements that are
marked as critical. [2]
Statistical analysis also shows that senior students have more rigorous criteria and greater expectations from professors. This conclusion comes
from negative value of Pearson correlation coefficient. As it can be seen in Table 8, this coefficient
has negative value for four from six critical students’ requirements. This is the fact that professors
must have in mind when they prepare for lectures,
teach and interact with senior students. Also, this is
expected result, since senior students already have
some knowledge and experience, and therefore
have greater expectations. Greater expectations,
especially ones that concern practical examples,
come from the fact that senior students will sooner
face the real problems and challenges in practice, in
companies which they will join. [5,6]
The results of descriptive statistics (Table 9)
show average marks for requirements’ significance and requirements’ fulfilment. The aim of this
analysis was to identify if there was statistically
significant difference between average marks for
requirements’ significance and fulfilment. For example, Clear explanations, as the most important
request, in the first group of requirements, also has
the highest mark for its fulfilment, which can be
considered as a source of competitiveness.
In addition to the proposed and previously
analysed requirements, students have been given
the opportunity to bring additional requirements,
which have not been included in the questionnaire,
but which are important for their satisfaction and,
therefore for the improvement of Faculty’s competitiveness and its market position, as well. Additional requirements that students have stressed are:
–– Help in finding a job after graduation,
–– Objective way of evaluation of their
knowledge,
–– The ability to contact professors via e-mail,
–– The possibility for application of the exams
via Internet,
–– Free sign of colloquia for students who are
financed by the state.
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Achievement of some of these demands requires more time and resources (e.g. the possibility
of application the exams via Internet). However,
according to Andjelkovic Pesic (2009) the realization of some others requires only the willingness
of professors to meet the students’ requirements
(e.g. ability to contact professors via e-mail).
These additional requirements will represent the
basis for the future research concerning students’
satisfaction and Faculty’s competitiveness.
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Abstract
Entrepreneurship as a business concept is rapidly gaining importance in transition economies.
Therefore, it is a logical and normal process of
economic transition, moving beyond the boundaries of old paradigm and making the transition
from the planned economy to the free market. In
highly developed countries entrepreneurs are providing employment by making decisions to start
their own business, regardless of the business risk.
Therefore, retaining entrepreneurial orientation in
newly started entrepreneurial entreprises is significant for the business future.
This article will strive to answer to the following question: Are the companies in Serbia entrepreneurial oriented?
The aim of this study was to examine entrpeneurial orientatin within Serbian SMEs.
This study is using survey as research method,
which involved entreprises (n = 1036) of various
sizes, and various economic segment as respondents
from random sample which was selected to study
entreprenurial orientation in Serbia. On the basis of
these responses we have formed conclusions which
are consistent with the objectives of this study.
Key words: Entrepreneurship, Entrepreneur,
Entrepreneurial orientation, Entrepreneurial strategies, SMEs.
Preface
Entrepreneurship at the begining of 21st century
is existing in a different conditions, then it was
in 20th century. These conditions are specific, and
they have been characterized as follows [1]:
Volume 6 / Number 3 / 2011

–– Uncertainty in economics, which demands
from the entrepreneur an exceptional
economic dynamics, innovativity and
constant adaptation.
–– Importance of time factor is significant
under uncertainty, since it requires rapid
decision making, reactivity, flexibility, and
adaptability on changes in information
technologies.
–– Nowdays markets are fragmented, and
merchandise is produced for well known
customers.
–– Design, quality, and technical support are
advantages of manufacturers.
–– Large enterprises are reorganizing and
becoming flexible systems through the
creation of new autonomous enterprise.
–– Traditional entrepreneurial structures are
disappearing since they are not able to
withstand competition and quality imposed
by the spirit of new age and modern
technologies.
–– Economy of scale in the context of the
modern enterprise is gradually leaved
behind, therefore implications of this are
strengthening of small and medium-sized
enterprises which are connected to the
business network.
–– Organizations within a company becomes
part of the corporate network, while some
companies consider their business partners
as business associates.
–– Era of internationalization which implies
interaction among all market entities which
are oriented on world market.
–– Inventive and creative work is expected from
employees, which directly implies quality
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improvement, productivity and effeciency.
Small, flexible, innovative companies are
making new market entries, individually or
associated.
Thus, it is significant to point out on the mental mistakes, which closely relates successful
business with large enterprises, while neglecting
small enterprises [2].
Regardless of the overall success of small enterprises, we are facing with numerous closures of
small enterprises per year. In U.S., 0.34 percent of
the adult population (or 340 out of 100,000 adults)
created a new business each month in 2009, representing approximately 558,000 new businesses
per month. The 2009 entrepreneurial activity rate
represents an increase over the 2008 rate of 0.32
percent and represents the highest level over the
past decade and a half [3]. In U.S. 595,600 business are faced with closures and 43,546 with
bankruptcies in 2008. Seven out of 10 new employer firms survive at least two years, and about
half survive five years[4].
Entrepreneurship is gaining importance in
world economy, this claim is also supported by
Joseph Schumpeter [5]. Numerous scholars see
entrepreneurship as foundation of successful free
market. Nowadays, unfortunatelly, we still have
countries that restrain entrepreneurship.
According to Global Competitiveness Report
published by the World Economic Forum, Switzerland leads the ranking as the most competitive
economy in the world, as the United States, which
ranked first for several years, fell to second place
due to the consequences of the financial crisis of
2007-2010 and its macroeconomic stability, third
is Singapore, while Serbia is ranked as 93rd of
133 countries [6]. According to The Ease of Doing Business Index, an index created by the World
Bank, Singapore leads the ranking, New Zealand
is in second place, third is Hong Kong, while Serbia is ranked as 90th of 183 countries [7].
Most of all, reasons for low rank of many countries is the countries’ institutional environments,
which will need to be strengthened. In most countries, governments are considered inefficient (3.42
vs. 4.21 for the EU15, on a scale of 1 to 7), corruption is rampant (3.68 vs. 5.31 for the EU15),
and public trust in politicians is low (2.54 vs. 4.13
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for the EU15). A similar gap can be observed with
respect to the functioning of private institutions
(4.44 vs. 5.39 in the EU15). Stronger private and
public institutions would ultimately reduce vulnerability related to greater integration with the
global economy. [6].
2. Typical problems of entrepreneurship in
Serbia
The significance and role of entrepreneurship is
widely recognized in most of developed countries,
where a government agency are formed in aim to
provide support for development of the small and
medium enterprises. Existence of large companies is not a sufficient condition for the economic
prosperity of a country [9]. In fact, the small business entities along with large companies are creating synergetistic effect within economy. In that
manner, certainly one of the most important lever
for the active structural policy is the necessity of
creating and maintaining specific conditions for
the development of small and medium enterprises,
which applies to those who are already in competition, and those who are making new entries.
A number of countries in development icluded
a necessity of small businesses existence, in the
development of its economy model, based on the
experience of developed countries, in order to increase production and employment, life standard
level, exports volume and the level global competitiveness. Development Policy for small and
medium enterprises in the European Union varies from country to country, however the focus is
given to the following areas: supporting the development, opening new businesses, supporting subcontracting among firms, policy measures aimed
to encourage exports, financial support, measures
to encourage employment.
Looking at the development of small enterprises
and entrepreneurship in national economic structure, Jovin [9] concludes that by the mid-nineties
entrepreneurship missed institutional, technological, legal and financial support, as the conditions
under which domestic entrepreneurship operates:
–– narrowed market
–– lack of information for business and
development opportunities
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–– partial inconsistency of economic policy
measures
–– high price capital
–– financial indiscipline
–– under-stimulating tax policy
–– lack of a supportive economic and technological infrastructure for entrepreneurship
–– lack of the connections between economic
entities
–– lack of managerial skills
–– lack of technical and technological
knowledge
–– expectation of large and quick profits
Therefore, at near the end of the fiscal year most
entrepreneuers are thinking about past period, as
a period in which the right skills was needed for
the survival of the company. It was supposed to
overcome the problem of the narrowed market,
prices, payment of claims and return money to
suppliers and banks. In the sector of small and
medium enterprises in Serbia is between 65 and
70 percent of total employees in our country and
they are operating in hostile environment with the
absence of advisory, financing, organization and
any other support in the process of establishing
their companies and the subsequent development
in conditions where is difficult to access, interest
rates on loans are high and practically without tax
incentives for the development of new technologies, investment in equipment and facilities, and
education. Therefore, the support and understanding from banks is essential for the survival and the
work of small and medium enterprises in Serbia.
Generally speaking, SME business is burdened
with typical problems [10], as follows:
–– At the beginning of operations
Small commitment of resources for start ups
in many cases, implicating that entrepreneurs are
not perceiving well all the conditions in which

they will operate, and they are starting operations
insufficiently prepared. Therefore, a substantial
number of small businesses failing to achieve positive financial results in the first year, ant they are
usually facing with closures. Start ups also facing,
as mentioned above the banks unwillingness for
financing small enterprises. Start-up stage is often
characterized with unfavorable loan terms, hence
they fall into the category of high economic risk.
–– The stage of growth and development
Entrepreneurs in the stage of growth and development, have difficulty with organization,
management ,and administration of business processes, therefore they are facing organizational
problems. Similarly, they are facing problems of
chosing and implementing new technologies, and
developing new products.
In addition to these previous problems, in entrepreneurship business, both beginners and those
who are in the stage of growth and development,
are facing the problems of payment, high interest rates, problems financing and working capital,
long the administration, etc.
In the context of the necessary measures for
promoting entrepreneurship, it is significant to pay
attention to the attitude of young people. According to the Ministry of Economy and Regional Development of Serbia (Table 1), in Serbia there are
1175 business start-ups by persons between 26 and
40 years of age, while the least prone to changes
are persons over 50 years of age – and they are
counting 284 of 3783. In the last two years, most
business start ups where in Belgrade district where
lives almost a fifth of the entire Serbian population. Most of the start ups where in the field of
food production, wood and wooden objects production, and various types of communal and personal services, and little interest has been shown
for education, production of transport equipment
and electrical and optical devices.

Table 1.
Age group
< 25.
26-40 .
41-50.
> 50.
Total

Number of approved loans
1.123
1.175
1.201
284
3.783

Volume 6 / Number 3 / 2011

Number of approved loans in RSD
1.432.640
2.211.740.000
757.440.000
365.960.00
4.767.780

Plan of new workers
3.633
5.670
2.088
974
12.365
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technics technologies education management

3. Entrepreneurship development activities
in Serbia
SMEs sector has been plan subject of many
Serbian governments. Serbian government adopted SMEs Development Strategy for period 2003.
– 2007. in 2003. [13]. Since then Serbian Government has adopted several important strategic
document in aim to promote Small and Medium
Enterprises (SMEs). This was followed by adoption of Action plan for stimulating the development of SMEs and entrepreneuership for period
2005.- 2007. in aim to make specific efforts for
supporting development of SME sector in Serbia.
One of recently adopted important strategic policy
documents for SMEs development is Development
strategy of competitive and innovative SMEs for period 2008. - 2013. [14]. This Strategy is working on
five basic pillars of the strategy of SMEs: promoting
and supporting entrepreneurship, establishing new
enterprises, constant improvement of entrepreneurship education at all levels, as well as financing and
business development of small and medium enterprises, improvement of efficiency in financial and
tax system and strengthening of competitiveness on
export markets, improving the legal framework and
environment in which these companies operate.
Latest document adopted in 2009 by Government and the Council for Small and Medium
Enterprises and Entrepreneurship of the Serbian
Government is: Action plan of Development strategy of competitive and innovative SMEs for 2009.
In aim to reduce unemployment Serbian Government, in collaboration with the Republican
Agency for SMEs Development and the National
Employment Service, launched an intensive campaign to promote own-business startup among the
unemployed. Priorities are set out in sense of organizing business start up seminars, in order to gain
knowledge about running their own businesses.
The free training is carried out throughout Serbia
in regional centers of the Republican Agency for
SMEs Development in order to make entrepreneurs
more interested in starting their own businesses.
For the past two years from the budget of the
Republic of Serbia has set aside 4.7 billion dinars
for the start - up credits. These funds were directed to persons with entrepreneurial initiative who
unfortunately don’t have at the moment enough
676

financial resources to implement their initiative.
The Serbian government also adopted a program
of credit support to the economy and citizens for
year 2010., and for these purposes Serbia set aside
from the budget 3.5 billion RSD from which the
bank will be granting loans worth 90 billion RSD
Serbia has created an institutional infrastructure consisting of Government, the Ministry of
Economy and Privatization, Republic Agency for
Development of Small and Medium Enterprises, a
large number of local agencies, the National Employment Agency, Institute for Development, the
National Bank of Serbia, financial institutions, universities, associations of entrepreneurs and others.
For the success of institutional infrastructure
and their contribution to creating an environment
for small businesses, it is significant that these
institutions operate in the spirit of entrepreneuership, and they must be innovative and flexible.
Entrepreneurs are at the disposal of so-called
business incubators [14]. Business incubators are
instruments of economic development and part of
the infrastructure for supporting entrepreneurs in
businesses start ups and developing newly opened
enterprises and survival in the first phase of operations. They are providing space, infrastructure, access to technical equipment and common areas for
meetings, set “soft” services – training expertise,
advisory services, mentoring and networking. In
this way business incubators are reducing enterprises closure rates in the early stage of development,
and accelerating the growth of companies that have
the potential to generate employment and assist in
the commercialization of innovative ideas.
There is no single, widely accepted model of
system development support. However, the most
important assistance that the state can provide to the
entrepreneur, in order to develop their work with
less restrictions, is stable business environment. A
good example in Serbia is a simple and inexpensive
system for business registration. The procedure of
registration of business entities in Serbia has significantly improved and harmonized with EU practices, and lasts three days, although the law stipulates
maximum five days [17]. Shortening the registration procedure had the effect that Serbia was at the
90th place in the annual World Bank report Ease of
Doing Business in 2009. year, and moved to 88th
place of 183 countries in 2010 [7].
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4. Research methodology
All the above mentioned indicated the need to
counduct survey in aimed to collecting data which
will strive to answer the question: Are the companies in Serbia entrepreneurial oriented?
Survey research as form of non-experimental
research design, is methodology for gathering data
about personal attitudes, beliefs, behavior using
standardized questionnaires [12]. This study is using questionnaire as research instrument for gathering data. Questionnaire is designed with simple,
direct and non suggestive formulations, where the
respondent are asked to indicate their degree of
agreement with the statement on five-point Likert
scale. Cronbach’s alpha coefficient was determined
to estimate internal reliability of survey instruments.
The survey was conducted within entreprises (n
= 1036) of various sizes, and from various economic segments. E-mail survey was conducted among
respondents who are business owners or responsible persons, and they where aksed to circle the
only one appropriate number per question which
correspond most closley to their desired response.
5. Research findings
Data analyses were conducted using IBM SPSS
Statistics 18. Cronbach’s alpha (α) [18] test was
applied to estimate internal reliability of survey
instruments. Cronbach’s alpha (α) is a measure
of reliability of different survey items intended to
measure the same characteristic.

The closer Cronbach’s alpha coefficient values to 1, the greater the internal consistency will
be. Below is a table 3., presenting consistency of
survey instruments used in this study for measuring entrepreneurial orientation, showing estimated
value α = 0.728., which is acceptable according to
Gerge and Mallery [19].
Table 3. Reliability Statistics
Cronbach’s Alpha
.728

N of Items
10

In order to represent the population in question statistically, a survey is based on a probability
sample. That means everyone in the population
has to have an equal chance
of being selected to participate in the survey or
at least a known chance of being selected [20]. The
study involved 1036 respondents from random
sample which was selected to study entreprenurial
orientation in Serbia. Using this sampling method
we strive to ensure that the results are representative of your target population.
Descriptive statistics are used to describe the
basic features of the data in this study (see Table
2). Standard deviation smaller then one indicate
how tightly concentrated the distribution is around
mean. SPSS estimated central tendency of distribution computing means. Average value (mean)
of respondents answers on Likert scale can give
us feel for which direction the average answer is,
since mean is larger then four which was coded on
Likert scale as somewhat agree, we can conclude
that repospondents are averagely somewhat agree
with all questions.

Table 2. Descriptive Statistics
N
Q1.01
Q1.02
Q1.03
Q2
Q3.01
Q3.02
Q3.03
Q3.04
Q3.05
Q4
Valid N (listwise)

Statistic
1036
1036
1036
1036
1036
1036
1036
1036
1036
1036
1036
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Mean
Statistic
4.3880
4.0994
4.7780
4.3069
4.7780
4.5029
4.1409
4.3253
4.0309
4.1815

Std. Error
.02111
.03382
.01435
.03458
.01292
.02479
.02453
.02710
.03219
.03409

Std. Deviation

Variance

Statistic
.67959
1.08870
.46202
1.11311
.41580
.79794
.78968
.87221
1.03607
1.09716

Statistic
.462
1.185
.213
1.239
.173
.637
.624
.761
1.073
1.204
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Questions 1. are aimed to assess level of entrepreneuerial awareness. If we take a look to table
of descriptive statistics (table 2). we can conclude
that respondents are averagely scoring questions
coded on likert scale as somewhat agree, which
implies that business owners are fully aware what
entrepreneuership should represent.
Question 2. is aimed to assess importance of
entrepreneurial business strategies for business
owners. Respondents are averagely stated that entrepreneurial strategies are somewhat importaint
( x = 4.3069 ) which implies that business owners
are fully aware that entrepreneurial business strategies are significant for successful business future.
Questions 3. are aimed to assess most problematic fators for doing business. Coruption factor leads among respondents answers with higher
mean ( x = 4.7780) then other items, second are
government policies ( x = 4.5029), third is acess
to financing ( x = 4.3253), fourth are inefficient
government bureaucracy, and least factor is ineadequately educated workforce ( x = 4.0309).
Question 4. is aimed to assess importance level
of entrepreneuership for Serbia economy. Respondents are averagely stated that entrepreneuership
is somewhat importaint ( x = 4.1815) for Serbia
economy which implies that business owners see
entrepreneuership as drivers of success for Serbian economy.
6. Conclusion
According to objective of this study and obtained results, for the further development of entrepreneurship in Serbia, beside the above mentioned activities of state in the development of
entrepreneurship, it is necessary to ensure that:
1st Freedom in the absolute sense.
In economic terms it means the freedom of establishment for companies, entering the business,
a selection of business partners, a selection of
forms of organization, regulation of property relations, the freedom of disposal of surplus earnings
(profits) and its investments, etc. [9]. Freedom is
expressed in relation to the economic and legal
framework which means that the business entity is
protected from monopolistic organization and ex678

cessive interference of state bodies in the business,
primarily from large contributions through taxes
and other policy burdens companies.
Freedom for economic entities means the long
term stimulating and developing policy by the
state which is obliged to implement in condition
of legal certainty.
2nd Economic conditions as a central issue for
the development of entrepreneurship.
Entrepreneurship represents the creation of
many jobs that promote economic growth [5]. At
the same time, entrepreneurship, in the market
business conditions, linked with a number market and non-market factors, as follows: legal and
other institutions, forms of ownership, competition and interplay companies themselves, to such
relations in which the company itself becomes a
commodity that has its market price. The price of
the company is its market position, profitability,
management and future.
3rd Political conditions which are significant
for the enterprise development primarily because
each company has existed in certain political conditions, namely in terms of political and social
system. Therefore, it is one of the important issues
of state enterprise democracy, liberalism, pluralism and political freedom in general. As these conditions through democratic freedoms advantage
of the favorable conditions for entrepreneurship
development. Political pluralism is the basic requirement of economic pluralism. While political
pluralism, democratic development model, as far
as economic pluralism allows the development of
different forms of entrepreneurship.
Therefore, it is one of the important issues of
entrepreneuershipm is state of democracy, liberalism, pluralism and political freedom in general. As
these conditions getting better through democratic
freedoms, also conditions for entrepreneurship
development are getting better. Political pluralism
is the basic requirement of economic pluralism.
While political pluralism develops democratic
model, economic pluralism allows the development of different forms of entrepreneurship.
On example, of countries with developed market economies, it is easiest observe which amount
and kind of impact on the economy and entrepreneurship state can have. These experiences
show that the behavior of state authorities, or state
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regulation, is critical for this process. Excessive
government interference in economic relations
can be harmful and even fatal for the economy.
State regulations can restrain economic and entrepreneurial processes, and it can increase business
risks, disable initiatives and actions and etc. But
it can also encourage entrepreneurship wth its
economical - development regulatory. Therefore,
economy needs the state and the required state
regulation of economic and political framework in
which business can operate effectively. Only, it is
important that state with its measures also taking
into account the principles of market character,
democracy and legal certainty for all economic
and social subjects.
4th Social conditions that demonstrate its significance in the fact that the development of entrepreneurship strengthens the overall economy. This
approach results in more material independence of
the citizens of a country and thus affirms the enterpreneuership as a sociocultural phenomenon. Development of entrepreneurship and commerce are
accelerating economic development, employment,
population, particularly women, and so from the sociological basis has a significant impact on the stability of society and to its mobility, level of education as „most illustrating pictures“ of high stability
of modern states. In addition to general conditions
of the environment which determine promotion of
entrepreneurial activities, personal characteristics
of entrepreneurs are also very important and they
can be improved through education.
In the end, the most important is to emphasize
that the Serbia’s economic freedom score is 56.9,
making its economy the 104th freest in the 2010
Index, according to the Heritage Research Foundation study (Heritage Foundation) [21]. Hong
Kong scores 89.7, Singapore and Australia come
as the second and third with 86.1 and 82.6 points
respectively.
Index of Economic Freedom, measured the
degree of economic freedom of 179 economies
worldwide by assessing 10 factors: business freedom, trade freedom, fiscal freedom, government
spending, monetary freedom, investment freedom, financial freedom, property rights, freedom
from corruption and labor freedom.
Serbia has shown the best results in the areas of
fiscal policy and the labor freedom.
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According to the indicator of fiscal freedom,
which implies the amount of taxes on individual
and business profits, Serbia is truly competetive.
According to 2010 Index of fical freedom [21]
world average is 75.4 points and Serbian is above
average with 83.2 points. It also shows excellent
results in the movement of labor freedom 72.2,
which implies that the Serbia easily hire and fire
labor, and that work force in Serbia has the freedom to find work, said Terry Miller Director of the
Center for International Trade and Economics at
The Heritage Foundation.
Indicator business freeedom, which is related
to the ease of opening and closuring, as well as an
indicator of monetary freedom, which indicates a
considerably high inflation compared to the European average, clearly implaying that there must
be a lot to do in these areas.Also ,index of investment freedom is very small, which means that investors dont have great confidence in the safety of
invested capital in Serbia
Despite the research finding which implies that
companies in Serbia are entrepreneurial oriented,
there is still wide range of constraining factors for
entrepreneurship in Serbia, which are closly related with country institutional environments, which
will need to be strengthened.
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Appendix
Questionnaire
Instructions
Please circle the only one appropriate number per question which correspond most closley to your desired
response.
Circling 1: means you disagree completely with the answer on the left-hand side
Circling 2: means you somewhat disagree with the left-hand side
Circling 3: means your opinion is indifferent between the two answers
Circling 4: means you somewhat agree with the right-hand side
Circling 5: means you agree completely with the answer on the right-hand side
- IF YOU DO NOT KNOW THE ANSWER TO A QUESTION OR IF THE QUESTION DOES NOT
APPLY, PLEASE LEAVE IT BLANK.
- INFORMATION. CONFIDENTIALITY OF SURVEY RESPONSES IS ENSURED.
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Entrepreneurial orientation
1. Etrepreneurial organization
1.01.

Entrepreneurial organization is small, newyl opened organization.
Completely disagree

1.02.

2

3

4

5

Completely agree

Entrepreneurial organizations is one that appreciates and uses creativity and innovation in their work
Completely disagree

1.03.

1

1

2

3

4

5

Completely agree

Entrepreneurial organization that was initiated by a natural person for the purpose of making profit
Completely disagree

1

2

3

4

5

Completely agree

2. Etrepreneurial strategies
2.01.

Business strategies of your entreprise should be based on entrepreneuership.
Completely disagree

1

2

3

4

5

Completely agree

3. Problematic fators for doing business
3.01.

To what extent is corruption factor problematic for doing entrepreneurial business.
Not problematic at all

3.02.

1

2

3

4

5

Very problematic

To what extent are government policies problematic factor for doing entrepreneurial business.
Not problematic at all

1

2

3

4

5

Very problematic

3.03.

To what extent are inefficient government bureaucracy problematic factor for doing entrepreneurial
business.
Not problematic at all 1 2 3 4 5 Very problematic

3.04.

To what extent is acess to financing problematic factor for doing entrepreneurial business.
Not problematic at all

3.04.

1

2

3

4

5

Very problematic

To what extent is inadequately educated workforce problematic factor for doing entrepreneurial business.
Not problematic at all

1

2

3

4

5

Very problematic

4. Importance of entrepreneuership
4.01.

How would you assess importance of etrepreneuership for Serbian economy?
not important at all
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1

2

3

4

5

very important
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Ginis MvcGen – the missing link
between GIServices and Web
GIS framework
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Abstract
The increased use of spatial data in the Internet
has led to the emergence of a series of APIs/frameworks used for the development of different types
of GIS systems. These solutions enable an effective
implementation of the future GIS solution’s basic
structure to users who understand characteristics of
each of APIs/frameworks. Therefore, this approach
still requires expert domain knowledge and tends
to be time consuming. The time that GIS system
development experts initially spend could be reduced if developers were using GIS system source
code generator. In terms of facilitating and partially
automating the implementation of Web GIS applications, our approach is based on the usage of
Ginis MvcGen – Web GIS application source code
generator. Since it is developed and implemented,
Ginis MvcGen can serve as a significant step towards reducing the time spent for Web GIS application implementation. This solution generates source
code required for the acquisition and visualization
of information from heterogeneous information
sources. Furthermore, it combines generated code
with existing Web GIS APIs/frameworks thus enabling rapid development of Web GIS application
that integrate and visualize data gathered from distributed information sources.
Key words: Web, GIS, source code generator
Introduction
The development and usage of Web applications is not a novelty in the field of software engineering. Since the appearance of Web technology,
substantial growth has been registered worldwide
682

in the use of this technology. The methodology of
Web application development has changed in parallel with the development of Internet technologies.
From the application based on static content and
design, followed by the usage of languages that
enable dynamic page content and layout creation,
Web applications have reached the level of collaborate systems in which the role of the user is similar
to that of the application designer’s role. Due to its
operating environment, Web applications have the
ability to access data from heterogeneous sources
of information. These applications can combine
(integrate) the obtained information. Therefore,
they can be observed as access points for the different content that is displayed at user request.
The influence of Web-based solutions is also
present in the field of Geo-Information Systems
(GIS). Web-based GIS solutions are often referred
to as Web Geo-Information Systems (Web GIS)
[1]. Web GIS solutions represent the evolution of
standard GIS system as a result of changing the
basic operating and development environment.
These solutions implement a standard set of GIS
functionality, and make a step forward in terms
of opportunities offered by the new operating environment. One of the basic advantages of using
Web GIS solutions is the possibility of coupling
various types of information with spatial context.
Therefore, Web GIS solution can be treated as
an access point for the integration of information
from distributed and heterogeneous sources.
The time devoted to the implementation of GIS
systems has led to the emergence of a series of
frameworks used for the development of different
types of GIS systems (desktop, Web, mobile). The
advantage that these solutions offer to GIS system
developers is an effective implementation of the
Volume 6 / Number 3 / 2011
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future solution’s basic structure. The development
of specific functionalities, usually information integration components, requires further implementation. It would be possible to shorten the time
needed for the application development by using
frameworks that support information integration
[2]. In order to integrate the retrieved data, GIS
application frameworks use descriptions of information sources. The information source description is usually in the form of XML schema that
provides information source access methods and
characteristics of the obtained information. Another possibility is the usage of semantic description
of information sources in the form of intermediate
semantic description layer created using special
intermediate XML languages.
Although the existence of a framework significantly reduces the time required for system development, in most cases, usage of frameworks requires
expert domain knowledge for the development of
basic application structure. The time that GIS system
development experts initially spend could be further
reduced if developers were using GIS system source
code generator [3]. Web GIS source code generators
produce most of the source code needed for the application to function properly.
This paper presents Ginis MvcGen solution.
Ginis MvcGen is our prototype Web GIS application source code generator. It can be used to create a Web GIS applications based on the usage of
MVC (Model-View-Controller) design pattern.
In addition to the basic GIS functionality, Ginis
MvcGen generates source code required for the
acquisition and visualization of information from
heterogeneous information sources. The obtained
information can be integrated and linked to specific functions of the generated application using
the Ginis MvcGen built-in JavaScript editor.
Web GIS – is the development efficient enough?
The usage of standard data formats supported
by the Web browser enables visualization, search
and processing of different types of data, geospatial data being one of them. The internet infrastructure, as well as the infrastructure of other communication systems, facilitates the access, processing
and distribution of geospatial information and
geoprocessing functions [1]. Web GIS applications exploit these features. Internet, as a basic environment for GIS application development, enVolume 6 / Number 3 / 2011

ables the distribution of data to a wider audience.
Thus, Web GIS applications enable the distribution of geodata to a significantly larger number of
users than it was the case with traditional GIS [1].
These applications can retrieve geodata from any
point that has access to the Internet and visualize
it through standard Web browsers.
The steady growth in the number of different hardware architecture along with the appearance and development of new operating systems
introduces complexities and obstacles to the development of efficient and low cost applications.
This tendency is present in all areas of software
development and also in the development of Web
GIS application. Web GIS application development has passed through several phases. The applications we encounter nowadays differ from
the first implementations of these systems, e.g.
static or dynamic Web GIS. Static Web GIS visualized pre-prepared maps while dynamic Web
GIS transferred all the functionality to the server
side. Currently, Web GIS applications have thick
clients that implement a large part of the functionality. These solutions are based on the usage
of data from various sources and their combining,
querying, processing, displaying and editing. Web
GIS made a step further in terms of architecture of
Web 2.0 applications. The most popular solutions
in this area are often portals to spatial and geoinformation [4] [5]. They can also be observed as a
front-end of spatial data infrastructure (SDI) [6].
SDI development projects are very demanding in
terms of functionality that needs to be provided. In
such projects, Web GIS applications have proven
to be an indispensable element.
In order to speed up and facilitate the implementation of Web GIS applications, a series of opensource frameworks have been developed. Web GIS
application development framework can be observed as a skeleton application that can be customized by application developers. These frameworks
are often developed using JavaScript programming
language. Some of the currently most popular solutions in the field of Web GIS client development are
ka-Map [7], Open Layers [8], Chameleon [9], etc.
Web GIS application development frameworks
take advantage of Maps APIs, such as Yahoo!
Map Developer API, Google Maps API, Mapquest OpenAPI, or ESRI ArcWeb Services, which
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provide interface towards services that enable the
generation and transfer of maps over the Internet [10]. Maps API enable dissemination of spatial data through the Hypertext Transfer Protocol
(HTTP). Spatial data is requested and manipulated
through specific functions of Web GIS application
development frameworks. This communication
and composition of Maps APIs and Web GIS application development frameworks represents the
basics for the development of all kinds of Internet
GIS applications. Still, users have to understand
characteristics of each of APIs/frameworks to be
able to develop a Web GIS application. However,
there is only a small number as such advanced users. For regular users, the development of Web
GS application remains almost unachievable. Furthermore, they are frequently interested in publishing their data. Often, this data is stored using
non-standard formats or, in some cases, it can be
acquired from spatially enabled DBMSs. Since
Maps APIs and Web GIS application development
frameworks do not support visualization of data
gathered in this manner and regular users lack
training to transform their data into a useful form
[11], both regular and advanced users are often in
need for a component that would enable visualization of this data. It was our aim to develop a
tool which will generate these components, couple
them with Maps APIs and Web GIS application
development frameworks, and thus partially automate the development of Web GIS applications.
Our approach in terms of facilitating and partially automating the implementation of Web GIS
application development is based on our previous
effort to develop general GIS application frameworks [12] [2]. A significant step forward would
be the usage of Web GIS source code generators.
Web GIS source code generator is a programming
tool that generates a source code using some kind
of an ontological model. The benefit brought by
source code generator is the possibility to automate the development of the future Web GIS solution’s basic structure. Also, source code generator
can be used by developers who are not experts in
the field of GIS. This would mean that an expert
team could devote more time to implementation
of specific functionalities. Also, regular Web GIS
solution users would be able to develop their Web
GIS applications and publish their data.
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Since Web GIS applications operate in a distributed environment, Web GIS application source
code generators often use advantages offered by
description of information sources such as relational database schemas [3]. What still seems to
be missing is the ability of generating code that
couples information retrieved from heterogeneous
sources with graphical representation of objects
that this information is connected to. One of the
advantages offered by our approach is a partial solution of this problem. Our solution allows users
to develop coupling functions while using source
code generator. In this way, information coupling
functions are automatically integrated into the
generated application. In the following chapters
we will describe the most important components
of Ginis MvcGen application and the process of
source code generation.
Ginis MvcGen – environment and architecture
Web GIS application usually operate in a rather
straightforward environment. In most cases, Web
server hosts Web GIS application and returns Hypertext Markup Language (HTML) and/or images
in one of the Web-compatible formats (such as JPG,
GIF, PNG) as a response upon the client-side requests. Client is usually a Web browser capable of
displaying Web GIS application interface. The client side of Web GIS application is developed using one of the Web GIS application development
frameworks, mostly implemented using JavaScript
programming language. Web GIS frameworks take
advantage of Maps APIs and built-in AJAX functions in order to provide Web GIS application users
with maps and geospatial data gathered from different sources. Geospatial data can also be acquired
from Web services developed according to one of
the Open Geospatial Consortium (OGC) specifications, such as Web Map Service (WMS) [13], Web
Feature Service (WFS) [14] and Web Coverage
Service (WCS) [15]. In this environment, if Web
GIS developers aim to publish data gathered from
custom Web services or RDBMS (both spatially
and not spatially enabled), they need to develop
both server and client-side components that would
serve for data gathering and visualization, respectfully. A tool that would generate these components
would facilitate and speed up that process of Web
GIS application development. Ginis MvcGen is
this type of a tool.
Volume 6 / Number 3 / 2011
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Fig. 1. Ginis MvcGen – Web GIS application source code generator
Ginis MvcGen is a prototype of a source code
generator. It operates in an environment previously described and shown in Fig 1. This tool generates source code files needed for the development
of Web GIS applications using an ASP.NET MVC
framework. The generated files include source
code files needed for the application to communicate with different information sources (RDBMS,
spatially enabled RDBMS, custom Web (SOAP)
services), and source code files used for visualization of the retrieved information. When acquiring
data from custom Web (SOAP) services, each of
the Web services needs to be described through
the corresponding XML schema. XML schemas
that describe individual Web services contain data
necessary for enabling data flow between the generated application components Web service. On
the other side, when acquiring data from RDBMS,
Ginis MvcGen parses database schema, thus gathering the description (metadata) of data tables.
Gathered metadata is used to enable retrieval of
information from data tables and information disVolume 6 / Number 3 / 2011

play within generated client-side components.
Furthermore, users can select data tables and columns within the selected data tables and information will be gathered therefrom.
Source code generator performs the parsing of
Web service XML /database schema that describes
information source. Web service XML/database
schema parsing provides the generator with the
description of communication methods used for
the retrieval of data from the information source.
Furthermore, it provides the generator with the
descriptions of possible data sets that will be retrieved from the information source. Ginis MvcGen provides users with an opportunity to create
custom JavaScript code and/or use the existing
JavaScript files. These files will be integrated into
the generated application.
Descriptions of information sources in the form
of schemas, (Web service XML schema will be
discussed in detail in the next chapter) represent
the starting point in the process of Web GIS application source code generation. This can be ob685
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served in Fig. 2 which represents the general architecture of the Ginis MvcGen source code generator. Ginis MvcGen contains IO module which
is responsible for obtaining the Web service XML/
database schemas. In case of Web service, XML
schema can be obtained via the Internet or it may
be obtained locally. It is necessary to transform
the obtained Web service description into classes
that represent the object representation of Web
service characteristics. For this purpose, Ginis
MvcGen uses a collection of utility classes. Utility
classes are divided into two major groups: classes
that describe the types of data groups that can be
obtained from the Web service and classes that
describe methods of access to particular Web service. Instantiation of utility classes is performed
by Web service XML schema parser. This module
receives Web service XML description from IO
module and performs its parsing. For each of Web
services, information source schema parser instantiates one object of utility class that describes the
access method for a particular Web service. Also,
this module instantiates the appropriate number of
utility classes that describe data group types according to a number of different data groups obtained from the information sources.

Fig. 2. Ginis MvcGen architecture
The retrieval of database schema is also a function of the IO module. In this case, IO module
should be provided with a database connection
string. DB Info Reader and DB Info Factory
modules read database metadata and transform
it into its object-oriented representation. Classes
used for metadata object-oriented representation
along with classes responsible of generating this
representation are shown on Fig. 3. Since Ginis
MvcGen supports usage of 4 spatially enabled
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RDBMSs (Oracle Spatial, MySQL, PostGIS and
SQL Server 2008), DbInfoFactory class uses
different operations from DbInfoQueries class
to obtain specific database metadata. Database
metadata is transformed into instances of DbInfo,
DbTableInfo and DbColumnInfo classes. According to the user selection, these instances are supplied to Code Generator Engine module, e.g. to
CodeWritter class which will generate server and
client side components used for retrieval and visualization of acquired data, respectfully.
In addition to the visualization of the retrieved
information, Ginis MvcGen allows the creation
of Web GIS applications, which will integrate
retrieved information, using one of the Web GIS
client development frameworks. In the current
development stage, Ginis MvcGen uses OpenLayers framework for the implementation of the
basic GIS functionalities. In order to generate an
application that effectively integrates the retrieved
information with OpenLayers framework, Ginis
MvcGen generator users can create custom JavaScript functions using JavaScript Editor module.
The usage of JavaScript Editor module provides
users with an opportunity to invoke functions that
belong to OpenLayers framework and combine
them with information obtained from particular
information source. Data obtained from specific
information sources can be transmitted into the
custom function in the form of input parameters.
Groups of data that can be used for integration
with OpenLayers framework are specially marked
inside the Web service XML schema. If the information integration demands the usage of the existing function defined in separate files, Ginis MvcGen offers the possibility of including these files
into the generated application.
As previously stated, generation of files that
contain application source code is implemented
within the Code Generator Engine module. Code
Generator Engine module performs integration
of Web service XML Schema Parser module or
DbInfo Factory module, and Web GIS framework
Loader module services with custom functions
created by Ginis MvcGen users. Code Generator
Engine module contains static functions that can
be divided into 4 groups according to their user
interface capabilities and MVC component that
they belong to:
Volume 6 / Number 3 / 2011
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Fig. 3. Ginis MvcGen main classes
1.
2.
3.
4.

Model generation methods
View generation methods
Master page generation methods
Controller generation methods
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Code Generator Engine can use an arbitrary
subset of static functions depending on the components that are expected as output.
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4. Ginis MvcGen schema for description of
Web services
For the purpose of clarity, the reduced Web service XML scheme will be shown. This scheme is
used by Ginis MvcGen as a description of custom
Web (SOAP) services. The scheme is shown in
Listing 1. Inside the Web service XML description scheme, two main groups of elements can be
identified: a group of elements that describes how
to access information and the group of elements
that describes the obtained groups of data.
<?xml version=”1.0” encoding=”utf-8”?>
<xs:schema xmlns:xs=”http://www.
w3.org/2001/XMLSchema” >
<xs:element name=”Schema”>
<xs:complexType>
<xs:sequence>
<xs:element
name=”DataSourceType”>
</xs:element>
<xs:element
name=”DataSourceURL”>
<xs:complexType>
<xs:attribute
name=”Request” type=”xs:string” use
=”required”/>
</xs:complexType>
</xs:element>
<xs:element name=”Data”>
<xs:complexType mixed=”true”>
<xs:sequence>
<xs:element
name=”DataGroup” maxOccurs=”unbounded”>
<xs:complexType
mixed=”true”>
<xs:attribute
name=”Relevant” type=”xs:boolean”
use=”required”/>
<xs:attribute
name=”JSFunctionName” type=”xs:string”
use=”optional”/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:schema>

Listing 1. XML schema for description of custom
Web (SOAP) services
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DataSourceType element belongs to a group of
elements that describes how to access Web service
as well as the method used to gather data from Web
service. DataSourceURL element also belongs to
the group of elements that describes how to access
information source. This element contains Web
service URI. The name of the functions, procedures or query that needs to be executed in order to
obtain information is contained inside the Request
attribute of DataSourceURL element. Request attribute contains the name of a Web method used
to obtain the information. This group of elements
is internally transformed into instances of utility
classes that represent the object representation of
a description of Web service access methods. Data
element encapsulates elements that describe the
obtained data groups. Each group of obtained data
is described using DataGroup element. The content of DataGroup element is interpreted differently depending on the type of the described Web
service. The content of this element is the name
of the element in the resulting XML document
generated as a Web service response. DataGroup
element contains two attributes: Relevant and JSFunctionName. Relevant attribute marks elements
of the resulting XML document that can be used
for the integration with the Web GIS application
development framework (such as OpenLayers). If
the relevant attribute is set to true, the marked element is used for the integration of data obtained
from Web service with Web GIS application development framework. As previously stated, the
retrieved data groups can be used as input parameters of custom JavaScript functions created by Ginis MvcGen users. The name of the function that
uses this data as its input parameters is situated in
JSFunctionName attribute value. An example of
information source schema description is shown
in listing 2. In this example, SOAP Web service is
used for data retrieval.
<?xml version=”1.0” encoding=”utf-8” ?>
<Schema>
<DataSourceType>SOAP</DataSourceType> 		
<DataSourceURL
FunctionName=”http://tempuri.org/GetUserAddresses”>
http://localhost:81/LocalService.asmx
Volume 6 / Number 3 / 2011
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</DataSourceURL>
<Data>
<DataGroup
Relevant=”false”>id</DataGroup>
<DataGroup
Relevant=”false”>gkx</DataGroup>
<DataGroup
Relevant=”false”>gky</DataGroup>
<DataGroup Relevant=”true” Funt
ionName=”JavaScriptRepositionFunction()
”>Name</DataGroup>
<DataGroup
Relevant=”false”>Adress</DataGroup>
</Data>
</Schema>

Listing 2. Example of information source schema
description
5. Source code generation process
Web GIS application source code generation
process is initiated through loading of the description of one or more information sources as shown
in Fig. 4. Information obtained from individual
information sources will be integrated with the
Web GIS client development framework. After
selecting appropriate information source, Ginis
MvcGen IO module obtains its XML Web service/database schema. IO module performs internal transformation of XML Web service/database
schema. In case of Web service, XML Web service
schema is transformed into two groups of utility
classes: classes that describe the method used for
communication with the information source and
classes that describe the data that can be retrieved
from information sources. The generated utility
class represents the input to the Web service XML
Schema Parser module. On the basis of Web service XML schema description, Web service XML
schema Parser instantiates utility classes, e.g.
creates an object representation of the information source XML schema description. In case of
RDBMS, DB Info Reader module and DB Info
Factory module provide Code Generator Engine
with an object-oriented representation of database
schema, e.g. information source description. This
fulfils all the prerequisites necessary for Ginis
MvcGen user to determine how the integration of
the obtained information with Web GIS client development framework will be performed.
Volume 6 / Number 3 / 2011

Fig. 4. Source code generation process
After parsing the description of information
source, the integration of acquired data and Web
GIS client development framework can be carried
out. Ginis MvcGen gives users the ability to create
custom functions using JavaScript language. As
previously stated, inside the information source
description it is possible to determine the group
of data that can be used as input parameters of
custom JavaScript functions. These functions integrate the retrieved data with Web GIS application development framework. Based on the input
parameters of custom JavaScript functions, it is
possible to generate source code that invokes procedures from Web GIS application development
framework. Thus, the behavior of application that
will be generated is conditioned by the information
obtained, e.g. the integration of information from
a geographic and non-geographic domain can be
performed. The development of custom functions
is performed using the JavaScript editor that is
embedded in Ginis MvcGen. If Ginis MvcGen
users have a pre-prepared functions, these functions can be integrated into generated application
through JavaScript Loader module. Both functions created in the built-in JavaScript editor and
functions loaded by the JavaScript Loader module
are passed to Code Generator Engine module.
As shown in Fig. 5, Code Generator Engine of
Ginis MvcGen can generate a complete application
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or some parts of the application (red frame on Fig.
5). Components selection is based on user preferences. As input, Code Generator Engine module
receives the following components: Web GIS client
development framework libraries, custom JavaScript functions (from built-in JavaScript editor and/
or JavaScript Loaded module), object representation of information sources description and a list
of components to be generated. Code Generator
Engine module incorporates information retrieval
procedure calls into the appropriate components
of the generated Web GIS application source code.
Also, it mounts Web GIS development framework
and binds it with the retrieved information by incorporating custom JavaScript functions.

Fig. 5. Ginis MvcGen interface
6. Conclusion and future work
Ginis MvcGen belongs to the group of passive source code generators. It represents a good
starting point when developing Web GIS software
solutions. With the advantages and disadvantages that it brings, this tool can contribute to faster
development of high quality Web GIS software
solutions. Ginis MvcGen prototype source code
generator can be easily used for making Web GIS
applications that integrate the framework for the
development of Web GIS applications with information obtained from heterogeneous information
sources. For the purposes of information integration Ginis MvcGen uses specially developed
XML schemes for the description of Web services. When using RDBMS or spatially enabled
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RDBMS, Ginis MvcGen uses database schema
in the application source code generation process.
The algorithm used by this tool allows coupling of
information retrieved from heterogeneous sources
with a map display of objects connected to the obtained information. Ginis MvcGen requires user
input in the form of functions that perform the
integration of information, e.g. connecting information obtained from a single information source
with the framework for the development of Web
GIS applications.
The downside of using Ginis MvcGen source
code generator is reflected in the fact that it implies
that users understand the semantics of information
obtained from individual information sources. If
this is not the case, Ginis MvcGen source code generator usage would be very difficult. For this reason, it is necessary to extend the architecture of Ginis MvcGen. Instead of the previously used XML
scheme for the description of information sources, a
semantic description of information sources should
be used. Such a description would be a priori known
and easier to understand to Ginis MvcGen users.
Namely, it would be enough to once get familiar
with the characteristics of the semantics of information that can be obtained from heterogeneous
information sources instead of having to know the
characteristics of each of the information sources.
XML schema for the description of Web services
that is currently being used would be replaced by
the intermediate layer of mappings between groups
of information that can be obtained from individual
Web service and concepts that belong to semantic
descriptions of Web service, e.g. local ontology.
The same coupling can be performed on the level
of database schema and local ontology. For the purpose of creating intermediate mapping layer, it is
possible to use the existing techniques for semantic annotation of information sources. Since Ginis
MvcGen uses RDBMS and Web services as information sources, it is possible to use some of the
techniques for deep Web annotation, Semantic Annotation for WSDL (SAWSDL) [16] and SA-REST
[17]. In this way, MvcGen users MvcGen would be
given a unified view of heterogeneous information
sources, and an opportunity to decide on information that needs to be integrated inside the application. The choice would be made at the concept level
of local (domain) ontology.
Volume 6 / Number 3 / 2011
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Abstract
Reaction between RuCl3 and salicyladehyde
was performed in the presence of triethylamine in
acetone solution. On the basis of analytical data,
IR, UV-Vis spectroscopy and cyclic voltammetry,
an empirical formula for the acetone solvate [RuCl2Sal] x 0.6 x Et3NHCl Me2CO can be attributed
to the product. The carbonyl and phenol groups
from salicylaldehyde showed shifts towards lower
and higher frequencies respectively after the coordination, which is in accordance with an anionic
binding mode of ligand. Hydrolysis in the presence of bovine serum albumin resulted in the appearance of new absorption bands centered at 420
nm indicating an interactions of Ru(III) compound
with albumin. The decreasing of the absorption of
complex at 260 nm due to hydrolysis in the presence of DNA was slower which indicates a possible interaction.
Key words: ruthenium (III); salicylaldehydato; spectroscopic properties; cyclic voltammogram, albumin, DNA
1. Introduction
Ruthenium compounds have been extensively
studied in various areas: synthesis, catalysis, cancer
treatments and electrochemical mediation due to
the ability of ruthenium to tune the reduction potential by varying ligands. Ru (III) and Ru (II) have affinity towards N-containing ligands therefore Schiff
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bases compounds show moderate stability. Ru (II)
requires π-acceptor ligands to be stabilized, while
Ru (IV) needs acid-, and oxo-ligands, although Ru
(IV) is easily reduced in mild conditions. A number
of Ru (III) complexes showed promising anticancer or antimetastatic properties [1-6]. Among the
N-donor ligands, Schiff bases as well as their metal
complexes, are the subject of great interest due to
its anti-viral, anti-fungal and anti-tumor properties
[7], and also for considerable ability of Schiff bases
to show great stereochemical flexibility and different binding modes.
One method of preparation of metal complexes
with the of salicylidenimine ligands, which was
introduced by Schiff, is based on the reaction of
amines with salycilaldehydato-metal complexes
near neutral pH. Carbonyl group becomes polarized under the influence of the metal followed by
nucleophilic attack of the amines. Schiff bases derived from salycilaldehyde may be bound to the
metal either as neutral molecules through the azomethine group or in an anionic form through both,
azometine group and phenolic oxygen. For anionic binding mode, the reaction of salicylaldehydato-metal complexes with amines may be suitable
since salycilaldehyde, as chelating O,O-ligand,
binds metal trough phenolic and carbonyl oxygen.
Salicylaldehyde is an analogue of corresponding
Schiff bases in which azometine gropup C=N is
replaced by carbonyl C=O.
Salicyladehydato-metal complexes were investigated for various purposes, mostly using them in
the synthesis of salicylidenimine complexes like
Volume 6 / Number 3 / 2011
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palladium salen compounds by the template reaction of bis-(salicylaldehyde) palladium [8], due to
antibacterial activity [9] or even to prepare nanocrystalline composition like the case of thermal decomposition of bis-saliciladehidato cadmium (II)
[10]. G. C. Percy et others reported effects of metal
ion substitution, ligand substitution and adduct formation on the infrared spectra of salycilaldehyde
complexes of Co(II), Ni(II) and Cu(II) [11].

Figure 1. Salicyladehydato-metal compound as
precursor for salicylidenimine metal complex
Salicylaldehydato-complexes of bivalent metals are usually obtained as bis-(salicyladehydato)
M(II) like nikel or cooper compounds [12-13]. In
diaquabis (salyciladehydato) nickel (II) metal is in
tetrahedral coordination with four oxygen atoms
from salicylaldehydes, while two water molecules
are located in remaining octahedral sites. The
structures of salicylaldehydato-metal compounds
have been described to contain any discrete units,
such as tetrahedral or octahedral like in the case of
anionic technicium and rhenium compounds with
mixed ligands [TcCl4(Sal)] and [ReOCl3(Sal)]
[14], otherwise they can exist as polinuclear species , e.g. in the case of hetero-heptanuclear (FeNa) compounds with substituted salycilaldehydes
[15]. From the platinum group, salicyladehydatoosmium and iridium complexes with mixed ligands have been described, also ruthenium (II)
formulated as [Ru(OC6H4CO)(HOC6H4CH2OH)
(CO)(PPh3)2] x CH2Cl2 and [Ru(OC6H4CO)
(MeOH)(CO)(PPh3)2] x MeOH [16].
As part of our research on ruthenium compounds with Schiff bases derived from salicyladehyde [17] we have recently focused our attention
on ruthenium compounds with salicyladehyde
that might be suitable precursors for the controlled
synthesis of Ru (III) with anionic Schiff bases, and
herein we report first results.
Volume 6 / Number 3 / 2011

2. Experimental
2.1. Synthesis
Chemicals were purchased from commercial
sources and used without further purification.
The compound was synthesized by the following procedure: the mixture of 0.32 mL salicylaldehyde (2.3 mmol) and 2.3 mL (2.3 mmol) triethylamine (hereinafter Et3N) was added to the solution
of 0.30 g RuCl3 x 3H2O (1.15 mmol) in aceton (10
mL). The mixture was refluxed for 3 hours at 6570 °C. The dark solid was isolated, washed with
diethyl ether and dried in vacuum. The product is
moderate stable in air, soluble in water and polar
organic solvent. Yield: 55%.
Anal. Calc. for C14.8H24.6Cl3N1O1.6Ru; [RuCl2Sal] x Et3NHCl x 0.6 Me2CO, (%): C,38.18;
H,5.32; N,3.00; Ru, 21.70. Found (%): C, 37.13;
H, 5.28; N, 2.99; Ru,21.20.
IR data (KBr, cm-1) 1736 w-m [ν(C=O) ace], 1601 s, [ν(C=O)], 1298 m-s [ν(C-O)phenolic],
ton
618 w-m [ν(Ru-O)]. UV/Vis [H2O, λmax/nm ]
352,429,590.
2.2. Physical measurements
The infrared spectrum was recorded as KBr
pellets on a Perkin Elmer spectrum BX FTIR System in the region 4000-400 cm-1. UV/Vis spectra were measured on a Perkin Elmer lambda 35
spectrophotometer. Elemental analysis was performed on a Carlo Erba instrument, Ruthenium
was determined by ICP-M, on Agilent ICPMS
7500, Agilent, Germany; Software HP Chemistation. Electrochemical measurements were done on
a potentiostat/galvanostat, Autolab, using carbon
paste electrode which was modified with Ru-salicyladehydato complex.
3. Results and discussion
3.1. Synthesis and spectroscopic studies
Reaction between RuCl3 and salicyladehyde
was performed in the presence of Et3N in molar
ratio1:2:2 respectively, in acetone solution. Since
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salicylaldehyde is a bidentate chelating ligand, a
stoichiometric amount of Et3N was taken to provide full deprotonization of phenolic oxygen.
On the basis of analytical data and spectroscopic
measurements it was possible to conclude that one
salicyladehyde is coordinated trough phenolic and
carbonyl oxygen per one Ru (III) atom and the
composition of the product corresponds to the empirical formula of an acetone solvate; [RuCl2Sal]
x Et3NHCl x 0.6 Me2CO.
Infrared data has supported coordination of salicyladehyde as anionic chelating species in accordance with the literature [18-19]. The frequency
of carbonyl CO group in salicyladehydato Ru(III)
spectrum was found at 1601 cm-1 which means that
it was shifted towards lower values compared to the
uncoordinated ligand (1667 cm-1). Evidence for an
anionic binding was found in the shift of phenolic
CO from free salicyladehyde at 1278 cm-1 towards
higher frequencies at 1298 cm-1 after coordination.
The new absorption, which appeared in the ruthenium-salicyladehydato compound at 618 cm-1 could
be assigned to Ru-O stretching. Vibration at 1736
cm-1 corresponds to the carbonyl CO from acetone
adducts. Due to an intensive bands overlapping
in the spectrum, it is not a simple task to resolve
the absorption of Et3NH+ in the presence of phenyl groups, moreover in the low wavenumber region, below 480 cm-1, expected low intensity peaks,
which are usually assigned to the CNC and CCN
frame, are not resolved.

lie in the typical range of ligand-to-metal charge
transfer transitions in octahedral ruthenium (III)
complexes. Absorption bands below 300 nm are
attributed to intraligand (IL) π-π *transition. Weak
absorption band centered around 590 nm is assigned to low spin d-d (t2g5→t2g4eg1) as a result
of low symmetry of octahedral Ru(III). This is
in agreement with assignments made for similar
Ru(III) complexes [20]. The behavior of Ru-salicylaldehydato compound in water solution was
monitored under different pH and physiological
conditions. The complex loses the chloride ligands
slower compared to the starting RuCl3, whereby
it is converted into the corresponding aqua or hydroxo species whose formation is a requirement
for any further reactivity toward biomolecules and
possible biological effects.

Figure 3. Hydrolysis of [RuCl2Sal] x Et3NHCl x
0.6 Me2CO in water within 30 min and after 20
hours; γ=0.0232 mg/mL;
In phosphate buffer (pH = 7.42) chlorides are
leaving faster than in acidic solution (acetate buffer, pH = 5.58), fig. 4. and fig. 5.

Figure 2. Ir spectrum of [RuCl2Sal] x Et3NHCl x
0.6 Me2CO.
The UV-visible spectrum of the Ru(III)
salilyladehydato complex in water mainly consist
of few resolved bands. The low energy absorbance
bands centered on 352 and 429 nm are assigned to
ligand -to- metal charge transfer (LMCT). They
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Figure 4. Hydrolysis of [RuCl2Sal] x Et3NHCl x
0.6 Me2CO in acetate buffer (pH= 5.58) within
60 min ; γ=0.0520 mg/mL
Volume 6 / Number 3 / 2011
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buffer, pH 7.42 and 0.1 M NaCl) was followed
within 90 minutes, while the last recording was
done after 24 hours at room temperature.

Figure 5. Hydrolysis of [RuCl2Sal] x Et3NHCl
x 0.6 Me2CO in phosphate buffer (pH= 7.42)
within 60 min; γ= 0.0440 mg/mL.
3.2. Electrochemical properties
Electrochemical behavior of [RuCl2Sal] x
Et3NHCl x 0.6 Me2CO was preliminary investigated by cyclic voltammetry in water as well as
acetonitril with NaClO4 as supporting electrolyte.
Measurements were done in unstirred solutions
using carbon paste electrode modified by Ru-salicyaldehydato compound. Cyclic voltammogram
in water differed from that in a non-aqueous solution, showing only a pair of reversible peaks Eca=
+0.38V and Ecp=-0.4 V vs Ag/AgCl with a midpoint potential of Em =0.21V which is attributed to
the redox behavior of Ru(III)/Ru(II). In acetonitrile, in which various redox waves appear, related
anodic peak appears at the same potential Epa=
+0.38V while analogous cathodic is shift to lower
value, compared to water solution, Ecp=0.03V vs
Ag/AgCl. A “simetric” cyclic voltammogram profile found in water is typical for one electron transfer which does not lead to important structural
changes unlike cyclic voltammogram in acetonitrile, which could indicate substantional structural
changes on the frame of the original species.

Figure 6. Cyclic voltammograms for [RuCl2Sal]
x Et3NHCl x 0.6 Me2CO; a) in water (phosphate
buffer, pH=7.42), scan rate 0.15 V/s; b) in acetonitrile with 0.1 M NaClO4 as supporting electrolyte, scan rate 0.15 V/s

3.3. Interaction with albumin serum protein
and DNA
Many ruthenium (III) complexes are known
to interact with serum proteins, in vivo, forming
a variety of adducts. Interaction [RuCl2Sal] x 0.6
x Et3NHCl Me2CO with bovine serum albumin
(BSA) in physiological conditions (phosphate
Volume 6 / Number 3 / 2011

Figure 7. Visible spectrum of [RuCl2Sal] x Et3NHCl x 0.6 Me2CO in the presence of BSA (0.6 mg
of Ru-compound, 0.4 mL BSA 30%, ρ=1.1 g/mL,
Mr (BSA) 66.776 ; a) after mixing; b) after 20
minutes c) after 24 hours
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Mixture showed two broad absorptions centered around 440 and 552 nm with the disappearance of the second band in 24 hours. The absorption at 440 nm decreased at the beginning (Fig.
7, curve b)) and then began to rise to a new band
centered around 420 nm indicating the probable
binding of BSA to ruthenium (III). Many of the
Ru (III) complexes are known to be easily reduced
with reducing agent like acrobat, resulting in the
disappearance of bands around 400 nm. The existence of the absorption characteristic for ruthenium
(III) after the reaction of Ru (III)-salicyladehydato
compound with the BSA, allows the conclusion
that the reaction with albumin does not cause the
reduction of ruthenium (III) to ruthenium (II).
Interaction with DNA was monitored spectrophotometrically. Double stranded (ds) and
single stranded (ss)DNA, as well as RNA, absorb
close to 260 nm, depending on the composition
of purine and pyrimidine bases. In any case, any
change that leads the (ds)DNA to (ss)DNA is accompanied by increased absorption due to higher
e of (ss)DNA compared to (ds)DNA. However, if
the metal compound changes its absorption in the
region around 260 nm due to hydrolysis, the effects of the interaction with DNA and hydrolysis
can be superimposed. The solution for recording
was prepared by adding 1 mL of Ru-compound
(γ= 0.3 mg/10 mL) to 1 mL of DNA solution (γ=
0.015mg/mL). The molar ratio Ru/bp (ruthenium/
base pair) was approximately 0.9, taking the Mr
(bp)=660. Absorption was measured at 260 nm
and results are presented on figure 7.

The results allow to state that the decreasing
of absorption due to hydrolysis of the complex in
the presence of DNA slows down which indicates
the possible interaction between DNA and Ru(III)
salicylaldehydato compound.
4. Conclusion
The reaction between RuCl3 and salicyladehyde, in the presence of triethylamine, resulted in
the separation of solid product which is formulated
as [RuCl2Sal] x Et3NHCl x 0.6 Me2CO. IR spectrum supports the coordination through the phenolic and carbonyl oxygen. Taking into account that
Ru (III) is usually in an octahedral coordination in
complex compounds, it is reasonable to suggest in
this case, the asymmetric coordination of Ru (III)
in an anionic species [RuCl3(Sal)Oaceton]-, based on
empirical formulas and characterization that has
been done in this paper. Structural investigation
will be the subject of our further research.

Figure 9. Possible coordination of Ru(III) in
[RuCl2Sal] x Et3NHCl x 0.6 Me2CO
Acknowledgment
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Figure 8. Time drive measurements, 2 hours at
260 nm: a) [RuCl2Sal] x Et3NHCl x 0.6 Me2CO;
γ= 0.03 mg/mL b) [RuCl2Sal] x Et3NHCl x 0.6
Me2CO, 0.015 mg/mL with DNA 0.025 mg/mL
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Abstract
The aim of this study is determines that whether
the cultural factors effect on auditors’ assessment
estimation of internal control and control risk determination in Iran. The statistical population was
certified accountants in Iran auditing organization
during 2009. Throughout suitable questionnaire
data has collected and has analyzed using Wilcox
non-parametric test.
The results show that certified accountants
found that internal control system in the high individualism and low power distance country. They
observed that collectivism control risk is higher
than individualism. Further, it found that control
risk is higher than individualism. The participants
also believe that cultural factors such as anxiety
and stress on organization employees relative to
future unclear situation, reliance to technology,
religious and rules, individual’s tendency to bold
behavior, superiority, championship, humility and
care of weak people have no effect on corporations control structure measurement and control
risk determination.
Key words: Individualism versus collectivism,
power distance, uncertainty avoidance, and masculinity versus femininity.
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Introduction
Financial reporting in economical units reflects
informational needs and users different groups’
expectations form financial statements such as investors, governmental agencies, and managers that
they need to this information for adopting economic
accurate deviations such as planning and supervising (Salehi, Moradi, and Ariyan Pour, 2010).
Financial statement users can depend on financial information in financial statements in cases
that independence, competent, informed and impartial person have provided professional opinion
about reliability of this information (Salehi and
Abedini, 2008). For the purpose of opinion auditors are required to perform and compile their
auditing programs in the framework of Iran Auditing standard No 20 “Goal and general principles
of financial statements” state that auditors needs
to perfume and to plan audit by professional skepticism increase sensitivity in selecting type and
number of documents for investigating important
transaction; auditors should understand internal
controls to plan audit and to determine type, timing and amount of necessary audit operations for
opinions about financial statements desirability.
Iranian auditing standards No. 40 “Estimation of
risk and internal control system” states that auditors
should understand client control environment and
control activity so that it is sufficient for planning
Volume 6 / Number 3 / 2011
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audit and compiling audit effective procedures. Preformed business activities, targeting and control risk
measurement. In addition, control activities have effect on informational systems and supervision operations. Control environment have determinative
vole not only designing these cases but also it has
effect on its daily performance (Salehi, 2009).
Control environment, is influenced culture
and antecedent. Ethical behavior, administrative
policies, and management honesty are culture
products. Culture includes ethical and behavioral
eviler, the ways of transferring these criteria to
employees and its support as well firmness quality
in practice and it represents the fact that happen
top management plays key role in determining
culture. Top managers are dominant and organization ethical environment. Auditing standards
obliged to auditors to evaluate and estimate audit
risk based on professional judgment.
Audit risk includes three sections: inherent
risk, control risk, and detection risk. Control risk
means profanity of errors or alteration occurrence
in account balance or group of transactions that is
can be important with errors or alteration in other
grope of transactions or account balances alone
or totally, but it can’t be discovered or prevented
on time by accounting system and internal controls. Culture factors are as one of the effective
factors in accounting systems as well in internal
controls. The mentioned statement is based on
that accounting as social activity relate to human
resources and human beings plays too important
role in efficiency or non-efficiency of internal control systems. Human errors such as inadvertent
mistakes or collusion will neutralize internal control systems. Therefore, country current culture
can have determinative role in implementing or
non-complementing of internal controls by most
important component of this system, i.e. human
beings. Auditors should consider culture in control
risk determination so that he/she can states this
risk exactly. Thus, proposed question in this article
is that whether culture differences have important
effect on auditor judgment about internal controls
and control risk determination or not? This paper
will explains research problem, culture aspects,
research background, hypotheses, research methodology, testing of hypotheses, and other findings
and conclusions in the next sections.
Volume 6 / Number 3 / 2011

Research problem
The country current culture can have determinative role in implementing or non-implementing
internal controls in corporations by most important components of this system.
The auditors should attention culture in control
risk determination to he/she could identify this
risk more exactly. Auditing accepted standard will
oblige auditors to measure internal control activity
that influenced cultural factors.
Therefore, research question is as fallow: wither the culture have any effect on auditors measurement of internal control or not. Structure and control risk determination or not?
Culture dimensions
It is to Taylor (1832-1917), British anthropologist that we owe the first definition of the ethnological concept of “Culture or civilization is that complex whole which includes knowledge, belief, art,
morals, law, custom, and any other capabilities and
habits acquired by man as a member of society”
(Taylor, 1871). This definition is purely descriptive
and objective, and not normative. Besides, it breaks
with the restrictive and individualistic definitions of
the culture: for Taylor, the culture is the expression
of the totality of the social life of the man. It is not
characterized of the biological heredity. However,
if the culture is acquired, its origin and its character
are largely unconscious. Being inspired works of
their predecessors, Doupnik and Salter (1995) proposed a general model of development of the accounting systems which tries hard to combine the
environmental, cultural and institutional factors.
The accounting change is indeed, the product of the
change, connected to the cyclical and to the continual interaction of the accounting system and the
related systems. It is a question of fitting the evolutions of the environment.
This model is based on the following propositions:
1. There exists in every country an institutional
structure comprised of various systems
(accounting, legal, educational, etc.);
2. The accounting system, in turn, is comprised
of various subsystems (regulatory agencies,
699
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3.

4.
5.

6.

7.

8.

9.

professional organizations, corporations,
etc.) The accounting practices followed
within a country derive from the accounting
system.
A society’s institutional structure, including
the accounting system, is determined by the
external environment and cultural norms
and values.
A society’s cultural norms and values, in turn
are influenced by the external environment ;
The external environment creates intrusive
events which act as stimuli for action by
the institutional structure. Each intrusion is
evaluated by a member or members of the
set of systems within society. Cultural norms
and values affect the importance attached to
a particular intrusive event;
If an intrusive event relevant to accounting
is not initially sourced within the accounting
system it will be transmitted to the
accounting system by a neighboring system;
The accounting subsystems interact to
develop a response to the intrusive event.
Cultural norms and values affect the
interaction among the various subsystems.
The accounting system does not act in a
vacuum but interact with other systems in
developing culturally appropriate responses
to intrusive events. Culture affects the
interaction among the various systems.
Intrusive events are conceptualized in two
categories: i) pervasive intrusions, such as
colonization, inflation, and change from a
planned to a market economy, which require
extensive changes in the financial reporting
system; and ii) isolated intrusions, such
as foreign currency fluctuations, banking
scandals, and rising health care costs, which
require changes in individual reporting
practices only.

The figure below presented establishes the
representative plan of the model of Doupnik and
Salter (1995).
The importance of the culture in the influence
and the explanation of the behavior in the social
systems were specifically widely recognized in
the psychological, sociological and anthropological literatures.
700

Figure 1. A general model of accounting development
Source: Doupnik and Salter (1995)

The importance of the culture was recognized
only recently in the accounting literature.
Accounting researches tried to take into account
the importance of the culture by being inspired in
most, works of Hofstede (1980) who developed
four variables in effect of culture on accounting.
Gray (1988) tried to establish a correspondence
between these variables and certain characteristics
of the accounting systems.
Values represent culture nature of a society.
Although values have on important in the forming culture, they are not observable and scalable
directly. Any way, society values can be measured
empirically. Hofstede (1980; 1983) conducted
widespread survey in 53 countries which the results indicated that the culture is scalable.
He refers culture “subjective programs” or
“mind software” that it include thinking feeling
and practicing. He has related scales to various
culture aspects that they have caused culture investigate divers empirical procedures and have
created theoretical relation ships with researched
variables to test empirically. Hofstede (1980)
found that social problems resolution across countries is different from four aspects nationally which
these are follows: relationship between person and
group (individualism versus collectivism), social
inequity (power distance), confrontation methods
Volume 6 / Number 3 / 2011
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with uncertainty (uncertainty avoidance), masculinity concepts (masculinity/ femininity).
Following parts is discussed the four aspects of
Hofstede’s study in 53 countries around the world.
a. Individualism versus collectivism
Individualism represents the relationships between individuals and groups relationships’ between individuals have became to week in these
societies, only individuals are responsible care of
themselves and their immediate relatives. Collectivism exists in the societies whose people from
the early life see themselves between consistent
and unified groups of their families and people believe that support and take care of them is their
permanent task. The rate (amount) of individualism and collectivism has impact on the relationships between societies and organizations (Hofstede, 1991).
In societies with high collectivism, there are
intense emotional correlations between members
of organization and the organization grant too responsibility for their members however, if the organization would not attention to their members
sufficiently for their members: if the organization
would not attention to their members sufficiently;
between social and individual cause to increase in
digitalism in the organization or change collective
combination or both of them.
b. Power distance
Power distance represents the differences in the
power distribution among individuals of a society
(superior and subordinate); it reflects extent of impunities in power distribution from the viewpoint
of the weak people in the organizations. If power
distance be low, then the subordinates less depend
on superiors and their relationships are sincerely.
In these circumstances, the subordinates can consult with their superiors easily or even eroticize or
disagree with them. But if power distance be high,
the subordinates depend on their superiors too
much and their relationship is too despotically. In
these circumstances the subordinates cannot even
come to near their superiors much less of critiVolume 6 / Number 3 / 2011

cizing and disagree with them Cohen, Pant, and
Sharp, 1993; 1995).
c. Uncertainty Avoidance
Uncertainty avoidance represents extent of anxiety or stress of a society people or organization
employees about future uncertain or unclear situations. To overcome on these stress people resort
to religious rules and beliefs. Technology causes
to redact some uncertainties from natural factors.
The rules create a defensive barrio against uncertainties abut behavior methods of other people.
Finally, religious beliefs help people to confront
easily with uncertainties that they can’t protect
themselves of the uncertainty. Avoidance means
individual interested to reduce uncertainties and
vogues. Cerate structures in the organization institutes and their reflections that these structures in
the organization institutes and their relations that
these statures’ would can predict and interpret important events (Inkeles, and Levinson, 1969).
d. Masculinity/ femininity
Muscularity represents people tendency to behave baldly as compeer with humility behavior. On
the other hand, masculinity is tendency to superiority; championship and bravery opposite if masculinity is tendency to establishment of relationships,
take care of week people and life quality improvement. The most fundament policy to discover masculinity extent in the society is sexual rules investigation in that society. In the societies with masculinity people more to seek attain job successes in
reinforcement of suzerainty and championship and
the women to seek educate and train their children
and provide an ideal life environment for themselves and their family (Sondergaard, 1994).
Research background
One of the most important factors in control
environment is the factors that create motivation
or escapes from controls. These factors are different based on different understanding of control en701
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vironment. In the study of auditors understanding
of client control environment, Haskins and Henarie (1985) found that control environment will affect internal control systems in term of designing
and implementing. In addition, evidence evolution by auditors is influenced auditors characteristics when they are evaluating and circumstances
that evidence in these circumstances have been
provide do Haskins and Henarie (1985) have conducted their research by interviewing eight large
audit companies and their partners’.
However, this study has not studied cultural differences, it is important because attend to potential in international audit and it comprise different
supervision activities in the client companies that
they in the different cultures. Hun (1986) compares individual decision-making with collective
decision-marking in the southern Korea. He compares southern Korean auditors that were member
of U.S. international big auditing firms with southern Korean auditors that were not member of the
above mentioned firm. He found that judgments
are making usually by auditing teams; not individually. He also found that when two countries
auditors’ have similar conditions, they will make
similar judgments too.
Soeters and Schreuder (1988) compared organizational and national culture’s features in three
of eight big firms in Netherland with three national
firms in the country using Hofstede’s (1991; 1993)
model. They investigated cultural aspects on uncertainty avoidance and masculinity. They found
that there is relationship between audit firms and
these two aspects of Hofstede’s model. While their
study was unable to determine whether national
culture is dominant or organizational culture,
they more attributed these works to employees
than procedures within corporations. Yamamura’s
(1995) study is the first study that have considered Hofstede’s (1991; 1993) modeling order to
auditors’ decision making in audit risk. Research
question was raised that whether differences in
the Japanese and American auditors’ decisions resulted from cultural differences between these two
countries? He found that cultural differences can
cause differences in designing and selecting auditing methods in auditing program and these differences will influence risk recognition account; so
his research considered two aspects of individual702

ism and power distance. In this study the Japanese
and U.S auditors were obliged to review management judgments and to select auditing methods
for reviewing construction projects bad debts and
inventory. Yamamura (1995) controlled the factors such as specific industry, firm size and type,
and rural conditions versus urban conditions by
chousing similar firms in the similar cities; so that
cultural works would separate better and sooner.
His results have had several important outcomes
for international auditing.
First, with due attention to suggested scenarios
in this research; higher intrinsic risk by U.S and
Japanese auditors had attributed to construction
projects and bad debts respectively, therefore, it
was concluded that specific accounting subjects
such as receivables accounts, inventory, and other
subjects are influenced cultural factors.
Wood (1996) examined the relationship between culture and environmental variables. He
conducted his research using several auditing features and two aspects of Hofstede’s (1991; 1993)
model. He employed in his research auditing features such as ethical standards, independence, and
audit reports with environmental variables such as
education level and country economical welfare.
One of strengthens of this study is that this study
uses more than one auditing features relative past
studies and this provide more usable information.
However, cultural aspects of this research were
limited to power distance and uncertainty avoidance. Although wood (1996) found that educational level and country economical welfare seems
the most effective factors in the country audit context, the study was not examined the relationship
between cultural or environmental variables with
important sections of audit flow such as auditing
program of internal control measurement, risk estimation, and audit methods.
Walker and Johnson (1996) found that existing
cultural differences in the different societies will
influence auditor’s activity area and their treatment and six big auditing firms and other firms
don’t exclude of this rule. Thus, it is necessary to
examine existing differences in economical and
cultural environment and to determine its effect
on auditors’ behavior.
Wingate (1997) examined auditing environment in more than 30 countries around the world
Volume 6 / Number 3 / 2011
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and he concluded that culture will affect environment. He used in his study country-specific environment features. These environmental features
that cause to demand auditing services by corporation are as following: extending capital markets,
knowledge plurality and diversity of disclosure
requirements compliance in financial reporting.
Among of these, Wingate (1997) examined discussed claims against corporations and plurality
of disclosure requirements in financial reporting
and he found that companies in the individualism
societies are obliged to disclose more information.
Meanwhile, in the societies with low-uncertainty avoidance, complete information disclosure
cause to increases competition, planning for quarrel, and claim against corporations.
Kachelmeier and Shehate (1997) examined auditor decision about internal control structure using Hofstede’s model. They compared Canadian,
Hong Kong, and Chinese internal auditors using
individualism versus collectivism. They found that
by conducting audit internal control structure will
become sensitive relative to audit values and internal control structure in the individualism societies is not the some as collectivism societies. Tyen
(1998) investigated southern Korea and U.S auditors audit programming using Hofstede’s model. In
this research it have been investigated that whether
there is differences in the two countries and client
in terms of time obligation, audit fees, and management consultant services when these countries.
Tyen (1998) found that, Korean auditors don’t perform exact programming and collect fewer reports
and evidences, while between auditing corporation
and client have not effect on U.S auditors’ performance and they will perform their task. The probability of corruptible is more in some cultures the
other cultures. Huber (1999) believes the cultural
factors will explain high percent of corrupt and
deterioration. He found that 65% of corruptible is
explainable by Hofstede’s model. If the company
is operating in the country with high corruptible,
this company more likely will influence corruptible
than the company is operating in the country with
low corruptible. He concluded using regression
analysis that in the country with high individualism
there is positive and significant correlation with low
corruptible while, in the countries with high uncertainty avoidance, high masculinity and high power
Volume 6 / Number 3 / 2011

distance, there is negative and significant correlation with high corruptible.
In another study Huber (2001) investigated cultural effect on auditors’ measurement of internal
control and control risk determination by American auditors. The factors such as control environment, control activities, management perspective
relative to internal control, and culture have been
considered in his research.
His objective was that whether the culture have
effect on auditors measurement of internal control and control risk determination and if so, how?
He conducted variance analysis on 108 accidental
samples of U.S. measurement of internal control
and control risk determination between different
cultures. Huber (2001) used Hofstede’s cultural aspects (individualism versus power distance, uncertainty avoidance, and masculinity) in his research.
His findings show that the culture risk should be
considered in internal there is significant difference
between corresponding cultures; in term of internal
control measurement and control risk. His results
also shows that the U.S. auditors have considered
there is low ere efficiency for internal control of
companies that operate in the countries with low individualism, high power distance, low masculinity
and low uncertainty avoidance.
Hung, Kenny, and Phyllis (2003) conducted
a study to the address of about culture effect on
discovered accounting mistakes in auditing in the
80 external firms with different cultures in China.
Their research was based on Hofstede’s theoretical
framework. In this research it has been examined
direct effect of power distance and individualism
on discovered accounting mistakes. The results
showed that power distance and individualism
have important reasons for describing differences
abut mistakes. The features such as power concentration available for few persons, cancellation of
management controls and lack of efficient personnel are important in mistakes creation in the firms
with high power distance. They found that active
corporations in individualism context cause to accounting large mistakes by features such as displacing top employees and reliability to accounting individuals for personal performance measurement.
Kerr (2004) studied cross-cultural American and
Mexican accountants learning methods between
Mexican, American subjects, japans subjects occu703
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pying in American and other subjects. He did an
internal cultural study on learning methods of the
Mexico and American accountants this research
considers the opposing relationship between culture, learning methods, race, sex and religion in an
internal accounting company. The accounting manager in the U.S and Mexico were tested. The data
was gathered through investigation. The questioner included nationality religion, race sex and age.
The results referred to significant differences and
similarities in related cultural valuables between
testing object of America and Mexico. Important
differences were seen in learning methods between
testing objects of Mexico, American and employer
Japanese citizens in the US and other citizens. The
factor of race didn’t influence greatly on learning
methods of Mexican testing objects but the Spanish
accountants in the U.S were significantly different
in learning methods rather than other racial group.
The results also shower that testing objects of men
and women in the U.S and Mexico didn’t differ
greatly in learning methods.
Chen, Hung, and Barnes (2007) conducted an
inter-cultural study on evaluating the risk of auditor in the new forming investment markets. In
the investigation it was considered the difference
in auditors cultural values leads to difference in
determine their risk or not. Taiwan and Singapore
were compared in relation with 3 cultural aspects
of Hofstede’s model. Results showed that putting
more emphasis on the company risk than personal
one Taiwanian auditor pays more attention to the
individualist risk than the collectivism risks.
Mazlina and Nava (2001) examined thoughts
of internal auditors about audit committee in Malaysia. This research’s results have provided based
on interviewing by supervisors of internal auditors
from 11 publicly owned corporations. The finding
shows that audit committee have too reliability for
administrative authorities and it plays important
role in the administrative managers’ decision making. These finding represents role of audit committee in support of internal auditors.
So far, it have not been conducted research
about culture and auditing subjects in Iran and this
research is the first research about culture and auditing. However, related to auditing the following
researches have conducted in Iran. Noravesh and
Sepasi (2006) examined cultural values in Iran
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and availability to provide accounting international standards desirability. This research examines applicability of its main goals in Iran Islamic
country with its specific cultural, political, lawful,
economical structure. The results showed that Iran
accounting announcements can not attain to core
goals of accounting international standards.
Noravesh and Diyanati (2003) have examined
the culture effect on accounting values in Iran. The
research objective is to examine the relationship
between cultural dimensions with accounting values in Iran. The results of the study showed that
explanatory power of cultural dimensions in Iran
is low and probably this is because the accounting
in Iran have not developed gradually and based on
society’s needs.
Saqafi and Rezazadeh (2003) examined the
relationship between culture based social values
based on Hofstede’s model (dimensions including
individualism, power distance, uncertainty avoidance, masculinity) with accounting values (conservatism and cover-up); they concluded that by
increasing masculinity in training firm, their cover-up have reduced and this case question about
the general ability of unified method of accountancy and cultural values in the different countries.
Noravesh and Sepasi (2004) examined the relationship between cultural values with earnings
smoothing in listed companies in Tehran Stock
exchange. In this research it have been used the
cultural values including individualism. Power
distance, uncertainty avoidance and masculinity
(Hofstede’s model) were used. The results showed
that there was significant relationship between
cultural values and earning smoothing in listed
companies in Tehran Stock Exchange.
Research hypotheses
As earlier stated, the main question in the study
is that whether culture has any effect on the auditors’ measurement of internal control structure and
control risk determination?
Therefore, two groups of hypotheses were postulated in the study namely, first group is related
to Hofstede’s cultural dimensions (individualism power distance versus uncertainty avoidance
muscularity) and measurement of internal control
Volume 6 / Number 3 / 2011
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structure and second group of hypotheses are related to Hofstede’s cultural dimensions and control risk determination.
The two groups of hypotheses are as following:
a) The hypothesis related to Hofstede’s cultural dimensions and internal control structure measurements are as follow:
H1: Auditors consider the significant difference
between the firm with high individualism
and the firm with low individualism in
internal control structure measurement.
H2: Auditors consider significant difference
between the firms that act in the high
power distance and firm that act in the low
power distance country in internal control
structure measurement.
H3: Auditors consider significant difference
between the firms that act in the high
uncertainty avoidance country and the firm
that act in the low uncertainty avoidance
country in internal control structure
measurement.
H4: Auditors consider significant difference
between the firm that operate in the high
muscularity country and the firm that
operate in the low masculinity country in
internal control structure measurement.
b) The hypotheses related to Hosted’s cultural
dimensions and control risk determinations are as
follows:
H5: Auditors consider significant difference
between the firms that act in the high
individualism country in control risk
determination.
H6: Auditors consider significant difference
between the firms that act in the high
power distance and low power distance
country in control risk determination.
H7: Auditors consider significant difference
between the firms that at in the high
uncertainty avoidance country and the low
uncertainty avoidance country in control
risk determination.
H8: Auditors consider significant difference
between the firms that act in the high masculinity country and the low masculinity
country in control risk determination.
Volume 6 / Number 3 / 2011

Research methodology
Population of the study
The statistical population of the study is certified accountants occupying in Iranian auditing
institute. The number of participants stood at 150.
Research variables
The present research is a kind of application
research and apart of measurable research in categorizing in term of objective. In this research,
Hofstede’s cultural dimensions have been considered as independent variables and measurement of
internal control structure and control risk determination as dependent variables.
Data collection
In this research the needful data and information was collected through questionnaire of individualism, power distance, uncertainty avoidance
and musicality. Each questionnaire has been provided the cultural characteristics of two hypothetical societies A and B separately.
Society A represents a society’s characteristics
with high cultural dimensions form the view point
of Hofstede’s model. Alternatively, society B represents a society’s characteristics with low cultural dimensions from the view point of Hofstede’s model.
In each questionnaire have been provided five
questions to measure control risk and internal control assessment under each country. These questions have addressed to compare internal control
measurement in society A or B with internal control measurement in the Iranian auditing firms.
In each questionnaire have been provided five
questions to measure control risk and internal control assessment under each societies. These questions have addressed to compare internal control
measurement in the society A or B with internal
control measurement in the Iranian audited auditing firms.
In order to assess and examine internal control
structure re measurement and control risk have
been used from these four features:
1. The amount of examination time of internal
control assessment.
2. Control environment effectiveness.
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3. Management perceptions about importance
of internal control.
4. Control activities effectiveness.
With due attention to conducting of pre-test
and statistical calculations of pass software, 150
questionnaires including (52 individualism questionnaires, 40 power distance questionnaires, 3
uncertainty avoidance questionnaires, and 30 masculinity questionnaires) were distributed between
certified accountants in auditing Institute accidentally. Out of 150 questionnaires which distributed
among the participants 134 questionnaires was
collected by related follow-ups. Among of collected questionnaires, nine questionnaires was not usable and totally forty-five individualism questionnaires, thirty-five power distance questionnaires,
twenty-five uncertainty avoidance questionnaires,
and twenty masculinity questionnaires were usable.
Testing of hypotheses
In this research it was tested abnormality of
the data distribution by conducting one – sample
Kolmogorov-Smirnov Test and normal Q-Q plot
on the research data. With attention to data abnormal distribution; it has been used Wilcoxon Sign
Rank Test for testing the research hypotheses. In
this research, Error rank has been considered α=
%5, therefore, the research hypotheses have been
tested by confidence level of 95%; the results of
testing of hypotheses is summarized in Table 1.
Testing of first hypothesis
With attention to Wilcoxon statistical results in
the table (1) Z = -198 and P-value= 0.047 represents that there is reverse and significant relation-

ship between internal control structure measurement and individualism; due to playing the standard variable at critical path, the first hypothesis
is confirmed by 95% confidence level. Iranian
auditors assessed internal control system of the
firms with high individualism stronger than internal control system of the firms with high individualism stronger than internal control system of
the firms with low individualism. This result confirmed by Huber (1999; 2001), Kachelmeier and
Shehate (1997) results’. Huber (2001) found that
internal controls system in the collectivism culture
have not similar performance with individualism
culture. In the collectivism corporations (low individualism), the efficiency of internal control is
lower than the other corporations. Kachelmeier
and Shehate (1997) also found that, internal control system in the collectivism culture is no the
same as individualism culture, because collectivism culture relies on raillery and group work rather
than supervision and opposition between groups.
Testing of second hypothesis
In respect to Wilcoxon statistical results in
Table 1, Z=2.05 and p-value=0.040 represents
that there is reverse and significant relationship
between internal control measurement and power
distance and due to placing standard variable in
the critical path, the second hypothesis is confirmed by 95% confidence level.
Iranian auditors assessed internal control structure of the firm with low power distance stronger
than the internal control structure of the firm with
high power distance this result confirm Huber’s
result (2001). Huber also found that internal control efficiency in the firm with high power distance
is lower than the other firm.

Table 1. Results of testing of hypotheses
Hypothesis
First hypothesis
Second hypothesis
Third hypothesis
Fourth hypothesis
Fifth hypothesis
Sixth hypothesis
Seventh hypothesis
Eighth hypothesis
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p-value
0.047
0.040
0.062
0.075
0.001
0.053
0.217
0.165

Z
-1.98
-2.05
-1.87
-1.78
-3.28
-1.94
-1.24
-1.39

Confidence level
%95
%95
%95
%95
%95
%95
%95
%95

Result
Confirmed
Confirmed
Rejected
Rejected
Confirmed
Rejected
Rejected
Rejected
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Testing of third hypothesis
The results of Wilcoxon statistical results in
above table showed that Z=-187, P-value=0. 062
represents that there is reverse relationship between
internal control structure measure and uncertainty
avoidance; but it is not significant and due the placing the standard variable in the confidence level
area, third hypothesis is rejected by 95% confidence
level. The auditors opinion in the uncertainty avoidance dimension states that the amount of the society or organization individuals, anxiety and stress
about the future uncertain circumstances, and reliance to technology and religious for reducing this
anxiety and stress have not effect on the corporation control system. Huber’s research (2001) shows
that internal control efficiency of the firms with low
uncertainty avoidance is lower than the other firm.
Testing of fourth hypothesis
Table 1 showed that Z=-1, 78, p-value=0.075 represents that there is reverse a relationship between
internal control structure measurement and individualism; but it is not significant and due to placing
the standard variable in the confidence level area
so, fourth hypothesis is rejected by 95% confidence
level. Iranian auditors in the masculinity dimension
believe that inclination of the society individuals to
assertion’s in exchange for humility, achievements,
heroism and braver, relation establishment, humility, look after of the weak people and improvement
of life quality have not effect on the firm control
structure. Huber’s research (2001) showed that the
efficiency of the internal control in the firm with low
masculinity is lower than the other firm.
Testing of fifth hypothesis
With attention to Wilcoxon statistical results
in Table 1, Z=328, p-value= 0.001 represents that
there is a reverse and significant relationship between control risk determination and individualism dimension and due to placing the standard
variable in the critical area, so fifth hypothesis is
confirmed by 95% confidence level. Iranian auditors determined control risk in the firm with high
individualism is lower than the firm with low individualism (collectivism). This result confirms the
Huber’s result (2001). Huber found that control
risk in the firm with low individualism (collectivism) is higher than the other firm.
Volume 6 / Number 3 / 2011

Testing of sixth hypothesis
Taking in to consideration Wilcoxon statistical
results in Table 1, Z=-1.94, P-value=0.053 represents that there is a reverse correlation between
control risk determination and due to standard
variable is placed on confidence level area, so seventh hypothesis is rejected with 95% confidence
level. Huber (2001) found that control risk in the
low uncertainty Avoidance area is higher.
Testing of seventh hypothesis
Regarding the results which shown in Table
1, Z=-1.39 and P-value= 0.105 it is indicates that
there is a negative but not meaningful relationship
between determine the risk and aspect of avoiding
lack of confidence and being in suspense. So, seventh hypothesis is rejected with 95% confidence
level, when the standard variable is located in the
region of assurance level. Huber (2001) found that
the control risk with low region of avoiding lack
of confidence and being in suspense is more.
Testing of eighth hypothesis
Taking into consideration Wilcoxon statistical results in Table 1, Z=0-139, P-value = 0.165
represents that there is a reverse relationship between control risk determination and masculinity
dimension but it is not significant and due to standard cartable is placed in confidence level area, so
eighth research hypothesis is rejected with 95%
confidence level. Huber (2001) found that control
risk in the low masculinity area is higher.
Other findings
Additional findings of the study are presented
below. In this part of the study Pearson correlation
coefficient were employed in order to illustrating
the correlation of various research’s variables.
1) The relationship between age of respondents
and their measurement of internal control
structure
Pearson correlation coefficient between respondents’ age and their assessment of internal
control structure have bee provided in Table 2.
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These coefficients represents that there is not
direct or indirect relationship between the age of
respondents and their assessment of internal control stricture. The test of significance correlation
coefficients on 5% error level also shows that this
relationship is not significant statistically, and related hypothesis is rejected.
2) The relationship between the respondents
experience and their assessment of internal
control structure
The Pearson correlation coefficient between
respondents’ experience and their assessment of
internal control structure has been presented in
Table 3. These coefficients represent that there
is no direct or indirect relationship between the
respondents experience and their assessment of
internal control structure. The test of significance
correlation coefficient in the 5% error level shows
that this relationship is not significant statistically
and the related hypothesis is rejected.
3) The relationship between the respondents auditing rank and their assessment of control risk
The test results of Chi-square in Table 4 represents in the 5% error level that the opinion of
respondents about their assessment of control risk
is not related with their auditing rank.

Table 4. The results of Chi-Square test
Individualism
power distance
Lack of confidence
Masculinity

P-value
Society A
0.32
0.67
0.65
0.44

P-value
Society B
0.21
0.13
0.66
0.15

Conclusion and remark
It has been conducted a lot of studies about culture and audit such like present research around
the world. The results of this research and other
researches states that there is difference between
cultural works about auditing and it shows that the
auditors think the control mechanism don’t operate in some cultures effectively and it would need
more time to understand different control mechanisms and their effects on the auditing trend. The
difference in the control mechanisms cause to increase time for examining internal controls structure. Differently or they will consider different
control mechanism for access to similar behavior.
Some cultures exhibit high control risk intrinsically; therefore, the management and control
systems need to developed and control systems
need to develop and extend in to reduce auditing
expenses. In Iran, with attention to existing culture in the country level, auditing organization
need to include cultural factors effect on auditing
in the compiled auditing books and ask auditors

Table 2. Relationship between ago of respondents and their evaluation of internal control
Items

P-value society A

Pierson coefficient
society A

P-value society B

Person coefficient
society B

Individualism
Power distance
Lack of confidence
Masculinity

0.75
0.64
0.40
0.84

-0.05
-0.08
-0.18
-0.05

0.14
0.17
0.49
0.75

0.22
-0.24
0.15
0.07

Table 3. Relationship between respondents’ background with their evaluation of internal control
Item

P-value society A

Pierson coefficient
society A

P-value society B

Pierson coefficient
society B

Individualism
Power distance
Lack of confidence
Masculinity

0.74
0.90
0.74
0.87

-0.05
0.02
-0.07
0.04

0.22
0.07
0.71
0.79

0.19
-0.31
-0.08
-0.06
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would examine internal control structure, control
environment and control activity taking into taking into consideration cultural factors and auditing
organization for control of this case need to use
native auditors in each country level. It should be
noted that the research type is profit rather than
continual depending on time horizon. The present
research to seek provides empirical evidences for
Huber’s (2001) perception in a numerical environment and independently it didn’t want to compare
Iranian culture with other countries.
Another point is that in this research it has not
been considered equality or comparison factors
between Hofstede’s cultural dimensions. Each
country have specific characteristics of Hofstede’s
dimensions. It is possible low scope or high scope
of one of the dimension would be equal or different from low or high scope of other dimension. For
example it is probable high individualism would
be equal or different from low or high scope of
other dimension. For example it is probable high
individualism would be equal or different with
low masculinity.
Suggestions for future researches
The suggestions for future studies are as follows:
1. In present research, it was examined
cultural factors effect on the control risk
determination. In future research in could
examine the effect of risk determination. In
future research in could examine the effect
of cultural factors whether the cultural
differences have any effect on the intrinsic
risk determination or non discovery risk or
not?
2. It is suggestible the research about cultural
differences effects on important judgments
of the independence auditors for researchers.
3. It is suggested to would con duct the research
like the present research and to use interview
instrument in addition to questionnaire.
4. The researchers can would to examine the
relationships and effects between Hofstede’s
cultural dimensions and to highlight the
effectiveness between these dimensions.
Volume 6 / Number 3 / 2011
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Abstract
This paper presents a suggestion for establishing interdependence of Organizational culture and
the effects of business, as well as interdependence
of Public relations and business effects, too. The
results of some previous researches are used for
this purpose. The previous researches defined,
by the means of factor analysis, the key factors
of Organizational culture and Public relations for
Serbian companies. It is possible now, by using
multi-variant regression and correlation to establish the influence of the key factors of Organizational culture (previously defined) on specific economic indices, and the influence of the key factors
of Public relations (previously defined) on specific
economic indices as well. Economic indices are
used for indicators of business effects. The paper
shows that realization of the suggested research is
possible. Theoretically significant and usable results of the research are expected.
Key words: Economic indices, Organizational culture, Public relations, Statistical methods,
Serbia.
1. Introduction
Organizational culture is a system of divided
values, value orientations, beliefs, and customs
within an organization, and thereby it influences
the structure of the organization and directs its
conduct, but also determines the norms of conduct
Volume 6 / Number 3 / 2011

within the organization itself. (Sharplin, 1958) Every company has its own specific organizational
culture. Work groups within an organization have
their own code of conduct within the organization
itself as well as their own ways of reacting, which,
when viewed in a broader context, have impact on
the entire system. (Black, 2003) Organizational
culture is the factor which directly influences the
success or failure of an organization. For this reason attention must be paid to the key dimensions
of organizational culture: (Deal, Kennedy, 1982)
–– Values – represent the convictions, the heart
of organizational culture.
–– Heroes – people who represent personification of the values.
–– Ceremonies and Rituals – an unofficial
system of communication or concealed
hierarchy of power in the organization.
Bringing together individual goals with common goals and relying on the responsibility of the
employees are the success factors of organizational culture. (Morgan, 1977) According to (Krefting, Frost, 1985) the way in which organizational
culture can influence competitive advantage, is
by improving and overcoming the limitations of
the organization, in a way that it facilitates individual interaction and/or by limiting the flow of
information to certain levels. The accepted values
also enable managers to foresee the reaction of the
employees to certain strategic decisions, which
enables them to reduce the undesired consequences. (Ogbonna, 1993) Most theoreticians agree that
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sustainable competitive advantage stems from
creating organizational competitiveness which is
superior to and can hardly be reached by the competition. (Reed, DeFillippi, 1990) Unique qualities
of a company’s organizational culture are a powerful source of generating advantage over competition. The link between the leadership style and
organizational performance is connected by the
nature and form of organizational culture. (Ogbonna, Harris, 2000)
According to (Baskin et al., 2000), public relations (PR) can be observed and interpreted as a
profession, process, communication with general
public and practice. In addition to this, PR represent a multidimensional and extremely complex
business activity requiring knowledge of various
fields of human activities (psychology, communication science, journalism, economics, politics, ethics, culture, etc.), and their combining in order to
achieve efficient communication. Its objective is to
build up good relationships with various segments
of general public on the grounds of publicity, building up good corporate image and solving of problems generated by unfavorable stories, rumors and
events. The importance of relations with general
public stems from the time we live in, which is the
time of inter-dependence of all the segments which
make a society. A company is linked with other segments of society by multiple ties. Due to that fact,
a company has to take care of forming and maintaining mutual understanding with the segments
of interest. General public needs to get acquainted
with all the activities of a company and this need
grows with the strengthening of public opinion in a
modern society. Besides this, a company has to pay
due attention to building up positive interpersonal
relationships in the company itself (internal PR).
Development of PR is particularly important
in companies operating in countries in transition.
Since PR involves communicative activities which
have strategic importance for a company’s business, it is usually positioned next to the executive
management. In the process of transition, companies must have highly developed communicative
activities with the segments of its surroundings,
as well as with the internal public. These activities are even more manifested in companies which
have completed the process of ownership transformation, especially in cases of direct foreign
712

investments. With the completion of the process
of economic transition, and with the coming of
foreign capital on the market, PR plays an increasingly important part in the process of internalization of the process of doing business.
As a specific form of marketing communication, PR had a minor role in the overall communication process of Serbian companies on the
domestic market, and also when appearing on foreign markets. PR activity was not well-established
in a large number of Serbian companies during
the 1990s. In the late 1990s, with establishing of
a larger number of foreign marketing agencies,
there came to a more significant presence of this
activity in the practices of companies which operate on Serbian market. However, PR, as a business
activity, is still at the beginning of the process of
establishing itself on the Serbian market. Development of market economy and accepting private
capital logically contribute to accepting the fact
that this activity is really necessary.
According to (Taylor, 2004), a similar situation
(but somehow more favorable) is present in referent neighboring countries (Croatia, Bosnia and
Herzegovina, Hungary, Romania, Bulgaria). In
these countries, PR activity has been developing
more intensively over the past 15 years. In Serbia, such trends started later, and more intensively
only after 2000. Over the last few years, the public
relations practice has made substantial progress
because of the increased number of foreign and
international companies which have entered the
Serbian market. All this created the need to examine and study PR, as well as the very people who
deal with this activity.
In the reference (Gill et al., 2008) some companies from North America, Europe and Asia were
compared according to the three types of indicators linked with communication. North American
companies pay most attention to environmental
and economic indicators, while companies from
Europe give advantage to social indicators.
In Belgium, realization of PR activities and
communication is too focused on positive aspects.
(Gelders, 2007). Quality and quantity of communication in Belgian companies are not on high level.
The use of additional media is suggested. In the reference (Koc, 2006), the ethics of communication in
written media in Turkey was studied. This research
Volume 6 / Number 3 / 2011
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showed that PR managers in Turkey mostly had
teleological point of view. In the reference (Kirat,
2006), a development of PR in Arab Emirates was
studied. In this country PR profession is under a
great influence of social, economic, educational and
cultural development. It is obvious that the need for
PR managers is becoming bigger and perspectives
of the profession are very good.
In the reference (Kent et al., 2006), a development of PR in Bosnia and Herzegovina was studied. Generally speaking, it was established that PR
had potentials to improve business in Bosnia and
Herzegovina. PR managers are good in their job,
but there are limits in their work caused by transitional business conditions. According to the research carried out in Croatia (Žlof, 2007), journalists think that PR in Croatia has been developed
and it is in constant rise. The journalists are critical
when the way of education and professionalism of
PR managers is in question. It is interesting that,
like in New Zeland (Sterne, 2008), PR managers from companies are more believed than those
from specialized consulting agencies.
Based on everything said, it can be concluded
that PR in many countries of the world are still
in progress. However, there are good potentials in
PR profession, as well as a tendency for improving its importance and reputation. Serbia is not an
exception here, which is proved by the research
given in the reference (He et al., 2007).
It is obvious that organizational culture and PR
have an important influence on the effects of business. Therefore, it is of great importance to examine directions and intensity of these influences. In
the following part a suggestion for researching interdependence of organizational culture, PR and
their effects on business will be presented. The
suggested procedure has the following algorithm:
–– Parameters of organizational culture and PR
are defined.
–– A survey is carried out and the information
collected on the significance of parameters
of organizational culture and PR in Serbian
companies.
–– Factor analysis and key factors of
organizational culture and PR in Serbian
companies are established. This was already
done and presented in the references (He et
al., 2009, He et al., 2007).
Volume 6 / Number 3 / 2011

–– A questionnary with key factors of
organizational culture and PR in Serbian
companies is written, as well as economic
indices of interest.
–– A survey is carried out and the information
collected on the current state of key factors
of organizational culture and PR in Serbian
companies, as well as on the current state
of economic indices in the same companies.
–– Statistic analysis is done on collected
information.
Multivariant
regression
and correlation are used for establishing
interdependence of organizational culture
and PR and the effects on business.
The presented suggestion relates, firstly, to the
companies in Serbia, but it can be applied to companies in other countries an regions as well.
2. Factors of organizational culture for
companies in Serbia
In the reference (He et al., 2009) the results
of researching organizational culture in the companies in Serbia are presented. Parametres of
organizational culture which will be studied are
defined right at the start. Parametres of organizational culture were defined after considering
a large number of reference works, such as, for
example: (Bilsky, Jehn, 2002; Buchanan, 2001;
Bond, Smith, 1996; Kotter, Heskett, 1992; Hofstede, 1980, 1984, 1991, 1998, 2001; Hofstede
et al. 1990; Schwartz, Bilsky, 1987; Schwartz,
Bilsky, 1990; Schwartz, 1994; O’Reilly et al.,
1991; Cameron, Quinn, 199; Peters, Waterman,
1982; Schein, 1985). And a significant number
of parameters has been defined in order to take
into consideration national cultural characteristics (power divide, uncertainty avoidance, collectivism/individualism, male/female values).
72 parametres of organizational culture were defined in this way. The research was carried out
through the process of polling – managers from
some Serbian companies were interviewed. They
were asked to give marks from 1-5 to the defined
parameters, according to their significance.
The basic characteristics of the process of polling are the following:
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–– Number of experts. The total of N = 30
experts answered the questions.
–– Respondents (experts). According to the type
of institution in which they are employed,
the respondents were experts from scientific
and educational institutions (professors,
assistant-lecturers) and experts working in
economy (general managers, research and
development managers, scientific advisors,
managers, etc.). According to the level of
education, the experts were: PhDs, Masters
of Science, university graduates. All the
experts are from Serbia.
–– Research period. The research lasted for
about five months, in the period between
April and September, 2008.
Factor analysis was applied in order to determine the key factors of organizational culture
in Serbian companies. Factor analysis was performed on the results of the survey, on basis of 72
defined parameters of organizational culture. Selection of factors was made according to KaiserGuttman criterion (Kaiser, 1958), on the basis of
which seven (7) factors of organizational culture
in Serbian companies were identified. These factors cover more than 71% of parameter variation
of organizational culture (Table 1).
The identified factors were rotated by applying varimax method. The factors of organizational
culture which are most important for Serbian companies were defined in the following way:
OC1 – Position and perspectives of the company’s employees,
OC2 – Recognizability of the symbols of organizational culture in the company,
OC3 – Orientation of the company to strategic
aspects of doing business,

OC4 – Quality of communication and information flow in the company,
OC5 – Quality of internal relationships in the
company and motivation of the employees,
OC6 – Aspirations of the company towards
originality and customer satisfaction,
OC7 – Quality of the established norms of business conduct of the employees.
3. Public relations factors for serbian
companies
In the reference (He et al., 2007) the research
results of public relations in Serbian companies
were presented. The research was carried out by
polling the experts (PR managers) who are employed in companies operating in different fields
of business activities. The basic characteristics of
the process of polling are the following:
–– The number of PR managers. The total of N
= 70 managers from 70 different companies
were polled and gave their answers. It is
estimated that this number represents one
third of all the PR managers in Serbia. A
relatively small number of PR managers
stems from the fact that many companies
do not have an independent PR function and
employees who would deal exclusively with
PR. In many companies, the PR function
is a part of some other functions, usually
marketing. Also, very frequently, there are
no persons specialized for this job, since it is
considered that PR is not necessary for good
business results.
–– Research area in geographical terms. The
research was carried out on the territory of
Serbia.

Table 1. Factors of organizational culture in Serbian companies (Eigenvalue and percentage of factor
variation)
Factor
1
2
3
4
5
6
7
714

Eigenvalue
22.58485
7.45203
5.60289
5.17907
3.90115
3.54156
3.06192

Total Variance %
31.36785
10.35004
7.78179
7.19316
5.41826
4.91883
4.25267

Cumulative Eigenvalue
22.58485
30.03688
35.63977
40.81885
44.71999
48.26155
51.32347

Cumulative %
31.36785
41.71789
49.49969
56.69284
62.11110
67.02993
71.28260
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–– Time period of the research. The research
lasted for six months, approximately in the
period between March 1 and September 1,
2006.
–– Type of questions. The survey comprised
29 questions which were subdivided into
three characteristic groups: a) questions for
analysis of the position of PR managers and
their profession, b) questions for analysis of
characteristics and education of PR managers,
and c) questions for analysis of the most
frequent and most important activities and
media for the realization of the PR function.
–– Question formulating. The questions have
been formulated so as to encompass all
the topics of interest for this research. In
the course, the references which research
some of these topics, for example: PR
manager career development (Wolf, 2006),
PR manager satisfaction (Abbott, 2003),
PR manager education and skills (Elliot,
Koper, 2003; Lubbers, 2002; Murray, 2003;
Rawel, 2003). References which present
other countries’ experience in the field of PR
(Arceo, 2004; Bardhan, Sriramesh, 2006;
Guth, 2000; Raupp, Ruler, 2006; Taylor,
2004) had important impact on creating the
questionnaire, as well as the references by the
authors who deal with PR in the conditions
which are the subject of this paper (Đorđević,
Ćoćkalo, 2004; Đorđević, Bešić, 2004;
Filipović et al., 2003; Sajfert et al., 2006).
Part of the data (14 questions), has been processed by factor analysis. Principal Component
Analysis (PCA) has been applied. Selection of the
number of factors has been made according to Kaiser - Guttman criterion. Five factors have been identified which refer to PR function in Serbian companies (Table 2). These factors cover around 67% of
variations in attitudes of PR managers in Serbia.

The identified factors have been rotated by
applying varimax method. The factors which describe (represent) the attitudes of PR managers in
Serbia have been defined:
PR1 – Satisfaction with PR function, subjective
and organizational,
PR2 – PR managers’ personal prospects,
PR3 – PR managers’ personal reputation,
PR4 – Quality of professional improvement of
PR managers,
PR5 – Importance of education for the job of
PR manager.
4.  The influence of organizational culture and
public relations on the effects of business
The key factors of organizational culture and
public relations in Serbian companies were defined through the previous researches. These factors can be used for establishing the influence of
organizational culture and public relations on the
effects of business.
Firstly, a questionnary, as shown in the table 3
was formed. The table 3 presents the key factors
of organizational culture and public relations in
Serbian companies, as well as economic indices
of interest (the effects of business are clearly noticed through economic indices). Then, the polling
of necessary number of managers was carried out
in Serbian companies (the estimated number was
about 100 managers). The managers were expected
to give values to each factor by giving the marks
from 1-5. The mark should represent the level of
the current state of the examined factor (indicator)
in their company. The marks have the following
meaning: 1 – Very unfavorably, 2 - Unfavorably, 3 Average, 4 - Favorably, 5 – Very favorably.
After polling, a statistic analysis is carried out on
the collected data. Multivariant regression and correlation are used for establishing interdependance

Table 2. PR function factors in Serbian companies (Eigenvalues and Percent of variance explained)
Factor
1
2
3
4
5

Eigenvalue
4.207772
1.487835
1.341726
1.220627
1.092717
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Total Variance %
30.05551
10.62739
9.58376
8.71876
7.80512

Cumulative Eigenvalue
4.207772
5.695606
7.037332
8.257959
9.350677

Cumulative %
30.05551
40.68290
50.26666
58.98542
66.79055
715
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Table 3. Questionnary contents for examining the influence of organizational culture and public relations on economic indicators
Sign

Key factors of organizational culture (OC)

OC1
OC2
OC3
OC4

OC7

Position and perspectives of the company’s employees
Recognizability of the symbols of organizational culture in the company
Orientation of the company to strategic aspects of doing business
Quality of communication and information flow in the company
Quality of internal relationships in the company and motivation of the
employees
Aspirations of the company towards originality and customer
satisfaction
Quality of the established norms of business conduct of the employees

Sign

Key factors of public relations (PR)

OC5
OC6

PR1
PR2
PR3
PR4
PR5

Satisfaction with PR function, subjective and organizational
PR managers’ personal prospects
PR managers’ personal reputation
Quality of professional improvement of PR managers
Importance of education for the job of PR manager

Sign
EI1
EI2
EI3
EI4
EI5
EI6
EI7
EI8
EI9
EI10
EI11

Economic indices (EI)
Favorableness of capital structure (ratio of own and borrowed capital)
Favorableness of share (distribution) of parts of property in total assets
Favorableness of structure of costs (share of fixed costs in total costs)
Favorableness of the amount of net working funds
Share of salaries in business revenues
Company productivity
Production economy
Business profitability
Company’s liquidity
Profit margin (profit share in business revenues)
Potential financial risks (exchange rate fluctuations, high interest rates
and the like)

of organizational culture and the effects of business
and public relations and the effects of business, as
well. The influences on each economic indicator separetely, as well as influences on particular groups
of economic indicators together can be looked for.
5. Conclusion
The suggested procedure makes possible the
establishment of interdependence between organizational culture and the effects of business, as well
as interdependence between public relations and
716

Evaluation of the current
state of organization culture
factor
1
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Evaluation of the current
state of PR factor
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
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Evaluation of the current
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1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1

2

3

4

5

the effects of busuness. This paper presented the
way of obtaining the necessary dependance. Once
the dependence is established, the results can be
used in the following situations:
–– Managers analyse the same (key) factors of
organizational culture and public relations in
their own company and then they establish
and/or predict the effects of business.
–– The strongest and the weakest factors are
examined in the company. This shows the
managers the factors that they should focus
on in their future work. Afterwards, the
steps are defined in order to rise the level of
Volume 6 / Number 3 / 2011
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particular factors of organizational culture
and public relations whose final objective is
relization of better business results.
On the bases of everything presented in the paper it can be concluded that it is possible to realize the suggested research. The results obtained are
both theoretically significant and practically usable.
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Abtract
The purpose of this study is to examine the acceptance of technology among Turkish pre-service teachers using the TAM. This study was carried out with Turkish university students in the fall
semester of 2009. Samples of pre-service teachers
from two university departments, Science Education and Mathematics Education, were selected.
A total of 773 pre-service teachers volunteered in
this study. The self-report questionnaire in Teo
(2009) was used to measure the seven constructs
in this study. Analysis of covariance (ANCOVA)
and Analysis of Variance (ANOVA) with age as
covariate, dimensions as dependent variables and
demographic variables (gender, residence, grade
and owning of computers) as independent categorical variables were conducted. The results of
this study demonstrated that daily computer usage and computer ownership have direct effect
on technology acceptance of pre-service teachers.
The results of this study suggest that pre-service
teachers need to involve more in using computer
in their class activities to develop the perception
of technology use in the class when they teach.
We have discussed this result according to older
literature and have made some suggestion for future researchers.
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1. Introduction
In order to investigate technology acceptance
of workers in business, researchers have been studied on Technology Acceptance Models (TAMs)
for the past 30 years (Davis, Bagozzi, & Warshaw,
1989; McCoy, Galletta, & King, 2007; Teo, 2009).
Using empirical data from research employing the
TAM in different contexts, it was possible to predict technology acceptance of pre-service teachers
(Kiraz, & Özdemir, 2006; Teo, 2009). Fomr the
literature, there are a number of barriers to preservice teachers’ preparedness to use ICTs in the
classroom. As well as looking at the formal teacher education curriculum, pre-service teachers’ personal factors including attitude, motivation, and
confidence, along with various social factors are
important should be examined (Gill & Dalgarno,
2008). The purpose of this study is to explore preservice teachers’ technology acceptance using
TAM, and taking Turkish science and mathematics pre-service teachers as an example.
2. Literature Review
2.1 Technology Acceptance Model (TAM)
Davis, Bagozzi, & Warshaw (1989) defined
the significant factors affecting technology acceptance in their Technology Acceptance Model
(TAM). Based on the Theory of Reasoned Action
719
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(TRA), the TAM has been found to be a useful
model for predicting and explaining behaviour in
a range of contexts (Davis, Bagozzi, & Warshaw,
1989). Legris, Ingham, & Collerette (2003) posited that technology acceptance is related to four
factors (1) perceived usefulness of technology, (2)
the perceived ease of use of technology (3) attitudes toward the use of technology, and (4) frequency of technology use. For instance, if users
perceive technology to be easy to use and useful
in their field, they are likely to develop positive
attitudes toward the use of that technology. From
the TAM, positive attitudes toward the use of technology have a positive relationship with the behavioural intention to use the technology. Figure 1
shows the TAM.

Figure 1. Technology acceptance model (TAM)
(Legris et. al., 2003)
2.2 Mathematics and Science Teachers’
Acceptance of Technology
There are various ICT tools that can be integrated into mathematics and science teaching
and learning. The use of Geometer Sketchpad
and graphing calculator are among the common
tools used in mathematics teaching. In science,
tools such as data loggers, graphing calculators
and computer simulation, are some of the ICT
tools that have been used in science classrooms.
All these tools are used to enhance students’ mathematics and science learning (Leng, Ali, Baki, &
Mahmud, 2010; Guerra-Ramos, 2011; Kubiatko,
Usak, Yilmaz, & Tasar, 2010; de Jong & Njoo,
1992; Driscoll, 2000) such as enhancing students’
visualization of abstracts concepts, deep academic
discourse, and self-paced learning. Such usage is
an indication that teachers are willing to integrate
technology in their teaching. If teachers believe
in the benefits arising from the use of educational
720

technology in their classrooms, they would desire to integrate technology into their instruction
(Stetheimer, & Cleveland, 1998; Weiss, 1994).
Among the factors that influence teachers’ technology acceptance are those found in the TAM and
the literature. They are perceived usefulness, perceived ease of use, and attitude towards computer
use, behavioural intention, technological complexity, facilitating conditions, and self-efficacy. This
acceptance model can be further explore and can
be be used to enhance teacher training in science
and mathematics pre-service programmes globally, in terms of technology acceptance model.
Perceived usefulness (PU) refers to the degree
to which a person believes that using a particular technology will enhance his or her job performance (Davis, Bagozzi, & Warshaw, 1989). Perceived ease of use (PEU) is defined as the degree
to which a person believes that using a particular
technology will be free of effort In addition, PEU
influences PU and the latter has a direct effect on
attitude towards computer use (ATCU) and behavioural intention (BI) to use technology (Hasan,
2006; Teo, Lee, & Chai, 2008). Technological
complexity (TC) refers to the degree to which
technology is perceived as relatively difficult to
understand and use (Thompson, Higgins, & Howell, 1991). Factors in the environment that influence a person’s desire to perform a task, such as
skills training, information or materials available,
technical and administrative support, are defined
as facilitating conditions (FC) (Groves, & Zemel,
2000; Lim, & Khine, 2006; Teo, 2009). Self-efficacy (SE) refers to an individual’s judgment of
their capabilities to organize and execute courses
of action required to achieve specific goals (Bandura, 1977; Gong, Xu, & Yu, 2004; Teo, 2009). In
this case, self-efficacy refers to pre-sevrice teachers’ perception of their ability to use technology.
From the model in Teo (2009), perceived usefulness, attitude towards computer use, and computer self-efficacy have direct effect on behavioural intention to use technology, while perceived
ease of use, and technological complexity, and facilitating conditions affect behavioural intention
use indirectly. These relationships are illustrated
in Figure 2.
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Figure 2. Modelling technology acceptance in
education (Teo. 2009)
2.3 Purpose of this Study
The purpose of this study is to examine the acceptance of technology among Turkish pre-service
teachers using the TAM. This study contributes to
the TAM research using external variables of the
TAM including facilitating conditions (FC), computer self-efficacy, and technological complexity
(TC) as dependent variables that are hypothesized
to affect the other variables in the TAM. By focusing on the relationship among the TAM variables,
it is expected that the findings of the study will
test Teo’s model (2009) in the Turkish context.
Second, the study will contribute on the TAM using different independent variables, such as academic disciplines (science education department
vs. mathematics education department) and gender, to test if there is a relationship between these
independent variables and technology acceptance
among Turkish pre-service teachers. By recogniz-

ing the relationships among variables affecting
the use of technology among pre-service teachers,
pre-service training is better designed and developed to have pre-service teachers to be prepared
for future endeavors aiming at promoting teaching and learning in schools. Thus, this study was
guided by the following research questions:
a. Is there a difference in technology
acceptance between pre-service teachers in
different majors?
b. To what extent do the variables in the TAM
predict the technology acceptance among
pre-service teachers?
c. To what extent are technological complexity,
computer self-efficacy, and facilitating conditions related to the variables in the TAM?
d. Are there any significant differences in
technology acceptance with respect to
gender among the participants?
3. Research Methodology
3.1 Sample
This study was carried out with Turkish university students in the fall semester of 2007. Samples
of pre-service teachers from two university departments, Science Education and Mathematics Education, were selected. A total of 773 pre-service teachers volunteered and their demographic information
are given in Table 1. Participants responded to a
questionnaire during term time and they took no
longer than 20 minutes to complete it.

Table 1. Demographic information of the participants (N = 773)
Variable
Gender
Male
Female
Programme
Pre-service science teacher
Pre-service mathematics teacher
Home computer ownership
Yes
No
Mean years of computer usage
Mean hours of daily computer usage
Age
Volume 6 / Number 3 / 2011

Number

(%)

364
409

47.0
53.0

667
106

86.2
13.8

659
114
6.88 (SD = 2.94)
2.29 (SD = 2.41)
21.35(SD = 1.31)

85.2
14.8
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technics technologies education management

3.2 Instruments
The self-report questionnaire in Teo (2009) was
used to measure the seven constructs in this study.
Comprising two sections, the first required participants to provide their demographic information
and the second contained 18 statements on the
seven constructs in this study. These are Perceived
Usefulness (PU) (three items), Perceived Ease of
Use (PEU) (three items), Attitudes towards Computer Use (ATCU) (three items), Technological
Complexity (TC) (three items), Computer SelfEfficacy (CSE) (two items), Facilitating Conditions (FC) (two items), and Behavioural Intention
(BI) (two items). Each statement was measured on
a five-point Likert scale with 1 = strongly disagree
to 5 = strongly agree. The original list from Teo
(2009) contained 19 items but in the adaptation
process of the instrument into Turkish, one item
was excluded based upon experts’ opinions, leaving 18 items for use in this study.
The items in Teo (2009) were written in English and validated with pre-service teachers in
Singapore. For the present study, these items were
adapted into Turkish. First of all, the questionnaire
was independently translated by two researchers
who were bilingual in English and Turkish and
knowledgeable in ICT. The translated questionnaire was reviewed by another researcher to examine for gaps between the languages. Thereafter,
the Turkish items were back translated before the
final version was written in English and assembled
for data collection.
The reliability of the items was calculated using the Cronbach’s alpha coefficient. The reliability index was (α = 0.86), indicating a high level
reliability (Nunnaly, 1978). The high reliability in
our study supports the use of the 18 items from
Teo (2009) in the present study.
3.3 Statistical Analyses
Analysis of covariance (ANCOVA) and Analysis of Variance (ANOVA) with age as covariate,
dimensions as dependent variables and demographic variables (gender, residence, grade and
owning of computers) as independent categorical
variables were conducted. For more detailed re722

sults, the Tukey post-hoc test was used. We also
used the Pearson product moment to ascertain the
relationship among the various constructs. Results
showed statistically significant differences on the
levels: p<0.05; p<0.01; p<0.001.
4. Results
The analysis of covariance (ANCOVA) was
used to examine the effect of gender, grade, ownership of computers and department on the technology acceptance model. The age, years of computer
usage and hours of daily computer usage were used
as covariate. It was found that students technology
acceptance was not found affected by age (F = 3.04;
p = 0.08), by years of computer usage (F = 3.24; p
= 0.07), but hours of daily computer usage had got
a significant influence on the mean score of TAM
(F = 152.59; p < 0.001). The correlation between
hours of daily computer usage and mean score of
TAM was significant (r = 0.41; p < 0.01) (Figure 3).
We can see that higher score of TAM is influenced
in positive by hours of daily computer usage. From
the categorical predictors the statistical significant
difference was found out in the grade (Table 2),
where students from the 2nd year of study achieved
the lowest score (x = 3.40; SD = 0.06) and the highest score achieved students from 4th year of study (x
= 3.57; SD = 0.04). By the using of Tukey post-hoc
test was found out statistically significant difference
between these two grades. The statistically significant difference was found out in the ownership of
computers (table 2). Students, who were owners of
computers achieved higher score (x = 3.55; SD =
0.02) in technology acceptance in comparison, with
students who were not (x = 3.44; SD = 0.56). Interactions among categorical variables were statistically significant only in one case. Interaction of
department and grade was statistically significant
(F = 8.93; p < 0.001).
Table 2. Values of ANCOVA
Gender
Age
Gender
Department
Grade
Having of computers

F
3.04
1.48
0.12
3.22
3.88

p
0.08
0.22
0.73
< 0.05
< 0.05
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The effect of ownership of computers was statistically significant (F = 7.73; p < 0.001). Detailed
analysis showed very interesting results. In the construct PU owners achieved significant higher score,
but in constructs PEU and BI achieved significant
higher score non-owners. In the construct ATCU
was not observed statistically significant difference
between owners and non-owners (Figure 5).

Figure 3. Correlation between hours of daily
computer usage and mean score of TAM
4.1 Technology Acceptance Model (TAM)
Technology acceptance model (TAM) contains
4 constructs – perceived usefulness (PU), perceived ease of use (PEU), attitudes towards computer use (ATCU) and behavioural intention (BI).
We evaluated influence of independent variables
(gender, grade, ownership of variables and department) on the constructs of TAM. The effect of
independent variables on the constructs of TAM
was used by MANOVA. There were found statistically significant difference in the comparison of
males and females (F = 10.56; p < 0.001). Detailed
analysis showed significant differences in two
constructs; PEU, where females achieved higher
score and ATCU, where males achieved higher
score (Figure 4). The effect of department was not
statistically significant (F = 0.76; p = 0.55).

Figure 4. The comparison of females and males
in TAM score

*p < 0.05; ***p < 0.001; NS – not statistically significant
difference
Volume 6 / Number 3 / 2011

Figure 5. The comparison of owners and nonowners of computer in TAM score

*p < 0.05; **p < 0.01; NS – not statistically significant difference

The effect of grade was statistically significant
(F = 9.40; p < 0.001). The significant difference was
found out by the using of Tukey post-hoc test in two
constructs. Students of 4th years of study achieved
significant higher score in comparison with 2nd and
3rd years students (p < 0.001 in both cases) in the
PEU construct and in the BI construct achieved significant higher score 4th year students in comparison
with 2nd year students (p < 0.05) (Figure 6).

Figure 6. The comparison of grades of computer
in TAM score
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4.2 Other constructs
There was not observed statistically significant
difference in comparison with males and females,
but in the other independent variables was found
out statistically significant difference. Students
from elementary department achieved higher
score in all constructs in comparison with students
from secondary department (figure 7). But the statistically significant difference was found out only
in constructs TC (F = 6.64; p < 0.05) and in CSE
(F = 6.99; p < 0.01).

Figure 7. The comparison of departments in TC,
CSE and FC score

*p < 0.05; **p < 0.01; NS – not statistically significant difference

Owners of computers achieved significant
higher score in all constructs in comparison of
non-owners, in TC (F = 10.10; p < 0.01), in CSE
(F = 22.24; p < 0.001) and in FC (F = 7.77; p <
0.01) (figure 8).

Figure 8. The comparison of owners and nonowners of computer in TC, CSE and FC score

Tukey post-hoc test showed, students of 2nd year
achieved significant lower score in comparison
with 3rd and 4th year study students (p < 0.001 in
both cases). In CSE (F = 15.41; p < 0.001), Tukey
post-hoc test showed, students of 2nd year achieved
significant lower score in comparison with 3rd and
4th year study students (p < 0.001 in both cases)
and in FC (F = 5.63; p < 0.001), Tukey post-hoc
test showed students of 3rd year achieved significant higher score in comparison with 2nd year (p <
0.05) and 4th year (p < 0.01) (Figure 9).

Figure 9. The comparison of grades in TC, CSE
and FC score
All constructs were analyzed by Pearson’s
product moment (Table 3). The highest correlation was between PU and ATCU (r = 0.81), it can
be explained, students with positive attitudes toward computers consider computers for helpful
and useful in the activities connected with daily
life or for school activities. The high correlation
was also between PU and FC (r = 0.74). There is
possible an influence of helpers, who have got a
positive influence of students, because they advices could develop a positive thinking about use of
computers. The lower values of correlations were
observed in the constructs TC and BI. In TC construct is possible explanation, students have not
got difficulties with using of computers and in the
behavioural intention it could be explained by the
using of computers in recent time. Almost all of
students use computers, so they are predicting to
continue in the usage of computer.

Grade showed statistically significant difference in all constructs. In TC (F = 8.88; p < 0.001),
724
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Table 3. Correlation among dimensions
PU
PEU
ATCU
TC
CSE
FC

PEU
0.293251

ATCU
0.813161
0.390866

TC
0.367121
0.376629
0.419040

All correlations are statistically significant p < 0.05

5. Discussion
The results of this study demonstrated that
daily computer usage and computer ownership
have direct effect on technology acceptance of
pre-service teachers. Perceived usefulness is an
important construct of technology acceptance and
perceived usefulness has direct influence on both
behavioural intention and attitudes towards computer use, according to Teo (2009). This study indicated that pre-service teachers are more likely to
use computers in their work environment if they
have a personal computer. In parallel with this result, if pre-service teachers’ daily computer usage
is high, they are more likely to accept technology
use in their work, specifically when they teach,
they may tend to computer in their instruction to
facilitate learning among their students. Since preservice teachers are likely to teach and use technology as how they were taught (Kim, & Sharp,
2000), this suggests that when pre-service teachers use more computer during their education and
utilize it in their class activities such as projects,
they tend to see technology easy to use and have
a positive feelings for computer use in their work.
On the other hand, years of computer usage,
gender, and departments have no direct effect
on the technology acceptance among pre-service
teachers in Turkey. According to the results, students having no computer are likely to think that
use of computer is easy and their intention to use
technologies seems to be high. This suggests that
in order to have pre-service teachers use computers in their work in future; there may be no need to
have a personal computer. Although there seems
to have no a direct relationship between gender
and technology acceptance, female students are
likely to have more positive thinking than male
students about easiness of technology use, while
Volume 6 / Number 3 / 2011

CSE
0.518293
0.608478
0.655207
0.494827

FC
0.744220
0.262303
0.695858
0.310457
0.571346

BI
0.240099
0.444156
0.372705
0.467786
0.477922
0.317016

male students tend to have more positive attitude
to use computer than female students.
This study examined if there is a relationship
between grade and technology acceptance. The
results showed that there is a significant difference
between fourth grade students and second grade
students, as well as third grade students regarding
the constructs of perceived ease of use and behavioural intention. This difference could arise from
computer classes that students have taken and the
frequency of computer usage of students that has
been increased throughout their education. The
results of this study also showed that a significant
difference exists between elementary department
student and secondary department students in the
constructs of technology complexity and computer self-efficacy. The results revealed that elementary department students may perceive computer
as difficult to understand and use and taking too
much time to learn; however, they may believe
that they have capabilities to use computer if
someone help them more than secondary department students. According to Teo’s technology acceptance model (2009), it seems that elementary
department students have more intention to use
computer in class in future, since computer selfefficacy has direct effect on behavioural intention.
In terms of the constructs of technological
complexity, computer self-efficacy, and facilitating conditions, there are significant differences
among grades. The results indicated that fourth
grade students may believe themselves in using
computer to complete a job or task if they get help
from someone. Since first grade students did not
take field related courses, their scores are relatively higher in the constructs of technological complexity and facilitating conditions; therefore, the
first grade scores were not considered. When the
rest of grades’ scores were considered, the third
725
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grade students may think that facilitating supports
are ready for them when they need help to learn
and use computer, as well as the third grade students tend to perceive computers relatively difficult to understand and use more than second and
fourth grade students. It seems that when students
are close to graduate from universities, their technology anxiety in class and fear to not get any
help regarding technology use diminishes. Since
computer self efficacy has a direct effect on behavioural intention and fourth grade students produced higher scores on the computer self-efficacy,
pre-service teacher are likely to use computer in
their lessons in future. In addition, Ross & Strahl
(2005) indicated that a majority of teachers need a
training to use technology into classroom. Therefore, it is also important to consider providing
students with continuous computer training and
technological support during a pre-service training to integrate technology into classroom when
they start teaching (Kim, & Sharp, 2000).
The results of this study also revealed that a significant correlation exists between PU and ATCU,
as well as between PU and FC. This suggests that
students view computers in teaching as a tool to
enhance their performance; however, this view is
depended on both a work environment that supports teachers regarding training, materials, and
administrative perspectives and attitude towards
computers. Consistent with Teo’s study results
(2009), the perception of adequate support enables
pre-service teachers to perceive computers to help
him or her to perform tasks or a job effortless.
Also, the perception of the extent to which a job
or tasks involving the use of computer is free from
effort facilitates a development of positive attitude
towards computers for pre-service teachers.
The results of this study suggest that pre-service
teachers need to involve more in using computer
in their class activities to develop the perception
of technology use in the class when they teach.
In order to enable pre-service teachers and in-service teachers to integrate technology into lessons,
teacher educators and school administrators need
to build an environment that supports pre-service
teachers and in-service teachers to have adequate
computer training to acquire computers skills and
knowledge about strategies to adapt appropriate
technologies for their class. Since the perception
726

of female students to use computer is less than female students’, there needs to be placed a focus on
the reasons of these results. Future research could
be conducted to examine variables to produce the
difference between male and female students.
6. Limitations of the Study
Although, the results show that there are some
effects of variables on the four main factors in TAM
model, it is necessary to mind that there are several limitations in our study. Firstly, we used the
questionnaire as the research instrument, which
was translated from English to Turkish. The main
disadvantage of that method is that there is some
possibility respondents do not give the true answer
in order to impress. Secondly, all participants were
pre-service teachers. They have small or no experience with teaching. Their answers could come from
their opinion and ideas what they think about computer usefulness in teaching, not from the practice
teaching. They may not fully appreciate computer
usefulness for teaching or demands which are connected with computer usage within teaching. Thirdly, we asked only pre-service teachers of science
subjects. It is more than clear that these students
have the positive relation to computer usage than
teachers of humanity subject.
Last, but no least limitation can be seen in external variables. The research is dealing with question of influence of only three external variables
(self-efficacy, technological complexity and factors conditions). It is possible that there can be
other important external variables and we have
omitted them.
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Abstract
The purpose of the present study was to investigate intelligence, emotional intelligence, academic
self-concept, locus of control and social-economic
status as the predictors of academic success and
failure of first year high school male students in
Ramhormoz. Thus, from all successful students
and unsuccessful students 160 persons selected
randomly. The materials used in this research are
as follows: Petrides & Furnham Emotional Intelligence Inventory, Delavar Academic Self-concept
Inventory, Rotter Locus of Control Inventory and
a researcher-made Social-Economic Status Inventory. Also Raven’s Standard Progressive Matrices
score were used from the students personal files.
In order to analyze the data both discriminate
analysis and descriptive statistics were used. Findings revealed that except component social skills
concerned to variable emotional intelligence that
was not a predictor of academic success and failure, other variables confirmed the hypotheses of
this study and revealed that success or failure male
students can be predicted from the variables intelligence, emotional intelligence, academic selfconcept, locus of control and social-economic status. The obtained results and the model presented
in this study are discussed in detail.
Key words: Intelligence; emotional intelligence; academic; self-concept; locus of control
and social–economic status
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Introduction
Academic failure is one of the important concerns of families and education experts. Every
year a great number of students in different countries encounter academic failure. This phenomenon in addition to the great economical damages
has adverse effect on students and makes the families concerned. Therefore, this case should be analyzed carefully as one of the important social and
educations problems and there are different factors on educational success and failure of students
that determination of the most important factors
is effective to help teachers and parent –teacher
for educational planning, assessment and educational success of students. Educational success
and failure are discussed a lot. The role of some
factors on educational success and failure or the
share of each factor is always of interesting fields
for education researchers and psychologists. One
of these influential factors is IQ and mental abilities (Biabangard, 1380). The investigations done
in this field indicate the reality that successful students necessarily are not smart and unsuccessful
students are not surly students with low IQ, but a
great number of students with average or high IQ
fail in their lessons and the students with lower
average IQ can achieve as much educational goals
(Nazari,1377). Also, other researches (as Carlson
& Johnson, 1988; Shofild &Ashman; quoting
Glover & Bruning, 1990; Translation of Kharazi,
1383) show that intelligent students regarding
Volume 6 / Number 3 / 2011
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working memory, perception and access to longterm memory and information processing scale
are better than normal students.
Today IQ is not very important as before and
it is said that any person progress in life with his/
her own characteristics ladder and between two
students with similar IQ, the one who works hard
is more successful (Biabangard, 1380). Goleman
(1995) believes that IQ can not ensure success
beyond the school and characteristics factors including, motivation, creativity, inclination to do
hard works and EQ play important role in achieving success. Therefore, considering the limitation
of prediction ability and determination of education progress variance of recognition variables,
the researchers emphasized more on the necessity
of considering extensive educational success predictions. Here the role of social and excitement
competencies in education success is one of the
modern fields of research.
Theoretical origin of these researches is the concept of EQ proposed by Salovey & Mayer (1990,
quoting Shalchi, 1385). In addition to IQ, another
factor in the education success or failure is EQ. In
this case, psychologists believe that to educated
people to have strong self-concept and be successful in education, it is necessary to take attention to
both IQ and EQ (Nori Emamzadehi, 1383)
Academic self-concept is also the most important issue in success or failure of students in education. The way the student see him/herself has great
influence on education performance and the positive and negative self-concept of people is formed
and established by the feedback receiving from others and they are influenced by the results of their
performance. Seligman (1974, quoting Nazari,
1377) states that unsuccessful students have negative beliefs about their abilities and probably at first
there had little effort, and due to the fact that the
effort was vane, they couldn’t achieve success. So,
they concluded that they are not able to achieve
success. Also, about academic self-concept Seif
(1384) believes that a students who had successful
experiences in the school has great interest in learning different textbooks or in general in the school
itself. So, he/she can have a positive concept about
himself. In addition, other researches (Byrne, 1984;
Bridgman, 1975, quoting Karimzadeh, 1384) have
reported positive and high correlation coefficient
Volume 6 / Number 3 / 2011

(0.40 to 0.60) between self-concept and academic
progress. Also, academic self-concept can be influenced by internal and external evidences of people,
Because, today locution of control is the important
issue in academic success and failure of students.
Seif(1384) also states that the way (perception and
interpretation) people think about success and failure may influence their academic self-concept and
changing documents of learners show them that
achieving success and learning control is as much
controlled by them and this is not luck that brings
success for them.
Researches show that the people with internal
control in comparison with the people with external control in verbal tests are very active, explorer,
inclined to progress, powerful and independent,
responsible, sociable, patient and strong thinkers
(For example see Karbalayi Harfte, 1383). Of other important issues influencing academic success
and failure is their social-economical status. Generally, environmental deprivations and the lack of
mental and social incentives are important factors
of student’s academic success. A considerable percent of students who fail in education, are forced to
go to exceptional schools and they are regarded as
<< culturally retarded>> people and students who
belong to families with low social and economical
status, are faced at the same time with economical and cultural poverty and are less successful in
education (Biabangard, 1380). The main question
of the current paper is that “Can IQ, EQ, academic
self-concept, locus of control, social-economical
status can predict academic success or failure?
Review of literature
The subject of the research is analyzed also
in abroad. Stein mayr, Ziegler & Trauble (2009)
in a research on IQ, for grade 11 and 12 students
in Germany found that the paying attention and
supporting students influence IQ and indeed the
educational performance and both are predictors
of school educational performance.
Grayson (1999) in a research stated that IQ is
the best predictor of education success, because in
this research the average IQ of 15% of unsuccessful
students was under 110. Also, Alexander (1985) in
a study analyzed the different opinions of smart and
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normal students at 12 to 17 age and indicated that
smart students know their superiority due to internal motivation factors such as effort and feedback.
He concluded that the reason of smart student’s
success is the internality of their locus of control.
Marjorie, Parker, Wiener, Watters, Wood, &
Oke (2009) in a research on 192 girl and boy students from Canada showed that IQ, EQ and social
support predict academic success. In addition, the
research of Parker & Marjorie (2006) in Canada
indicated that successful group who were more
stable in education in comparison with unsuccessful group, have more interactions, interpersonal
adaptation and ability to control stress. Therefore,
he concluded that EQ is a good predictor for academic success (p < 0.001)
Suntonrapot (2009) in research on 820 ninegrade students in Tiland by multiple correlation,
MANOVA repeated measures, showed that there
is correlation between academic and non-academic self-concept and academic progress. This model
is compatible with experimental data.
Pullmann & Allik (2008) in a national research
on 4572 Estonian students found that general and
education self-esteem are strong predictors of
academic progress in school and academic failure
cause defensive mechanisms such as pessimism
toward educational abilities. Also, Wilkins (2003,
cited in Kashkulinejade kuhi, 1384) found that
there is correlation between self-concept and academic progress such as progress in mathematics.
Hansford & Hattie (1982, cited in Javir and
Sanchez, 2005) in his research identified the relationship between academic self-concept and academic progress about 0.77 to 0.96. Uguak, Elias,
Uli & Suandi (2007) in a research on 210 foreign
students living in Malaysia found that locus of
control has a meaningful relationship (0.52) with
academic progress. Hoover (2003) also in a study
on southern Carolina students indicated that locus
of control predicts 49 to 53% variance of academic success. Donald & Wessler ( 1994, cited in Soleimani nejad, 1381) in some researches expressed
that people who attribute their successes to external factors, are more stressed and this avoids success expectancy for them and this person will be
doubtful of his abilities to get successful.
O’Connor (2008) in a study on the social-economics status revealed that the parents education
730

level, cultural, social and interpersonal deprivations
are related to academic failure. Also, Pain & Bidel
(1998, cited in Caldas, 2000) carried out a research
in Louisiana of America and indicated that socialeconomical status predict variance of 45.5% and
poor families with two children in comparison with
poor families with only child have more negative
influence on academic progress.
Regarding the current research subject, some
researches’ are done in our country. Naghibi
(1375) in a research on third guidance school boys
in Ahvaz revealed that there is positive and meaningful relationship between IQ and students academic performance in P=0.001 level (r=0.159).
Alizadeh Darbandi (1385) in a pilot research on
high school girl students in Mashhad showed that
excitement skills education including adaptability, overcome stress meaningfully promote EQ
that improve mental health and success in life and
education. Also, the results of Dehshiri (1385) research on 153 girl and boy students in high school
revealed that there is a meaningful correlation
between EQ and academic progress. Regarding
academic self-concept Karimzadeh (1384) in a research about the relationship between general and
academic self-concept with the academic progress
among girl students of second of high school majoring mathematics and humanity in region 6 of
Tehran showed that two groups have meaningful
difference in p <0.0001in terms of general and
academic self-concept and the more positive the
academic self-concept, the more academic progress. Tahernejad (1383) in a research on 390 students of Shahid Beheshti University revealed that
there is a meaningful relationship between locus
of control and academic progress. Also Shahraray
and Soleimani nejad (1380) in a research on 150
students of third of high school majoring in mathematics in Tehran showed that there is negative
relationship between external control source with
academic progress from luck aspect and internal
control source has positive relationship with academic progress.
Lavasani and Dorani (1383) in a research titled
“ The review of the relationship between personal
and family characteristics with academic progress of
psychology and educational science students of Tehran University by regression analysis concluded that
education, fathers job, family income, living condiVolume 6 / Number 3 / 2011
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tion and diploma average has a meaningful relationship with academic progress of students (p <0.01)
By reviewing the results of the previous researches, we can find that the major problem of
these researches is that they have studied limited
variables separately while to understand the prediction of academic success or failure it is necessary that in a uniform research IQ, EQ, academic
self-concept, locus of control and social –economic status should be analyzed.
Considering the role that related literature expresses for the current research variables, the general goal of this research is that by IQ, EQ, academic self-concept, locus of control and socialeconomic status as prediction variables, the success or failure of first of high school are predicted.
Methodology
Statistical population of this research is including all successful boy students (passed) and unsuccessful students (failed) of first high school in Ramhormoz town studying in 1386-87. After making a
list of the names of all passed and failed students,
225 successful students (passed) and the same number of unsuccessful students (failed) was selected
as simple random and questionnaires were given
to them. After putting aside incomplete questioners
and the people who did not fill the questionnaire, the
data of 160 successful students (passed), and 160
unsuccessful students (failed), were analyzed. It is
worth to mention that successful students (passed)
were randomly selected from the same school that
unsuccessful students (failed) were studying.
Research instruments
1) Ravens intelligence test
Raven’s Progressive Matrices were built in England by Raven in 1954 and it aimed to measure
general intelligence. This test required finding reasonable relations in abstract matters and it was recognized as the best criterion for general intelligence
factor from England psychologists. (Anastasi, 1976,
cited in Sepahvandi, 1385). This test is consisting of
60 matrices in which some part is eliminated and the
Volume 6 / Number 3 / 2011

subject should find the deleted section among 6 or 8
different choices. The test cases are divided into 6
groups and each group is including 12 cases in which
difficulty level is increasing gradually. In the first
cases, only true recognition is important but in difficult cases of scale, the design change and other reasonable relations are discussed (Sepahvandi, 1385).
Raven’s Progressive Matrices is analyzed from
reliability and validity in different forms. From retest reliability aspect, correlation coefficients range
is from 0.85 to 0.96 and from split-half reliability
the range is 0.88 to 0.97 (Shekarkan and Haghighi,
1373, cited in Sepahvandi, 1385). The power of
progressive matrices in the prediction of academic
success is reported as between 0.35 to 0.65 (Baraheni, 1364, cited in Falahati, 1378). Sepahvandi
(1385) calculated the reliability of this test by split
half method as 0.89. From validity aspects, matrices
are correlated with the student’s scores. For the latter
correlation the range is reported from 0.30 to 0.80
(Sepahvandi, 1385)
2) EQ questionnaire of petrides and furnham
In this research EQ scale of petrides and furnham (2000, cited in Ali Akbar Dehkordi, 1386)is
used to measure EQ
This scale is made with the change of shot scale
(1998, cited in Ali Akbar Dehkordi, 1386) and by
using factors analysis method on the analysis of
this scale. Petrides and furnham 2000, cited in Ali
Akbar Dehkordi, 1386) believed that by modifying this scale, they could identify people who need
guidance and counseling. In addition, this questionnaire comprises 30 items, measuring the characteristics of EQ in four components including
optimism, emotion perception (self and others),
emotion management and social skills. In half of
the questions in petrides and furnham test, scoring method is reversed (Guesstlow & Guesstlow,
2003, cited in AliAkbar Dehkordi, 1386).
Petrides and furnham (2000, cited in Ali Akbar Dehkordi, 1376) reported reliability of EQ
scale and sub scales with Cronbach’s α 0.76 to
0.86. In addition, AliAkbar Dehkordi (1386) reported the reliability coefficient of all the scale by
Cronbach’s α as 0.77 and for sub scales as 0.70,
0.76, 0.77 and 0.75. In the current research the re731
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liability of the test by Cronbach’s α and split-half
coefficients for all the questionnaire is obtained
respectively as 0.67 and 0.65 and for sub scales it
was obtained respectively 0.39, 0.62, 0.34 to 0.55.
Petrides and furnham (2000, cited in Ali Akbar
Dehkordi, 1376) reported its high internal sensitivity to determine the validity of this scale. Also,
AliAkbar Dehkordi (1376) reported the validity
of petrides and furnham EQ by correlating it with
shot EQ test (1998, cited in by Shahbazi, 1384) for
all employed women and men in Ahvaz as 0.40 for
all the validity coefficient scale and micro scales
respectively 0.39, 33, 0.37 and 0.35. All of these
values were meaningful at p <0.001. In the current
research petrides and furnham EQ questionnaire
was calculated by correlating its scores with Shot
(1998) EQ scores that for all the questionnaire correlation ratio of 0.40 and for micro scales, correlation ratio of 0.14 to 0.52 was obtained that are
meaningful at p<0.05.
3) Delavar academic self-concept scale
This scale is provided by Ali Delavar (1373,
cited in Ebrahimi Ghavam, 1377), with 40 items.
Ebrahimi Ghavam (1377) used this scale in a research titled as” The effective factors on academic
failure of Allame Tabatabai University students”.
He stated its reliability by Cronbach’s α 0.78. In
the current research its reliability coefficient was
calculated by Cronbach’s α coefficients and splithalf as respectively 0.84 and 0.69.
According to the experts in this field, the test
is suitable from content validity (Ebrahimi Ghavam, 1377). In the current research to determine
Delavar academic self-concept, criterion validity
method is used (correlating the total score of questionnaire with 5 questions made for academic selfconcept). Here the given coefficients was 0.49 and
it was meaningful at p<0.001.
4) Rutter locus of control
This scale was provided by Rutter (1966) and
compromise 29 items and each item is consisting
of two sentences. Scoring method of this scale is
as zero and one. So, for reversed questions to sec732

tion “b”, each question is score 1and for section
“a” zero is given to each question and in the other
questions score 1 is given to questions “a” and
zero is given to questions “b”.
In the main sample, high score is considered as
external direction. In this research scoring method
is the main sample method and subjects who get 9
or more, have external control source and people
who get less score, have internal control source.
Hirsh & Skib (1967, cited in by Allame, 1381)
reported the reliability coefficients of Rutter
scale by test-retest method in different samples
in time duration of 2 months as 0.48 to 0.84. Saburi Moghadam (1372 cited in Yahyazadeh, 1384)
by split-half method, obtain the reliability of this
scale about 0.81. Validity of Rutter locus of control scale is reported by correlating it with Nowicki & Strickland test by Nowicki & Strickland
(1973, cited in by Allame, 1381) on a sample of
76students as 0.61. In addition, Movafagh (1375,
cited in by Yahyazadeh, 1384) showed the validity
of this scale by using concurrent criterion validity;
it means that Nowicki & Strickland internal and
external control source scale is 0.39 as a criterion.
To analyze Social-economical status of students, researcher-built questionnaire was used.
This questionnaire is composed of 10 items about
the personal, family and economical status of students and each question has 3 choices.
Results
Table 1 shows the average and standard deviance of successful or unsuccessful students in research prediction variables.
The content of table 1 shows that average and
standard deviance scores of successful group in intelligence variable is respectively 44.35 and 8.47
and in unsuccessful group is respectively 132.97
and 17.86. The average and standard deviance
scores of successful group in pessimism variable
as the component of EQ are respectively 36.79 and
6.64 and in unsuccessful group are 34.46 and 7.32.
The average and standard deviance scores of
successful group emotion perception (self and others) variable as the component of EQ are respectively 45.69 and 7.4 and in unsuccessful group are
43.91 and 8.1.
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Table 1. Average and standard deviance scores of successful or unsuccessful students in research prediction variables
Unsuccessful students
Deviation
10.55
17.86
7.32
8.1
7.09
5.62
11.81
2.67
2.84

Average
33.39
132.97
34.46
43.91
28.97
25.63
104.61
10.28
14.75

Successful students
Deviation
8.47
16.69
6.64
7.4
6.90
5.65
11.76
3.25
4.49

Average
44.35
139.45
36.79
45.69
30.81
26.15
116.12
8.24
17.08

Predictive variables
Intelligence
Emotional intelligence
Optimism
Own and other senses understanding
Evaluation and control of emotions
Social skills
Academic self-concept
Locus of control
Socioeconomic status

Table 2. The summary of Canonical discriminant function results by Enter method (5 predictive variables) and stepwise method (5 predictive variables)
Stage to stage discriminant
discussion

Co-occurrence discriminant
discussion

Important information related to
discriminant function

1
0.669
100
100
0.633
0.400
0.599
161.582
5
0.001
0.815
-0.815
79%
0.588
0.001

1
0.669
100
100
0.633
0.400
0.599
161.582
5
0.001
0.815
-0.815
79%
0.588
0.001

Function quantity
Specific value
Variance (%)
Compression (%)
Canonical correlation
Etta square
Wilks lambda
K Square
Freedom level
Discriminant function significance
Data central for successful group
Data central for unsuccessful group
Group membership prediction
Kappa coefficient
Significance of kappa coefficient

The average and standard deviance scores of
successful group in emotions control variable as
the component of EQ are respectively 30.81 and
6.90 and in unsuccessful group are 28.97 and 7.09.
The average and standard deviance scores of
successful group in social skills variable as the
component of EQ are respectively 26.15 and 5.65
and in unsuccessful group are 25.63 and 5.62.
The average and standard deviance scores of
successful group in academic self-concept variable as the component of EQ are respectively
116.12 and 11.76 and in unsuccessful group are
10.28 and 2.67.
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The average and standard deviance scores of successful group in social-economic statues variable as
the component of EQ are respectively 17.08 and
4.49 and in unsuccessful group are 14.75 and 2.84.
Research hypothesis indicates that linear combination of IQ, EQ, academic self-concept, locus
of control, social-economic status predict the academic success and failure of boy students of first
of high school in Ramhormoz. The results of table
2 directly and results of table 3and 4 indirectly is
related to research hypothesis.
As it is shown in table 2 (both in discriminate
analysis by Enter method in which 5 variables en733
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Table 3. The summary of stepwise discriminate analysis results with wilks lambda of 5 predictor variables

0.001

0.001

0.001

315

316

317

318

5

4

3

2

1

1st Freedom level

42.005

50.131

64.388

91.318

105.002

Statistics

318

318

318

318

318

3rd Freedom
level

1

1

1

1

1

2nd Freedom
level

5

4

3

2

1

1st Freedom
level

0.599

0.611

0.621

0.634

0.752

wilks
lambda

5

4

3

2

1

Variables
quantity

Locus of control

Emotional intelligence

Socioeconomic status

Academic self-concept

Intelligence

Imported

5

4

3

2

1

Step

Fixed F

0.001
314

Significance 2nd Freedom level

0.001

Function
Enter method

Predictors

Unsuccessful
group

0.497

Successful
group

0.230

*0.703

0.055

-0.015

0.070

-0.230

0.643

-0.255

0.672

0.481

2.342

0.704

0.270

0.383

Unsuccessful
group

-89.204

0.602

2.216

0.793

0.246

0.497

Successful
group

-

0.380

-0.419

0.599

0.230

*0.703

-7.195

0.074

-0.077

0.055

-0.105

0.070

-

0.278

-0.230

0.643

-0.255

0.672

Constant number

Socioeconomic
Status

Locus of control

Academic
self-concept

Emotional
intelligence

Intelligence

5

-

X

4

X

3

X

2

X

1

X

Code

Table 4. The standard coefficients table, non-standard, structural coefficients and classification coefficients of discriminant function by Enter and
stepwise method
Stepwise method

0.383
0.246

0.599

-0.077

0.278

-77.473

Variable

0.270
0.793

-0.419

0.074

-

Classification coefficients of
discriminant function

0.704
2.216

0.380

-7.195

Classification coefficients of
discriminant function

2.342

0.602

-

Non-Standard Standard
Constructicoefficients of coefficients of
onal
discriminant discriminant
coefficient
function
function

0.481

-89.204

Non-Standard Standard
Constructicoefficients of coefficient of
onal
discriminant discriminant
coefficient
function
function

-77.473

*The highest absolute correlation between each variable and discriminate function
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tered into analysis and in stepwise discriminate
analysis in which after entering all the variables,
each 5 variables remain in the analysis and due
to this the results of analysis by both methods
are the same), considering the amount of small
Lambda and the amount of large Chi- square and
meaningful level P<0.001, the obtained discriminant function has suitable discrimination power to
determine the dependent variable ( group in successful and unsuccessful levels). Therefore, the
hypothesis is true. To understand the first column
(important information about discriminant function) of table 2, explanations of number 1 to 10
are shown in the followings. Besides, the results
of 5 variables analyzed with stepwise method are
shown in table 3 and 4.
1. The number of functions: Number 1
indicates the only discriminant obtained by
two levels of criterion variable.
2. Eighen value: By considering table 2, eighen
value is just discriminant function 0.669(Enter
method) and 0.669 (stepwise method).
Generally, the more the amount of eighen
value in a function, the more discriminant is
the function (Khojastemehr, 1384)
3. Variance percent: It is clear that as there is a
discriminant function, the variance is 100%.
In some cases with many discriminant
functions, the more valuable function is the
one with more variance percent.
4. Canonical correlation and its square (Eta
squared): According to the information
in table 2, this value in discriminant
function by Enter method is 0.633 and by
stepwise analysis is 0.633. Eta squared for
discriminant analysis by Enter method is 0.40
and by stepwise method is 0.40. Therefore,
40% of diffraction is 5 predictor variables
by Enter method and 40% diffraction of 5
predictor variables by stepwise method for
the only discriminant function is determined
by the difference between two successful
and unsuccessful groups.
5. Wilks lambda: As it is shown in table 2,
this amount for discriminant function by
Enter method is 0.599 and for discriminant
function by stepwise method is 0.599 that
both values are meaningful at p<0.001, so
the research hypothesis is proved.
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6. Chi- square: As it is shown in table 2, this
amount for discriminant function by Enter
method is 161.582 and for discriminant
function by stepwise method is 161.582.
According to the value in meaningful row
of discriminant function, Chi- square is
meaningful at p <0.001. Therefore, the
research hypothesis is proved. So, we can
say that the given discriminant function as
meaningfully is having high discrimination
amount for two levels of criterion variables.
Considering the above explanation in number
5 and 6 the hypothesis for Enter method is
p <0.001 and X2(5, N=320)=161.582 and
L =0.599(Wilks lambda) and for stepwise
method p<0.001, X2(5, N=320)=161.582
and L =0.599 (Wilks lambda).
7. Score Centroid: As it is shown in table 2, score
Centroid for the only discriminant function
by Enter method for successful group is
0.815, in unsuccessful group is 0.815, and
by stepwise method is 0.815 for successful
group and 0.815 for unsuccessful group. This
means that cutting point of academic success
and failure in students for discriminant
function is zero and the given discriminant
function is a suitable discrimination function
to separate the successful and unsuccessful
group. Thus, if the scores of one group is
being put in discriminant equation and the
score is positive, it is predicted that the group
is successful and if it is negative, the group is
unsuccessful.
8. The prediction of group membership:
The given discriminant function by Enter
method (5 predictor variables) generally
79% of groups and with stepwise method (5
predictor variables) 795 of groups are well
classified.
9. Kappa coefficient: This coefficient shows
the modified precision of prediction
(Khojastemehr, 1384). In explanation No.
8 it was said that the given discriminants
function prediction power is 795 by Enter
method. As it is shown in table 2, the
modified precision of this prediction is
0.588. The modified precision of prediction
power of discriminant function by stepwise
method is 0.588.
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10. Meaningfulness of Kappa coefficient:
Kappa coefficient for the given discriminant
function by Enter and stepwise method
is meaningful at P<0.001. Thus, it can be
said that prediction power of the above
discriminant function is meaningful.
Stepwise discriminate analysis of academic
success and failure of students was done on 5
predictor variables (Intelligence, EQ, academic
self-concept, locus of control and social – economical status) and the results are shown in table
3. According to the information of this table, after
presenting 5 variables, each 5 variables remained.
In the first stage, IQ in the second stage academic
self-concept, in the third stage, social-economic
status, in the fourth stage, EQ and in the fifth stage,
locus of control came into analysis in which F for
5 variables at P<0.001 is meaningful.
Standard coefficients, non-standard, structural
and classification of predictor variables of discriminant function are shown in table 4. As it is clear from
the information in table 4, for the only discriminant
function with two analysis, four types of standard
coefficients, non-standard, structural and the classification of discriminant function are shown. As it is
shown in standard coefficient column of table 4, by
Enter method, IQ variable is the highest and again
in stepwise method, IQ variable is the highest variable. By non-standard coefficients shown in table
4, discriminant function equation is obtained. Thus,
by putting the scores of each group in the function, the predicted score is obtained. Considering
the scores Centroid of successful and unsuccessful
groups in table 2, if the discriminant score is positive, it is predicted that the group is successful and
if it is negative, it is predicted that the group is unsuccessful. Regarding the column of non-standard
coefficients and constant number of discriminant
function by Enter method the following predictor
equation was obtained.
D= y′ = -7.195+0.070 (X1) -0.015 (X2)+ 0.055(X3) -0.077(X4) + 0.074 (X5)

D= y′ = -7.195+0.070 (X1) -0.015 (X2)+ 0.055(X3) -0.077(X4) + 0.074 (X5)
It is worth to mention that y’ or D is the discriminant score or predictor score of each pair.
AS it is shown in table 4, for both Enter method
analysis and stepwise method, classification coefficients are indicated. According to the column of
the classification coefficients of discriminant function by Enter method of successful group in comparison with the unsuccessful group IQ,, academic self-concept and social-economic status show
higher scores and EQ and locus of control have
lower scores. The same condition is true about
classification coefficients by stepwise method for
each 5 variables in the analysis. In table 4 respectively structural coefficients of Enter and stepwise
method, the biggest absolute correlation is between IQ and the only discriminant function. As
it is shown in table 4, IQ, academic self-concept,
locus of control, social-economic status and EQ
respectively have the highest correlation with the
only discriminant function with 5 predictor variables by Enter method. As it is shown in table 4 IQ
, academic self-concept, locus of control, socialeconomic status and EQ variables have the highest correlation with the only discriminant function
with 5 predictor variables by stepwise method.
It is worth to mention that discriminant function
may be named to determine the variable that can
have the highest relation with it. Considering the
information in table 4, the only discriminant function has the highest correlation with IQ variable.
So, we can name the only discriminant function
as IQ. Considering the classification coefficient of
discriminant function and concurrent values and
with stepwise method, we can create two discriminant equations and by putting the scores of each
pair in two equations, two discriminant scores are
obtained. If the given score is close to the scores
Centroid of successful group, it is predicted that
it is a successful group and if the score is close
to the scores Centroid of unsuccessful group, it is
predicted that it is an unsuccessful group.

Regarding the column of non-standard coefficients and constant number of discriminant function by stepwise method the following predictor
equation was obtained.
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Discussion and Conclusion
The results of the current research was with
the prediction purpose of academic success and
failure by IQ , EQ , academic self-concept, locus
of control and social –economic status. The results as was expected proved the purpose of the
research. Regarding IQ, the results of the current
research are compatible with the results of stein
Mayer, Ziegler & Trauble (2009), Lasiter and
Baradus (2006), Riedel and Lansbury (2004),
Thelma (1998), Karbalayi Harfte (1383), Khalatbari (1376) and Naghibi (1375)
Grison (1999) in a research reported that IQ is
the best predictor of academic success, because
the average IQ of 15% of unsuccessful students
was under 110. Anderson (1992) believed that the
intelligence difference of people is due to the different dealing of the initial processing and thinking
that itself leads into knowledge. Thus, there is difference between people with the initial processing
speed of information. In addition, Shofild &Ashman (cited in Glover and Bruning, 1990, cited in
Kharazi, 1383) reported that intelligent students
in terms of information processing are better than
high average students and high average students
are better than low average students. They came
to the conclusion that the students with higher IQ
in comparison with the students with lower IQ,
have better academic performance. On the other
hand, according to Graham (1986, cited in Shahni
Yiylagh, 1375) stating about IQ, IQ with the high
leaning ability, positive attitude to the problems
and solving them, rapid conclusion, creativity and
concentration lead into academic success. So, we
can say that a percent of academic failure is due to
the students mental inability.
Regarding EQ, the result of the current research is compatible with the results of Marjorie,
parker, Wiener, Waters, Wood& oke (2009), Abraham (2006), petrides, Frederickson and furnham
(2004), Shalchi (1385) and Dehshiri (1385).
Congelosi & Peterson (1998) stated in their research that students who fail in the school have
weak communication skills. But students with
high EQ, have less deviant behavior, escape from
school and expulsion from school. Also, Pamplin (2005) in his research showed that the students with high EQ, have higher self-efficiency
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and self confidence and they can better cope with
problems. In addition, Shot and Malof (2002) in a
research on freshman students found that the students, who participated in the instructional course
of EQ, have higher academic success and social
adaptability in comparison with the student who
didn’t participate in this course.
Regarding academic self-concept, the results of
the current research is compatible with the results
of pullmann & Allik (2008), Avad (2007), Javir
and Sanchez (2005), Karimzadeh (1384) and Nasr
Esfahan (1382)
The researches showed that teenagers who
value themselves are successful in dealing with
others and are more stable facing difficulties. If
these people know consider themselves weak,
give up very soon (Marsh and young, 1999 cited
in Karimzadeh, 1384). Also, Seligman (1974, cited in Biabangard, 1380) believe that unsuccessful
students have negative feelings about their abilities. Probably these students work a little, but due
to the vain efforts, they can’t achieve success and
they found that they are not able to achieve success. This feeling leads into the lack of effort and
if they insist on their belief, it is not expected that
they learn anything.
Regarding locus of control, the results of the
current research is compatible with the results
of Uguak, Elias, Uli & Suandi (2007), Hoover
(2003), Karen (2002), Tahernejad (1383), Shararay, and Soleimani nejad (1380). The positive outcome of behavior that is attributed to the internal
reasons such as ability and effort, create pride and
self-esteem feeling in a person. But the success attributed to external factors such as luck or others
help doesn’t create pride and self-esteem feeling
in a person. However the failure attributed to less
ability, is leading more to embarrassment in comparison with the failure attributed to difficult duty
or bad luck (Weiner, 1977, cited in Seif, 1384).
Also, Flowers, Milner and Moor (2003) in their
research found that the students with internal locus of control in comparison with the students
with external locus of control have high academic expectancies. In addition, Donald & Wessler
(1994, cited in Soleimani nejad, 1381) in some researches expressed that people who attribute their
success to external factors, get more stressed and
this many avoid their expectancy from success in
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future. So, the person doubts about his abilities to
achieve success.
Regarding social-economic status, the results
of this research are compatible with the results of
Cutter and Guma (2006), Ingwiler (2005), Caldas
(2000), Zaki (1384), Lavasani, and Dorani (1383).
The parents of low social and economical status
emphasize more on respect toward authority, but
the average status, insist more on curiosity growth,
responsibility, internal control and working due
to long-term goals and being sensitive to in communication with others (Tahurian, 1373, cited in
Fathi, 1385). Also, the parents in high social-economic status have higher dreams and motivations
in comparison with the low social-economic statues families. So, they expect that their students be
successful in their studies and they try to support
and encourage them and force others also to help
their children (Zare, 1374, cited in Biabangard,
1380). In addition, O’Connor (2008) in a study on
the social-economics status revealed that the parents education level, cultural, social and interpersonal deprivations are related to academic failure.
Also, Pain & Bidel (1998, cited in Caldas, 2000)
in a research indicated that social-economical status predict variance of 45.5% and poor families
with two children in comparison with poor families with only child have more negative influence
on academic progress. To make the results of this
hypothesis clearer we can say beside the above explanations that some percent of academic failure
is due to less attention in childhood, growing up
in an environment without incentive or motivation
and also mental inability and the lack of ability to
learn. Also, high EQ with increasing positive mood
changes for adaptive interaction in person, thinking organization and memory content, increasing
the emotions recognition to cope with stressful
situations and the management of disasters by
emotions regulation all lead into the increase in
academic success and its effective activity. On the
other hand, the positive self-concept increase capability, high-mindness and ensuring thinking in
the person, so, the person tries to do the works by
selecting the real goals and doesn’t lose the successful behavior opportunities. Also high internal
locus of control make the person thinks that he
has positive intervention on his destiny and their
life events are the result of precise planning and
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continuous efforts. Therefore, they are not passive
toward their life events and accept the responsibility of their behavior and deeds and try to achieve
success. Also the low social-economic status and
the lack of thinking in families and parents cause
that they couldn’t have good attitudes and emotional and logical relationship with themselves
and their children to help them in their lessons or
provide them with good educational instruments.
In return, in high social-economic status, children
do not have such problems.
As it was said, the research model was proved.
In other words, by IQ , EQ , academic self-concept,
locus of control and social-economic status variables we can predict academic success or failure
and based on this model, a model can be provide
to prevent academic failure or improving deficits
in academic performance. As it is clear from the
results of the research, intelligence in the current
model has the main role and in this case, there is a
reciprocal relationship between intelligence level
and the quality of academic output. Thus, to help
students for improving the academic quality and
achieving success, we should not ignore the importance of increasing their intelligence. By having an effective model by which we can predict
intelligence assessments, EQ, academic self-concept, locus of control and Social-economic status
before academic performance, the effect of intervention and problem-solving increase.
The limitations of the current research are as
the followings: 1- being cautious about generalizing the results of the current research to girl students and other grades and other cities or provinces in the country, 2- less certainty of the current
research results in comparison with experimental
and quasi-experimental methods due to the correlation nature of information and not showing
causative relations between variables and 3- The
studied variables are not comprehensive representation of all the variables and approaches about
academic success and failure.
It is recommended to analyze other personal,
family, social and institutional factors effective
in academic success and failures in future studies and do the researches similar to the current
research about girl students and other provinces
of the country. Also, as the strongest predictor of
academic success and failure was intelligence, it
Volume 6 / Number 3 / 2011
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is recommended that educational researchers and
experts use the results of this research in healthinstructional interventions.
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Application promethee-gaia
methods when selecting new
product
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University of Novi Sad, Technical faculty ”Mihajlo Pupin”, Zrenjanin, Serbia

Abstract
This paper gives the basic aspects of multicriteria analysis and PROMETHEE-GAIA methodology, which has successful usage in multicriteria
decision making. Analysis was based on hypothetical example of customer decision making process
during a purchase of new car tyre. The selection
process was made among four types of tires equal
dimension and same manufacture (“Tigar Tyres”Pirot, Serbia), but with different driving characteristics.
Calculation and comparative analyses of decision making results were done by usage of Decision Lab software and finally the most profitable
buying product solution was proposed.
Key words: multicriteria decision-making,
PROMTEHEE-GAIA method, tyre, criterions.
1. Introduction
The most of economical, environment, social
and technical solution problems belong to the
group of multicriteria decision making. Furthermore, the criteria used to determine these consequences are often contradictory and not equally
important. For example better product quality
determines greater price. In the presence of multiple conflicting criteria, an optimal alternative
scheme never exists. Besides real criteria values
upon which decision was made, selection of the
best compromising solution also depends on decision maker according to his individual preferences
(Kolli, 1992; Brans and Mareschal, 1984 ).
Customer satisfaction represents a modern approach for quality in enterprises and organizations
742

and serves the development of a truly customerfocused management and culture. Measuring customer satisfaction offers an immediate, meaningful and objective feedback about clients` preferences and expectations. (Mihelis, et al., 2001)
In this study, as one of the potential solutions
for solving established decision making problem,
the PROMETHEE-GAIA method that belongs to
the wider family of the outranking methods, was
selected due to its simplicity and its capacity to
approximate the way that human mind expresses
and synthesizes preferences when facing multiple
contradictory decision perspectives (Brans and
Mareschal, 1994).
Promethee is a popular decision method that
has been successfully applied in the selection of
the final solution of convex MOPs . It generates a
ranking of available points, according to the DM
preferences, and the best ranked one is considered
the favorite final solution. (Parreiras, and Vasconcelos , 2007)
2. Methods of analysis
The relatively large amount of data generated
in a practical research made it difficult to compare
the sites and important particle sizes using univariate analysis only. This problem was overcome by
using multivariate approaches in order to explore
and understand relationships between the objects
and the variables. (Kokot, et al., 1998) The selected particle size ranges and sites were ranked with
the help of multicriteria decision making methods
(MCDM). Different types of software can be used
to help this decision making process. In this research, methods referred to as PROMETHEE and
Volume 6 / Number 3 / 2011
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GAIA were used with the aid of DecisionLab software. (Visual Decision Inc., 1999)
PROMETHEE is a non-parametric method,
which ranks a number of objects or actions, in
this case the types of tires on the basis of a range
of variables or criteria (price, noise level, weight,
maximum speed, maneuverability, comfort).
GAIA is a visualization method, which displays
PROMETHEE results as simple principal component analysis biplots. (Herngren, et al., 2006)
Like all outranking methods, PROMETHEE
proceeds to a pair of wise comparison of alternatives in each single criterion in order to determine
partial binary relations denoting the strength of
preference of an alternative a over alternative b.
The evaluation table is the starting point of the
PROMETHEE method. In this table, the alternatives are evaluated on the different criteria. These
evaluations involve mainly quantitative data. The
implementation of PROMETHEE requires two
additional types of information, namely:
–– the information on the relative importance
that is the weights of the criteria considered
and
–– the information on the DM preference
function, which he/she uses when comparing
the contribution of the alternatives in terms
of each separate criterion. (Mergias, et al.,
2007)
Weights. The weights coefficients can be determined according to various methods. (Nijkamp,
et al., 1990) In the present paper, weight factors
reflecting the DMs previous experience and their
insights are adopted.
Preference function. The preference function
(Pj) translates the difference between the evaluations obtained by two alternatives (a and b) in
terms of a particular criterion, into a preference
degree ranging from 0 to 1. Let

be the preference function associated to the criterion, fj(i) where Gj is a nondecreasing function of
the observed deviation (d) between fj(a) and fj(b). In
Volume 6 / Number 3 / 2011

order to facilitate the selection of a specific preference function, six basic types have been proposed:
usual function, Ushape function, V-shape function,
level function, linear function and Gaussian function (as presented in Figure 1). (Brans and Vincke,
1985; Brans and Mareschal 1994)
Individual group analysis. PROMETHEE
permits the computation of the following quantities for each alternative (a) and (b):

For each alternative (a), belonging to the set
A of alternatives, π(a,b) is an overall preference
index of (a) over (b), taking into account all the
criteria, φ+(α) and φ−(α). φ(α) represent a value
function, whereby a higher value reflects a higher
attractiveness of alternative (a) and is called net
flow.
The PROMETHEE I partial ranking provides a
ranking of alternatives. In some cases, this ranking
may be incomplete. This means that some alternatives cannot be compared and, therefore, cannot
be included in a complete ranking. This occurs
when the first alternative obtains high scores on
particular criteria for which the second alternative obtains low scores and the opposite occurs for
other criteria. The use of PROMETHEE I, then,
suggests that the DM should engage in additional
evaluation efforts. (Brans, et al., 1986).
PROMETHEE II provides a complete ranking
of the alternatives from the best to the worst one.
Here, the net flow is used to rank the alternatives.
Additional tools, such as the ‘walking weights’,
can be used to further analyse the sensitivity of the
results in function of weight changes.
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general agreement and the length of the variable
vector shows the amount of important deviations
observed. Thus, a variable with a larger deviation will have a longer axis than a variable with
a small deviation. Further information on how to
use PROMETHEE and GAIA as well as the algorithms for these procedures has been documented
elsewhere. (Khalil, 2004; Kelle 1991)

Fig. 2. Alternative and criteria positions in GAIA
plane
3. Data analysis

Fig. 1. Preference functions of PROMETHEE.
m - indifference threshold;
n - strict preference threshold;
σ - middle value between m and n.
The two main PROMETHEE tools can be used
to analyse the evaluation problem:
the PROMETHEE I partial ranking,
the PROMETHEE II complete ranking.
GAIA, on the other hand, is a descriptive complement to the PROMETHEE methods, which
makes use of the principles of principal component analysis (PCA) (Brans and Mareschal,
1992). The GAIA plane (Fig. 2) corresponds to
the projection of PROMETHEE II results on the
first two orthogonal principal components. Criteria or variables are then represented by axes or
vectors, whose orientation and length illustrate the
importance of the variables. Axes oriented in similar directions correspond to variables that are in
744

PROMETHEE-GAIA methodology, used in
this paper, was introduced through a hypothetical
example of customer decision making process during a purchase of new car tyre. Tyre purchaser is in
position to chose among the group of four tire models with the same dimensions (195/65 R15): Sigura,
Winter 1, Prima and Hitris. Selection process will
be done according to the six following criterions:
price (din), noise level (dB), weight (kg), maximum
speed (km/h), maneuverability (quality value) and
comfort (quality value). Scale in Table 1. is used to
define numerical values of quality criteria values.
Alternatives values for given criterions are presented in Table 2.
Decision maker assigned the following weights
values to each criterion: price-0.20; noise level 0.10; weight- 0.10; maximum speed-0.10, maneuverability-0.30; comfort-0.20. The values of given
weights showing that in decision process decision
maker will equally respect criterions noise level,
tire weights and maximal speed Something more
important are price and comfort with weight values 0.2, and most important criterion is maneuverability with weight value 0.3.
Besides weight factors, decision maker also
have to apply corresponding preference function to
Volume 6 / Number 3 / 2011
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Table1. Linear scale used to quantify the quality attributes
0

1
2
Extremely low

3

Low

4

5

Middle

6

7

High

8

9
10
Extremely high

Table 2. Linear scale used to quantify the quality attributes
Criterion
Tyre type

Price
(din)

Noise level
(dB)

Weight
(kg)

Maximum
speed (km/h)

Sigura
Winter 1
Prima
Hitris
Weight coefficient

min
3800
4000
4700
4400
0.20

min
72
70
73
71
0.10

min
8.15
8.44
8.92
8.1
0.10

max
190
210
240
210
0.10

Maneuverability
Comfort
(quality value) (quality value)
max
7
5
9
7
0.30

max
7
7
5
9
0.20

Table 3. Given preference functions, with corresponding parameters and weights

m
n
t

k5

k6

I

k4
II

III

V

0.1

3.0
0.1

2.5
0.3

1
2
0.2

k1

k2

k3

I

IV

0.2

0.2
0.5
0.1

each criterion. After reviewing the problem, decision maker assigned parameters, weights and preference functions to criterions, shown in Table 3.
Different types of software can be used to help
this decision making process (Visual Decision
Inc., 1999). In further research, methods referred
to as PROMETHEE and GAIA were used with the
aid of DecisionLab software (Figure 3).

Based on calculated positive (Φ+) and negative
(Φ-) net preference flows, PROMETHEE I partial
ranking was done. (Figure 4)
PROMETHEE II method enables possibility of
complete alternative ranking to decision maker, as
it shown in Figure 5.

Fig. 3. Starting window with all defined parameters, weights and preference functions for given criterions
Volume 6 / Number 3 / 2011
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Fig. 4. PROMETHEE I partial ranking

Fig. 5. PROMETHEE II complete ranking
PROMEETHEE ranked the alternative tyres
from best to worst options, in terms of given criterons. As seen in Figure 4. and Figure 5. the most
profitable buying product solution is Hitris followed by Sigura and Winter 1, and Prima is calculated as worst alternative.
It is obvious that PROMETHEE I and PROMETHEE II methods do the ranking of all alternatives according to chosen weights of particular
criterions, therefore a special option of used software called THE WALKING WEIGHTS enables
starting weights modification. Due to that option,
decision maker is now in position to analyze the
sensibility of final results. (Figure 6.)

incorporates a decision axis, pi, which compliments the decision from the PROMETHEE ranking. When pi is long, the most preferred objects
are oriented in its direction and furthest from the
point of interception of the principal component 1
and principal component 2 axes. With the “minimized” modeling option, variables which are associated with particular objects were displayed
opposite those objects. Quadratic shapes represent
the variables in the GAIA-analysis (price, noise
level, weight, maximum speed, maneuverability,
comfort), while the size fractions of each site are
represented by rectangle shapes.
Based on the positions of alternatives and criterions in GAIA plane (Figure 7) it is obvious that
all given criterions are very conflict between each
other (different axis orientations). Several alternatives are very good for certain criterions (there
nodes are positioned in direction of certain criterion). For example Sigura tire is good by criterion
price, alternative Prima is good by criterions maneuverability and maximum speed, Hitris is good
for comfort, Winter 1 for level noise. Direction of
pi vector indicates alternative Hitris as the most
optimal solution.

Fig.7. GAIA plane with decision stick
Fig. 6. WALKING WEIGHTS
One of the advantages of using PROMETHEE
and GAIA in this work was that PROMETHEE
ranked the each tire type for given criterions while
GAIA provided important information on correlations between the variables and alternatives.
Another advantage of these MCDM is that GAIA
746

4. Conclusion
This paper introduced multicriteria decision
making approach based on the PROMETHEEGAIA method, applying it in hypothetical selection of the final solution of multiobjective optimization problem. The MCDM process has been
Volume 6 / Number 3 / 2011
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used to define the most optimal buying option
from a prospective of any customer who decides
to purchase new car tires.
The usage of software Decision Lab has made
the calculation and comparative analysis much
easier for understanding and also for further discussions. Besides that, attained results could have
significant effects on the tire producer in improvement aspects of non-optimal tire solutions mentioned in this paper.
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Abstract
In this paper, the combined learning is considered, as a new educational and pedagogical dimension. The importance of information and communication technology is emphasized as an indispensable factor for its support. The paper analyzes
a proposed software solution for that purpose. The
paper analyzes a proposed software solution - Elearning system adjusted to this concept. It can be
concluded that the method of combined learning
represents a significant improvement of the educational process.
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1. Introduction
Traditional classrooms have been the dominant
forms of knowledge transfer in the last 3000 years.
Even today, almost 80% of teaching takes place
in classrooms. The printed books have been the
latest universal learning technology. However, in
the last 100 years, over 100 new technologies for
learning were represented. Experience with these
technologies has opened opportunities for improvements in quality, efficiency and benefits of
learning. Only now, it has become clear that learning by practice involves the use of “mixed” combination of both traditional and technology-based
methods. Technological development is present in
almost all areas of human life, with a direct impact
on improving the education system.
It is known that one of the factors that influence changes in society is education. The changes
that need to be made within education in order to
748

foster technological development are the following: changes in the educational process related
to the education system, information technology,
education and its impact on the forms, methods
and ways of working. The University Of Sarajevo
is aware of this condition and, in order to accept
the integration and new organisation readily, it had
prepared the following documents [1]:
1. The concept of integrated university.
2. The status of integrated university.
3. Office organisation in rector department.
4. The concept of integration of basic teaching
positions.
It is known that the problems in education,
such as outdating of program contents due to scientific and technological development, unfavourable working conditions, lack of necessary teaching materials and teaching aids etc. are the causes
that are manifested in the effects of the educational
process. The constant development of technology
requires changes of program content, continuous
education of teachers and introduction of innovations in the teaching process.
In parallel with the scientific and technological revolution, the increasing importance is given
to the new cultural and ethical values, which are
reflected primarily in a positive acceptance of creativity and innovation. These values have been
largely suppressed and marginalized in traditional
systems. Running of the school is becoming more
difficult. These problems reflect on education. The
traditional school is neither able to realize its goals
fully, nor is it able to form a clear idea of each of
its students’ possibilities. In this sense, introducing
the new courses concepts to support active learnVolume 6 / Number 3 / 2011
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ing in teaching is aided by modern technology [2].
For example, Information communication technologies are the research priorities in Bosnia and
Herzegovina, and they influence the education
system greatly [3-5].
Given that the primary task of the school is at
stake, we can ask the question: Is the school “dying”? One thing is certain - the traditional system
of education must be innovated. Can individualization and differentiation of teaching “inspire”
school? Do the individualization and differentiation of teaching reflect positively on the effects of
teaching? Answers to some of these issues will be
given in this paper.
In addition, although the phenomenon of individualization and differentiation of instruction
have long been known in the pedagogical and
psychological theories and teaching practice, this
problem is still very up-to-date, because it needs
to comply with current requirements of technical technological development.

frame (Khan’s frame). The frame has eight dimensions (Figure 1) [7]:
–– institutional,
–– educational,
–– technological,
–– interface design,
–– assessments,
–– management,
–– support resources,
–– ethical.

2. Combined (mixed) learning
Mixed learning focuses on optimizing the accomplishment of objectives in learning in such a
way that the “right” learning technologies are applied in order to select the right style of learning
and thus convey the “real” skills to the “right”
people in the “right” time. Principles that are embedded in this definition are the following [6]:
–– We focus on learning objective more than
on the method of learning transfer,
–– Many different styles of individual teaching
should be supported in order to reach wide
audience,
–– Each of us brings different skills to the
learning experience,
–– In many cases, the most effective learning
strategy is “just what I need at the right
time.”
A large number of factors must be taken into
account when designing learning environments.
Many of these factors are interrelated and interdependent. Systemic understanding of these factors
can facilitate the creation of distributive learning
environment. These factors make up the octagonal
Volume 6 / Number 3 / 2011

Figure 1. Khan’s octagonal frame [7]
The institutional dimension deals with the organizational and administrative services and academic issues.
Pedagogical dimension addresses the needs of
students which are to be provided. It covers the
strategic aspects of E-learning. This is a dimension
of “proposed” scenario, in which all the learning
objectives in a given program are explicitly stated,
and then the appropriate method is selected.
When the methods that will be part of a combination of education are defined, one must take into
account the technological aspects. They include
creating a learning environment and tools that will
provide learning programs. This dimension addresses the need for the most appropriate learning management system (Learning Management System
- LMS) that would manage multiple types of work
and learning content management system (Learning
Content Management System - LCMS), which catalogues the contents of the learning program.
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Interface design is related to the user interface
of the combined learning. It must be ensured that
the user interface supports all elements of the combination. Interface must be advanced enough to
integrate with different parts of the combination.
Dimension of estimation deals with the utility of
the combined learning programme. The program
should be able to assess the effectiveness and efficiency of each student. Management is related to
the managing of the program for combined learning,
such as infrastructure and logistics, in order to run
multiple operating modes. Ethical dimensions primarily identify issues related to cultural and national
particularities. These are the issues related to opportunities, cultural diversity and ethnicity. Dimensions
of resources for support deal with the creation of different types of resources (offline and online) which
are available to students and their organization.
In the past, components for the combined
learning were limited within the classroom (reading, labs, etc.) and books. Today there are many
approaches to learning such as [6]:
–– Synchronous physical formats:
• classrooms and reading,
• laboratories and workshops,
• excursions.
–– Synchronous online formats (live e-learning)
• electronic “meetings”
• virtual classrooms,
• Web Seminars and radios
• teaching,
• information.
–– Independent asynchronous formats:
• documents and web pages,
• training modules based on web and
computers,
• assessments / tests and research,
• simulation,
• recorded live events,
• communes of online learning and
discussion forums.
Selection of the most appropriate media, activities and facilities for hybrid learning can be based
on several criteria:
–– stable course content justifies the investment
in online education,
750

–– more time available and greater financial
resources allow production of more complex
content and application of interactive
multimedia web-based technology,
–– self-paced learning without teachers is
appropriate only if the successful learning
does not require interactions between
students and professors.
For successful implementation of hybrid learning, any of the usual combinations (models) of
online and offline teaching should be selected [8]:
–– amendment model - the traditional ways
of learning in the classroom are added to
various online learning activities,
–– partial replacement model - instead of using
traditional teaching methods and teaching
face-to-face, the online forms of teaching
are used only for selected themes / lessons,
–– the model of domination of online teaching
- online materials that students use at their
own pace, with minimal learning in the
classroom, with online help, and offline
personal contacts with teachers,
–– the complete online model - all course
materials are available online and interacting
with students is also fully online,
–– model of “self-service” - the students can
choose between using online and offline
content presentation, and between online
and offline contacts with the teacher.
In the combined learning, students work alone
and with others, both in direct communication in
the classroom and within virtual classrooms.
Processes that are the basis of active learning are:
–– selection of relevant material occurs when
students pay attention to the appropriate
words and images of presentation materials.
This process involves bringing external
material into working memory of the
cognitive systems,
–– organizing of the selected material includes
relations of structural formation of elements,
–– Integration of materials into existing
knowledge involves the construction of the
connection of new material and relevant
parts of prior knowledge. This process
involves the activation of knowledge in
Volume 6 / Number 3 / 2011
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long-term memory and its integration
in working memory. For example, in
multimedia, students can pay attention to
certain words and images to organize them
in a cause - effect chain and connect to prior
knowledge.
Mixed or hybrid learning are the names that
are used together to describe learning that combines classroom learning with online learning. Important parts of this type of learning are activities
linked to learning content via the Internet. This
type of teaching allows users (students) to work
flexibly, while teaching through personal contact
with professors and colleagues is a typical characteristic of traditional teaching.
Courses that are conducted as combined or hybrid courses within the teaching process combine
learning in the classroom and online learning via
the Internet. Students could expect the training
and guidance to be done partly in the traditional
classroom and partly online. The division on online and classroom learning depends on the objects
content. Some assignments may require additional
use of the Internet to find information needed to
solve the tasks.
Mixed learning is primarily meant for students
who:
–– are interested in both kinds of learning - in
classrooms and online learning
–– are busy (work or family) and want to
replace a part of time which should be spent
in school with online learning
–– want to preserve the value of personal contact
with professors and other students, but also
to perform certain tasks independently.
3. Possibility of application of information
technology in combined learning
One of the most important success factors of
online teaching is effective communication. From
the very beginning of On-line teaching, through
its course, and at the end of online teaching, the
teachers in online communication use proven and
successful teaching methods and develop their
own methods. Communication with each individual student is different because every student
Volume 6 / Number 3 / 2011

has his/her own style of learning. It is followed by
messages related to teaching content (discussion
of tasks, support for mastering the content, motivating students to work).
Today, there are numerous sophisticated software tools designed to support the learning process [9-11]. Certainly, the Internet represents one
of the most important elements in such computer
technology. By allowing access to users regardless of location, Internet applications allow an
extension of learning beyond educational institutions. This concept allows the improvement of
the conventional learning by independent learning, as well as distance learning [12,13]. All major
universities of the world fight for their position in
the use of online learning. President of Penn State
University says the use of classroom and online
education is “the only major unrecognized trend
in higher education today“[14].
There are five parameters that show the dynamics of the model of individualized instruction [15]:
1. Individualization of teaching content: The
student chooses a specific topic from the
available educational content of individual
subjects, according to his/her interests, the
student repeats the exercise in accordance
with his/her capabilities (number of
repetitions and exercise can vary in quality,
weight and (or) the quantity, the number),
2. Individualization of time: refers to the speed
and pace of work,
3. Individualization of learning sequences:
the possibility for selection and the
reorganization of teaching sequences
according to the previous experience of
individual students, its overall cognitive,
emotional and motivational structure,
4. Individualization of personal attention:
different communication between teachers
and individual students, specific, individually
oriented and differentiated feedback and
encouragement for each student,
5. Individualization of students’ and teachers’
activities in the teaching process: the choice
and use of various learning activities by
students and teaching activities by teachers
in order to achieve common goals and
objectives in a better and more effective
way.
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Internet is a global computer network and an
outstanding medium that can be implemented in
the education process [16-19]. It is difficult to estimate the amount of information and to show how
great it really is.
By sophisticated tools, extremely detailed and
precise parameters of Internet data traffic can be
obtained. On the Internet Traffic Report website,
the following accurate information about the parameters of the Internet are presented.

surfing - 39%, reading news - 35%, chat - 34%, the
search - 30%, and,finally, the download - 27%.

Figure 4. Internet access and use of computers
and the Internet according in Serbia to education
[21]

Figure 2. Index of the continental bandwidth of
Internet [20]
Based on the research of the Centre for Political Studies and Public Opinion of the Institute of
Social Sciences, University of Belgrade, the following statistics on Internet usage in Serbia were
obtained:

Figure 3. Internet access and use of computers
and the Internet in Serbia per age [21]
According to October 2001 survey, conducted
by advertising agency Masmi [22] on the sample
of 1000 Internet users in Serbia, the percentage of
Internet users is estimated as 13% and the number
of daily Internet users as 304,050. Electronic mail is
by far the at the first place (61%), followed by: free
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In August 2004, the Serbian government adopted a strategy of development of telecommunications. The importance of Internet technologies for economic development is highlighted
[23]: “Web technology is changing the nature of
the global development with exceptional speed,
range and mobility, which is based on competitive telecommunications networks, Internet technology and computer resources, IC technologies,
and the declining cost of communication. It is a
real risk that if a country is not included in the
Web economy from the initial phase, it will stay
out of it forever. This means a massive outflow of
educated and specialized personnel, which is the
most significant loss of available resources. It will
also threaten the economic basis of business. A
Web economy involves an inherent mobility, i.e.
shift of economic activity to any location. Finally,
it is given that the web economy, as a catalyst for
overall development, not participating in it will
cause a general economic stagnation”.
Complete information and Internet technology
is based on the development of computer hardware and telecommunications services. Hardware
development has resulted in large speed increases
in all components of the system, especially the
central processing unit, then a large increase in
memory capacity, reduced overall dimensions,
networking and compatibility of different systems,
communication, and multimedia features. Almost
all system components have experienced a great
Volume 6 / Number 3 / 2011
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progress and, most importantly, remarkable fall in
prices of hardware. Therefore, the application of
IC technologies is undoubtedly an essential factor
in the education system.
This paper emphasizes a concept of educational
software that can be applied in a combined learning. The system is designed for creating on-line
courses and tests, and mutual communication of
participants. This software is an Internet-rounded
educational system. The crucial concept of this
software is based on its universality. This concept
represents a universal system for creating courses,
tests and forums. The system enables [24]:
–– Fully flexible learning “anytime, anywhere”
–– Individualized, personalized, and relevant
teaching and learning
–– Lessons exempt from classic conventional
physical stress related to location, building,
arrivals
–– Students can be in very large numbers, but
also in small groups, even individuals
–– This way of learning is very cost effective
and adaptable medium for small educational
institutions with limited budgets
The universality of this concept is based on
several elements:
–– Tools for creating interactive courses and
tests for general purpose
–– Subsystems of the proposed solutions, which
represent a totality of all elements of an
e-learning system
–– All functions of the user’s privileges are
adjusted to all participants in the system:
system administrator, teacher, student and
visitor
–– Database design supports all the elements for
the formation of courses, tests and forums
–– The system provides event management and
protection of the general classification of
events on public, protected and private level
–– Typical system of tests, by multiple-answer
choice, and treatment and presentation of
results
–– Components of the system make up a
complete e-learning model, including
support for all components of the system
(users, technical administration of the system
and elements of the educational process)
Volume 6 / Number 3 / 2011

Figure 5. Introduction of AlefMentor educational
system
Courses, tests, and Forums are general elements of e-learning system. The possibility of applying interactive tools for this purpose allows users to form courses, tests and forums for universal
use. Educational process in this system is in the
form of courses, tests and forums [25]:
–– Courses are the basic unit of transfer of
knowledge between teachers and students.
–– The tests are the basic unit of measure
of success of the transferred knowledge.
Within a course, more tests can be structured
–– Forum, in addition to courses, represents the
basic form of cooperation between students
and professors. Within a course, it is possible
to organize more activities of the forum
User’s privileges are universal principles in the
software design. They are based on the roles that
individual participants have in the entire system.
The proposed model provides the following functions based on user privileges [25]:
–– Management of users - Administrator
and teachers can manage privileges and
access rights of others – for registered and
unregistered users.
–– Communication - All users can
communicate using the system for private
communication that the system offers.
–– Management of courses content - links all
the functions that allow teachers to create
courses.
–– Access to training material - connects all
the features that allow students to attend the
courses.
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–– Customer collaboration - a group of
functions that allow users to collaborate
within a single course.
–– Installation - is made up of different
functions that enable administrators to
install the system successfully.
Considered e-learning model is a totality of a
large number of subsystems. Due to classification,
system participants are assigned particular roles,
protection is enabled and the entire process of system maintenance on the external and internal level
is systematized. The figure shows the process of
assigning the right to user by the administrator.

Figure 7. Database diagram [27]
Figure 8 describes the basic system of events.
Content of courses and tests may be indicated as
visible or invisible to external users.

Figure 6. Assigning of rights to a user by the administrator [26]
The universality of application of this educational concept is specifically designed database. Figure
7 shows the relation model of the entire database of
the proposed solutions. From the figure, one can see
that the entire model of relation databases can be
grouped into several logical categories:
–– Group of tables with the content of
educational materials
–– Group of tables that are related to the
material and control tests
–– Group of tables intended for all types of
external and internal communication
–– Table designed for maintaining data on
users,
–– Group of tables for maintenance of data
templates - templates
754

Figure 8. Event management system [28]
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Statistics system monitors the following parameters [28]:
–– On the test level:
–– Number of users per test
–– How many times the users took the test
–– How many users passed the test
–– How many users failed
–– How many tests were not graded
–– How many tests were not completed in
given time

–– enrolments
–– operation and maintenance courses and tests
–– review of the results and in insight into the
statistics
–– management of user roles, etc.

On the user level:
–– How many times the user took the test
–– How many times that user passed the test
–– How many times that user failed the test
–– How many times the result was not graded
–– How many times the user did not complete
the test in given time
On the question level:
–– How many times the question was answered
correctly
–– How many times the question was answered
incorrectly
–– How many times the users did not answer
the question.
Figure 9 shows a segment of the information
flow of considered E-learning system. Information
flow at test management is shown schematically.
Initial information comes from a teacher who has
the role of creating and maintaining tests material.
After being activated, the test becomes “visible” to
the student, allowing answering of the questions.
Completion of student’s response is based on the
confirmed entry. The structure of the test is based
on multiple-answer choice; therefore, the automation of results processing, insight into the statistics
of correct answers and passed tests is enabled.
Figure 10 shows the general concept of applicative structure of the software solution, expressed
in the form of class diagrams. The figure shows
some of the basic methods of individual classes,
with schematically indicated connections between
them. Based on the defined classes and their methods, some of the underlying shares awarded to
Professor are related to:
–– communication
–– forums management
Volume 6 / Number 3 / 2011

Figure 9. Method of presentation of test results [28]
Most students are assigned roles and rights for
the entire system, by using defined methods related to the choice of forum group, communication,
registering on the system, review of the courses
and tests. The figure shows some of the other basic
class software solutions, primarily related to the
management of templates, all educational materials, managing users and forums.
Figure 11 outlines the basic components of the
system user form. Basic component Root acts as
basic maintenance of the whole system. (configuration). Group roles (teacher, student, administrator ...) were separated into a separate entity to define user form of HTML documents and related
classes. Forums, quizzes and a system for external
communication belong to the next group of components of the system, for general purposes.
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4. Experience in application of combined
learning

Figure 10. Class diagram of the proposed model
[29]

Figure 11. System components [29]
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Combined learning is still in the early stage of
its development in Serbia, so there is little indication of how to create the most effective program of
combined learning. However, research institutions
such as Starford University and the University of
Tennessee have provided important insights into
some of the mechanisms by which the combined
learning is better than both traditional methods
and the individual forms of e-learning, respectively [30]. This study provides evidence that combining learning has better learning efficiency.
Starford University has over 15 years of experience in work with independent learning programmes for more advanced students. Unfortunately, about half of the students completed the
courses, and those were highly motivated students. The introduction of “live” e-learning in the
program led to an increase in the percentage of
success up to the level of 94%. Progress has been
attributed to opportunities of “live events” through
which students were motivated to complete their
tasks on time within their individual programs,
learn at the right time, interact with teachers and
raise the quality in terms of mentoring experiences. Research conducted on Starford stresses that
connection of materials for independent learning
and “live “ e-learning can have a large impact on
the overall use and the percentage of completed
courses, but also allow colleges and schools to
return the resources invested into the combined
learning very quickly.
Research conducted through the Physician’s
Ehecytive MBA (PEMBA) at the University of
Tennessee has shown that courses with multiple
learning can be completed in nearly half less
time, with half the cost, using rich combinations
of “live” e-learning, independent learning and
classroom learning. In addition to that, this well
designed course also showed that the overall results of the study were 10% better than in the
traditional learning environment, due to which
this became the first formal study that has shown
significant progress achieved through the use of
e-learning. This outcome was attributed to extensive experience in combined approach to learning
that included several forms of traditional and virVolume 6 / Number 3 / 2011
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tual “live” e-learning, combined with the students’
possibility to test their knowledge in the context of
work and collaborate with others in adapting their
specific needs to the environment.
Technical College in Cacak (now Technical
College of Applied Studies) was founded in 1960.
Before the Law on higher education was passed,
the college changed their curricula and adapted
them to the requirements of modern times. In
2002/2003, the first-generation students were enrolled for the three-year study. Due to the effort of
the college personnel, six study programs in the
field of technical and technological sciences were
accredited by the Commission for Accreditation
and Quality in 2007 and 2008.
After the commencement of a three-year study,
some problems have occurred. Students who have
completed five-semester studies and those who enrolled at the college before 2002 were at a disadvantage compared to students who enrolled for the
three-year study. Their degree and diploma showed
that those were five-semester studies (college degree, not university degree). Newly enrolled students had so-called 180 ECTS points (in the range
of university degree). For this reason, most students
chose to continue their education and complete
one more semester, the sixth one. That is where the
problem occurred. Most of these students (about
65%) began to work and could not come to the
lectures and exercises regularly. From surveys and
interviews conducted with them, it was concluded
that they preferred to have their learning organized,
and to do their exercises independently, through
the various tests and tasks set in the Internet. In this
way, they would not be obliged to come to school in
the certain term, but could do all those tasks at home
at the weekends, in the afternoon (evening), if they
finished their duties at work. They would send the
completed tasks to their professors and associates,
and then would receive the feedback on successfulness of performed tasks. Combining of classes
would mean a lot to them. They would have basic
teaching in the school in order to be able to get the
basic explanations on the subject, and perhaps some
exercises and lectures so that they can operate over
the Internet. This would harmonize their academic,
professional and personal obligations.
By monitoring and working (the exercise of
Informatics and Computer Science) with students
Volume 6 / Number 3 / 2011

who entered school organized according to the new
Bologna process, it is noticed that the number of
students who have a job increases from generation
to generation. They initially made up about 10% of
the enrolled students, but now that number is about
20%. The bad financial situation is the main reason why students first find a job, and then, after a
year or two, continue their education. Currently,
the needs of those students are met so they can organize lectures and exercises in some terms in the
afternoon and that they can be taught according to
the principles of the Bologna Declaration (the presence at exercises and lectures is required). Survey
and interview with them led to similar conclusions
to those related to students who continued studying (adjusted to the Bologna process and enrolled
for additional education for the sixth semester). For
them, the option of combined teaching would be
the ideal solution as well for the harmonization of
educational, business and personal obligations, and
they would still be in the same position as students
who attend classes regularly.
These and similar situations exist in other colleges and at universities. Based on all this, there is
a good reason for thinking about the introduction
of combined methods of learning into this school,
but into other schools and colleges as well.
5. Conclusion
In this paper, the analysis of possible application of combined learning was performed from
various aspects. Indisputably, we can conclude
that constant development of technology imposes
the introduction of new concepts of courses, as
a support to active learning in teaching aided by
modern technology.
The advantage of on-line learning, compared
with traditional teaching, is the possibility of interaction (communication) of the teacher with each
student individually, as many times as student requires. Through the communication, the teacher
gets insight into the progress of his/her students,
their learning style and their method and the speed
of adoption and understanding of content. Very
soon after obtaining the information, the teacher
can react and adapt to other teaching methods. The
more feedback teacher gets from his students, the
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better his classes will be, because it is a sign that
the students are motivated to work. By classical
teaching, each teacher develops his/her own style
of communication with the student. Teacher’s experience can be transferred as on-line mode with
some upgrades with new pedagogical elements.
The teacher, in this way, helps and leads each student to progress at his/her own pace, in order to
adopt the educational content successfully.
The paper points out the characteristics of an
on-line system that can be used for this purpose. The
basic concept of the considered on-line system is
based on its universality. Considered components of
the system make up one complete e-learning model.
The paper presents certain components of the conceptual and applicative aspects. Considering the possibility for creating interactive courses and tests by
the user, the universality of such concepts becomes
obvious. Presented system components can represent general model that can be used for this purpose.
On the basis of the whole discussion, it can be
concluded that the use of combined teaching has
a great importance in the modernization of traditional teaching. The development of information
technology enables innovations in educational
technology, improvement of teaching, motivation
of students and increase of the quality of learning.
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Abstract
Each organization or company, regardless to its
restrictions, purposes, and type of the activity, in
order to fulfill and manage the duties is in need
of various data and pieces of information. The
aforesaid cases are generated by managers and
employees and used by all the staffs. The manifest issue of current days is that organizations and
companies which are struggling in such an unpredictable situation has to do the vast activities and
they are in urgent need of gathering, processing,
concluding of the extended area of data in different scopes. Consequently, this issue causes public
and private organizations through the entire world
commence a global move toward utilizing different data systems particularly Management Information System (MIS). Meanwhile universities
and educational institutes took some important
steps in this case. This move has faced with revolutions, successes, failures, challenges and ample
resistances among higher education institutes. In
line with the mentioned issues, the investigation
of matters and difficulties related to the process of
designing, establishing, utilizing and the development of MIS in universities of country can play
an important role in the process of determination
through all the public and private organizations.
The present study is to aim to diagnose and rank
the barriers of utilizing MIS at Ferdowsi Univer760

sity of Mashhad. The findings reveal that organizational barriers are the most influential and the
human-related ones are the least. This outcome
can be used as a practical lead for the managers of
higher education institutes.
Key words: The Communication and Information Technology, Management Information Systems, Multi-facet Decision Making, TOPSIS
1. Introduction
The increase of potent and speed of data processing, the price decline of hardware and software
and the commonalty of automatic systems cause
the following matters: optimized data systems and
comfortable access to data, the possibility of calculating and transferring of data in high speed and in
the wider geographical scope as well as the shared
and constant access to data sources. By the use of
IT, the following aims are to fulfill: the possibility
of similar lower- priced products, the increase of
similar –cost production level, the speed increase in
preparing production factors as well as the supply
of products without any raise in costs.
IT is different from the other technologies. First,
IT is a kind of technology that enjoys such a public
purpose in which includes the profound and simulations potent of influence in all the economic sections (Lal, 2000). Second, technical progressions of
Volume 6 / Number 3 / 2011
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IT can be an effective move in the entire economy
that has an influential effect on the combination
and possession of companies’ properties as well
as the management of store system (Quah, 2002).
The products of IT have knowledge-similar features (Quah, 2002). The products of IT enjoy all the
economic features of knowledge: the endless extension and the importance lack of distance are two
significant features. In the new economy, the matter
of data chain is valuable. On the other hand, since
-nowadays- the role of human force in the development and economic extension is vivid for economics and experts; therefore, making human force
from different ways is possible. One of these ways
is higher education in which is one the final steps in
making of human force. In this case after the graduation, the human force is expecting a suitable occupation. In our country, the major responsibility of
higher education is training the human forces who
are experts and they are requested for different sections of sciences, skills, industry, agriculture, and
etc. In sum, the appropriate use of all the classic and
modern facilities such as IT and MIS seems vital to
the improvement of this section.
The IT term probably was devised in late
1970’s and the purpose of making was the use of
computer technology in relation to information
(Grauer, 2002). In sum, this kind of technology includes all types of computers, both hard wares and
soft wares in addition to communication networks
between two computers up to the largest public
and private networks. Furthermore, integrated
computerized and communicative technologies
contain such a system that connects a pc to a super computer in an office or to global networks are
in the domain of information (Heeks, 2000; Scott,
1991). The speedy expansion of IT that has been
starting since couple of years ago leads to the vast
application of that in differently domains of society (Frissen, 1997). The predictions reveal that the
mentioned technology developed rapidly and will
be used in different scopes of human life (Remenyi, 2002). The findings, however, show that the
success rate of this technology was not very satisfying. Due to this reason, a myriad of research
has been done in the case of main barriers of technology application. The results of these researches
show that the application success rate of this technology depends on the context of use. Owing to
Volume 6 / Number 3 / 2011

this proof, the results of previous researches are
not surely applicable in new contexts.
In recent years, the investigation rate in the
domain of IT has increased in Iran. According to
the research back ground, the government has the
right (54 billion Tomans) to develop the application of IT. This budget for 2003 was 100 billion
tomans and for 2004 was 25 billion tomans. In
global marketing of IT, approximately 2/5 trillion
dollars costs and the global investment in the domain of IT in public section is estimated more than
500 billion dollars (Witsa, 2002). In contrary, the
pieces of evidence show that organizations were
not able to gain the mentioned aims of themselves
in the investment of this case. Because of this
reason, in the application of this technology face
with the optimizing riddles (Santos and Sussman,
2000). Also in national level, especially in developing countries, the application of this technology has not led to development (Avegerou, 2001).
Based on available information, 20 percent of IT
costs in public section of England have been wasted and more than 30-40 percent of these fees did
not possess any accumulated profits. In the U.S.,
in contrary to invest more than 200 billion dollars in management and systems of information in
the duration of 12 years to 1994, there are only a
bit of meaningful proofs of investment return for
government. These failures are not limited only to
public section; for example, the success rate of soft
ware projects in private section is only 27 percent
and in some other cases failure rate is estimated
about 80 percent (25). Other researches confirm
the mentioned results (Clegg, 1996; Heeks, 2000).
Regard to the fact that Iran is a developing country, there is not any resort except the highlighting
of the role of IT in continuous development and
status survey of that in the country.
In line with the mentioned purpose the present study aims to recognize and classifies the key
barriers in the application of IT strategies (MIS in
Ferdowsi University of Mashhad).
2. Theoretical Framework
Heeks in the study by the survey of some articles, interview with the experts of electronic government and the analysis of more than 40 reports
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about electronic government of developing countries came to this conclusion that only 15 percent
of inventions in this case were successful, but 35
percent of them failed and 50 percent were faced
with relative failure (Heeks, 2003). In Iran the
conditions were almost same. In one survey only
12 percent of managers and employees of public
organizations, believed in the success of these organizations in the application of IT systems. In late
1990’s, however, the findings of some researches
showed that there was some positive evidence in
applied investment of IT domain. Therefore, the
previous questions that was (Are there some positive outcomes in the investment of IT?) changes
to a new question (Why and when does the investment in IT domain have positive outcomes?) this
approach shows that success in the application of
IT depends on the request (Richardson, 2002).
The existence of such realities results in conducting a myriad of studies that investigates the
factors of success or failure in the case of the applicability of this technology in organizations. The
findings of these studies reveal that context or domain of the IT application has an influential effect
in type of the factors (Finlay and Forghani, 1998).
One of the rare researches in Iran is in the domain of the effect of influential factors on the application of IT in Iran. This study investigates the
effect of influential factors on the establishment of
MIS in public organization. This study, in general,
refers to 75 positive factors and 16 negative ones. In
the mentioned study, the definition of MIS includes
the processing systems of exchange and management information was provided. This study conducted through quantative approach and analytical
method. The conductor tested his hypotheses by the
judgment of managers, designers, and leaders of the
systems who were 428. The sample contains 124
public organizations. In accordance with the findings of this study, in five different steps includes:
need diagnosing, programming, analyzing & designing, executing and utilizing, preserving and
developing of the system, most of the human barriers are in designing and executing steps that mainly
they are related to the individual and organizational
characteristics of leaders (Ghazizadeh, 1996).
In this study, the following items are considered
as the failure factors in establishing information
systems in organization: the interest of the manag762

ers to relative stability and lack of motivation in the
case of the changes in old-fashioned methods in
organization, lack of job security and lack of the familiarizing the employees with capabilities, system
features and the consequences of its establishment
in organization. In the other study that investigates
the effect of the influential factors on the IT applicability in public organizations of Iran, the failure factors were as follow: the use of unsuitable managers
for the projects of IT, the vagueness of organization
processes and lack of appropriate discipline for applicability of IT projects.
In the process of transference to new and various conditions of technology and industry in the
third millennium, that the philosophical, scientific, cultural, social and economical foundations
face with the profound metamorphosis and human
communities change from soft ware foundations
of industry and economy to soft ware movements,
the communities will face with repeated challenges that the cause of them are these changes. Educational system will be able to play an important
role in the new conditions of communities. In line
with the mentioned issue, one of the significant
matters is dedicated to the key responsibility of
educational system to provide a situation that educated forces will expose to the knowledge, attitude
and capabilities that is in harmony with the new
and various needs and conditions of economy and
industry as well as the future marketing. Therefore, devoted attempt in this case and facilitation
of conducting that are closely related to the reconsideration of educational objectives, the contents
of educational programs, and the executive methods of them on the one hand, and the reevaluation
of occupation needs of economical and industrial
centers of country on the other hand.
The higher education has an important economical role and efficacy because that is the igniter of
very important kind of investment in human sources
that helps to the economical development through
the providing and promoting the knowledge, attitudes, and required skills (Woodhal, 1992).
The role and status of higher education can be
manifest in the case of awareness of the scientific
predictions and estimations of changes as well
as the speedy progressions in the applicability of
economical organizations. Thanks to the fact that
higher education train and prepare the persons
Volume 6 / Number 3 / 2011
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with appropriate technical and scientific skills,
which is one of the key factors in connection between the scientific knowledge and its applications in the case of the fulfillment of economical
progresses (Azizi, 1999). In sum, universities and
higher education centers collaborate effectively
from 2 ways in remaking and successful economical development in developed communities. At
first, training the highly qualified human force in
the cases of knowledge as well as skill secondly,
providing the environment and conditions for research and development that makes possible a
continuous progress for industrial development
(Singh, 1996). However the economical structure
of societies is speedily changing that increases the
skills, capabilities, and new potentialities. Therefore, that is so important which who are supreme
leaders comprehend the economical and industrial
changes and make clear that how is it possible to
harmonize the higher education system with those
conditions. Considering the point is so influential
in reliving the pain of graduates’ unemployment.
Owing to this fact, all the countries pay a special
attention for education category and their aim is
providing the market by skillful and efficient force
(Woodhal, 1992). The leader countries are in the
mid way of a change from industrial community
to such a community that it is called informative
or scientific society. It is manifest that this movement has had an effect on other communities as
well as our community. In this case, some influences in soft industry are tangible. We are living
in the special section of the history which there
is a myriad of technological changes and these
changes are the consequences of the applicability
expansion of IT. The speedy development of this
technology leads to the advent of global economical systems that is based on knowledge and it is
a new section of development. Therefore, under
the new economical discipline, possessing the
knowledge and appropriate utility are two mandatory factors for the activation of economical
systems (infrastructure affairs office of Islamic
Parliament, 1380). This kind of process is something different from whatever is experienced by
human communities also that is much faster. On
one hand, under these conditions the competition
among different organizations is more serious and
on the other hand, instead of competitive relations
Volume 6 / Number 3 / 2011

between suppliers and costumers, collaboration
among them for giving and taking the services that
enjoys higher quality is more observable. In the
case of the effect of the IT on the decrease or increase of graduate employment this question arises. Could these processes cause the decrease and
loose of more professions or can be the cause for
the increase of job opportunities? In sum, the fundamental factors to work under these conditions
include: communications, new information technology and customers’ awareness. Some concepts
like the flexibility of expert system, globalization,
becoming network, knowledge generation, quality
development, redesigning of economical process
and learnable organization are commonly used
nowadays. Thanks to the fact that in a scientific
or knowledge-centered community some fundamental differences are observable in comparison
with an industrial community; consequently, the
cost of categorization, processing, and information transference has remarkably decreased, recently. On the other hand, these technologies have
caused that profession life, economical organizations and the whole community changed and
economical agencies changed from complex and
centralized organizations which possessed simple
professions to uncentralized and network-centered
which possessed complex professions. The most
successful of these organizations are which are
able to connect the IT with education, organization development through appropriate method.
The educational organizations play an important
role to fulfill the mentioned issue. The real need of
the society is the all facet reconsideration of educational system that is in line with IT and new continuous progresses of technology in the coming
years. In addition, the education system prospect
should change from teaching-centered activities to
learning-centered ones and economical agencies
should put the emphasis on the learning-centered
approaches and provide the necessary conditions
to fulfill the issue. The educational system development in IT scope is one of the main challenges
of educational leaders. The reconsideration of this
system process and mentioning the remarkable effect of IT and the increasing penetration in various
foundations of this system are the most important
factors that attention to them guaranteed the participation in IT scope.
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2.1 The comparative study of information
development process of global higher
educational systems
In the last categorization of all the world countries based on the information progress, five main
categorizations among the world countries are
recognizable:
A: Pioneers: 13% of all the countries are in this
category. U.S., Singapore, Germany are the
pioneers of IT which invest much money in
this case.
B: Fast Movers: 11% of all the countries are in
this category. Italy, Hungry, Kuwait which
enjoy well-organized programs and they are
moving slowly in comparison with the first
category.
C: Followers: 20% of all the countries are in
this category. South Africa, Chili, and Russia
which understand the key status of IT and
ignite the macro-programming to gain that.
D: Igniters: 19% of all the countries are in
this category. China, Egypt, and Philippine
which are at the beginning of the IT path.
E: Sleepers: 37% of all the countries are in
this category. Kenya, Iraq, Vietnam, and
Somalia which do not have any organized
program for information development.
Although Iran has some programs for
development and utilization of IT, there is
not any definite goal and it is in the list of
sleepers. Therefore, it is crucial to gain a
balanced information development, a wellorganized program that is in line with the
facilities and potentialities of country and
based on the localized experiences of the
other countries should be developed.
2.2 Lack of national policy for using the IT in
higher education:
One of the main problems in the case of programming in the case of the applicability of IT
in higher education development is dedicated to
the lack of national policy for using this technology in university system. The reason of this is the
shortage of national way in the case of information development. Unfortunately, the level of the
764

IT demand is not determined in our country and
the frame of our movement through an information community is not well-defined. And are we
seeking the generalization of social justice and
cultural development in the case of IT or seeking
the national economical development? And in the
case of the economical potentialities the activity
boundaries are intranational or international? It is
clear due to the vagueness of these prospects in the
scope of higher education there is not any wellprepared and organized program to utilize the IT
facilities. One of the serious deficiencies of higher
education in the domain of IT is devoted to the variety of decision-making centers. At the moment,
different organizations like The Science, Research
and Technology ministry, The Supreme Council
of Information, The Communication and IT Ministry, The Management and Programming Organization, The Supreme Council of IT, and The Audio
& Visual Organization assume themselves as the
pioneer of electronical education and a committee
called electronical education is in The Supreme
Council of Information which the role of that is
policy-making in the domain of virtual education. The Communication Ministry deals with the
mentioned issue by other committee. The Management and Programming Organization defines
the required skills of government officials as well
and the worst point is dedicated to the lack logical
link among these organizations. Each of them like
a single line moves in a nonintegrated direction.
It is clear that this deficiency causes the national capability decline and leads to the shortage of
paving the ground for utilizing discipline of IT. In
addition to interorganizational problems and the
verities of decision-making sources, lack of harmony among the ingredients of active organizations in the case of IT is one of the other problems
that blocks the development in the IT discipline
in higher education. In Science Ministry, there is
not any well-defined link in the case of information development of university discipline among
four influential sections include: The Technology
Assistance, The Designing and Developing Assistance, Educational Assistance, and Research Assistance. It is clear that within an integrated interaction the potentialities of one domain can meet
the needs of the other domain and this matter leads
to speedy and goal-focused development. There is
Volume 6 / Number 3 / 2011
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such a similar situation at universities and it is not
exactly clear which section is in charge of the matter of IT development at universities. For example,
the matter of the virtual education in the case of its
innovation and research-centered essence is dedicated to research section, in the case of utilizing
and organizing is dedicated to education section,
and in the case of technical infrastructure supply is
dedicated to computer section (supporting deputy,
programming deputy, research deputy) and cause
to the lack of connection it is a vague issue. The
matter that makes it worse it is the shortage of exact and timing-sense statistics of required facilities. For instance, the access to the numbers and
features of available computers in higher education centers is not possible or the number of active
groups at universities or real capacity of exchange
interaction. These are some issues that lack of information about them has a deep effect on the following programming.
3 Survey Method
Data gathering was conducted through library
research and field method. If the finding selection
of done researches be analyzed and all the barriers
to apply the MIS categorized in three groups as human factors, organization factors, and environment
factors, the leading obstacle for the application of
MIS in higher education centers were classified as
the graph number 1 (Ghazizadeh fard, 1996)
3.1 Hypotheses
In accordance with the graph of the effective
barriers in the application of MIS in higher education organizations, the hypotheses of the research
are as following:
1-1 The human barriers have an effect on the
application of MIS strategies in higher
education.
1-2 The organization barriers have an effect on
the application of MIS strategies in higher
education.
1-3 The environment barriers have an effect on
the application of MIS strategies in higher
education.
Volume 6 / Number 3 / 2011

There is not any statistically significant difference
between the effect of human, organization, and environment factors and the application of MIS strategies
in higher education centers.
3.2 Instruments, validity and reliability
The process of data gathering was conducted
through the questionnaire. The mentioned questionnaire based on the graph 1, includes 3 sections
and 43 questions about the effect rate of the influential barriers on the application of MIS at university based on the Likert model in 7 options was designed. The condition of gaining the reliable data
is closely depends on the validity and reliability
of the evaluation method (Kanuvar, 1372). Owing to the fact that the questionnaire was designed
based on the recognized barriers in literature review and experts’ views thus the validity of that
was proved naturally. One of the features of instruments (questionnaire) for data gathering is reliability. The concept of reliability is the constancy
of the results in the similar situation. To calculate
the reliability, there are different methods and one
of them is Cronbach’s Alpha that by SPSS this calculation is easily possible. The method of the reliability calculation in this research is Cronbach’s
Alpha. The coefficient alpha for the questionnaire
was /968 and it shows the questionnaire is reliable.
3.3 The Population and Sample
The populations of the research were all the
professors and clerks of Ferdowsi University of
Mashhad. In accordance with the formula the estimation of sampling was 200 persons. Then 200
questionnaires were distributed at university that
135 of them were delivered to the conductor. (Return rate: 0.62).
The Barriers in the application of MIS at
university
Human Barriers
1. Lack of the information of managers and
users in the case of whatness and need
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2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

analysis.
Lack of the appropriate understanding
of request and the needs of the users by
designers (the shortage of the suitable
definition of needs and their analysis)
Lack of the awareness of the managers and
users in the case of the co-operation with the
designers’ team.
Lack of the collaboration of managers and
users in the system designing.
The managers’ misconception of soft ware
and information systems.
Lack of the familiarizing of the most
analysts and designers with environment of
new system.
Lack of leaders’ acceptance and the
resistance phenomenon against exchange.
Lack of precision in data gathering.
Lack of motivation among clerks.
Lack of belief and attitude for utilizing of
computer-based systems instead of manual
ones.
The managers’ concern of declining the
security of the information in organization.
Inexperienced managers and lack of the
appropriate well-appointed managers.
Satisfaction lack of people about their
financial conditions.

Organizational Barriers
1. Lack of appropriate conditions for the cooperation of the system managers, users,
and leaders.
2. Lack of harmony and the complexity of the
available manual system.
3. Lack of the system analysis and the
available methods prior to system design.
4. Lack of the evaluation of available
potentiality.
5. Inappropriate condition of education and
the training of experts.
6. Lack of the availability of human force
who are experts in management and
computer field and the other essential fields.
7. Lack of financial criteria for management
information systems’ projects.
8. The
insufficient
and
imperfect
documentary.
9. The inappropriate applicability of system.
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10. The insufficient training of users.
11. Lack of the flexibility of system during the
applicability.
12. The technological and structural barriers.
13. The imperfectness of available information
in information bank of system.
14. Lack of the update information.
15. Lack of the synopsis in gathering the
information.
16. Lack of the information presentation
possibility in an appropriate form.
17. The existence of error and insufficiency in
the soft ware that is used by the system.
18. Lack of the harmony among the central
office of statistics, parts, and branches.
19. Lack the equipment and devices.
20. Lack of the appropriate control in the case
of clerks’ activity.
21. Lack of the appropriate culture in computer
application and information systems in
organization.
Environmental Barriers
1. Lack of the evaluation criterion of quality in
the case of available information systems in
country.
2. Lack of the appropriate consultants for the
system and soft ware design.
3. Lack of the careers, methodology, and the
steps for system making.
4. Lack of the environmental aspects survey
in management information systems.
5. Lack of the appropriate utilizing in the case
of mass for the development of computer
applicability culture and information
systems.
6. Lack of higher education programs at
universities and the shortage of appropriate
human force training.
7. Lack of the existence or having a fade role
of scientific and related associations.
8. Lack of the serious government attention
and the shortage of sufficient investment in
this case.
9. Lack of the scientific and related
conferences and fairs.
10. Lack the appropriate rule making in
Parliament and Government in this case.
Volume 6 / Number 3 / 2011

technics technologies education management

Graph 1. The barriers of management information systems’ applicability at universities
4. Data Analysis
4.1 Statistical analysis of data
In this section, the gathering data were analyzed through the descriptive statistics and statistical tests. T-test and ANOVA were used to analyze
the data.
To confirm the hypotheses, the modeling follows in the case of society barriers:
H0: µ ≥ 4
Human barriers have an effect on MIS applicability.
H1: µ < 4
Human barriers do not have an effect on MIS
applicability.
To test these hypotheses, One Sample T-Test
was used and the findings of that were showed in
table 2. The findings of table 1 were showed all
the hypotheses were confirmed. This confirmation
means all the three types of barriers – human, environmental, and organizational – have effects on
the applicability of MIS.
The question is raised: are there same effects in
the case of three barriers?

To answer this question, hypothesis 2 should be
tested. To test this hypothesis, ANOVA was used.
The findings of this test were showed in table 2.
As it is vivid, there is a statistical significance
among the effects of three barriers. Thus, these
barriers based on the effect level through MCDM
were classified.
4.2 The classification of effective barriers
in the MIS applicability at university
(MCDM methods)
Owing to the fact that the effect of each of the
obstacle on the MIS applicability at Ferdowsi University is not same; therefore, the effect scope of
each of them should be clarified and then classified.
In this study, to classify the barriers in the MIS
applicability, MCDM methods were used. To
classify these barriers, by the consideration of issue conditions TOPSIS method was chosen. This
method was presented in 1981 by Hwang Yoon. In
this method m factors or options were evaluated
by an individual or groups of decision makers.
This technique was made based on the fact that
every chosen factor must have the least distance
to positive ideal (the most important) and the most
distance to negative ideal (the least important)
on the other hand in this method, the distance of
one factor to positive or negative ideal was evalu-

Table 1. The findings of 1-1 to 1-3 hypotheses
Hypothesis
1-1
1-2
1-3

Test Result
4,233
6,118
4,568

Significance Level
0,000
0,000
0,000

Decision Making
confirmed
confirmed
confirmed

df

Sig. Level

2

0.002

Table 2. The findings of hypostasis 2
Barriers Group
Human
Organization
Environment

Test Result (F)
12,516

Table 3. The classification of three barriers in the MIS applicability
Factors

Distance to positive ideal

Distance to negative ideal

Ci

Class

Organization Barriers
Environment Barriers
Human Barriers

./.17
./022
./022

./.20
./023
./022

./551
./508
./501

1
2
3
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ated and this matter is the criterion of factors’
classification and priority (Azar and Rajabzadeh,
1381). The findings of three barriers classification
through TOPSIS were revealed in table 3.

The all factors classification of three barriers
in MIS applicability at Ferdowsi University of
Mashhad which was done by TOPSIS was shown
in tables 4 to 6.

Table 4. The classification of organizational barriers
Factors
Inappropriate condition of education and the training of
experts.
Lack of the availability of human force who are experts in management and computer field and the other essential fields.
Lack of the flexibility of system during the applicability.
Lack of appropriate conditions for the co-operation of the system managers, users, and leaders.
The insufficient training of users.
Lack of the evaluation of available potentiality.
The existence of error and insufficiency in the soft ware that is
used by the system.
Lack of the harmony among the central office of statistics,
parts, and branches.
Lack of the appropriate culture in computer application and
information systems in organization.
Lack of financial criteria for management information systems’
projects.
Lack of the update information.
The imperfectness of available information in information bank
of system.
The insufficient and imperfect documentary.
The inappropriate applicability of system.
Lack the equipment and devices.
The technological and structural barriers.
Lack of the system analysis and the available methods prior to
system design.
Lack of the appropriate control in the case of clerks’ activity.
Lack of the synopsis in gathering the information.
Lack of harmony and the complexity of the available manual
system.
Lack of the information presentation possibility in an appropriate form.
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Distance to
Distance to
positive ideal negative ideal

Ci

Class

0.014

0.03

0.681

1

0.014

0.029

0.670

2

0.016

0.025

0.615

3

0.018

0.026

0.595

4

0.019
0.02

0.027
0.027

0.592
0.572

5
6

0.018

0.024

0.563

7

0.019

0.024

0.549

8

0.02

0.023

0.529

9

0.021

0.021

0.507

10

0.021

0.021

0.504

11

0.022

0.02

0.483

12

0.022
0.023
0.024
0.023

0.021
0.021
0.02
0.019

0.483
0.479
0.454
0.453

13
14
15
16

0.025

0.019

0.427

17

0.024
0.025

0.017
0.018

0.417
0.412

18
19

0.025

0.016

0.390

20

0.026

0.015

0.361

21
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Table 5. The classification of environmental barriers
Factors
Lack of the appropriate utilizing in the case of mass for the
development of computer applicability culture and information systems.
Lack of the serious government attention and the shortage
of sufficient investment in this case.
Lack of the existence or having a fade role of scientific and
related associations.
Lack of the evaluation criterion of quality in the case of
available information systems in country.
Lack of the environmental aspects survey in management
information systems.
Lack the appropriate rule making in Parliament and Government in this case.
Lack of higher education programs at universities and the
shortage of appropriate human force training.
Lack of the appropriate consultants for the system and soft
ware design.
Lack of the careers, methodology, and the steps for system
making.
Lack of the scientific and related conferences and fairs.

Distance to
Distance to
positive ideal negative ideal

Ci

Class

0.025

0.035

0.583

1

0.027

0.038

0.579

2

0.03

0.034

0.537

3

0.029

0.033

0.537

4

0.029

0.028

0.491

5

0.032

0.03

0.485

6

0.032

0.028

0.468

7

0.033

0.028

0.463

8

0.031

0.027

0.463

9

0.043

0.026

0.376

10

Ci

Class

Table 6. The classification of human barriers
Factors
Lack of precision in data gathering.
Lack of the awareness of the managers and users in the case
of the co-operation with the designers’ team.
Inexperienced managers and lack of the appropriate well-appointed managers.
Satisfaction lack of people about their financial conditions.
Lack of the familiarizing of the most analysts and designers
with environment of new system.
The managers’ misconception of soft ware and information
systems.
The managers’ concern of declining the security of the information in organization.
Lack of the collaboration of managers and users in the system designing.
Lack of motivation among clerks.
Lack of the information of managers and users in the case of
whatness and need analysis.
Lack of leaders’ acceptance and the resistance phenomenon
against exchange.
Lack of belief and attitude for utilizing of computer-based
systems instead of manual ones.
Lack of the appropriate request and the needs of the users by
designers (the shortage of the suitable definition of needs and
their analysis)
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Distance to
Distance to
positive ideal negative ideal
0.023

0.033

0.586

1

0.025

0.034

0.578

2

0.026

0.031

0.546

3

0.029

0.031

0.512

4

0.026

0.027

0.512

5

0.028

0.027

0.488

6

0.029

0.026

0.468

7

0.032

0.028

0.466

8

0.03

0.026

0.465

9

0.033

0.024

0.424

10

0.032

0.022

0.41

11

0.031

0.021

0.397

12

0.034

0.022

0.394

13
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5. Conclusion
We are living in such a world that is called
global village and spend our time in the age of
information. Nowadays, the role and importance
of information and communication in countries
development (especially organizations) is manifest for everyone and that is one of the criteria of
development. The invention of language, writing,
and publishing device has a more influential role
in information transference. Now, such technologies like computer, communication technologies
include light fiber, satellite, and cable televisions
are designed and the matter of transference is
done through a more speedy process. Actually, the
combination of two technologies – computer and
communications – make a new kind of technology
named “communication technology”. This kind of
technology assists the human to gather, classify,
process, save, and transfer the information and
make a more appropriate and efficient use of it.
The aim of communication technology is to design a system (soft ware and hard ware) that be
in line with the human potentialities and meet the
information needs of him.
Each organization or company regardless to
its limitations and purposes, to meet its needs and
manages the affairs is in needs of various data and
pieces of information that in different parts of the
organization were generated and used by managers and clerks. It is clear that organizations and
companies which have to work in such an unpredictable and challenging situation are in need of
gathering, processing, and concluding of a vast
domain of information in various aspects. Thus
the use of communication technology in the current situation is a real need and this need should be
met in a suitable way. This matter leads to utilizing of different communication systems especially MIS through the world by public and private
organizations. Meanwhile, the universities and
educational institutes have moved on to a better
position. This move among the higher education
institutes has faced with revolution, successes,
failures, challenges, and ample resistances. In line
with this matter, the investigation of issues and related problems in the case of design process, establishment, utilization, and information systems
development of management at universities can
770

play an important role in the process of decision
making of all public and private organizations.
The awareness of modern information technologies’ utilization especially (MIS) at universities
can facilitate the promotion and development of
the country and increase the efficiency as well.
The aim of the present study was to investigate
the most important barriers in MIS applicability at
Ferdowsi University of Mashhad. The findings revealed that all the three types of barriers – human,
organizational, and environmental – had some effects on the applicability of MIS. The findings of
the classification of these three obstacle types by
TOPSIS approach revealed that among these three
types, the most important one was organizational barriers and the least was human ones. Three
classes of the most important features of each of
them follow:
Organizational Barriers:
Inappropriate condition of education and the training of experts.
Lack of the availability of human force who are
experts in management and computer field and the
other essential fields.
Lack of the flexibility of system during the applicability.

Environmental Barriers
Lack of the appropriate utilizing in the case of mass
for the development of computer applicability culture and information systems.
Lack of the serious government attention and the
shortage of sufficient investment in this case.
Lack of the existence or having a fade role of scientific and related associations.

Human Barriers
Lack of precision in data gathering.
Lack of the awareness of the managers and users in
the case of the co-operation with the designers’ team.
Inexperienced managers and lack of the appropriate
well-appointed managers.

In sum, to remove these deficiencies some
deeds as follow must be done by who are in charge
and program makers: recruiting the efficient, skillful, and capable clerks and motivating the capable
clerks, understanding and recognizing the information needs of managers, system users during
Volume 6 / Number 3 / 2011
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the analysis and designing of systems, the culture
development of computer utilization and information systems at universities of the country, holding
the appropriate conferences - national and international - for the culture development of information
systems through the country and etc.
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Abstract
Animal waste is very often causing the pollution of the environment. With the adequate treatment of animal waste, it is possible to obtain protein food and other worthy products. Based on the
calculations derived during the work, conclusion
on high economic efficiency and acceptability of
investments into animal waste treatment facilities
has been drawn. Over 270 thousand tons of animal
waste is produced in Serbia annually, out of which
only 20% is processed. Reduction of environmental pollution can be achieved by processing of 100
thousand tons of animal waste with the investment of approximately 20 million €. The overall
realised incomes would be almost 25 millions €
per year, while the achieved gain would be almost
3 millions € per year. In this way, along with resolving numerous ecological problems, significant
economic results would be accomplished as well.
Key words: animal waste, investment, economic performance
Introduction
Animal carcasses and slaughter-house confiscates present specific waste and must be observed
from hygienic, epidemiological, ecological and
economic aspect. It is potentially dangerous substrate which, by the rule, contains bigger number
of potentially harmful microorganisms. Some of
them can survive long time and thus cause infection and sickening of both people and animals
(Vučemilo Marija et al., 1996.). According to the
available data, production of the waste of animal
origin in Serbia (slaughter-house confiscates and
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animal carcasses) includes 28.000 t/year of dead
animals and 245.000 t/year of slaughter-house
waste, out of which only 20% is treated in an organised way in town pounds. Factories engaged in
collection and treatment of the animal waste often don’t have sufficient raw materials, while on
the other side environment is polluted with such
waste. According to legal regulations, all waste
must get to specialised organisations engaged in
its treatment so in line with the current situation, it
is necessary to make investments into the new establishments for waste treatment. Due to the high
dispersion and the increase of transportation expenses, the above stated potential, which according to the assessments, covers nearly 220 thousand
tons per year, can not be fully utilised; thus the
potential projection for the investment has been
derived on less than 50% of the given quantity.
Paper objective
The main objective of the paper is assessment
of overall needs for the investment in capacities
for the treatment of animal waste and evaluation
of possible economic effects. By this, healthy and
ecologically safe animal waste disposal is achieved,
first of all (Okanović et al., 2008.). Thus, with this
activity care is taken of the basic ecological principles and human environmental health. On the other
side, products arising during the processing are important as a source of the raw materials for the processing industry and nutrition of domestic animals
and pets (Ristić et al., 1996, Ristić et al. 2008) and
therefore the treatment of the animal waste enables
effectuation of significant economic results that
should be evaluated separately.
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technics technologies education management

Material and method
Research is evaluating possibilities of investment and potential economic results that could be
achieved by investing into facilities for the animal
waste treatment in Serbia. Research is based on
techno-economic results achieved in working of
the observed facility determined during the previous researches. Calculations in work have been
derived based on techno-technological and economic results achieved on the observed facility.
Main data sources were accounting documents
of the observed enterprise and various internal
documents. Obtained results give data about total
investments required for the facilities for animal
waste treatment in Serbia and are making a projection of potential economic results.
Results and discussion
Although the Republic of Serbia is a signer of
the Basel Convention on Transboundary Movements of Hazardous Wastes and their Disposal (
Law on Ratification of Basel Convention, Gazette
FRY, International Agreements, number 2/99) in
Republic of Serbia, there is currently no organised
waste management system, from its emergence,
collection, transportation, storage, treatment, till
the final disposal. Significant part of the waist
is comprised of waist originating from animals
which can be divided in three categories: 1) carcasses of animals infected with BSE (mad cow
disease), other dangerous agents, as well as of
those treated with illegal substances, 2) remains of
dead sick animals or remains of veterinary medications, and 3) remains of dead healthy animals,
parts of slaughtered animals that are not used in
commercial purposes- skin, degreased bones,
blood (except of ruminants).
Open-type facilities for the treatment of waste
of animal origin exist in Sombor, Belgrade (currently not in function), Ćuprija, Zrenjanin, Bačka
Topola, Sremska Mitrovica and Vrbas. Closedtype objects exist in Žitište and Plandište. The
main goal of investing into the treatment of animal
waste in Serbia is the increase of the existing capacity, with the development of the product assortment and improvement of processing technology.
Volume 6 / Number 3 / 2011

According to the assessment, capacities should be
increased for the treatment of at least 100 thousand
tons of animal waste per year. It is of great importance that the capacity for the treatment of animal
waste has possibilities for the processing of blood.
Unused blood obtained by animal slaughtering is a
water and environment pollutant. In line with that,
complex hygienic, ecological and economic solutions should be found for the adequate treatment
and utilisation of the animal waste. By treating the
animal waste following the observed technological procedures it is possible to develop products
of high protein food for animal nutrition. The primary goal during that process is the protection of
the environment, and the products, rich in scarce
essential amino-acids, vitamins and minerals.
The described macroeconomic analysis of the
investment into capacities for animal waste treatment refers to the existing facilities, whereby
the effects of the total investments comprising
rounded techno-economic entirety. It is necessary
to calculate the ratio of incomes and expenditure,
i.e. the economic of the production process, as the
primary economic indicator. Since it is production
that is giving several connected products, it can
not be calculated by individual products or group
of products but only for the total production.
Object of the economic analysis is a type project
whose estimate value amounts to € 2.020.000,00.
The afore mentioned investment requires employment of 83 people (Elaborate on opening of the new
facility, Agroindustrijski kombinat Bačka Topola,
Bačka Topola 2007). The assessed working capacity of the capacity in question is 10 thousand tons
of animal waste per year. According to the previous
research, the calculated coefficient of economic is
1,14. Analysis of the income structure shows that
the larger part of the income comes from services of
removing animal waste. Since the production volume is defined by the very technologic facility, the
dominant impact on economic results of the business is defined by the prices of services and products that were sold. Calculation of the observed
results has been made based on the prices on the
date of the Elaborate development, whereby they
were given in parity of € on the day of calculation.
Accordingly, the significance of certain services,
i.e. products is defined by their participation in the
achieved incomes (Okanović et al., 2010).
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Complete insight into macroeconomic effects
can only be acquired only through a comparative
analysis of effects of the observed project. The basic economic indicators of the projected business
are displayed in the following table.
Table 1. Incomes and expenditures of the observed project on annual level
Value
(€)

Description
Total income
Total expenditure
Gain

2.454.000,00
2.159.000,00
295.000,00

Based on the calculations conducted, the main
indicators of statistical efficacy of the project have
been derived. The stated results include investments per employee, net gain per employee, accumulativeness and reproductive capacity of the
project and are given in the following table.
Table 2. The main indicators of the observed project
Description

Measure
unit

Value

Investment per employee
Net gain per employee
Accumulativeness
Reproductive capacity
Period of investment return

€
€
year

24.337,35
3.554,22
0,24
0,30
3,7

Conclusion
Animal waste produced in agriculture and alimentary industry very often causes pollution of
the environment. On the other side, by treating it
is possible to get valuable protein food and other
products. It is very important that technical-technological solutions for adequate treatment of the
animal waste must meet not only technological
and ecological standards, but economic criteria as
well. Based on the calculations and the analysis of
the obtained data, conclusion on high economic
efficiency and acceptability of investments into
animal waste treatment facilities has been drawn.
Along with that, turn over coefficient of the total
asset is high, and the period of investment return
relatively short. According to the given results, it
is possible to achieve treatment of 100 thousand
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tons of animal waste with the investment into the
ten described facilities. In so doing, total investments into the facilities would amount somewhat
over 20 million €. In such a way, it would be possible to employ 800 people. Total incomes would
amount almost 25 million € per year, while the
achieved gain would amount to nearly 3 million
€ per year. Thereby along with the treatment of
100 thousand tons of animal waste per year and
solving of numerous ecological problems, good
economic results would be achieved as well. Possibility to export one part of the processed animal
waste and positively influence state payment account is also of great significance.
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Abstact
The aim of this research is determine to Prevalence of usage, awareness, attitude and knowledge
of Stimulant substance and the effect of factors of
them from the students of Islamic azad university
branch Gorgan. This research is measurable–descriptive and all statistical subjects are members of
Islamic azad university branch Gorgan, by the help
of a self-reported and standard questionnaire on
435 male and female students distributed by cluster sampling. After omitting incomplete questionnaires, 395 questionnaires were marked by a code
and they were analyzed by SPSS software by the
help of descriptive statistics. Result of this research
show that 85 (%21.5) from this students used from
stimulant substance. Certainly 48 (%12.2) from this
students used banned drugs and Also 61(%15.4)
from sport supplements. The average score for the
overall awareness of students in this research equal
to 6.359 ±2.807 out of 13,the average score of the
attitude toward doping was 3.982 ± 1.287 out of
5, and the average score of knowledge stimulant
substance was 12.407±7.561 out of 50. The conclude of this research show that doping and usage
of Stimulant substance between students is not to
deny actual and If governments and planners do
not notice this subject, everyday we face more lesion and pathopsychology for youth.
Key words: Prevalence, Awareness, Attitude,
Knowledge, Stimulant substance
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Introduction
Nowadays, using stimulant substances has become a major social problem in the countries all
over the world, making a variety of troubles for
the teenagers and the Youth. Using stimulant substances is vastly seen among the sportsmen and
sportswomen at different levels, playing a large
variety of the sports, and even among those doing no particular sport. Not only athletes –for the
sake of improving their performance- (Kaufman
et.al. 2002; Van Ino et.al. 2003;cheatham et.al.
2008), but amateurs (Randall et.al. 2002; sarlak
et.al. 2006; Hashemi-Shahraky et.al. 2007), nonsportspersons (Nilson et.al. 2001), and even high
school students (Brayan et.al. 2003; Tymowski
et.al. 2001) and secondary school students (Avery
et.al. 1998) use such substances, including anabolic steroid, diuretic drugs, weight loss drugs, stimulant drugs, narcotic drugs, alcohol, energy drinks,
growth hormones and other different substances
(Tymowski et.al. 2001). Each of these substances
are used for particular sports, and some which are
mostly used for a sport may not be used for another sport at all (Green et.al. 2001; Juhn, 2003;
Sarlak et.al. 2007).
The problem which has become more serious
in recent years is the use of different stimulants by
non-sportspersons. These people use stimulants
without prescription or enough knowledge about
the effects of them. One of the significant causes
of this problem, especially in recent decades, is
the concerns of the teenagers and the youths about
Volume 6 / Number 3 / 2011
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their bodies, and their attempts to improve their
appearance by building muscles, since young men
are interested in having a muscular body. This
has resulted in the outbreak of malnutrition and
the habit of using stimulants among youths. Media also provokes the problem by advertising a
muscular body as the ideal body for a man (Laber,
2002). Some teenagers believe that the boys with
larger muscles are more attractive (Nilson et.al.
2001) and dissatisfaction with the body type and
willingness for changing it is one of the important
causes of using some substances such as anabolic
steroids (Peter et.al. 2001), which are often used
for increasing muscle mass and improving body
shape and appearance (Irving et.al. 2002; Nilson
et.al. 2001; Taylor, 2002; Kanayama et.al. 2003).
These drugs are also the most known drugs used
by sportspersons and athletes (Tymowski et.al.
2001; Rashid, 2001), the bad effects of which has
been proven by many different studies (Parsinen
et.al. 2002; Karila et.al. 2004; John, 2003; Karila
et.al. 2003). Despite the proofs for the negative effects and dangers of using steroids, this question
arises that why the use of them be the athletes has
not decreased. One reason may be that the positive
effects of such drugs are more obvious than the
negative ones. Some of the users say that the negative effects of these drugs have been subjected to
exaggeration, and even though they seem to have
negative effects, but, in general, their positive effects are undeniable (Habibinia, 2001).
Several researches all over the world have
studies the level of knowledge stimulant users
have about these substances, and have shown that
people who take stimulant do not have enough information about using such substances, do not pay
enough attention when choosing them, and take
them without paying attention to the physical and
behavioral effects of them (Estroff, 2001; Jmaharaj et.al. 2000; Laure et.al. 2004; Prity-wattel,
et.al. 2004; Kashi et.al. 2005).
Several studies on the prevalence of using
stimulant substances in Iran -since 2004 till nowreveals the high rates of using such substances and
also shows that the users have very little information about side effects of them. The studies show
that, surprisingly, even the physicians and medicine students have little information about the issue (Sarlak et.al. 2007). Based on the results of
Volume 6 / Number 3 / 2011

these studies, the prevalence of using banned doping substances is 8.4% amongst college students,
41.9% amongst bodybuilders (Kashi et.al. 2006),
and 15.4% amongst elite sportswomen (Sarlak
et.al. 2007). In addition, the results of the other
unpublished researches I have done shows that the
prevalence of using banned doping substances is
25.78% among football players, playing at the first
class league of college students of Iran, and 11%
amongst sportswomen of the province of Tehran.
Among the main causes of using such substance,
lack of enough information about the side effects,
lack of enough testing, low price and easy access
to some drugs which are available at drugstores,
untrue advertisements, unproved claims and lack
of enough control over selling supplements are
mentioned (Kashi et.al. 2007).
Even though the use of such substances has
been banned for many years and they are prohibited by different organizations, increasing number
of people use them. The fact that these substances
are easily available at low prices, alongside with
other factors, namely lack of enough control over
the sport clubs, lack of appropriate informing
about the side effects of these substances, lack of
organized prevention and education programs at
schools and colleges, and lack of enough attempts
by the responsible organizations for developing
the appropriate culture and executing prevention programs has provoked the problem. Based
on Nilson et.al and Kanayama et.al., using these
substances often results in taking other substances
such as narcotic drugs and alcohol. Despite the
high prevalence of using such substance by the
youths and teenager, and more importantly, the
use of them by the college students at a sensitive age, neither strict measures are taken in order
for prevention, nor enough researches are conducted to study the issue. Such serious threats to
the health of the young generation of the country,
which are national asset and the constructors of
the future, require the development of appropriate programs. Regarding the high prevalence taking stimulant substances among the sportspersons
and the lack of information about them seen in
the trainers, teachers and even physicians, such
substances are predicted to be highly used by the
college students, putting them in a serious danger.
Considering the importance of the issue, this study
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is going define the prevalence of taking these substances by college students and their information
about stimulants, so that weak and strong points
are revealed based on the results, basic strategies
and methods are suggested in order to improve the
situation and eliminate the obstacles, and presenting the authorities with the results, their information about the prevention of using stimulants and
their damages is extended.
Research Methodology
Regarding the nature of the subject and the
goals of the research, descriptive-survey method
is used in the form of a field study. Also, regarding the duration, this study is temporal and the results are practical. A questionnaire for measuring
the prevalence of using stimulant substances and
the information and awareness about them was
prepared. A questioner met the students of college
and explained about the research. After having
needed permissions the questionnaires were distributed and filled. The questionnaires were filled
by students in the classes, in which, before filling
questionnaires, enough information was given to
the students and the research was explained, and
the questioner was present when filling the questionnaires in order to answer possible questions.
The statistical population included all the students of Islamic Azad University, Gorgan branch,
which were 5926 based on the statistic calendar
of the year 2009. From among these 3039 were
female and 2932 were male. The sampling for
the research was done using cluster method. The
samples of this research were randomly chosen
from among the freshmen, sophomore, junior and
senior students, and the questionnaires were distributed among them. Totally, 435 questionnaires

were distributed, 395 of which were returned,
forming the sample of the research.
The tool used for this research was a self-report,
standardized and nameless questionnaire with 135
questions, designed to measure the prevalence of
doping and the information about it, and the information about and views on the stimulants. This
questionnaire includes 5 questions for evaluation
the views, 7 questions for evaluating the awareness
of doping, 1 question with 50 choices for evaluating the information about the stimulants, and 1
question with 50 choices for evaluating the prevalence of using stimulant substances. There are also
8 demographic choices and 3 practice questions
(with 7 choices), controlled and placed at the beginning of the questionnaire. The internal validity
of the questionnaire was defined to be 0.74, in a
research conducted by Kashi et.al (2005), and the
validity has been confirmed by the instructors of
physical education, psychology and medicine.
The descriptive level indicators such as mean
value, standard deviation, tables and frequency
distribution are used, and at the deductive level,
multivariable regression analysis is stepwise, in
order for defining the most important factors affecting the prevalence of using stimulants.
Result
435 questionnaires were distributed among
the students of Islamic Azad University, Gorgan
branch, for this research, from among which 395
questionnaires were completely filled by the students and returned to the researcher, then coded
and analyzed by the software SPSS (15th Edition).
The rate of answering to the questions of the research was 90.8%. the traits of frequency and age
of the students of each grade is given in the Table1.

Table 1. The mean values of age and the number of the students at each grade
Grade
Freshmen
Sophomore
Junior
Senior
Total
778

Frequency
girl
45
53
51
49
198

boy
52
53
45
47
197

Age
total
97
106
96
96
395

girl
20.02
21.02
21.90
22.51
21.39

boy
20.98
22.17
22.98
24.55
22.61

total
20.54
21.59
22.41
23.51
22.00
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In general, from among 395 participant 257
(65.1%) had a background of doing regular organized sport, 100 of which were girls and 157 were
boys, i.e. 79.69% of boys and 50.55% of girls participating this research had a background of doing
regular organized sport. From among 257 students
which had a background of doing regular organized sport, 87 students did it as a hobby, 19 students did several sports on an irregular basis and
147 students did one particular sport on a regular
basis. 12 students (3%) of the sample group had
at least a background of being a champion at the
university. 17 students (4.3%) of Gorgan Azad
University had been at least the champion of their
city, 61 students (15.4%) of this university had
the background of being champion at the province level, 25 students (6.3%) had been the champion at the country level, and 5 students (1.3%)
had been at least once a champion of international
games. Based on the results gained, the degree of
satisfaction with the body type mostly depended
on the satisfaction with the weight, hence, it can
be concluded that dissatisfaction with the weight
is more common among college students. The
data also shows that, on average, boys and girls
are satisfied with their body type. College students
were more willing to lose weight. Totally, dissatisfaction with weight was more seen among boys,
and girls are less willing than boys to use weight
control methods. On average, 30.13% of the students of Gorgan Islamic Azad University were
willing to gain weight and 40.50% were willing
to lose weight. 29.37% of the samples reported
that they did not need to use any weight control
method to reach to their ideal weight. The data
collected by this research shows that, even though
the girls who participating this research, on average, weighed 58.61, the ideal weight for them was
56.50 on average. Also the boys participating this
research naturally weighed 74.66 on average, but
the ideal weight for them was 73.59 on average.
This, alongside with other results shows that the
students of Gorgan Islamic Azad University are
generally willing to lose weight.

Awareness and Information about doping
134 student (33.9%) of the sample (79 boys
and 55 girls) has stated that taking stimulants improves the performance in sport activities, 202 students (51.9%, 126 boys and 79 girls) has stated
that they had tried to find information about the
advantages and disadvantages of stimulant substances, but 114 students (28.9%, 84 boys and 30
girls) were successful and 95 students (24.1%)
found no information. 164 students (42.5%, 124
boys and 40 girls) stated that they had been offered to use such substances in the past, and 213
students (53.9%, 141 boys and 72 girls) has said
that if they want to use such substances, they have
access to them. 222 students (56.2%, 152 boys
and 70 girls) of Gorgan Islamic Azad University
had friends who used stimulants and 238 students
(60.3%, 122 boys and 116 girls) said they have
seen the negative effects of such substances on
the users. In this study, in order to identify the
information the students of Gorgan Islamic Azad
University had about doping and using stimulant
substances, the participants were asked to classify
their information about the stimulant substances
as into 6 levels. 40.8% of the whole students of
Gorgan Islamic Azad University has evaluated
their information to be very little and little, and
in general, 89.9% evaluated their information as
average and less, and only 10.1% stated their information to be much and very much.
General information about doping
The mean value of the grade of information on
doping was 6.359±2.807 out of 13. This number
was 7.643±2.774 for boys and 5.080±2.192 for
girls, which means boy are more informed about
doping than girls, which, in turn, means the environment is more prepared for boys to use stimulant substances than girls.
Attitude on Doping
The Results of View-Evaluating Questions
85 students (21.5%, 49 boys and 36 girls) of this
sample has stated that, in order to be successful in
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sport one needs to use substances which improve
the performance and 77 students (19.5%, 46 boys
and 31 girls) has said that the sportspersons should
be allowed to use doping and stimulant substances.
Also, 170 students (43%, 100 boys and 70 girls)
has stated that if they know a drug or supplement
with no negative effect they will use it. 47 students
(11.9%, 32 boys and 15 girls) said that their sport
goals are so important to them they will use stimulant substances even though they know negative
effects of such substances. 23 students (5.8%, 17
boys and 6 girls) told that they would suggest others to use such substances.
In general, the mean value of the mark gained
for the views of the participants about doping as
calculated to be 3.982±1.287 out of 5.

Knowing Stimulant Substances
The average value of the mark given to the
information the participants had about all the 50
stimulants was 12.407±7.561 (12.700 for boys
and 12.116 for girls), which means, on average,
each student knew 12 stimulant substances from
50 mentioned in this research. But the average
value of the mark given to the information the participants had about the 29 drugs was 4.594±4.249
(4.944 for boys and 4.247 for girls) and the average value of the mark given to the information
about supplements was 7.812±5.377 (7.756 for
boys and 7.686 for girls).

Table 2. Frequency distribution of the prevalence of using stimulant substances
Stimulant Substances
Anabolic steroid
Oxymetholone
Methan
Winstrol
Dianabol
Nandrolone
Testosterone
Omadrine
Oxandrolone
Clenbuterol
Androstendione
DHEA
Amphetamine
Benzedrine
Caffeine
Ephedrine
Ritaline
Diuretics
Diuretics
Speronolactone
Hydrochlorothiazide
Triamterene-H
Corticosteroids
Dexamethasone
Betamethasone
780

The Prevalence of
Stimulant Substances
number
14
5
6
2
6
5
7
6
2
2
2
2
3
2
5
2
4
19
2
2
4
2
27
13
20

percent
3.5
1.3
1.5
1.5
1.5
1.3
1.8
1.5
0.5
0.5
0.5
0.5
0.8
0.5
1.3
0.5
1
4.8
0.5
0.5
1
0.5
6.8
3.3
5.1

Stimulant Substances
Masking Agent
hcG
Sorbitol
weight Loss sup
L-Carnitin
Fat burners
Hydroxycut
Rapid fuel
somatotrophin
Insulin
Amino acid
Glutamine
Creatine
Vitamin. sup
Multi vitamin
Vitamin C
Vitamin A
Vitamin D
Vitamin E
Protein. sup
Carbo. Sup
Mineral. sup
Calcium
frous
Chromium

The Prevalence of Stimulant Substances
number
2
2
2
19
2
2
5
2
6
7
5
11
36
68
44
21
24
21
19
27
7
48
29
42
2

percent
0.5
0.5
0.5
4.8
0.5
0.5
1.3
0.5
1.5
1.8
1.3
2.8
9.1
17.2
11.1
5.3
6.1
5.3
4.8
6.8
1.8
12.2
7.3
10.6
0.5
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The prevalence of using stimulant substances
The mean value of the prevalence of using
stimulant substances 85 participants (21.5%) have
admitted that they used at least one stimulants substance, 48 (12.2%) of them used banned doping
drugs and 61 (15.4%) used athletic supplements.
The prevalence of using stimulant substances was
25.88% among boys (51 male users) and 17.17%
among girls (34 female users). The mean value
of the prevalence of using drugs was 13.70% for
boys and 10.60% for girls. The prevalence of using all the stimulant substances mentioned in this
research is shown in table 2.
As shown in Table.2, the prevalence of use
is 3.5% for anabolic steroids, 2% for stimulant
drugs, 4.8% for diuretic drugs, 6.8% for corticosteroids, 2.3% for weight loss supplements, 17.2%
for vitamins, 12.2% minerals, 6.8% for protein
supplements, 9.1% for keratin. The prevalence of
using stimulant substances is higher among boys
than girls. Also, using such substances by male
students is of the highest prevalence among sophomore students, and after that, the freshmen boys
used more stimulant substances than the junior
and senior boys. Among the girls, sophomore, junior, senior and then freshmen showed the highest
prevalence of using such substances relatively.
Multivariable regression analysis using stepwise method for defining the relative importance
of some variables in prediction of using stimulant
substances
Discussion
One of the problems frequently seen in recent
years among teenagers and youths all over the
world is the use of different stimulant substances
and also abuse of drugs and food supplements.
Since the claims stated on the packages of such
substances are not proven and sometimes their
many negative side effects are proved, some teenagers and youths use them without appropriate
information and consequently, experience financial and irreparable physical losses. Despite all
positive effects and advantages of sports, some
problems have always accompanied the issue,
particularly in recent decades, namely, authorities,
Volume 6 / Number 3 / 2011

coaches and athletes paying too much attention to
the results of the competitions and the issue of improving the body shape by increasing the volume
of muscles. Such problems result in the increase of
malnutrition and the habit of using stimulant substances amongst teenagers and youths. Young men
are willing to have a muscular body. The media
also provokes this problem by advertising muscular bodies as the ideal bodies for men (Laber,
2002). This problem of paying too much attention to the body type and willingness to show off
among friends is recently seen frequently among
the sportspersons of Iran, especially among teenagers and youths. Totally, satisfaction with body
type is 75.03 over 100 among the students of
Gorgan Islamic Azad University. Some teenagers
believe the boys with bigger muscles are more attractive (Nilsson et.al. 2001). Dissatisfaction with
body type and willingness to change it is one of
the important factors in using some drugs, such as
anabolic steroids (Peter et.al. 2001). The goal of
using such substances is mostly to increase muscle
mass and improve body shape (Irving et.al. 2002;
Nilsson et.al. 2001; Taylor, 2002; Kanayama et.al.
2003). Finings of this research has shown that
40.50% of the students of Gorgan Islamic Azad
University wanted to lose weight and 30.13%
wanted to gain weight. Only 29.37% stated they
needed no weight control method. In other part
such as views on doping, it is seen that 43% of
these student has stated if they know a drug or
supplement with no negative side effect, they will
use it. These results show how vulnerable these
students are to use stimulant substances.
Even though the prevalence of using stimulant
substances amongst the students of Gorgan Islamic Azad University is relatively less than the
results gained for all sportspeople of the country,
as compared to international researches, it is revealed that the prevalence of using such substances amongst the students of Iran is almost equal to
that of other countries. Some researchers (Sarlak
et.al. 2007; Kashi et.al. 2005; 2006) have reported
the prevalence of using stimulant substances to be
much higher in Iran as compared to other countries. Comparing the results of this research with
the result of the researches in other countries show
that the students of Gorgan Islamic Azad University use more drugs but less supplements than other
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countries. As the reason of using less supplements
we can mention the high prices of them and the
fact that they are imported. Against our thoughts
and most of experts in this field, the results of
this study reveal high prevalence of using supplements and relatively high prevalence of using
drugs amongst this part of the society members.
This results show that doping among college students is an undeniable fact, and since the authorities have paid no attention to this problem during
years, this problem has extended from athletes to
non-sportspeople and from men to women, in a
way that the risk of taking stimulants in women is
as high as men. Regarding the high prevalence of
using such substances, in near future we definitely
are going to see serious damages to sportsmen and
sportswomen and even non-sportspeople. One
of the factors contributing to this problem is the
lack of appropriate information about the side effects of stimulant substances. These students too,
have admitted that they had no scientific information about such substances (In the self report of
information, 40.8% of the students of reported
their information about such substances as little
and very little, and in total, 89.9% of them has
evaluated their information as average and lower.
Only 10.1% reported their information as much
and very much). Indeed, this problem is not only
specific to the students and many researches all
over the world has studied the level of information the users of such substances have about them,
and have shown that athletes do not have enough
information about the use of such substances, are
not careful when choosing them, and use them regardless of bad physical and behavioral effects of
them (Strof, 2001; Jamahara et.al. 2000; Laor et.al
2004; prity-watel et.al. 2004; Sarlak et.al. 2007;
Kashi et.al. 2005). Many sportspeople believe using stimulants has no negative side effect. Even
though using vitamins, minerals and proteins
in pure form and for a short time has no serious
side effect, it should be regarded that the safety
of these supplements is not confirmed by any reliable organization and manufacturing supplements
is free in other countries so the producers can sell
any banned harmful drug under the name of any
supplement and harmless brands. This not only
results in putting users in the danger of hazardous side effects of using these substances, but also
782

may turn the athletes’ doping test results positive
in international competitions. Also, regarding certain undoubted very dangerous proven side effects of some drugs especially anabolic steroids,
hormonal precursors (Androstandion and DHEA),
growth hormones and stimulant drugs it seems
very wise to conduct the programs of preventing
the use of stimulant substances to focus on lessening the use of such drugs. Even though several researches have shown that some supplements such
as keratin, protein and amino acid supplements are
harmless and many international policies emphasize on reducing the use of drugs and replacing
them with harmless supplements, researches have
shown that because there is no appropriate control over their quality and their manufacturing is
free in the united states, in order to increase the
efficiency of the supplements, some drugs, mostly
steroids are added to them. The existence of steroids in these supplements in addition to causing
side effects may show the athletes’ doping test to
be positive in international competitions. Since
we cannot stop teenagers and youths from using
any stimulant substance, in seems wise to replace
harmful substances such as anabolic steroids with
less harmless substances such as supplements, and
satisfy the needs of youths by encouraging them to
use these supplements. Indeed, the first step is to
provide the condition for having better and easier
access to healthy harmless supplements at suitable
prices, which needs the act of all the responsible
authorities.
Now that the high prevalence of using stimulant
substances amongst college students is clarified, it
is hoped that the authorities and experts in the field
take the problem more serious and provide needed
programs for prevention before it is late. The results of this study show that college students know
many stimulant substances. Regarding that some
of the factors contributing to the use of stimulant
substances are recognized here, it is suggested that
comprehensive complete programs are prepared
using the advices of physical education experts,
focusing on reducing risk factors, so that the use
of stimulant substances is reduced, helping teenagers and youths.
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Development of multi process
control trainer for mechatronic
education
Hüseyin Bulgurcu
Balikesir University, Balikesir Technical and Vocational High School, Campus Balikesir, Turkey

Abstract
Process control laboratories in most colleges
and universities include a single process trainer for
control exercises in temperature, level, flow and
pressure. Single trainers are present because of the
size and cost of the systems; however, the use of
single systems makes it difficult to use small laboratory teams without reducing the enrolment limit
placed on the laboratory section. Ideally, the process laboratory should have multiple trainers in at
least two of the four primary process variables to
learn the basics of process control. Then the students could move to the larger more robust systems to study control of a large industrial process.
In this paper a multi control trainer has been
developed in order to enable basic controls actions
such as flow, level, pressure and temperature control. Process control apparatus of this multi control
trainer can independently use on-off, float, P, PI,
PD and PID control actions. On this device a water
tank, a centrifugal pump, a global valve and driver,
a tribune type fluid censor, a rotate-meter type flow
meter, two pressure transducer, a SSR relay, an electrical heater an pressure tank, a heat exchanger and
NC200 process control apparatus have been used.
The device can process seven different experiments
on above mentioned control actions.
Key words: Multi process control, multi process
control trainer, process control, PID control trainer
1. Process control systems
Process Control Systems (PCS) may be defined
as an arrangement of equipment related in such a
manner so as to command, direct or regulate itself for
the purpose of performing a Process. In a PCS, the
Volume 6 / Number 3 / 2011

input is the stimulus or excitation applied from an external source in order to produce a specified response
from the system, and the output is the actual response
obtained from it, which may or may not be equal to
the specified response implied by the input [1, 2]
PCS can be classified into two categories, Open
Loop Systems (OLS) and Closed Loop Systems
(CLS). OLS is one in which the control action is
dependent of the output. Figure 1 shows the basic
block diagram of OLS [3].

Fig. 1. Open loop system
Some features of an open loop system are simple construction and ease of maintenance. It is less
expensive than a corresponding CLS and has no
stability problems. Disturbances and changes in
calibration result in errors and the output may be
different from desired. To maintain the quality of
output recalibration is required from time to time.
CLS is one in which the control action is somehow dependent on the output. Figure 2 shows the
basic block diagram of a CLS.
These are usually called feedback control systems. Feedback is the property of a closed loop
systems which permits the output (or some other
controlled variable of the system) to be compared
with the input to the system (or an input to some
internally situated component or subsystem of the
system) so that appropriate control action may be
performed as some function of input and output. A
cause and effect relationship exits between the system variables [4]. Some features of a closed loop
systems are increased accuracy, reduced error, reduced sensitivity, reduced effect of nonlinearity and
tendency toward oscillation and instability.
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Fig. 2. Closed loop system
2. Automation
Automation relates with feedback control of
process variables. Process automation deals with
the automatic control of process variables such as
flow, temperature, level, pressure, humidity, concentration, etc. The automatic control of the process
variables refers to the regulation of these variables
in the true sense. This means that any change in the
process variable is brought to zero. In other words,
the process variable is first sensed or measured and
compared with a desired value. The error generated
is then processed and fed to the system in such a way
that the actual process variable reaches the desired
value. Any change in the actual process variable shall
render change in error which will drive the system to
compensate for the change. Thus process automation
is essentially an error actuating mechanism [5].
Automatic control has played a vital role in the
advancement of engineering and science. An automatic controller compares the actual value of the
system output with the reference (desired value);
it determines the deviation, and produces a control
signal that will reduced the deviation to zero or to
a small value. The manner in which the automatic
controller produces the control signal is called
control action. The basic control actions are [6]:
1. Two Position or On-Off Control
2. Proportional (P) Control
3. Proportional + Integral (PI) Control
4. Proportional + Derivative (PD) Control
5. Proportional+Integral+Derivative (PID) Control
3. Process control trainer types
Nowadays, Industrial Control and Mechatronic Education can be done various places on the
786

world. In Turkey, at the level of pre-graduate Mechatronic Education was started in late 90s. For
the 2008 – 2009 Academic year there are mechatronic program in 15 Vocational Colleges in Turkey. Today, at the level of graduate 5 Engineering
Faculties and one Technical Education Faculty
include mechatronic department in Turkey. There
is a “Mechatronic Education Department” in Marmara University Technical Education Faculty [7].
Certainly understanding of basic automatic
control actions are need process control devices.
In generally this trainer based on level, pressure,
flow and temperature control. Mostly they have
use analog inputs and (level, pressure, etc.) analog outputs (SSR relay, proportional valve, pump
motor driver, etc,), on-off, PID control, as a control action. A lot of in these trainers can be use PC
connection and SCADA control systems. Some
models are presented as below (Fig. 3,4,5,6):

Fig. 3 Flow Control Trainer [8]
4. Designing of multi process control trainer
4.1 Trainers’ Construction
Control labs can be crowded when in use all
together four basic process control trainers (pressure, flow, temperature and level). To solve this
problem it can be use modular and multi purpose
control trainers. Thus we design a multi process
control trainers which it is very cheap and very
simple construction.
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This trainer is a pioneer application of basic control methods which level, pressure, flow and temperature. Moreover it can be done different control
actions on the trainer (Fig. 7 and Fig. 8). Besides
to be joined a float control at these control actions.

Fig. 4. Level Control Trainer [9]

Fig. 6. Temperature Control Trainer [10]

Fig. 7. Block diagram of multi process control
trainer

Fig. 5. Pressure Control Trainer [10]
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The Multi Process Control Trainer (MPCT), a
cupboard size laboratory model on a movable trol787
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ley is configured as shown in Fig. 7. The body is
made of aluminum sigma profile. The steel panels
are coated electrostatic powder. The MPCT consists of a level chamber, an expansion tank, a fan
coil and a sump. The water sump on is located the
bottom level. The sump has a water heater. Water is sucking from sump by the circulation pump,
it then pumping to fan-coil and level chamber by
thorough on the rota-meter type flow meter. A control valve is located upper side of water line and
it controls water level and flow rate. The MPCT
has two pressure transmitters. The upper pressure
transmitter is sense water head pressure, then convert analog signal and transmit to the controller.
The lower pressure transmitter is sense water pressure in the level chamber. An expansion tank allows head pressure rise. A load valve is located under the level chamber that it provided level load. A
temperature sensor (PT-100) is located upper side
of fan-coil and it sense water temperature which
it come from fan-coil. Heat load is put out by the
fan coil, thus water is cools while passed on the
fan-coil. A by-pass valve is located in parallel line
of the fan-coil, it is diverting the water to the fancoil for is forming of temperature control. Lastly
the flow transmitter is sense water flow rate, then
it convert analog pulse signal and it is transmit to
the controller.

4.2 Controller Structure
This controller (NC200) was designed for educational purposes by Endkon Ltd [11]. Specifications of NC200 are listed Table 1 and diagram illustrated Figure 9 and 10.
Table 1. Specifications of NC200 Controller
Dimension
Input
Output
Communication
Processor
Memory
Control Actions

800x600x1400
0-10 Volt, 4-20 mA
0-10 Volt, 4-20 mA
RS 232
16 bit DSP
32 Kbytes EEprom
On-off, P, PI, PD, PID

Fig. 9. Control flow chart

Fig. 10. Front Panel of Controller
5. Software support
Fig. 8. Multi process control trainer
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VisiDAQ 3.1 is an easy to use, integrated,
industrial monitoring and control software system which is a Windows-based data acquisition,
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control, analysis and presentation development
software package. In addition to typical human
machine interface (HMI) functions, VisiDAQ 3.1
features a Visual Basic programming environment, and it provides numerous graphical control and display icons to assist in developing your
HMI. Users can arrange control and display icons
by dragging and dropping them on screen, resulting in a dynamic, real-time display of process
data. Most data acquisition and control systems
can be implemented quickly through this graphical design and presentation system [12]. Features
are listed as below:
–– Microsoft Windows 3.1/95 platform
–– Open real-time data center
–– Visual Basic compatible script programming
–– Simultaneously
performs
multiple
monitoring and control tasks
–– Object-oriented graphics
–– Graphical icon (Drag and Drop) programming
–– Configurable report designer
–– Real-time display/calculation/control
–– Real-time & historical trending
–– Password protection
–– Alarm/event handling
–– Dynamic Data Exchange (DDE)
–– OLE automation
–– User defined DLL
–– LAN communications
5.1 Process Monitoring
It interfaces to wide variety of process variables types, such as 0-10 VDC analog voltage and
4-20 mA current, discrete I/O, RTDs, counter and
frequency inputs. Thermocouple and RTD linearization are handled by the software. Other variable types include RS-232 devices, time, replay
and stored data. Analog and digital inputs are supported as is the pulse input for frequency devices
such as a flow transmitter and tachometer.
5.2 Data Logging
Process data can be monitored on a continual
basis. As data is collected, values, tag names, and
alarm conditions are time stamped and stored. Data
Volume 6 / Number 3 / 2011

can also be displayed and logged as it is acquired,
as a function of time-of-day, or as a result of a decision made by the operator or by the system.
5.3 Alarms
Alarms can be triggered when a variable reaches or passes a predetermined limit or as a result
of a calculated variable or operator action. The
system can be configured so that when an alarm
occurs, the operator is notified and must acknowledge the condition.
5.4 Process Control
It provides control functions allow for the turning on and off of equipment for control applications or to indicate alarm conditions. Its PID loops
provide closed loop control for constant or variable set points. Set points can be entered through
the keyboard, automatically through on-line calculations, or as a preset schedule of values stored
on the computer’s disk. It allows tuning of control
loops on-line. Control parameters-upper and lower alarm limits, gain, reset, scan rate and set points
of the PID algorithms-can be adjusted manually
from the keyboard.
5.5 Real-Time Operator Interface
Its flexible operator interface allows for the
easy configuring of the system using menu driven
set-up screens. For process diagram display, it allows drawing program. One can animate the control strategy in real-time by graphically creating
production flows or physical layouts of the system.
5.6 Real-Time Display
It allows the display of process data in any variety of formats. They include, trend line (variable
versus time), X-Y graph (variable 1 versus variable 2) and control faceplates.
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5.7 Sensors and Transmitters
Temperature sensor and transmitter sense the
temperature with help of a PT-100 type RTD
whose material is made of Platinum. It is provided by resistant change to give the desired analog
value of current which serves as a measure of the
temperature (Fig. 12).
The flow sensor and transmitter sense the flow
with the help of a turbine type flow meter which
uses an optical source and detector. The output of
detector is a train of pulses which is converted into
a corresponding analog voltage using a frequency
to voltage converter.
The pressure sensor and transmitter sense pressure with help of strain gage. It has got a wide range
of applications. It can be used for measurement
of force, torque, pressure, acceleration and many
other parameters. The basic principle of operation
of a strain gage is simple: when strain is applied to
a thin metallic wire, its dimension changes, thus
changing the resistance of the wire. Let us first investigate what are the factors, responsible for the
change in resistance [13].
The level sensor and transmitter sense level
with help of strain gage. Thus a pressure transmitter can be use as a level sensor. Sometimes can be
uses an ultrasonic sensor. It sense water level with
help of an ultrasonic sound.

Fig. 12. Flow of signals
6. Experimental set-ups
Various experimental set-ups were configured
for the trainer and executed. Firstly we can select
a process type which it can be level, pressure, flow
and temperature. Then we can select a control action type is as follows:
1. Two position control (ON-OFF)
790

2.
3.
4.
5.
6.

Float control
Proportional (P) control
Proportional and integral (PI) control
Proportional and derivative (PD) control
Proportional, integral and derivative (PID)
control

Totally it can be made 24 different experimental
setups. One of the experimental setups is as follows:
a. NUMBER OF THE EXPERIMENT: MPCT06
b. NAME OF THE EXPERIMENT: Proportional,
integral and derivative Control (PID) of the
level
c. PURPOSE OF THE EXPERIMENT: To
understand why integral and derivative times
join together to the fault signal (e) on the
proportional control.
d. TOOLS AND DEVICES:
e. CONDUCTING
COMPONENTS
THE
EXPERIMENT:
1. Turn on the main switch
2. Turn on the pump by switching on the fuse
3. Entering the SET value of the device chose
the automatic status
4. Chose PID option from the automatic status
and enter the proportional gain as 50% and
integral time as 5 seconds.
5. Adjust the derivative time to 5
6. Watch the reaction time of the system and
differentiations on the processing variables
7. Change the integral and derivative times to
10 seconds and watch the differences
8. Repeat the above action this time with 15
seconds
Measured feature / number of
the measurement

Set point (SP) [cm]
Process variable (PV) [cm]
Proportional gain
Integral time

Derivative time

Kp=0.5

1

2

3

40

40

40

5

10

15

5

10

15

WHAT SHOULD BE IN THE REPORT: Number of the experiment, the name and the purpose
of the experiment, table values and characteristic
curve (Fig. 13).
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Abstract
In this paper, we consider a kind of new problem called stochastic separated continuous linear
programming (SSCLP), motivated by the great
modelling power of it. We prove that two-stage
n-scenario SSCLP can be solved by solving n+1
separated continuous linear programming (SCLP)
problems under some mild assumptions. This is
quite remarkable because by this result we can use
the existing algorithms for SCLP to solve SSCLP,
which to our knowledge, is the first such kind of
result for SSCLP.
Key words: Stochastic Separated Continuous
Linear Programming, Solution Method
Introduction
In this paper, we investigate a new type of problem which we call stochastic separated continuous
linear programming (SSCLP):

u (t ) ≥ 0,

,

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

v i (t ) ≥ 0 ,
,

;

and

In this problem, the decision variables are
,
,
, and
,
,
. All these decision variables
are vectors of bounded measurable functions.
are given constants and
;
and γi, ci, di, ai, bi are vectors; G,F,H
are matrices; the superscript ′ denotes the transpose
operation.
This problem is an extension of the separated
continuous linear programming (SCLP), which
has the following form:

where
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,

,

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

and
are control and state deciwhere
sion variables. When there are two stages for this
the problem
SCLP, that is, in the first stage
parameters are γ, c, d, α, a, b. At time , there is a
probability θi that the problem parameters change
to γi, ci, di, ai, bi. The resulting problem is SSCLP
(1). By this, we say that (1) has n (parameter) scenarios in the second stage.
The SCLP lies at the interface of optimization
and control. It was first introduced by Anderson
in [1] as a model for job-shop scheduling. In recent years SCLP has become an effective model to
capture the interplay between stochastic networks
and their deterministic counterpart known as fluid networks. Because of its many appealing features, SCLP has been applied to areas as diverse
as modelling input-output economics, scheduling
semiconductor fabrications and managing supply
chain. Because of its modelling power, SCLP has
attracted a lot of research efforts. Anderson, Nash
and Perold [2] studied the properties of the extreme
solutions of the SCLP, based on which Anderson
and Philpott [3] developed a simplex type algorithm for a network-based SCLP. Pullan ([4][5][6]
[7][8][9][10]) in a series of papers systematically
developed a duality theory and solution algorithms
for the SCLP. Luo and Bertsimas [11] suggested an
algorithm to solve SCLP by solving a (non-convex)
quadratic program. Weiss [12] developed a simplex-based algorithm to solve the SCLP. Fleischer
and Sethuraman [13] developed a polynomial-time
approximation algorithm for the SCLP in a network
flow context. For a detailed literature review on
SCLP, the reader is referred to [14].
Our interest in extending SCLP to SSCLP is
motivated by the great modelling power of SSCLP.
We prove that two-stage n-scenario SSCLP can be
solved by solving n+1 SCLPs under some mild assumptions. This is quite remarkable because we
can use the existing algorithms for SCLP to solve
SSCLP, which to our knowledge, is the first such
kind of result for SSCLP.
The paper is organized as follows. In section
2 we present some results on SCLP which we will
need in the next section. In section 3, we prove
that two-stage n-scenario SSCLP can be solved by
Volume 6 / Number 3 / 2011

solving n+1 SCLPs under some mild assumptions.
In section 4, we summarize what we get and point
out some future research direction.
2. Preliminary on SCLP
Now we present some results on SCLP which we
will need in the next section, which are drawn from
[15]. By default, all vectors are column vectors.
Assumption 1 The following two linear programming problems have optimal solutions:

and

Theorem 1 Under Assumption 1, the strong
duality relation holds between SCLP (2) and its
dual.
Corollary 1 Under Assumption 1,
has no
impact on the optimal objective value of SCLP
(2), as long as it satisfies the constraints of (2), i.e.,
.

3. Main Result
We first show that
Let

is an SCLP.
then

Through the variables transformation, we can get
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,

as follows:
If
problem:

V i (t ) ≥ 0, Y i (t ) ≥ 0,

is feasible for the following SCLP

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

where
,
Now we can see that

is an SCLP

with decision variables

and time

horizon (0,T−T1],
The connection between the first stage of (1) with
decision variables

and the second

stage of (1) with decision variables
is

. According to Corollary 1 in the previous

section,

will have no impact on the optimal

objective value of
satisfies

if
, and

Now

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

satisfies the constraints of (4), which

then
is

,

we

discuss

how

.

to

check

if

satisfy the Assumption 2.
The solvability of
order to check if

is readily checked. In
has optimal solution or

not, we choose to check if the dual of

, de-

in the following, is feasible and
noted as
its objective value is bounded from below or not.

satisfy the following

assumption:
Assumption 2 The following linear programming problems ( with
solutions:

s.t.

) have optimal
,

s.t.

The feasibility of
The objective function of
characteristic:

is readily checked.
has the following

and

s.t.
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5. Pullan M. C., Forms of optimal solutions for separated continuous linear programs, SIAM J. Control Optim., 33, 1995, pp. 1952-1977.

Since

is a bounded measurable function,

is finite. So the objective value of
is
bounded from below. Thus the feasible solution for
(4) does not affect the solvability of
.
Now we arrive at the main result of this paper:
Theorem 2 If

is feasible for (4)

satisfy the
and
Assumption 2, then (SSCLP) (1) can be solved
by solving (4) and
separately.
4. Conclusion
In this paper, we show that two-stage
n-scenario SSCLP (1) can be solved by solving
(4) and
which are
SCLPs, separately under some mild assumptions.
We prove this by using the important property of
SCLP which is stated in Corollary 1.
However, how to solve an SSCLP with
stages is still a challenge problem,
which we will investigate in the future.
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Abstract
Development of a trade, according to its characteristics, is one of the most dynamic segments in
the transition economy of the Republic of Serbia.
Significant investments in technological innovations affect the increase in the efficiency of retail
chains, which leads to changes in power relations
in marketing channels. Increase power and influence of retail chains inevitably leads to concentration of retail markets. Because of concentration, the
strategic orientation of commercial firms to create
packages to offer their own branded commodity private label occurs. Directions of private label are
defined as the correlation between market factors
and the level of its market share. Specificity of current level of retail activity, in the expressed conditions of recession, is suitable for rapid development
of private label in the Republic of Serbia.
Key words: private label, marketing channels,
retail concentration, retail formats.
1. Introduction
The introduction of private label as the strategy
of a commercial enterprise is the advantage seen
in the company market positioning by assortment
building that will be unique and price competitive
if private label-based. By private label introduction,
commercial enterprises add themselves new functions relating to product marking, packaging design, promotion activities, taking over, in this way,
the functions from producers, i.e. other participants
in marketing channels, designing their own private
796

label identifying their assortment. Under conditions
of recession, the question of influences of economic flows on the turnover of this segment of assortment can be put. In perceiving the state of retail
trade within the rational economy, tendencies will
show the justification of private label introduction
as the decision of strategic importance under conditions of recession. In this constellation of economic
flows, the questions requiring answers are:
–– What influence does recession exert on
private label turnover?
–– Which factors are of influence on private
label?
–– Which level of private label participation is
followed by the high concentration of retail
trade in developed countries?
–– How much do private labels participate in
some retail formats?
–– What is the state of retail concentration in
developed countries?
Commercial enterprises provide consumer
loyalty by building favorable image by means of
private label. In this way, private label share is
increased relating to manufacturer’s private label
and the increase of private label participation in
the whole assortment of the commercial enterprise
under conditions of recession.
2.  Factors influencing private label
development
Trade activity represents one of the key economic activities with the high participation in GNP in
Volume 6 / Number 3 / 2011
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most countries. In The Republic of Serbia, the share
of trade activities in GDP amounts to 110.8% [3, p.
30], bringing it together into the row of countries
with the average participation relating to the market developed countries. Trade is a highly competitive economic sector characterized by very fast and
strong changes. Commercial enterprises, as institutional advocates, show responsibility and readiness
to increase business efficiency in all the activities.
Their focus is oriented towards consumer satisfaction through offer packages with an “additional value”. Private label concept represents a very good
framework for positioning those commercial enterprises having potentials for their implementation.
Besides internal potentials of some commercial
enterprise, different factors of external origin favor
private label development [7, pp. 6-26]:
1. Factors of macro-environment,
2. Development of marketing channels,
3. Change of the balance of power in relation
to commercial enterprise- producer,
4. Technological innovations important for
retail trade,
5. Increase of number and capacities of
small and medium producers and their
productivity,
6. Level of potential and real competitive retail
trade,
7. Expressed competition of retail prices,
8. Consumers
and
their
preferences/
perceptions regarding to private labels.
The cited factors have not the same importance
of private label development, but macroeconomic
factors and the level of marketing channels development especially stand out.
The factors of macro-environment have an
indirect influence on the trends of private label
development. Trade policy creators, anyway, try
to stimulate market competition and consumer
liberalization. It gravitates towards attaining the
positive market ambient, which would exert influence on equalizing conditions for all subjects. The
macroeconomic ambient and economic cycles can
have an important influence on private label development. Some researches as PLMA (Private
Label Manufacturers Association) carried out,
[5, pp. 1-6] show that, in the period of economic
stagnation and recession, the change of structure
Volume 6 / Number 3 / 2011

and demand volume appear, and private label
turnover increase realizes. Private label turnover
increase in the conditions of recession represents
the result of purchasing power reduction. According to PLMA, even 30% of consumers bought
private labels products more in 2009 than in the
previous year. Besides, we should take into consideration that a great number of consumers is
relatively loyal, i.e. they usually bought in fewer
number of places. In addition, 29% of them were
expressively loyal [3, p. 108]. In the conditions
of recession, the price sensibility of consumers is
expressed, the loyalty of consumers in the retail
trade increases, and it exerts influence on buying
private label products, where consumers get products of guaranteed and usual quality at the favorable prices in the shops where they usually buy.
Marketing channel development, as an external
factor, represents one of the basic prerequisites of
private label development. The higher degree of
retail concentration understands the existence of
domination of powerful branch chains, especially
in product turnover of everyday consumption. A
bigger private label concentration at some markets
can be connected with different factors and retail
trade trends.
Table 1. Relationship of retail concentration and
market private label share
Eu countries

Level of retail
concentration

Private label
participation %

Spain
Great Britain
France
Switzerlad
Holand
Belgium
Sweden
Finland
Denmark
Germany

60%
65%
81%
86%
64%
80%
95%
95%
89%
65%

34%
43%
32%
54%
23%
42%
27%
25%
27%
40%

The private label share in the previous period
points to the permanent increase. Therefore, in
the 1980th, this share in France was 11%, in Great
Britain 22%, in Spain 2%. In the 1990th, it was
17%, 37% and 8% respectively [2, p. 24], and in
the current period, as seen in Table 1, it is 32%,
43% and 8% [8, p. 2]. The permanent increase of
private label product participation is evident. Ac797

technics technologies education management

cording to the results of researches carried out, private label participation ranges from 16% to 54%
at EU markets. Considering the relationship of retail trade markets level [1, p. 26] in Great Britain,
Switzerland, Belgium and Germany with the cited
private label participation, it is possible to confirm
the high positive correlation between the observed
characteristics.
3. Characteristics of accelerated growth
of private label participation in the
Republic of Serbia
The private label in the Republic of Serbia has
recorded an accelerated growth since 2005. As in
EU countries, the level increase of retail concentration has a positive influence on its growth. We
should pay attention to the level of retail concentration, which is lower relating to the observed
countries, but its increase can be expected in the
next five years. Besides international trade chains
as Metro, Mercator, Interex, Idea and DM bringing their own private labels, home trade chains,
as Delta Maxi, Univerexport, DIS, Lilly, have
created their own private labels within the framework of their offer packages. Private label share
will be bigger when the trade chains as Carrefour,
Auchan and IKEA open their department stores in
Belgrade, Novi Sad, Nis and other cities.
The development of “new” retail formats,
above all hard discounts and hypermarkets
in Serbia, managed by multi-format trade chains
(Delta Maxi, Mercator, Idea) causes the development of marketing channels, taking markets in the
regional environment as a model. Food products in
hard discounts are sold followed by very aggressive policies. Product prices range from 20% to
30% lower than in conventional supermarkets [3,
p. 258]. The most known world hard discount systems are Aldi and Lidl and Dia belonging to Carrefour. The organization display of hard discount
stores is very simple, without service in stores,
gravitating towards cost orientation. Products
are also sold from boxes and sacks. Assortments
include small number of manufacturers’ private
labels, and it enables the space for private label
forming. In this way, it gives the possibility for
additional growth of private label participation. If
798

the strategy of Delta Maxi trade chains expansion
realizes in the next five-year period and it opens
hard discounts “Tempo Express” in 50 locations in
Serbia, it can be expected that it will cause the increase the growth of the total market private label
participation for 2-3%, based on its turnover only.
This estimation is based on the high private label
participation in Maxi assortment, ranging now at
the level of about 50% of turnover per quantity.
If we consider private label strategy relating to
its name, it is possible to see two cases: the private
label strategy identical to the name of the commercial enterprise and private label different from
the name of the commercial enterprise [2, p. 26].
Sainsbury applies the first strategy, with the assortment where it is possible to see products under
the Sainsbury private label. The most often application of this strategy is with food products. This
strategy has some level of risk. Namely, having
in mind that most food products are subject to labeling and that they are very perishable, the negative experience with products can cause the fall of
loyalty in retail trade stores. The example of dual
strategy is obvious at the home market so domestic retail traders are oriented towards private label
development - DIS with the Dobra private label,
Underreport with the Bas-Bas private label. It is
the same with Croatian Idea with the K-plus private label, Metro with Aro and Quality and so on.
The private label in Serbia is developing mostly in the assortment of consumer goods. Share
of it is different depending on the selling format,
complementary assortment in Univerexport sales
stores with the Bas-Bas private label oriented to
the groceries, food and non-food sector. Private
label development is obvious with the specialized
chains of cosmetics and Lily and DM household
chemicals, private labels with the identical name
of the commercial enterprise.
The leading retail chains in Serbia develop their
private labels in the following groups and categories of products: frozen food program, cake
products, coffee, juice and carbonated beverages,
canned food (fish), paper products (toilet paper,
handkerchiefs, wet handkerchiefs, napkins), textile, pet food, meat and meat products, milk products (fruit yoghurt), groceries (sugar, flour, cereals), household chemicals, and so on. Private label
development in the segment of electrical devices,
Volume 6 / Number 3 / 2011
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bulbs and other electrical products is not present
now at the market of Serbia, except in the Metro
offer. The reason for that can be seen in relatively
limited sources of supplying the trade chains at the
home market. Private label suppliers cannot offer
an adequate quality and price for producers with
the higher technological level and it is an obstacle
for its development in the category of products
with high innovativeness.
The joint characteristics of private label presentations in Serbia relate to the level of quality
– the medium quality level prevails, while the low
and high qualities are represented more as an exception, not the rule. Complementary services and
electronic sales are at the low level (e.g., the Lily
drugstores have not their own website as a form
of promotion support to sales in their shops). It is
connected with relatively low investments in private label promotions. All the cited elements of
private label offers exert influence on their price
positioning ranging from 10% to 40%, where
some differences are present at prices in selling
formats within the framework of trade chains as
Delta Maxi and Mercator. Therefore, for example,
prices of Delta Maxi private labels are lower than
in Tempo and the Tempo Express stores in relation
to the prices of the same private labels in Delta
Maxi. Differences range from 1% to 5% in favor
of private label prices in discount stores relating
to supermarkets. It is the approximate value at EU
markets [6, p. 26-40]. When we observe the differences in private label presentations through different selling formats of the same trade chain, we
can notice the difference in the number of labeled
articles in discount stores in relation to supermarkets. Thus, for instance, Delta Tempo and Mercator Center have the assortments of over 1000 of
their own private label products, while Delta Maxi
and Roda markets operate with 400 and 500 labeled articles. Private label for the end consumer
means a usual and expected quality, at favorable
price, which is lower than the manufacturer’s private label, while its price varies depending on the
selling format. We should also emphasize that its
participation in the assortment increases in bigger
retail formats.
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4. Conclusion
Trade activity represents one of the key economic activities with the high GDP participation
in most countries. The concept of private label is
a very good framework for positioning those commercial enterprises having potentials for its implementation.
In the period of economic stagnation and recession, the change of structure and offer volume appears, when the increase of private label realizes.
The data that 30% of consumers bought private labels more in 2009 than in the previous year speak
in favor of it.
According to the results of researches carried
out, the participation of private labels ranges from
16% to 54% in EU countries. The relationship of
the concentration level of retail markets in Great
Britain, Switzerland, Belgium or Germany with
the cited participation of private label makes it
possible to confirm the high positive correlation.
The concentration level of Serbian retail trade is
still lower in relation to the observed countries,
but its further increase can be expected in the next
five years.
The development of the ‘new’ retail formats,
before all hard discount and hypermarkets in Serbia, managed by multi-format chains (Delta Maxi,
Mercator, Idea) opens the possibility for an additional growth of private label. The private label for
the end user means a usual and expected quality, at
the more favorable price than the manufacturer’s
private label, while its price varies depending on
the selling format. In that way, we should emphasize that its participation in assortment grows in
volume increase, as the characteristic that defines
the form of retail format.
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Security measures for protection
of e-Government IT infrastructure
Mladen Kostresevic, Dejan Simic
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Abstract
This work describes IT security related topics for e-Government systems. Logical architecture for high level of e-Government IT infrastructure security is presented and each part of
this architecture is described. Also, IT security
measures for each part of the system are listed.
Key words: E-Government IT security, IT security measures, IT security architecture...
1. Introduction
There is no doubt that the Internet infrastructure has become a standard for accessing to the
e-Government systems by the citizens and other
parties. The Internet has replaced the independent
communications systems used by Government
institutions for the data exchange. At the same
time, this has increased the security risks, so the
IT security of e-Government is something that
cannot be neglected and becomes a crucial factor in e-Government success as the concept. This
is particularly important with increasing number
of services and users of e-Government systems
around the World. This paper gives an overview
of the logical architecture for IT infrastructure of
e-Government and measures to be taken to reduce
security risks as much as possible.
2. The logical organization of the
e-Government IT infrastructure
The architecture of an IT system can be represented using a hardware & software components
and logical connections between them. For simplicity of understanding security concepts, we will
introduce a level of abstraction, so few similar
Volume 6 / Number 3 / 2011

hardware & software components will be represented as a logical node. One or more nodes located in the same network segment can be seen as
a zone. The following is representation the logical
organization of the e-Government IT infrastructure where these abstractions are used:
We can observe the following entities:
–– Users of e-Government (citizens, companies)
who are using web browsers and standard
protocols (HTTP and HTTPS) to access web
content (e-Government web portals) in the
public DMZ (Demilitarized zone).
–– Public DMZ - a special segment of the
network which includes public web servers
(web node), the public DNS (Domain name
system) servers (DNS node), a public email
servers (email node), proxy servers (proxy
node), intrusion detection sensors (IDS /
IPS node), etc.
–– Private DMZ - contains the servers
and services that are used by employees
or by the servers from other zones: for
example:internal DNS servers, application
servers, internal web servers etc.
–– Integration DMZ is the next network segment
which contains the servers and services that
are used for data exchange (integration)
with the information systems of other public
institutions (the integration node).
–– Employees - internal users - connected
locally (Local area network segment) or
through a VPN (Virtual private network)
connection for home office.
–– DB DMZ - a special zone that contains
sensitive information (database node) and
which requires a special level of security. It is
possible for this zone to contain some other
servers with special security requirements,
so this zone could be called high security
zone too.
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Figure 1. Logical architecture of e-Government IT infrastructure
–– Honeypot - a system for intrusion detection
and network attack analysis
–– Control zone - separate administrative
connections to all systems that need to be
controlled by administrators
–– Other public services - VPN (Virtual
private network) connections to external
parties for data exchange
3. Security on lower layers of OSI(Open System Interconnection) network model
A prerequisite for the implementation of security measures on higher layers of the OSI model
is certainly well-implemented security on lower
layers. It is clear that if one of lower layers is compromised (for example physical layer), all other
higher layers are also considered to be compromised. Therefore it is necessary to pay special attention to the security on lower layers - physical
and data link layer.
802

The first level of protection for e-Government
IT infrastructure is reflected in the physical protection of servers, network devices and communication
links as well as data centers where these resources
are located. All of these resources should be protected by security mechanisms used in modern data
centers (protection from natural disasters, fire, theft,
eavesdropping, electrical power interruptions, heat,
unauthorized access, etc.). To achieve these objectives it is necessary to use modern systems for physical access control, alarm sensors, video surveillance,
security personal, uninterrupted power supplies, air
conditioning, anti-fire systems, etc. For the protection of the second layer of the OSI model, it is necessary to implement the following measures:
–– Disable free ports on the network switches
–– Enable security mechanisms for STP
(Spanning tree protocol) on network
switches - Root Guard
–– Enable security mechanisms for DHCP
Protocol on network switches - DHCP
snooping
Volume 6 / Number 3 / 2011
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–– Enable protection against false IP packets IP source guard
–– Enable protection from ARP/MAC attacks Dynamic ARP Inspection and Port Security
–– Disable the use of default segment VLAN1
(Virtual LAN 1) for anything
–– Set different VLAN segments for data and
for voice transfers
–– Disable VLAN trunking protocol on ports
that are used by the network users
4. Firewalls
Firewall appliances are able to filter traffic on
the third and fourth layer of the OSI model, providing network segmentation into multiple zones.
Firewalls are widespread today, and found in almost all networks. Measures that could be taken
to further enhance security by using firewalls are:
–– Regular review of rules implemented in
all firewall devices and adapting to new
network needs
–– Regularly updates of firewall software to
new versions
–– Since all traffic passes through the firewall
on one network segment, it represents
the possible single point of failure, so it is
necessary to provide redundancy
–– Firewall rules should be configured so that
unmatched traffic will be blocked by default
–– It is recommended to block the protocols that
are often used for DOS (Denial of service)
attacks (ICMP echo, UDP echo etc.)
In addition to a firewall device on your network, it is recommended to install a software firewall solution to the operating system on servers
and workstations. Thus, for example, the firewall
installed on a laptop computer will protect this
computer when employee works from home, connected to another (possibly insecure) LAN.
5. Demilitarized zones - DMZ
Network demilitarized zones represent the
common practice for isolation of different network segments. DMZ uses special firewall conVolume 6 / Number 3 / 2011

figuration that results into splitting network into
different segments, so that components (nodes)
that are in this segment become surrounded by
two firewalls. From the perspective of components located inside DMZ, the first firewall usually controls traffic between external network (e.g.
Internet) and the DMZ, while the other controls
the traffic between the DMZ and internal network
(e.g. LAN). The role of “outside” firewall is to
filter incoming traffic and allows only traffic to a
certain number of IP addresses and ports located
inside DMZ. This way, external hosts, cannot access to internal network. “Internal” firewall allows access to DMZ hosts from internal network,
so computers located in the internal network (e.g.
LAN) cannot access the external network (e.g. Internet) directly. For these purposes proxy servers
located in DMZ are used.
Benefits of implementing a DMZ are:
–– External users can access only to those
servers (services) that they really need
–– If a server in public DMZ is compromised,
a firewall between segments should block
access to other segments, so security risk for
other servers is reduced.
–– By implementing DMZs the overall system
security is improved because each segment
of the network may have a different level of
security in accordance with current needs.
6. 	Public DMZ
This segment includes network services that are
used by e-Government end-users. Also, this zone
should contain additional resources (security node)
that are needed because this zone is first one facing unsecured networks (Internet). The following is
description of possible server groups - nodes in this
zone and the security measures regarding them:
Web servers (Web Node) - Host web site (portal) for e-Government. This portal is a connection
point to the end-users, so the security and availability of web servers is very important. To protect the
web servers following measures should be taken:
–– Enable HTTPS support on the web servers,
and require that each client must authenticate
with a valid digital certificate before it can
execute important transactions. For this, it is
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––
––
––
––
––

necessary to implement the PKI (Public key
infrastructure) that will be used by all users
and e-Government services. In addition
to the authentication, PKI also provides
encryption and digital signatures which
raises level of security between users and
e-Government system.
Regularly update the software - the operating
system and web server applications
Implement a system for filtering HTTP/
HTTPS requests - Web application firewall
Disable web server modules that are not
needed
Restrict access to the web server host only
to the necessary protocols and ports
Ensure that logging is enabled and all access
to e-Government portal is logged

DNS servers (DNS Node) - these servers
translate domain names into IP addresses and vice
versa. DNS node is crucial for the functioning of
a number of other network services so security of
this node is very important. Recommendations are
the use of standard measures for securing servers, such as regularly updating the software and
blocking all other protocols and ports except those
necessary for the functioning of the DNS system. Redundancy of these systems is very much
appreciated, and it is recommended to outsource
secondary DNS servers to some partner organization. Using encryption for data transfer between
primary and secondary DNS servers is mandatory.
Web proxy servers - they are used by internal
users (employees) as brokers for accessing to the
external web content. Apart from the intermediary
functions, these servers can be installed with applications to filter HTTP/HTTPS traffic, and prevent access to external web pages which have been
found to be malicious, or are not allowed by internal
IT policy. To achieve these measures, it is necessary
to configure firewall devices to block direct access
to web pages on Internet for internal users.
Email Servers (Email Node) - enables the exchange of electronic mail inside organization as
well as with external parties. To secure email servers it is recommended to:
–– Implement antivirus and antispam solutions
which scan and filter all incoming and
outgoing messages for potential threats
804

–– Use additional security measures like white
/ black / gray listing
–– Enable encryption between e-Government
email servers and external email servers of other
Government organizations or partners with
whom large amount of messages is exchanged
–– Implement the Sender Policy Framework
–– Implement constraints like (message size,
number of messages that can be sent by user
in defined time frame, etc.)
Also, it is necessary to configure firewall devices to block email sending directly from the internal users to the email servers of other organizations. This prevents situations when some internal
host becomes compromised, the attacker will not be
able to use that host to send a large number of spam
messages to external email servers. For this reason,
all email messages should be the first received by
internal email gateway, which forwards them on,
and firewall rules should be defined that only this
gateway can send outgoing email messages.
Security Servers (Security Node) - systems
for detecting and preventing network attacks
(Network intrusion and prevention systems). They
need to be implemented in all segments of the network and special attention should be taken to their
configuration in the public DMZ and integration
DMZ. Setting up these devices is highly recommended, immediately after the “border” firewall
devices that are first in contact with the outside
network (Internet / WAN connections). Security
servers need to be able to identify:
–– Unauthorized access or attempt to access
systems or information
–– The unexpected behavior of applications
(detection of anomalies)
–– Unexpected downtime or interruption of
specific types of traffic
–– Other online activities that are known to be
unsafe (dangerous)
Database of known threats used by the security
servers must be updated regularly (several times
a day) to minimize the possibility of “Zero day”
attacks. Also, the security servers must be configured to report any suspicious activities to the person in charge for IT security. For this purpose, it is
possible to use email, SMS, etc.
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7. Private DMZ
This zone should contain servers that are used
by internal users (employees) for the daily operations and servers that are accessed from other
zones. These include application servers, internal
web servers, PKI infrastructure servers, internal
DNS servers, internal email servers, etc.
8. The integration DMZ
There are a lot of systems which work together
with e-government systems. For example, SMS
gateway is one of them. This gateway communicates to mobile operators in the country, and it
is used to send SMS notifications to the citizens.
This gateway and other similar servers should be
located in a separate network zone. Servers from
this zone exchange data with other public institutions or partners in implementing e-Government.
Firewall devices that protect this zone will have
a special policy so that it will be isolated from
the rest of the network. Integration zone usually
contains application servers and proxy (gateway)
servers to external networks. Therefore, in this
zone we have to implement systems for network
intrusion detection and prevention.
For communication to the external networks we
should implement VPN (Virtual private network)
connections. For each VPN connection it should be
defined firewall rule, which allows only necessary
connections to the services within the integration
zone. For VPN implementation, it is recommended
the use IPSec protocol in the tunnel mode, because
it protects the entire IP traffic. As the IPSec protocol
it is proposed to use ESP (Encapsulating Security
Payload) protocol since it gives full protection in
combination with tunnel mode - authentication, integrity and encryption of IP packets. For the key exchange protocol it is recommended to use ISAKMP
protocol in the main mode.
9. DB DMZ
Database servers - these servers store mission
critical data for e-Government system. By interpretation of this data informations are formed.
Volume 6 / Number 3 / 2011

Because informations are basis of all information
systems, it is clear how muc h is important protection of these types of servers in the e-Government
system. Measures which should be taken to ensure
security of these servers are:
–– Ensure that each database user is granted
only those permissions that he really needs
for his work
–– Prevent any public access to DB server
–– Enable data encryption in database
management system (DBMS)
–– Pay maximum attention to the security of
the operating system that hosts database
–– Configure additional security for folder with
database files
–– Install HIDS(Host intrusion detection
system) on the database server and perform
regular updates of the database software
–– Change the default passwords to access
databases
10. Admin zone
This zone is a special network segment that
is connected by dedicated connections to the all
other zones in order to provide secure server administration by the administrators.
This can be implemented using a separate
VLAN(Virtual LAN) segment that will serve only
for this purpose.
11. Honeypot zone
Since honeypot systems are used to capture and
analyze attacks, it is appropriate to isolate them
in a special zone - between the “border” firewall
devices and external links (Internet/WAN). The
following is a list of measures which should be
implemented in the honeypot zone:
–– Include a slowdown in response to network
requests. This results in a network that sends
answers more slowly as the number of
attacks grow. Thus, the attacker needs more
time for his actions.
–– Configure honeypot to send error messages
to the attacker so he has a better feeling to
work with real system and continue trying to
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attack which may lead to more informations
about the attack
–– Configure honeypot system the way that
application servers run as unprivileged users
on the system, thus reducing the possibility
of an attacker to produce big damage to the
honeypot system
–– For some honeypot systems block all
incoming connections, and in case of open
ports scanning detection report this activity
to security administrators
12. Event and access logging
Most of today’s information systems have the
ability to generate system messages of certain events
and to keep them for later review. These parts of
system are often called “event loggers” or “syslog”.
The messages they reproduce can be stored locally,
although in large systems such as e-Government it is
recommended that they are sent over the network to
the remote server(or servers - logging node), which
stores these messages in one central place. These
logs contain very sensitive informations so logging

node should be located in zone with a special security. In case when an unauthorized access is detected, these reports (logs) can help to determine how
and where attack was made in the past. This helps
to solve existing problems so the same attack cannot
happen again. Therefore it is necessary to provide
the records for the following events:
For the purpose of gathering system events
data, syslog protocol can be used. Syslog is application level protocol and works on a client-server
principle. Syslog server is an application that receives the syslog messages and keeps them for example in a file or database. Syslog client exists on
network devices or servers, and sends the system
messages to a syslog server.
Syslog messages usually contain following information:
–– The device that generated a message
–– A time when the message was generated
(timestamp)
–– Message text
–– The channel in which message will be sent
(facility)
–– The level of importance (severity)

Table 1. Events to be logged
Part of the system

database

Network and server operating systems

Web applications
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Event
▪ access to the database by the system user
▪ attempts to access with wrong login data
▪ change of particular user’s privileges
▪ adding new users with special rights
▪ data export
...
▪ successful and unsuccessful attempts to
access operating system
▪ change of system user rights
▪ unsuccessful attempts to access certain files
▪ use of special privilege
▪ change of the system configuration files
▪ restart of the system services
▪ restart of the operating system or network device
...
▪ successful and unsuccessful attempts to access application
▪ successful and unsuccessful attempts to access web documents
▪ changes of access rights for users
▪ queries to search system
▪ successful and unsuccessful execution of critical operations in
the application
...
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Information about the device that generated a
message is based on the source address in the IP
packets carrying syslog message. Time when the
message was generated is very important information, so it is necessary that all devices have a
synchronized system time. This enables logging
node to record all received messages in correct
order. Message text is defined by a specific event
and it represents his short description. The channel in which message will be sent represent various locations where messages could be recorded
(for example, different files or databases). The
level of importance is defined in the range from
0 to 7, where a smaller number means more critical event. Each level of importance has its name
shown in the following table:
Table 2. - syslog message severity levels
0
1
2
3
4
5
6
7

Emergency
Alert
Critical
Error
Warning
Notice
Informational
Debug

13. Antivirus Software
The protection of all servers and workstations
using a centralized antivirus solution is mandatory. It is necessary to ensure that:
–– Network access is blocked for hosts without
installed antivirus software
–– Users are not able to switch off the antivirus
protection on workstations
–– New virus definitions are updated several
times a day
–– Administrator notification should be enabled
in case of virus detection
–– If the antivirus software does not contain
HIDS module, installation of separate
HIDS system is required for all servers and
workstations.
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14. Authentication systems and login data
protection
Most of today’s information systems use a
combination of user name and password for authentication. The password should be something
that nobody will be able to discover. However,
practice has shown that because of bad password
choices and improper protection, attackers are
often able to obtain these data and misuse them.
For this reason, the e-Government system needs
to ensure adequate protection of these data. Adequate protection can be achieved by the following mechanisms: the use of SSL/TLS protocols,
defining the strict policies for passwords, and by
using two-factor authentication. A description for
each of these mechanisms follows:
SSL/TLS encrypt the data between the client
and server by using asymmetric cryptography.
This way, a secure communication channel is
established between the client and the server (eGovernment portal), preventing eavesdropping or
spoofing of user data messages during the communication. For example, regular HTTP session
between web servers and web client (browser),
whose traffic normally is sent in plain text format,
can be protected by using SSL or TLS protocol.
HTTP protected this way is called HTTPS and the
URL in this case starts with https://. Modern web
browsers are able to visually indicate when communicating with HTTPS enabled site, so the user
can see when accessing a specific site through a
secure channel. It should be noted that the HTTPS
protocol is not new protocol, but it represents the
use of HTTP over SSL or TLS connection. Using HTTPS in conjunction with digital certificates
(PKI infrastructure) ensures protection against
eavesdropping and MITM (Man in the middle) attacks.
Password expiration policy is a security
mechanism that defines the time period after
which user must change the current password.
This policy needs to contain additional rules that
prevent user to set a new password similar to the
one he used in the past.
Account locking is the mechanism that defines
the maximum number of wrong login attempts. If
this number is exceeded, the user account is temporarily locked and user typically must wait for
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some time before he is able to log in again, or must
contact the administrators.
Two-Factor Authentication - TFA - represents the use of at least two of the most common
ways to identify users:
1. Something the user knows, such as
passwords, PIN code
2. Something the user has, e.g. a smart card or
token
3. Something that the user is, e.g. a fingerprint.
From this we can conclude that authentication
method used currently on most of today’s web
sites (user name or email address and a static password) is not two-factor authentication. Therefore,
in order to increase the security it is recommended to use additional methods. Some of them are
represented by combination of passwords or PIN
codes and smart cards or security tokens. It is also
possible to use the biometric readers, but their cost
is often a factor which forbids their implementation in systems with large number of users.
Smart cards are plastic cards with small security
chip. They are standardized by the ISO organization, having a microprocessor and memory and are
able to perform various computation and security
operations. The key features offered by these cards
are authentication, data storage, validation and
locking mechanism in the case of unauthorized attempts to access the data. Because of these qualities smart cards have widespread use in environments where high data security is required. They
keep confidential data such as personal information
about the owner, keys and digital certificates for
asymmetric encryption, etc. For authentication with
smart cards, it is necessary that the user has card
reader connected to his computer. The user inserts
the card into the reader and enters a PIN code when
accessing a site(e-Government portal). This way,
two-factor authentication is done based on what the
user has (the card) and what he knows (PIN code).
Security tokens are devices that are very popular when it comes to user authentication. These devices are usually compact in size, and have a display on which temporary password is shown (one
time password). When user wants to log in to the
system, he enters the data he knows (e.g. PIN) and
a temporary password from the token. This way,
two-factor authentication is achieved. The tem808

porary password is only valid for a specific time
period in which a user can use it (e.g. 60 seconds
from the moment of creation). All this achieves a
high level of security.

Figure 2. - smart card and smart card reader

Figure 3. - Security token
In addition to the security tokens, mobile phones
are often used to create temporary passwords via
mobile-application or password sending via SMS.
This makes it easier and cheaper for implementation of two-factor authentication because mobile
phones are widely used today, but certainly this
method has its shortcomings compared to the real
physical security token.
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15. 	Principles for development of secure
web applications for e-Government
Every secure information system must ensure
the confidentiality, integrity and availability of its
information resources. To achieve this it is very
important that in the early stage of writing application code security principles are applied. In this
chapter, brief descriptions of the main principles
to be followed are presented. These principles are
taken from the OWASP (Open Web Application
Security Project) and a complete list can be found
at the project site in the document “OWASP Secure Coding Practices:
–– Always do validation of data coming from
clients (data entered into HTML form fields,
URLs, HTTP headers, names and values
inside web browser cookie, etc.)
–– All input checks must be done on the server
side, not in the client web browser
–– Check the existence of special characters in
input data such as <> “’% () & + \’ \”
–– All generation of output data needs to be
performed on the server side
–– Require authentication for all parties and
resources, except for those specifically
intended to be publicly available
–– All authentication check must be performed
on the server side
–– Ensure the use of strong one-way hash
functions. Avoid MD5 algorithm if possible.
–– Only use the HTTP POST method when
sending authentication data
–– Enforce a certain password length and
complexity and the time period after which
the password must be changed
–– Provide locking a user account in case of
multiple failed login attempts
–– Session management needs to be done on
the server side
–– Generating a new session each time a user
logs in to the system
–– Disable multiple logins to the system with
the same user data
–– Limit the number of transactions (operations)
that a user can perform in a certain time
period
–– All cryptographic operations must be
performed on the server side
Volume 6 / Number 3 / 2011

–– Error messages should not contain sensitive
information about the system, session, or
users
–– Security controls should be configured to
deny access by default if something fails
–– Provide report generation system (log) of all
relevant events
–– Users should have only necessary rights on
the system
–– Disable caching of sensitive data on the
client side
–– Implement encryption (SSL or TLS) on all
channels that transmit sensitive information
–– Use only parameterized SQL queries and
define parameter types
–– Use the account with less privilege for
database access
–– Limit the type and size of files that users can
send to the server
–– Inspect file sent by the user by analyzing the
header
–– Exclude the possibility of file execution for
upload folder
–– Use tested and proven libraries whenever
possible
–– Do not allow applications to call system
commands directly, but try to use the builtin operating system API
–– Use hash functions for checking application
data integrity
–– Run applications under the user with less
privilege
–– Examine documentation of application and
web servers, and disable the unnecessary
functionality
16. Conclusion
It is obvious that e-Government systems represent a major revolution in the functioning of
Government institutions and the way citizens and
other parties communicate with them. To ensure
that users of e-Government gain trust to the system, it is necessary to guarantee smooth operation
of the entire e-Government system and security of
transactions with end-users. To achieve this, IT security plays an important role here. Unfortunately
it is often not implemented adequately.
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In this article we presented measures that needs
to be taken to reduce IT security risks for e-Government systems. Also the specific logical architecture of the e-Government IT infrastructure is
presented based on latest findings and good practice. This architecture in combination with standard for IT security management, makes protection of e-Government IT infrastructure controlled
and ordered process.
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Defining homogenous areas of
Serbia based on development
of SME in agribusiness using the
cluster analysis
Blazenka Popovic, Radojka Maletic, Slobodan Ceranic, Tamara Paunovic, Svjetlana Jankovic Soja
Faculty of Agriculture, Belgrade, Serbia

Abstract
Current state of small and medium-sized enterprises in agribusiness in Republic of Serbia is
beneath possible and satisfied level. Underuse of
economic potential of agriculture is a great opportunity for development of SMEs on the one side,
and for development of agribusiness on the other.
Cluster analysis is a method used to determine
how the municipalities in the Republic of Serbia
are grouped according to the level of development
of small and medium size enterprises in agribusinesses. Also, in this way we get insight into current condition of regional development of this sector, as well as possibility for development of least
developed municipalities in Serbia. At the end,
nine homogeneous groups of municipalities were
formed, and in addition, each cluster has its own
special characteristics in terms of the intensity of
some of the observed indicators.
Key words: cluster analysis, grouping of municipalities, small and medium size enterprises
(SME), agribusiness.
1. Importance and development level of
SMEs in Serbia
Economic progress and development of the
Republic of Serbia demands development of a
competitive economy based on knowledge, new
technology and innovation. In order to achieve
this goal, an important contribution to economic
and social development is expected from entreVolume 6 / Number 3 / 2011

preneurship, particularly in countries in transition,
such as the Republic of Serbia. In addition, great
importance is given to a SMEs sector and its readiness to win a new market of the European Union,
to adopt necessary standards and to reduce the differences in development level.
The key target of each national economy is to
increase production, to increase the level of services, of export, of employment and price stability. Modern national economies through its macro-economic policy (fiscal, monetary, credit and
foreign trade policy) achieve these goals. Important role is given to development of small and
medium-sized enterprises, considering that SMEs
represent one of the significant opportunities to increase production and employment, but also contribute to overall economic development. Therefore, it can be said that the contribution of small
and medium enterprises in a country’s economy is
reflected in the following activities:
–– Faster growth in production and services as
a supplement to large enterprises in terms
of harmonious development and fuller
utilization of capacity.
–– Development of SMEs contributes to overall
economy by its diversity and complementarities.
–– It creates a new material value, completes
supply and increases the assortment of
goods and services.
–– There is a possibility to increase competitiveness, to accelerate reproduction, to achieve
the harmonious development and possibility
to increase export.
–– Number of employees increases and engages
working age population.
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–– Faster growth of gross national product
that contributes to the growth of living
standards of a country.
–– Accelerating the investment activities and
mobilization of personal resources for
investment spending.
–– Engage foreign capital using direct
investment through joint projects, which
contributes to faster economic development.
–– Encourage market competition and increase
productivity.
–– Develop free creativity, entrepreneurship
and innovation.
–– SMEs are very important for strengthening
the competitiveness of the economy.
–– Provide creative impulses and creative
abilities of all sectors of economic activity,
particularly in knowledge transfer and
substitution of imports by exports.
–– Small, medium and large businesses are
both in competitive and in a complementary
relations, and the conclusion is that the reality
of modern economic life, is actually, the
interdependence of enterprises of all sizes.
Development of SMEs sector is one of the key
factors in process of European integrations of Republic of Serbia. SMEs are a significant source of
business links with other European countries, and
they significantly help the process of Serbian integration into the European economic framework.
The European Union gives special attention to
the development of SMEs, and therefore, in June
2008., European Commission adopted a special
document called A „Small Business Act” for Europe, which establishes the principles and actions
for business in the SME sector in EU countries.
Most of transition countries have accepted the
fact that SMEs are an essential part of economic
reforms (the Czech Republic, Hungary, Poland,
Slovakia, Slovenia). Republic of Serbia, as a
country in transition, is characterized with initiated reform process, incomplete privatization, high
unemployment and many other problems which
are reflected in development of small and medium
enterprises (Table 1).
Business problems of SMEs led to an increase
in cumulative loss and reduction in other operating performance of the sector (Table 2).
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Table 1. Transition operations balance of Serbian
economy, 2002-2009*.
Indicators

Total

SMEs Large enterprises

Number of
22697 22478
enterprises
Number of
-248002 -63760
employees
Income
30644,0 12851.6
Profit
2063.9 1098.4
GDP
7012.0 3299.0
Loss
2415.1 990.8
Cumulative
4266.0 3926.7
loss

219
-184242
17792.4
965.5
3713.0
1424.3
339.3

* Financial indicators in the mill. EUR
Source: RDB based on data of SBRA
Table 2. Participation of SMEs in Serbian economy (%)
Indicators
Number of enterprises
Number of employees
Income
Prpfit
GDP
Loss
Cumulative loss

2002
98.1
51.4
47.6
44.2
35.5
46.6
20.9

2008
98.1
57.8
45.4
58.6
45.3
41.9
37.6

Source: RDB based on data of SBRA

2009
98.1
57.7
45.0
50.5
41.6
43.2
38.7

Low level of SMEs development in Serbia
is shown in the following comparative analysis, compared with EU-27 and also compared to
neighboring countries – EU members (Table 3).
The current level of SMEs development in
Serbia is the result of present development limitations such as: relatively low possibility of financial
support, uncompleted development and administrative regulations, undeveloped institutional infrastructure and an underdeveloped system of connection and internationalization of SMEs sector
(see more Ceranić, Maletić and Paunović, 2005;
Popović, Maletić and Paunović 2008; Ceranić
and Maletić 2009). Development of existing and
establishment of new companies, as well as their
business networking (clusters, business/technology incubators and also their involvement in business chains of multinational companies) requires
further improvement of business environment in
order to improve their competitiveness, and hence,
their export efficiency.
Volume 6 / Number 3 / 2011
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Table 3. Comparative analysis
Parameter

Number of
enterprises in
000

Number of
employees in
000

GAV in billion
EUR

Number of
employees per
enterprise

GAV per
employee
in 000 EUR

EU-27
Czech Rep.
Poland
Slovenia
Hungary
Romania
Bulgaria
Serbia

19602
878
1405
88
556
410
240
277

85000
3461
5289
371
1783
2463
1318
811

3060
30
59
8
20
13
5
6

4.3
2.8
3.8
4.2
3.2
6
5.5
2.9

36.4
12.1
11.2
22.4
11.3
5.4
4
6.9

Source: EUROSTAT – Statistics in focus, 31/2008

2. SMEs as a development factor of
Serbian agribusiness
Changes of the political and economical concept that have been initiated in the eighties of the
last century, and are still ongoing, have changed
significantly the strategy of agribusiness development. The concept of development of agro industrial complexes directed towards socializing
of the agriculture and creating of corporations
and big economical systems, changed into completely contrary concept, i.e. privatization and
development of small and medium enterprises.
Small and medium enterprises in agribusiness
were created partly due to the process of production restructuring of rural households/holdings by
focusing on processing of agricultural products,
and partly due to the initiative of entrepreneurs or
certain group with common goal (more Popović.,
2008; Ceranić, Maletoć and Paunović., 2005).
Great importance of SMEs development in
transition countries can be shown, among other
things, through development strategies that promote government objectives and provide guidelines on how things should be done in certain period
(longer or shorter) of time. Examples for this are
documents of the Serbian Government: A Strategy
for Development of Small and Medium Enterprises
in the Republic of Serbia in period of 2003 – 2008;
The Action Plan for stimulating development of
small and medium-sized enterprises and entrepreneurship in period of 2005-2007; and the latest, A
strategy for development of competitive and innovative SMEs in period of 2009-2013. Their final
goal is to promote entrepreneurship and to create a
Volume 6 / Number 3 / 2011

framework for opening a sustainable, internationally competitive and export oriented sector of small
and medium-sized enterprises and entrepreneurship
in the future, and thus, provide economic and social
prosperity for the Republic of Serbia.
Popović, Maletić and Paunović (2008) state
that in development of SMEs in the field of agribusiness, starting point was assumption that SMEs
with their special production programs will have
secure market, economically efficient and effective production and, in that way, they will contribute and induce increased use and technological
improvement of existing food industry, through
cooperation programs, but also through establishment of objective competition.
The involvement of the rural population in social life and development processes is of crucial
importance for Serbia, given the fact that rural
areas makes 85% of its territory, to participate in
the gross domestic product with 41%, and their
inhabitants make up 42% of the total population.
The involvement of the rural population is also
important for the perspective of quality of life, for
realizing the rights and development potential of
the rural population, as well as for sustainable development of rural communities.
Ceranić and Maletić (2009) state that increasing globalization process divides scientists into
two groups, the first one being of opinion that
in newly created conditions small and medium
enterprises will disappear, whereas the other
group is of opinion that due to specific advantages small and medium enterprises will be able to
recognize and conquer easily parts of unutilized
market which would guarantee them perspec813
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tive and survival in the future. Agribusiness is
especially interesting field for small and medium
enterprises, since this is very wide field that includes production and processing of agricultural
and foodstuff products, as well as numerous inputs for agricultural production.
Starting from this paragraph, the aim of this
study was to evaluate the homogeneity of the municipality in Serbia based on development of SMEs
in sector of agribusiness. The results can be useful
to determine the optimal production orientation of
certain areas, but also for development of a program known as “agricultural zoning”. Therefore,
it requires the application of appropriate methods
of multivariate analysis, particularly cluster methods, in order to better analyze problems of a multidimensional concept of development.
3. Cluster analysis
The classification analysis, or also called cluster analysis, is a method of multivariate analysis used to group observed objects in the groups
(Thompson, 1991). The term cluster comes from
the English word cluster (a group of “same stuff”,
cluster, “gather the pile”). Cluster analysis classifies objects (subjects, products or other objects)
so that each object is very similar to others in the
cluster, but with respect to pre-specified selection
criteria. In the end, defined sets of objects should
show high internal homogeneity (similarity) within the cluster, and high external (between clusters)
diversity.
In a mid-twentieth century, it comes to a more
intensive application of classification analysis,
first in the field of biological research, and then,
in many other areas of science (Maletić, 2000;
Ralević, Ljubanović- Ralević, Stanković and
Popović, 1993; Maletić and Lakić, 1996). The
rapid development of this method comes with the
appearance of computers in the middle of the last
century, considering it is based on processing a
large number of data.
Grouping objects into groups is based on different characteristics that are measured for each
object. Data matrix with n rows (objects) and p
columns (variables) is the starting point for each
classification method.
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Based on the data matrix (nxp), matrix of ties
is formed (nxn) whose elements measure the degree (level) of similarities or differences between
all pairs of objects from the data matrix. The literature offers a relatively large number of distance measures, but for the purpose of this paper,
we used Euclidean distance measure, based on
the following expression:
dij =

p
∑
k =1

(X ik

)

- X jk 2 . ................. (1)

Using the average link procedure WPGMA
(Weighted Pair-Group Method, Arithmetic Average -Default), the following hierarchical classification was obtained:

(

)

D Oi , O j = ∑ d s / ni n j .................... (2)
This method, as shown, takes into account information on all pairs of observed units between
the two clusters.
The resulting hierarchical structure of the municipalities is presented graphically both, on the
dendrogram, and on the cartogram, and therefore, it
makes class of municipalities (clusters) composed
of certain homogeneous units clearly visible.
Determination of a satisfactory number of
clusters
Significant issue in cluster analysis is the problem of determining the final number of formed
clusters (also known as stopping rules). Unfortunately, there is no objective standard procedure,
and there are no internal statistical criteria for the
performance, such as a test of significance in other
multivariate methods. This is the reason why researchers have developed several criteria for approaching the problem (Kovačić Z., 1994).
The first and simplest way is to graphically
display the hierarchical structure, dendrogram,
and cut it to a certain level of the desired number
of groups. This gets one of the possible solutions
for clustering problems.
Another way is based on monitoring the value
of distance measure where the two groups are
Volume 6 / Number 3 / 2011
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joined in one on the first steps when there are a
large number of groups. Value of distance measure
between the groups will grow relatively slowly.
When number of steps in the iterative procedure
is increasing, the value of distance measure will
grow exponentially. If in some particular step,
significant change in value of distance between
groups is noted, then the number of groups that
preceded this step declares as optimal.

After forming the matrix of distance between
municipalities using the average linking method,
clustering of municipalities was carried out.
Using Euclidean distance and average linking method a graphic presentation of hierarchical
structure of municipalities of Serbia is obtained,
i.e. Dendrogram.

4. Results of application of cluster analysis
Cluster analysis was performed in order to
determine how municipalities in the Republic
of Serbia are grouped according to development
level of SMEs in the agriculture. The main task
of the analysis is to classify municipalities in certain groups (clusters) so that the elements within
each cluster have a high degree of “natural association”, while clusters themselves should be
“relatively distant” from each other.
In this paper, available data on SMEs from the
Statistical Office of Serbia was used. The sector
of small and medium size entrepreneurship is not
adequately included in the official statistical records. There is no quality, accurate and up to date
information on business activities and on results
of this sector of production. Also, production of
small and medium enterprises with the number
of employees under 50 is not included in regular
statistical surveys. In addition, some other data
obtained from the database of the Statistical Office of Serbia about the final accounts of the company, were also used in this paper. Selected indicators were observed (total income, fixed assets,
working capital, loss of profit, the number of employees and number of companies) for small and
medium enterprises in all municipalities of the
Republic of Serbia without Kosovo and Metohija. In total, 161 municipalities are included.
Thus, the starting data matrix, size nxp, or
161x7, was formed. Based on selected indicators of
development of small and medium enterprises the
clustering of municipalities in the Republic of Serbia was performed in the SPSS statistical package.
Based on the formed data matrix (nxp), the matrix of ties (nxn or 161x161) is formed, and Euclidean distance is taken as a distance measure.
Volume 6 / Number 3 / 2011

Dendrogram 1. Hierarchical structure of municipalities of Serbia
Based on applied cluster analysis, municipalities in the Republic of Serbia are classified into
nine groups (clusters), and four other municipalities are outside the clusters, namely: Pancevo,
Novi Sad, Palilula and Lajkovac. Disposition of
municipalities by clusters is shown by cartogram.
The first seven clusters include 130 municipalities or 80.75% of all municipalities in Serbia,
and the presence of these seven clusters in the
observed indicators is far smaller. Participation
of these clusters in total income is 33.86%, in
permanent assets is 31.92%, in total committed
working capital represented with 33.40%, clusters also realized 38.15% of the total loss and
30.06% of the profit, while the percentage of em815
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Cartogram 1. Disposition of municipalities by clusters

ployees in the first seven clusters is 36.61% and
58.01% of companies is located in these clusters.
Municipalities that belong to the eighth and
ninth cluster and four municipalities that are
outside the cluster (in total 31 municipalities or
19.25% of municipalities) have far greater representation in the observed indicators. In these
clusters, municipalities in Vojvodina and several
of Belgrade municipalities are mainly represented,
which indicates the great territorial unbalance in
the development of small and medium enterprises in agriculture. Development of small and medium enterprises in Central Serbia, especially in
the southern part of Serbia, is at much lower level
than in Vojvodina.

816

5. Conclusion
Agriculture as an industry is an important factor in overall economic development of Serbia
and an important segment of economic structure.
Serbia has agrarian resources (land, air and water) that are not used enough, and therefore, represent a significant economic potential for further
development. Maximum utilization of available
resources is conditioned by both natural and
socio-economic conditions. Those indicators
define the development of certain branches of
production and the deployment of regional agricultural production. Presumption of stable and
consistent development of Serbia is in overcoming the problems of underdeveloped areas. Small
Volume 6 / Number 3 / 2011
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and medium-sized enterprises represent the main
source of employment and driving force of the
most powerful countries in the world, and therefore, the role of such importance should be given
to the development of Serbian agribusiness.
In this paper, cluster analysis was performed
in order to determine homogeneous groups of
municipalities from the standpoint of development of small and medium entrepreneurship in
agricultural production. The results of this analysis are not unexpected and only confirmed the
fact of the very uneven development of SMEs in
the Republic of Serbia.
As first, there is a big difference in the development of SMEs in the municipalities of Vojvodina and in municipalities from the rest of Serbia.
That difference is even more unfavorable in the
most southern part of Serbia.
The main concentration of SMEs in this sector of economy is in the large urban municipalities
(Pancevo, Novi Sad, Subotica, Palilula etc.). It
can be explained by the fact that these are municipalities located in the area with very favorable conditions for agricultural production. This
is also the area that is situated on the crossroads of
the most important main roads, and borders with
four countries: Bosnia, Croatia, Hungary and Romania. Water traffic in this area is also very developed. Three great rivers Danube, Sava and Tisa,
and also, canal system Danube-Tisa-Danube are
navigable. Favorable transport infrastructure facilitates marketing of agricultural products, and
thus, this is an area with a well-developed and
large market for realized production. An important feature of this area is a long tradition in entrepreneurship, so municipalities have experience
with stimulating private investment. The presence
of financial institutions allows greater availability
to necessary investment capital. Greater activity
of advisory services as well as better availability
of necessary information is noted, which classified
these municipalities as the municipalities with the
most developed SMEs in the field of agriculture.
Then, based on the development of SMEs in
the field of agriculture, there is a group of municipalities that belong to the northern and central part of Central Serbia and those municipalities represent a major economic centers in their
districts, such as: Sabac, Cacak, Valjevo, KraguVolume 6 / Number 3 / 2011

jevac, Krusevac, Kraljevo, etc. This is the area
where the dominant are farm production, fruit
and vegetable production or production structure
that satisfy the consumers demand in major urban centers. This is the area with less developed
infrastructure than the previous one, but more developed than the rest of Central Serbia. Weak access to information, the less activity of regional
advisory services and limited financial markets
resulted in this development level of SMEs in
this group of municipalities.
Finally, the third large group of municipalities is allocated in areas of eastern, western and
southern Serbia. This is an area with very diverse
terrain and with, mostly, under-developed infrastructure, poorly organized advisory services and
with unfavorable age structure of population.
Southern parts of Serbia are the most underdeveloped in the republic, with a lot of neglected
land, poorly organized agricultural production,
disorganized market, unfavorable age and education structure of the population, which resulted
in a very low level of development of SMEs in
agriculture.
Development of SMEs should be supported
and stimulated by various measures in order
to get wanted results, but also to get important
progress in following areas: legal framework of
SMEs, favorable and faster starting of business
(start-ups), improvement of on-line approach,
tax system, increasing the knowledge level and
capability, improvement of statistical monitoring
and researching of SMEs, building institutions
for non-financial support and development of
non-financial services.
Acknowledgement
Work is the result of research funded by the
Ministry of Science and Technological Development: “Development and application of new and
traditional technologies in the production of competitive food products with added value for domestic and world markets – CREATE WEALTH
FROM THE WEALTH OF SERBIA” and “Rural
Labour Market and Rural Economy of Serbia - Income Diversification as a Toll to Overcome Rural
Poverty”.
817

technics technologies education management

References
1. Ceranić, S., Maletić Radojka, Paunović Tamara
(2005): Factors of the new policy of regional
development of agriculture in Serbia, Agriculture
economics, Belgrade, year LII. No. 3 pp. 365-370.

Coresponding author
Blazenka Popovic,
University of Belgrade,
Faculty of Agriculture,
Serbia,
E-mail: blazenka@agrif.bg.ac.rs

2. Popovic Blaženka, Maletic Radojka, Paunovic Tamara (2008): Development of small and medium
size enterprises in function of competitiveness
promotion in agribusiness. International Scientific
Conference: Multifunctional Agriculture and Rural Development. Thematic Proceedings, p. 76-82,
Belgrade.
3. Ceranić S., Maletić Radojka (2009): The results
of development policy of SMEs in agribusiness.
Thematic Proceedings “Agriculture and rural
areas in Serbia: the sensitive points of transition
and comparison with other countries”, p. 171188. Publisher: DAES -Serbian Association of
Agricultural Economists, co-publisher: Faculty of
Agriculture, University of Belgrade.
4. Popović Blaženka (2008): Contribution of small
and medium sized enterprises in development of
agribusiness of the Republic of Serbia, Ph.D. Thesis, Faculty of Agriculture, Zemun.
5. Thompson, S. K. (1991): Adaptive Cluster Sampling: Designs with Primary and Secondary
Units, Biometrics, 47.
6. Maletić Radojka (2000): Aprior methods in the
classification of municipalities in Serbia, Andrejevic endowment, Belgrade.
7. Ralević, N., Ivana Ljubanović-Ralević, Jelena
Stanković, Blaženka Popović (1993): Cluster analysis of family farms. Review of Research Work at
the Faculty of Agriculture, Belgrade Vol. 38, No
1, str. 81-86.
8. Maletić Radojka and Lakić Nada (1996): Defining homogenous narrow areas in Central Serbia
from the standpoint of natural and economic production conditions. Review of Research Work at
the Faculty of Agriculture, Belgrade, Vol. 41, No
2, p. 185-193.
9. Kovačić, Z. (1994): Multivariate analysis, Faculty
of Economics, Belgrade.

818

Volume 6 / Number 3 / 2011

technics technologies education management

Methodology of physical
occurrences analogy in
researching vehicle lifetime
M. M. Klarin1, V. K. Spasojevic Brkic2, Z. D.Sajfert1, A. Dj. Brkic2, D.Curovic2
1
2

Technical Faculty “Mihajlo Pupin” Zrenjanin, University of Novi Sad, Serbia,
Faculty of Mechanical Engineering, University of Belgrade, Serbia.

Abstract
Lifetime as a critical dimension of the quality
of a product is most often studied using the unreliability curve, when there are problems in determining the origin in terms of time limit (∆t), since
monitoring usually starts at one point in the lifetime
and does not yield accurate data. Reliability theory
cannot give satisfactory results, unless we can determine the effect of product care under conditions
of use on malfunction and failure of parts, or of the
entire system. Therefore, this paper introduces an
original methodology for determining the lifetime
of vehicles by applying the model of the physical
occurrence analogy for fluid outflow from an open
vessel. The analogy allows us to derive a formula
for calculating lifetime, which does not require the
extensive research necessary for reliability theory.
This methodology is applied to data on passenger
vehicles in the former West Germany, and to buses
on the Serbian market. The lifetime of vehicles in
West Germany had declined to 9.7 years by the end
of the monitored period. The lifetime of buses in
Serbia was 4 years until 1989, after 1990 it had risen to 8 years but it exhibits a tendency to decrease
to 6-7 years soon. The model proposed in this paper
yields good results that include the characteristics
of maintenance done during the periods discussed.
Our results should be verified in other areas as well.
Key words: lifetime, methodology, fluid-outflow analogy, vehicle
1. Introduction
The generally accepted model for determining
the lifetime of a product by means of the unreliVolume 6 / Number 3 / 2011

ability curve (bathtub) model has a very limited
range of application. The bathtub curve applies to
a group of identical machine parts, manufactured
and exploited under the same conditions. A passenger vehicle is an example of a system consisting of different elements (parts) which differ in
reliability and have different connections (serial,
parallel, etc.). Based on previous exploitation and
laboratory tests, it is theoretically possible to determine the reliability and lifetime of certain parts
in advance, and to determine the reliability of an
entire system made up of several thousand parts
with the knowledge of connections between the
elements of structures and substructures. However, this is a very large undertaking and serves a
purpose only if it enables us to determine the key
parameter of the product – its lifetime.
Applying reliability theory will not yield adequate results unless we can determine the effect
of product care, under conditions of exploitation,
on malfunction and failure of parts and failures of
the entire system. These depend directly on the
planned preventative actions. If we lubricate the
machine regularly and rationally, there are fewer
malfunctions and failures. For instance, under
conditions of exploitation of transport vehicles,
the maintenance conditions vary greatly for the
majority of the vehicles. Every automobile driver
has their own particular behaviour which accentuates differences in the reliability and lifetime of the
vehicle. This leads to the question, and research
into the reliability of the “human-machine” system under different influences from the subsystem
of the human, and the subsystem of the machine.
This is precisely the reason why it is not possible to conduct research into the lifetime of a machine by means of the unreliability curve (image
819
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1[5]) by using samples, in terms of time period
(∆t), because it begins at a point in the lifetime
and does not yield sufficiently accurate or precise
data on whether the lifetime will follow curve 1 or
curve 2 in figure 1:

Figure 1. Different shapes of unreliability curve
(1 – less preventative action; 2 – more preventative action)
On the other hand, this means that it is necessary to monitor reliability constantly and to know
the history of the course of the curve in order to be
able to predict the lifetime of the observed group
of parts with certainty, when environmental conditions remain un-altered.
This model is also applied in calculating human
lifetime and in monitoring the specific mortality
rate, where the unreliability curve is also used. An
example of monitoring the specific mortality rate
according to age is given for the male population
in SFRY for two time periods a and b [6].

Mortality and birth tendencies provide a possibility to determine the population size at a certain
period or point in time. A permanent decrease in
birth rates and increase in mortality leads to a reduction of the average human lifetime, until the
extinction of the observed population.

Figure 3. Natality and mortality rates of population in Yugoslavia [6]
If the differences in age structure of the population are substantial, the possibility exists that a
population with a significantly larger death rate in
all age groups could have a generally lower mortality rate. Figure 3 shows birth rate, mortality rate
and natural increase of the population according to
available data.
Just as the parameter of lifetime is important
for a technical device, average lifetime ( e x0 ) or life
expectancy, is important for man, i.e. the number of years, provided that the conditions present
during the observed period in terms of mortality
remain the same. A particularly important fact regarding this is the average lifetime of newborns
( eoo ), which shows how many years a live born
child would live if the present conditions regarding mortality remained the same.
The average number of people alive, aging
from x to (x+1) years, is calculated according to
the formula:

Lx =

x +1

∫l d
x

x

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

x

Figure 2. Mortality rates in the male population
of Yugoslavia according to age [6]
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in which lx is the number of living people, aged
exactly x years. In order to apply this formula, it is
necessary to define several more parameters, which
we shall not do on this occasion, because we need
Volume 6 / Number 3 / 2011
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formula (1) for our occurrence analogy to the tendencies of the average lifetime of a passenger vehicle, one which shows that in both instances the
parameters of the average lifetime of a product and
a human in a time dimension can be calculated
through the mathematical operation of integration.
These theoretical postulates and calculations
can be verified in practice by applying the model
of a physical occurrence analogy of fluid outflow
from an open vessel, and thus avoid the cumbersome equation with the classical theory of reliability, which has a limited application range.
A disadvantage of this model is that we also
need the history, but only in terms of the time of
manufacture of the product and when it first entered use. The effect of the quality of preventive
actions is entirely eliminated in this model. We
seek to determine the average lifetime of a product on the market and its tendency to increase or
decline. In determining the lifetime, the question
of the economic power of the consumer on the
tested market arises. This in turn begs the question
whether replacing an old automobile by means of
the so-called model of “opposite values” includes
the criteria of cost maintenance, production, moral
and ethical obsolescence of a product, and the answers to the question whether the new device will
enable greater profit, comfort or quality.
2. Previous studies
Kagawa at al. dealt with the problem of determining the lifetime of an automobile in a paper
[7] which suggests a mathematical model using
Weibull’s distribution and two scenarios. The results of their research are shown in Table 1.

Table 1 shows that the lifetime of a passenger
automobile in Japan in 1990 was 9.18 years, that it
constantly increased during the monitored period
and that in 1995 it was 9.58 years because it had
increased 0.4 years.
Spitzley et al. [12] analyze American vehicles
by means of dynamic programming, using the
LCO model with different scenarios, and they
concluded that the optimal interval to change vehicles was 9 years.
In their paper [8], Kagawa at al. treat a similar
issue, applying once again the Wiebull distribution to categories of ordinary passenger vehicles,
small passenger vehicles and light passenger vehicles in Japan from 1900 to 2000, while in their
paper [9] they used a similar model to arrive at the
conclusion that +1 year of automobile lifetime extension increases income at the expense of energy
consumption.
D’Ippolito et al. [10] conclude in their probabilistic model that vehicle lifetime is determined
by the fatigue life of its components and test the
variability in material structure.
Zachariadis et al. [11] outline the basic efforts
of aging and technological substitution of motor
vehicles on their emissions. They show the first
registration of passenger cars in Belgium, France
and Spain, 1970-1994, as a fraction of total vehicles and also use the Weibull function.
Aworemi et al. [13] emphasize importance of
vehicles in public transport companies and their
paper suggests that government must totally support the informal ad formal public transport sectors (private transport companies) by providing
well-articulated policies to improve the performance of operations and services.

Table 1. Results of determining the lifetime of an automobile according to Kagawa [7]
Average car lifetime
Time period
1990
1991
1992
1993
1994
1995

Average car
lifetime
9.18
9.17
9.18
9.32
9.43
9.58
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Average lifetime extension scenario
Lifetime
extension
Baseline
+0.40
+0.60
+0.80
+1.00

Time period
1990
1995
1995
1995
1995

New car production
(in thousand)
4728
4273
4114
3958
3805

Average lifetime
9.18
9.58
9.78
9.98
10.18
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able level in a vessel. An amount of fluid Q0 flows
into the vessel. An amount of fluid Q1 = µa 2 gz
flows out through an opening. If the amount of the
outflowing fluid equals the amount of the inflowing
Q02
.
fluid, then Q0 = µa 2gH 0 and H 0 =
2 g 2 µa 2
Figure 4. First registration of passenger cars in
Belgium, France and Spain, as a fraction of total
in use vehicles [11]
It can be observed that there is no guaranteed
methodology to calculate the lifetime of complex
products such as vehicles in a certain area, but that
various statistical methods or operative research
methods are applied, mainly using the methodology of different scenarios, which require extensive
calculations. Therefore, this paper aims to propose
an original methodology based on analogy, which
does not require extensive calculations or scenario
methods.

Here μ is the coefficient of the decrease of the fluid jet flowing through the opening, while g stands
for gravity. If H1< H0 i.e. if there is more water
flowing in than flowing out, the water level in the
vessel rises and asymptotically strives to reach the
level H0. The time at which the water reaches level
H1 from level H2, provided that Q0 〉 µa 2 gz , is
derived from the following formula:
Q0 dt - µa 2 gz dt = µa 2 g

(

)

H 0 - z dt . ... (2)

3. Methodology of determining the lifetime
of a vehicle based on the physical
occurrences analogy
Using the passenger vehicle as an example,
we shall set forth the method for calculating the
lifetime of a product in use. Lifetime is one of the
most important critical dimensions of a product
and is affected by a series of factors. In turn it conversely directly affects a series of technical and
economic factors connected to the product. When
it comes to the automobile industry, the complexity of the problem is exacerbated by the scale and
importance of this industry [2].
If we look at the production of passenger vehicles in any developed country, we will notice the
co-dependency between production, sale, number
of registered automobiles and lifetime.
The previous review of methods for calculating the lifetime of a product clearly shows that it
is a parameter, and as such changes slowly over
time, and is therefore a value analogous to many
values in analogy systems in physics.
In order to apply the physical occurrences analogy, let us observe the outflow of fluid at a vari822

Figure 5. Outflow of fluid from an open vessel
with a constant inflow
If A marks the surface of the vessel, then according to figure 5:

Adz = Q0 dt - µa 2 gz dt ................... (3)
which yields the parameter t, as:

t=

1

µa 2 g

H1

∫

H2

Adz
H 0 - z . ................. (4)
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The formula above can also be written in a general form:

H2

In this analysis, an analogy to the market system is of limited range. It should be emphasized
that values in the market system are of a stochastic
nature, whereas in the system of the open vessel
fluid outflow they are usually not, although they
can be, even though their nature does not have a
significant effect on the analogy. One of the system parameters is the correlation:
Adz
H0 - z
because the speed of the increase in level is
optimal with this optimal ratio, and with a larger

)

H 0 - z Adz is also larger, so that this ratio
changes slowly and in truth constitutes a system
parameter. The speed depends on time, which is a

(

)

value analogous to lifetime; value H 0 - z is
analogous to the value of vehicle numbers S, while
Adz is analogous to the increase in vehicles k1∆S
on the market, if we observe the analogous systems of the automobile market and fluid outflow.
According to the analogy of these two systems,
the formula (3) proves that the annual automobile
sale on a market S, reduced by the number of the
worn-out vehicles S’, is analogously equal to B∆p,
which in fact represent their difference:
∆S - ∆S ' = B∆p

where the values ∆S and ∆ S’ include the time
dimension t. This equation can also be written as
follows:

∆Sk

1

= B∆p ............................ (5)

Equation (4) features another unknown k1
which determines the number of worn-out products in certain time intervals. A formula analogous
to formula (5) is:

Vt = C1 ∑ ∆S .......................... (6),
Volume 6 / Number 3 / 2011

Vt = ∑ ∆S = S 0 ....................... (7).
Therefore, an approximate formula for calculating lifetime is:

H1

t = C ∫ f (z )dz , where C is a constant.

(

where C1 can be determined with the formula (7):

Vt = k1 k 2

∆S
∆S
. ................... (8)
=K
S
S

∆S
ranges from 0.2-0.238 for the conwhere
S task (Table 3), while K=k k and
ditions of our
1 2
∆S
∆S
=0.2 for K=52.5, while
S
S
∆S
=0.238 corresponds to K=37. If
is reduced, K
S
increases linearly according to the said ratio.
The coefficient k2 includes the effect of market
factors. It is the decisive factor of the law of supply and demand, and since it is difficult to quantify
it, the former option was used.
Formula (3) was derived for the fluid outflow
system, while formula (8) is to be applied to the
data available to us from the West Germany automobile market. The criteria, which make this
market a representative one, are derived from the
following:
–– gradual beginning of new production and
–– data precision.

is 52.5-37, with

Data regarding total, annual production, sale
and imports are given in Table 3.
By applying the given methodology, we calculate lifetime:

Vt = ∆S1 + ∆S 2 + ∆S 3 + ... + ∆S N = ∑ ∆S i = S n
where N is the number of years when the increase
∆S enters into Σ and satisfies the given relation.
Let us find Vt for 1949 by taking the data from
Table 1. Initial conditions for Vt0 (1949) = 1 year
are ∆S 1= 89 914 (items). In searching for Σ (1954),
for instance, we find that:
Σ ( 1 9 5 4 ) ∆ S = ∆ S 1+ ∆ S ( 1 9 5 0 ) + ∆ S ( 1 9 5 1 ) +
+∆S(1952) + ∆S (1953) =
=89 914+152 627+184 643+205 482+236 336=
=869 002.
Since the total of S (1954) = 1, 429,365 (item)
as shown in Table 1, we see that Σ (1949-1953) ∆
823
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Table 3. Data regarding total, annual production, sale and imports of automobiles on the West German
market [1]
Year
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

Total (item) Production (item)
368 377
104 053
539 853
216 109
715 904
267 376
944 638
301 089
1 182 544
369 140
1 429 356
518 190
1 675 873
705 418
2 029 504
847 829
2 442 518
958 970
2 915 803
1 180 738
3 455 415
1 336 321
4 209 906
1 674 298
5 009 521
1 751 893
5 945 442
1 945 291
6 847 894
2 175 662
7 248 271
2 370 274
8 630 240
2 440 448
9 577 146
2 515 275
10 231 555
2 042 832
10 839 683
2 535 433
11 668 461
-

Total per. in West Ger.
4
3.7
3.85
4.55
5
4.9
4.2
4.2
4.6
4.2
4.3
4.3
4.5
4.85
5.5
5.5
5.9
6.3
8.7
8
-

S < S (1953), which means that the total of ∆S1
must exist within S (1953), as well as the 560, 354
automobiles sold until 1949. The error we make in
taking ∆S1 = 89, 914 as the starting point, considering that it is not in fact the initial sum, in calculating Vt is 2.5 %, because the difference S(1949)
= 4, 069, 653 (items) there are still a certain number of vehicles which were sold in 1949, because
the total in 1960 was 4, 209, 906 (items) while
the total in 1961 was 5, 009, 521 (items), and by
interpolating the values 5, 009, 521 and 5, 051,
744, we find that the required sum is 11.95 years.
The values regarding the lifetime of vehicles thus
obtained will be marked Vt, and by entering them
in Table 4 we will show that they are linearly correlated to the ratio S/∆ S, in which:
S – the total of items at the end of a year
∆ S – annual increase of automobiles, by items
Σ(1949-1959) = 4 068 653 (items)
S1960 = 4 209 906 (items)
Σ(1949-1960) = 5 051 744 (items)
S1961 = 5 009 521 (items).
824

Sold in West Ger.
89 914
152 627
184 643
205 482
236 336
291 793
402 570
485 773
529 722
686 717
803 076
983 091
1 027 627
1 202 306
1 216 933
1 323 533
1 455 254
1 491 636
1 170 689
1 362 832
1 400 000

Export
13 980
68 877
91 191
100 330
137 892
231 008
319 850
382 281
455 928
557 666
669 018
780 556
809 836
906 682
1 101 503
1 250 642
1 259 268
1 351 841
1 196 182
1 566 118
-

Import
239
5 397
8 458
4 723
5 088
4 711
17 002
20 225
26 680
63 645
115 773
89 349
95 570
163 697
132 774
183 901
274 074
328 202
323 939
393 527
-

S is the registered number of vehicles in a
given year. The table shows that within Σ (19491959) = 4, 068, 653 (items) there are still vehicles
produced in 1949. However, in Σ (1949-1960) =
5, 051, 744 (items) those vehicles are gone, and
by interpolating these two sums, we find that the
lifetime for 1949 is 11.95.
Table 4. Data and calculated lifetime of vehicles
on the West Germany market for 1949
Number Year
1
2
3
4
5
6
7
8
9
10
11
12

1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

Vehicles sold
in West Germ.

Vt (annually)

89 814
152 627
184 643
205 482
236 336
291 796
402 570
485 773
529 722
685 477
803 076
983 091

11.95
11.95
11.8
11.0
10.5
9.7
8.7
9.8
9.65
8.95
9.4
9.7
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The following amount of produced automobiles
was applied in calculating vehicle lifetime in 1949:
Year no.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
Total in 11 years:
+ 12th year (1960)
Total in 12 years:

Year Automobiles produced
1949
89 814
1950
152 627
1951
184 643
1952
205 482
1953
236 336
1954
291 796
1955
402 570
1956
485 773
1957
529 722
1958
685 477
1959
803 076
4 068 653
983 091
5 051 091

For 1950, we have values shown in Table 5.
Table 5. Data and estimated lifetime of vehicles
on the West Germany market for 1950
Year no.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
Total in 11 years:
+ 12th year (1961)
Total in 12 years:

Year Automobiles produced
1950
152 627
1951
184 643
1952
205 482
1953
236 336
1954
291 796
1955
402 570
1956
485 773
1957
529 722
1958
685 477
1959
803 076
1960
983 091
4 961 920
1 037 627
5 999 547

Σ(1950-1960) = 4 961 920 (items)
S1961 = 5 009 521 (items)
Σ(1950-1961) = 5 999 547 (items)
S1962 = 5 941 442 (items)
Lifetime obtained by interpolation is 11.95
years. For 1951, lifetime Vt = 11.8 years, and it
was obtained by interpolating the values
Σ(1950-1961) = 5 999 547 (items)
Σ(1950-1962) = 7 047 226 (items)
S1963 = 6 847 894 (items)
Volume 6 / Number 3 / 2011

For 1951, Vt = 11 years. The other values for Vt
are shown in Table 4.
It should be mentioned that in 1949, S=468, 377
(items), while 89, 814 (items) were sold. We monitor our system from this point, and it is our origin
point. We have partially eliminated inaccuracies
arising from this by discarding the first four years.
We have already mentioned that we are looking for the coefficient of linear correlation between
the correlation of S (items) with ∆ S (items) and Vt
where:
S – number of registered vehicles in a given
year,
∆ S – number of sold vehicles in a year and
Vt – lifetime of vehicles of a given year.
In discarding the values until 1953, we have estimated values in Table 6.
The requested correlation coefficient is calculated in the following way.

r=

N ⋅ ∑ xi yi - ∑ xi ∑ yi
N ⋅ ∑ xi - (∑ yi ) 2
2

= 0.8

A graphic representation is provided in Figure 6.

Figure 6. Graphic representation of the correlation analysis [2]
We have also tried to apply this model to buses
produced in this country which are exploited in
Yugoslavia, i.e. Serbia. The data obtained by research is shown in Table 7 and is mathematically
described in Figure 7.
The limitations and disadvantages of the data
were a result of the following:
Political environment – dissolution of Yugoslavia, i.e. the dissolution of the market led to the
non-homogeneity of the data. Moreover, the data
825
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Table 6. Data for calculating linear correlation

Year
1953
1954
1955
1956
1957
1958
1959
1960
Σ

Vt

∆S
S

Vt S
∆S

(Vt)2

 ∆S 


 S 

xi
10.5
9.7
8.9
9.8
9.65
8.95
9.4
9.7
76.6

yi
5
4.9
4.2
4.2
4.6
4.2
4.3
4.3
35.7

xi yi
52.5
47.5
37.4
41.2
44.4
37.6
40.4
41.7
342.7

xi2
110
94
79.3
96
93
80
88.2
94
734.5

yi2
25
24
17.6
17.6
21.2
17.6
19.4
19.4
161.8

2

Table 7. Statistical data for buses in Serbia from 1983-2008
Year
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2011
2002
2003
2004
2005
2006
2007
2008

Buses produced
400
474
550
396
530
619
614
09
292
286
56
102
85
142
83
89
60
216
224
287
161
380
518
170
430
480

Import

Production and import

Number of registered buses

840
874
770
790
1330

9273
11582
11868
11575
11933
12389
12000
11799
11505
11151
10895
10600
10300
10003
9701
9396
9150
8911
9144
9209
9696
9160
8887
8553

460
356
500
360
850

in annual records are incomplete and dispersed by
years between SFRY and FR Serbia, making it difficult to choose relevant data.
Economic environment – familiar conditions
which have led to sudden declines and increases
in production. Also, the time period of more stable
826

production and bus sale is far too short to yield
significant results.
Lack of detailed statistical data. Also, there has
been a significant import of buses which had already been exploited for a certain period, and are
now on our market.
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In applying the described method, we tried to
obtain the total of buses by year, containing the
earliest buses taken. In fact, we are determining
which are the oldest buses (by year) still in use.

Figure 7. Trends of number of buses in Serbia
The diagram in Figure 7 shows that we actually had three different periods – the first one from
1983 until 1989, the second one from 1989 until
2002, and the third one from 2002 until 2008.
We have set 1986 as year zero due to the unreliable data we possess for the previous period, and
so for the first period we have:
∆S(1986)+∆S(1987)=717, while S(1987)=1368
∆S(1986)+∆S(1987)+∆S(1988)=1046,
S(1988)=1336
∆S(1986)+∆S(1987)+∆S(1988)+∆S(1989)=1356,
S (1989) = 1304
Therefore, we see that the cumulative sum for
1989 is ∆ S = 1356 > S (1989) = 1304, so we conclude that the lifetime of buses in 1989 was approximately 4 years. If we take 1990 as year zero,
we get the lifetime of 8 years, because Σ(19891997) = 1063 > S (1997) = 1045.
The real situation is such that much older buses are being used, but due to the lack or unavailability of the statistical data, these are the results
obtained and their importance lies in the fact that
they demonstrate that the lifetime of buses in FRY
increased enormously in the course of that decade.
This was followed by a significant decline,
judging by the total sums from 1990 and 2002
(12,289 and 8 911 buses), which represents a difference of 3, 478 buses or 28.1% in only 12 years,
despite having received a certain number of buses
from the European Union and Japan.
The diagram in figure 7 shows that for the average annual inflow of 921 buses in Serbia and the
Volume 6 / Number 3 / 2011

total number of 9, 120 buses for the same period
from 2004 until 2008, if both the inflow and the
number remained constant, the lifetime would be
9.9 years. However, since the number of registered vehicles has declined since 1990 according
to the approximate straight line of the equation y =
-143.1x + 29608, which is rather precipitous, with
the inflow barely increasing, it is expected that the
lifetime will quickly decline to 6-7 years, or even
lower in upcoming years because the maintenance
of both buses and roads in Serbia is at a poor level.
Therefore, it is necessary to react immediately by
acquiring new vehicles.
3. Conclusion
The lifetime of complex and composite products such as vehicles requires the application of
different methods, not only because of the nature
of the product and its qualities, but also because
of environmental factors which are diverse and
variable, as is the case in Serbia, where there are
no reliable statistics on the parameters concerning buses and automobiles. For regulated systems
such as the German market, it was not difficult to
statistically determine the lifetime of a complex
product – automobiles – in the past, and by interpolation, in the foreseeable future as well.
In determining the lifetime of a product, various
mathematical models and scenarios are used. The
majority of models use the Weibull distribution
[7, 8, 9, and 11] and require a complex calculus.
Applying the reliability theory will not yield adequate results unless we can determine the effect
of product care during use on hitches and failures
of parts and of the entire system, which are not uncommon. The model proposed in this paper uses
the physical occurrences analogy in determining
the lifetime of vehicles, and has provided very
good results for the German market. The model of
fluid outflow through a small opening corresponds
to vehicles being discarded. Thus according to our
model, the lifetime of automobiles from 1953 until 1960 declined from 10.5 years to 9.7 years.
The suggested methodology can, with certain
accuracy (due to the lack of certain data), be applied to researching the lifetime of buses in Serbia as one of the most significant parameters in
827
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transport problems. We concluded that the lifetime
of buses in Serbia, using 1990 as a starting point
was over 8 years in 1997, while in the period between 2004 and 2008 it was on average 9.9 years,
with the expected decline to 7 years and less in
the future. The research results indicate that Serbia
needs to react urgently by acquiring new vehicles.
When the requested entry data is available, as it
is in many countries, the suggested approach can
easily be applied. The disadvantage of the research
is the unavailability of certain and recent data, so
therefore, the intent of further research is to verify
the suggested methodology in other areas, where
we expect good data availability required by the
suggested original methodology.
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Notation
λ(t)
f(t)
R(t)
Lx
lx
Q0

failure intensity
unreliability function
reliability
average number of people alive
number of people alive older than x years
amount of fluid flowing into a vessel
amount of fluid flowing out of a vessel through
Q1
an opening
μ coefficient of the reduction of jet through a gap
g gravity
t time of fluid outflow
Vt fluid lifetime
S the total of product items
ΔS annual change in the total
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Abstract
There are many different services available on
the Web. One thing is common for all of them
– security. As the existing services evolved and
new ones developed, so did the security threats
– and so the first botnets were created. These networks of malware - infected machines are capable of performing various tasks, and in the same
time, they allow their authors to make profit from
those activities.
This paper covers the botnet basics – what
they are and how they work. It also covers several botnets that were active or are still active,
focusing on the new features these botnets introduced. It also discusses the possible next steps
in the evolution of botnets. Finally, this paper
presents an idea for one more tool which can be
used for defense against this threat – tool based
on social networking.
Key words: Botnets, evolution, defense
1. Introduction
The term “Botnet” is usually used to describe
network of computers running malicious code that
can perform various tasks – from spamming, to
large scale denial – of – service attacks.
The whole network is controlled by a person
(or group) called “botnet operator” (also known
as “bot herder” or “bot master”). Bot operator
sends commands to every bot in the network by
using a special server called “command and control server” (C&C server). The communication
between the bot and its C&C server is performed
via specific communication channel (IRC channel
for example, but recently some bots started using
Twitter, popular social network [1]).
Volume 6 / Number 3 / 2011

Once C&C servers are disabled, the botnet
stops operating, because it cannot receive any
commands. Because of that, newer bots switched
to P2P architecture. In some cases, bot operators
even developed their own communication protocols, instead of using the existing ones.
Bot is installed on the target computer by
exploiting web browser vulnerability, by using
backdoor, worm or Trojan, or by some other
means. Once active, the bot is hard to detect and
in some cases it uses techniques that make its
detection even harder. Computers infected with
such software are sometimes called “zombie
computers”, because they blindly follow the orders which are sent to them.
Bot networks are large (the average network
consists of thousands of computers), but in some
cases they can be exceptionally big – in January of 2009, F – Secure reported that estimated
number of bots in Conficker botnet is 8.9 million
[2]. These networks can be exploited for various
purposes:
1. Spamming and traffic monitoring
2. Denial – of – service attacks
3. Pay – per – click system abuse
4. Information theft
With so many computers in the network, attacks can be devastating. Sometimes they are
powerful enough that whole countries can be affected – in 2007, there was a large – scale attack
that targeted Estonia [3]. Recently, it has been
detected that some botnet operators offered their
botnets (or parts of bot networks) for sale or rent.
Usually, the spammer would contact the bot operator, and pay in order to get the access to the one
part of the bot network. Of course, spamming may
not always be the case – botnets can be used for
many other acivities.
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2. The research
Botnets are big security threat, and like many
other threats - they evolve. The next section of this
paper describes three botnets - Storm, Srizbi and
Conficker. The authors believe that each of these
botnets had some feature (or several features) that
set it apart from other botnets. Those “improvements” were so important (is some cases, even
revolutionary), that they could be considered the
“stages” in the botnet evolution. This analysis is
also important in order to point out the next possible step in this evolution.
2.1 Storm (also known as STORMWORM,
DORF, PEACOMM, NUWAR, Zhelatin)
Storm botnet appeared for the first time at
the beginning of 2007. It was spread by a Storm
worm, a Trojan horse distributed as the attachment of the specially crafted e-mail message. The
worm targeted users of Microsoft Windows operating system. It got his name from the subject of
the infectious e-mail message – “230 dead as the
storm batters Europe” – which had file attachment
that contained the worm. A lot of different subjects
were used later and they were either provocative
or bizarre, or they were crafted to look like greeting cards or messages coming from legitimate
sources[4].
Another method that was used to spread the
worm was sending messages which contained link
that redirected the victims to the worm – hosting
web sites.
Size
The Storm worm spread rapidly and affected
a lot of computers very quickly; estimates ranged
from 1 million to more than 50 million of infected
computers. During 2008, 20% of all spam was
generated by Storm botnet [5]. After its initial appearance in 2007, there were a lot of different reports about Storm network and its size during the
2008. Some claimed that the network has shrunk,
while others claimed that it had gone quiet for a
while [5]. It seems that the network was divided
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into several smaller partitions; each one was used
for a different task and some of them were rented
[5]. During the last months of 2008, the botnet
showed no activity and it was considered dead
and “defunct” [6]. At the beginning of 2009, new
botnet called ‘Waledac’ appeared. This botnet was
considered to be a new incarnation of Storm – it
was re-written from the scratch [6], it used many
techniques used previously by Storm, but it also
had some improvements: it used better encryption
for the traffic, and it abandoned P2P architecture
used by the Storm bot. The whole network was
significantly smaller – around 35,000 of computers. As of February 2010, Waledac botnet is still
active [7].
Defense mechanisms
Storm is well – known for a several defensive
mechanisms and techniques it uses. A lot of defense mechanisms that Storm used were later adopted by other botnets.
First, there were many Storm variants, which
made detection harder. Servers that controlled
the spreading of the botnet automatically re-encoded their distributed infection software twice
an hour. The location of those servers was also
hidden by employing a technique called “Fast
flux”. Basically, this technique allows single domain to have multiple (hundreds or even thousands) IP address, which change at the extreme
rate (once every few minutes). Multiple attempts
to connect to the same web site would result in
contacting different infected machine every time.
This makes any attempt to identify control servers much harder. Storm was one of the first botnets that used “fast flux”.
Another important defense mechanism of
Storm botnet was the ability to defend itself. Storm
was hard to detect on the infected machine – it
used rootkit and kernel-level component that enabled it to stay hidden [4]. But, it was also capable
of launching a DDoS attack against every computer that searched the network for vulnerabilities
or malware. Scanning the computers that were
infected with Storm bot would trigger the attack,
which made analysis very hard. It was the first bot
with the ability to attack the possible threat.
Volume 6 / Number 3 / 2011
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Organizations/people behind the Storm botnet
It is unclear who is responsible for the Storm
botnet. There are multiple reports pointing out to
the criminal organization named Russian Business
Network. Storm botnet was one of the botnets
used in DDoS attack against Estonia in 2007.
2.2 Srizbi (also known as Cbeplay, Exchanger)
Srizbi botnet appeared for the first time during the first half of 2007 [8], and it consisted of
computers infected by Srizbi Trojan horse. The
victim received specially crafted e-mail message
with link pointing to the website hosting special
malware kit “n404” [8] and later, more advanced
“MPack” [9]. The site owner has usually been
paid by spammer for hosting the malware kit [8],
and malware kits were sold as commercial applications. Once the victim visited the web site, the
malware kit installed the Trojan on the victim’s
machine. Upon successful installation, the Srizbi
Trojan would download a special .zip archive
from one of the servers from the list it carried.
The archive contained files that were needed for
the bot to start spamming. C&C servers for Srizbi
bot were running special software called “Reactor mailer”. After successful login, users were able
to create the message they wanted to send, test it
against the spam detection filter and then send
the created message [8]. This suggested that there
were accounts for different users, who probably
paid for gaining access to the botnet.
Size
Srizbi botnet was probably one of the biggest
botnets that ever existed. It was able to send more
than 60 billion of messages every day [10]. At one
point, it tripled the volume of spam messages it
sent in just one week. By the end of 2008, Srizbi
was responsible for almost 50% of all botnet – related spam [11]. But, after shutting down of “McColo”, San Jose – based web hosting service provider, Srizbi almost completely faded away [11]
– most of the control servers were hosted by that
company. But, several months later, a new botnet
Volume 6 / Number 3 / 2011

appeared – Xarvester – which had many similarities with Srizbi. It was suspected that the author
of both bots was the same group or person. At the
end of 2009, Xarvester was listed among top 10
spam botnets, with 885,682,360 spam messages
per day [11].
Defense mechanisms
Once installed, Srizbi bot was very hard to remove. It executed completely in kernel mode and,
like Storm, it also employed rootkit to avoid any
detection, so it was invisible both for operating
system and the user. The bot was capable of hiding
the traffic it generated, which was a completely
unique feature [12].
Organizations/people behind the Srizbi botnet
Analysis of the Srizbi, Xarvester and Reactor
mailer code indicated that the author of the bots
and the server software may be the same person
[12]. Furthermore, it is suspected that the same author (or group) is also responsible for writing Rustock Trojan [12]. The Rustock botnet is currently
holding the first place when it comes to spam – almost 19% of all spam in 2009 came from Rustock
[11]. The “MPack” malware kit, which is used to
install Srizbi Trojan on victim’s machine, was created by Russian Business Network. In October of
2007, Srizbi botnet was used to send large number
of spam messages which contained promotional
information about US presidential candidate Ron
Paul [8]. This incident received a lot of media coverage and it raised some controversial questions.
2.3 Conficker (also known as Downup,
DownAndUp, Kido)
Conficker botnet was first detected in the last
months 2008. It consisted of machines infected
with the Conficker worm; the worm targeted computers running Microsoft Windows operating system. The worm spread through file sharing and
removable drives, such as USB drive. When the
infected drive is opened, a modified Autoplay dia831
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log (with additional options) would appear. If user
clicked on the option added by the worm, the worm
executed. Once installed, the worm connects to a
special server and downloads exploit it will use to
infect other computers. Then, the worm starts an
HTTP server (hosting the copy of the worm itself)
on the infected host and scans its subnet, looking for other vulnerable machines. When they are
found, the worm will try to execute the exploit. If
this operation is successful, the exploited machine
will connect to the HTTP server and download the
copy of the worm. The worm will also try to access remote system shares, looking for weak passwords. If such passwords are found, it will also try
to infect the remote system.
Size
It is believed that Conficker infection is one of
the largest computer worm infections of all time.
The number of infected computers reached over
10 million [13], but there were reports claiming
that the number of infected machines is as high as
15 million. Conficker botnet was able to send 10
billion spam emails per day.
Defense mechanisms
Conficker worm is very hard to deal with, because it uses very advanced defense mechanism.
Basically, it uses large number of well – known
techniques:
-- Blocking DNS lookups
-- Disabling AutoUpdate
-- Disabling Safe mode
-- Disabling anti-malware software
Conficker also has one more important feature: it
is able to perform update, so the new version would
close the worm’s previous vulnerabilities. Coficker
still presents one of the most concerning security
threats – it is able to install software remotely on
infected machines and it is still unclear in which
way it is going to use the infected machines [11].
Conficker uses strong cryptography for its updates
– combination of secure hashing and private/public
encryption scheme, with a key size that goes up to
832

4096 bits [14]. But probably the most interesting
is the fact that makers of Conficker did not implement the methods themselves – instead, they used
code from the open source project called OpenSSL
[14]. OpenSSL is the open source implementation
of SSL and TLS protocols with a general purpose
cryptography library. That project is tested and is
considered of high quality. By using this approach,
the authors of Conficker avoid writing “bad” code,
which results in poorly written malware. The list
of innovative solutions used by this worm does not
stop here – in fact, everything points to conclusion
that Conficker has been developed in highly professional manner; the authors are current with the
latest technologies and aware of whitehat R&D.
Conficker is considered highly sophisticated, stateof-the-art malware [14].
Organizations/People behind the Conficker worm
Since its first appearance, there have been several incidents that received media coverage – all of
them were caused by Conficker worm. Microsoft
offered a $250,000 reward for information about
the authors of Conficker, but that reward is still
uncollected [11].
3. Discussion
The question one might ask is why we chose
the three listed botnets – Storm, Srizbi and Conficker. We think that these botnets can be used as
an example of botnet evolution. Storm employed
several advanced defense mechanisms (such as
fast flux) and the ability to “sense” when it was
monitored. Srizbi, one of the largest botnets ever,
was the first botnet capable of hiding its traffic. It
also had detailed, user – friendly GUI which allowed the user to easily create different spam messages and test them against spam filters. Conficker
pushed botnet design to the next level and is currently considered state – of – the art malware by
some researchers.
It is clear that this evolution was very fast.
Botnets quickly changed architecture they used,
developed different defense mechanisms and increased the number of things they were able to do.
Volume 6 / Number 3 / 2011
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They are run by organized groups which are
interested in financial gain and data theft, not in
simple vandalism. Incidents like the one in Estonia showed that large botnets are extremely powerful and their attacks can be almost catastrophic.
The big question is: now what? What is the
next step in the evolution of bot networks?
First problem that needs to be addressed is social
networking. We witnessed the rise of many different
social networks during last few years – MySpace,
Facebook, Twitter, LinkedIn, Hi5 and many others.
Each of those networks has large number of users –
from tens of thousands to tens of millions. There are
several problems present here:
-- Social networks spam: just like the “regular”
e-mail spam, botnets can be used to send
spam from compromised accounts on social
networks.
-- Spreading of the malicious code: using
compromised accounts, botnets can send users
messages containing links to web sites hosting
malicious applications. They can also use
some other features of social networks (status
messages, for example) to do the same.
-- Gathering of information: there are botnets
specialized in information gathering. For
example, Zeus botnet is dedicated to stealing
banking information, as well as login credentials
for social networks (Facebook, Hi5 and many
others) and online e-mail accounts.
-- Using social networks as part of botnet
infrastructure: Some features of the social
networks can be used to monitor or control
the botnet. Recently, a botnet using Twitter
[1] as its command and control structure has
been detected. Bots were receiving links they
should contact by posts on a Twitter account.
Those links pointed out to files to download
and execute, or contained new commands.
Bots used RSS feed to get this collection of
“Tweets” (Twitter status updates). This way,
botnet used normal features of social network
to conduct its own operations.
In the last decade, the number of various mobile devices increased – latest additions are smart
phones like Apple iPhone, or Android – powered
phones, as well as products like Apple iPad. This
brings up a new problem – mobile botnets. During
Volume 6 / Number 3 / 2011

the 2009, Symantec discovered SymbOS.Exy.C, a
Trojan that targeted mobile phones with Symbian
operating system. Once installed, the Trojan sends
SMS messages containing links that point to the
malware – hosting Web server. It also has some
light defensive mechanisms and is controlled by a
central server.
Recently, a pair of researchers demonstrated
malware that collected user information from
smart phones and was able to send spam messages
[15]. Both iPhones and phones running Android
were affected.
Obviously, it is possible to create mobile botnets, but they are still rare. There are several reasons for this. The first one is the short lifecycle
of mobile devices, which allows manufacturers to
keep up with the security design. Some researchers think that mobile devices are still not worth
exploiting, but will be when more payment infrastructure gets placed on them.
But, this does not eliminate possibility of using mobile devices for SMS or e-mail spamming,
DDoS attacks, or information gathering. DDoS
attack combining compromised PCs and mobile
devices looks very frightening.
The third important problem is the possible
rise of “intelligent” and autonomous botnets.
There were some predictions that this type of
botnet might emerge in 2010. Basically, this is a
botnet equipped with AI routines, which enable it
to function on its own, without any help from the
bot master. The only thing that bot master needs
to do is to spread the initial infection – after that,
the botnet would monitor itself, send commands
to other bots, gather information and do whatever
task it was designed to do. Such network would
be also supplied with defense mechanisms against
scanning or attempts to shut it down. Of course,
this is just a hypothesis and there was certain criticism from online community, but it would be a
logical next step in the evolution of botnets.
4. The proposed solution
Until now, we mainly discussed what botnets
can do and what they may be able to do in the future. Now is the time to discuss what can be done
when it comes to defense against botnets. The usu833
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al approaches will not be discussed here, because
there is a lot of information that is available elsewhere. Instead, the authors would like to present
one of the possible solutions to this problem. We
would like to introduce the use of social networking as one of the defenses against botnets, as well
as some other security threats.
Today, social networks like Facebook, Twitter,
MySpace and many others are very popular. They
have become one of the most common ways to
share information. A lot of companies use the popularity of social networks to get closer to the customers, both the existing and the potential ones. It
has become common for companies to have Facebook profiles or Twitter feeds. A lot of websites
allow visitors to share the published content on
various social networks.
Authors believe that special social networks
can be built, networks that can be used as one more
tool in battle against botnets. Such network would
have two main purposes: exchange of knowledge
and information between users and botnet tracking and enumeration.
The first part is similar to the “classic” social
networks, but the data that is exchanged is very different. Every user in such network would be able to
share information about specific threat he detected,
along with symptoms, propagation methods and removal instructions. But, there will also be information about many other things: operating system and
its updates, list of active processes, web browsers
used, malware detection software (if used), firewalls (if used), etc. All this information would be
labeled as the user’s “security profile”. This way,
knowledge base would be formed, that would be
expanded by adding more users to the network.
This knowledge base would help users recognize a
problem or ask for help, but it will also help in educating users on how to create environment which
will reduce risk of infections. Users would be able
to test their “security profiles” against most recent
and most dangerous threats. This way, users can
check their security level at any given time, and
compare it the security level of other users.
The second important aspect of such network
would be tracking and enumeration of botnets.
Each user would be able to run software for botnet
analysis and enumeration (crawlers, for example).
This way, a lot of information can be gathered
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about active botnets: number of active C&C servers, pool of addresses they use, number of infected
machines, as well as other information. Of course,
this would require either the use of the already
existing software, or the development of the new
software. Authors think that the second approach
would be better, because new software can be developed with new environment in mind – social
network environment.
This way, a worldwide network would be
formed, a network which would serve both as a
knowledge database and active tool for battle
against botnets. In some way, this network would
resemble a botnet itself – all network nodes could
run automated software for real – time botnet enumeration and tracking. The authors think that one
of the main benefits of using such network could
be shorter response time. Because of many users
constantly providing information, it would be possible to estimate the size and spreading speed of
botnets more accurately, which would lead to better response. In a way, the use of such network
could be described as “fighting fire with fire” –
because many techniques employed by botnets
could be used against them.
5. Conclusion
The botnets are constantly evolving: they are
becoming more complex and harder to detect.
Some of them are even written by professionals.
They can be used not only for spamming, but for
spreading malicious code, data theft and many
other tasks. There are many examples that show
how dangerous the botnets can be. But, in an environment dominated by mobile devices and social networks, is there a chance that botnets can
be even more dangerous? Can they become the
ultimate security threat?
The authors tried to point out several possible
directions in the evolution of botnets. The environment has changed with new products and new
services, but the botnets are still here, ready to take
the next step. Mobile devices and social networks
could give botnets new infrastructure and increase
in size.
The authors also tried to present the idea of using social networks in the battle against the botVolume 6 / Number 3 / 2011
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nets. Social networks are popular and widely used
– a lot of people already use at least one social
network and some of them use several at the same
time. Why not turn that into advantage and try to
fight the threat? Would it be possible to create a
network of users that would not only monitor the
activities of botnets, but that would also give important information about the way users use their
computers, potential security risks and solutions
for some of the problems? Authors believe that
such network could be a valuable tool in a defense
against many security threats.
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Abstract
In recent years, we have increasing activity in
the field of program verification. The goal of these
efforts is to create computer systems to determine
whether the given computer program is correct, in
terms of meeting the given specifications. Program
testing is in principle a complicated process that
must be carried out as systematically as possible, to
provide adequate proof of the reliability and quality. Specification is a key thing in program testing.
This work describes methods used for constructive
testing of smaller programs. One of the ways to
prove whether a given program is properly written
is the symbolic execution of program.
Key words: testing, test, specification, validation
1. Program testing
Within a software life cycle, program testing is
one of most important activities, since it has to confirm fulfillment of demands by specification, design
and application. According to Beizer [1] and Jorg
[3] , large software companies spend about 40% of
time on programs testing. In order to test a large and
complicated program, it must be done as systematically as possible in order to provide reliability.
If a large system or its operative system is being
tested, most often ad hoc testing is used, although it
cannot establish quality or correctness in specification, construction or application. All definitions of
testing aim to answer the following: is the program
behaving as demanded? Works of James Whittaker
[2] show why program testing is so hard. Validation
and verification are terms that are most often connected to program testing. Verification is a testing
of objects (or programs) in order to establish how
they comply with given characteristics. Verification
836

encompasses analysis, inspection, trying, and one
of its methods is also a program testing. Program
verification may be connected to automated theorem proving. These techniques incorporate principles of deductive reasoning, same one that programmers use during a program construction. Why
not use the same principle in automatic synthesis
system, which can construct a program instead of
just proving its correctness? Constructing program
certainly calls for more originality and creativity
than proving its correctness, but both tasks demand
the same way of thinking. If there are errors or
problems detected in a computer, we often use term
“bug”. This expression originated in USA, back
when computers were “primitive” and when certain
problems were indeed caused by presence of living
insects. There is several classifications of bugs, Jorg
[3], but most common one is to hardware and software ones. When program testing show that it is not
behaving as expected, analyze and location of bugs
is in order. Detailed procedure of bug identification
is possible using methodical approach to program
testing [7,8]. Search for bugs eases program testing,
but may not adequately replace it. It is also known
that no amount of testing may find all the bugs. In
program testing, statistical analyses are often used
(examination of the basic programs, searching for
basic problems and compiling data without program execution) and dynamic analyses (examination of the program behavior during execution and
obtaining data connected to execution paths, time
profiles and testing coverage). The usual approach
to testing is based on demands analyzing. Certain
specification is being converted to test items. Besides the facts that there may be incorrigible errors
in a program, specification demands are written at
much higher level and testing standards. This means
that during a testing process attention must be paid
to much more detail than it is given in specification
Volume 6 / Number 3 / 2011
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itself. Due to lack of time or money, only certain
parts of software are being tested, i.e. those that are
written in specification. Structure testing methodology belongs to another strategy, so-called “white
box” (some authors call it transparent or glass box).
Criterion of common “white box” is to execute every execution statement during a testing and to note
every outcome during testing into a testing log. Basic strength of these testings is that a whole source
code is considered during testing, which eases finding errors even when software details are obscured
or incomplete.
According to [11], testing may be descriptive
and prescriptive. In descriptive testing, it is not necessary to execute all test cases. Instead, testing log
comprises of notes whether the software is hard to
test, is it stable or not, number of bugs, etc... Prescriptive testing determines operative steps that
help software control, for instance dividing complex modules into several simpler ones. There are
a number of tests for complex software measurements. An important criterion in measurements selection is parity (or harmony) of applications. It is
popular in commercial software applications since
it guarantees to user a certain level of testing, i.e.
possibility of co-called inside action [14]. There is a
strong connection between complexity and testing,
and structural testing methodology makes this connection explicit. First, complexity is a basic source
of software errors. This is possible in both abstract
and concrete sense. In abstract sense, complexity
over certain point surpasses ability of human mind
to execute certain symbolic manipulation. Structural programming techniques may suppress these
barriers, but they may not be completely eradicated. Other factors listed in [17] claim that the more
complex module is, probability rises that it includes
an error. Also, above certain level of complexity,
probability that module includes an error increases
progressively. Having this information, many software purchasers define number of cycles (software
module cyclicity, McCabe [14]) in order to increase
sum reliability. On the other hand, complexity may
be used directly to distribute testing attempts for input data, by connecting complexity and number of
errors (“leverage” mechanism, [13]). In structural
testing methodology, this distribution equals stating
precisely number of testing paths needed for each
tested module of software, which is the cyclic comVolume 6 / Number 3 / 2011

plexity [19]. Other usual criterions of “white box”
testing have key flaw that they may be satisfied by
small number of tests for arbitrary complexes (with
any meaning of term “complexity”).
2. Symbolic execution of a program
The accepted way of proving things within programs is use of conclusion rules as given by Hoare
(4). These rules are usually formulated in such way
that they may be applied to the last program line,
which verifies one or more short programs and
maybe some logical formulae. Iterative use of conclusion rules brings program verification to proving
of code lines within probability calculation.
The second verification technique is based on
symbolical execution: program lines are processed
in a same order as they in execution, opposed to
“backwards” way in first method. Both techniques
seem equally strong and logical. Close analogy
between symbolical and interpretative execution
makes symbolical execution method easier to understand. One of oldest and best–known methods
used in constructive testing of smaller programs
in symbolical execution of program. This method
may not be well-known by name, but it is famous
for its values. One of application ways is using
computers, but it is not necessary. It is partly similar to computer operation simulation, but has different aim. The basic aim of this method is constructive testing.
By successful testing, we may understand two
opposed concepts, which is most important in general approach to testing. From the point of view of
program correctness, test is considered successful if
there were no errors [20]. However, having in mind
time and resources spent on testing, it is quite right
to talk about successful testing regarding proofs that
there are some errors. Since both approaches make
sense, in the first case, we talk about constructive
approach to testing, and in second case, we talk
about destructive one, or constructively successful
and destructively successful testing.
Within symbolical execution, values of variables in program are represented by symbolic constants or expressions. For instance, values of variable V may be represented as “B + 3”, where B is
a symbolical constant (and not a variable). Set of
837
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all variables and their values is called statement by
Vass [5]. While programming path is “executed”,
presumptions on conditions are preserved within
path conditions.
The basic principle of this method is that input variables obtain symbolical values instead of
concrete ones, in order to find symbolical formula
for outputs – after simulation without computer or
using special purpose programs – and to compare
those with specification [6]. Using basing principles of this method, it is possible that one symbolical input covers large number of actual inputs. For
example, part of Pascal program which could be
computed as
y=(a2-b2)*x looks like this:
readln(x,a,b);
y:=x*b;
x:=x*a;
y:=(x-y)*(a+b);
writeln(y);

dom(T)=R3 .................................................... (1)
According to standards, single type (single –
row real type) has:
1 bit of sign, e=8 bits of exponents and m=23
bits for mantis.
Since it is normalized, total number of constants of this type is
2 m +1 * 2 e - 2 e +1
+ 1 = 2 m * 2 e - 2 e + 1 = 2 e * (2 m - 1) + 1
2

. ..... (2)

Therefore, therefore, number of elements for
domain of set T is given as

]

dom(T ) = 2 e * (2 m - 1) + 1
838

x=X a=A b=B ........................... (4)
X, A and B are any constants of single type
(any elements of set R). If it is proven that after
execution, variable y obtains value (A2-B2)*X,
this is valid for any triad from set R. In this way,
1028 of concrete input triads is replaced by a single
symbolical one. Commands marked as 1, 2, 3 and
4 after symbolical execution are giving the following sequence of equations:
x=X a=A b=B ........................... (5)

where x, y, a and b are real variables in a single
format (single type that is the shortest one in comparison to other real types in Pascal). Proven correctness of program segment (by program execution for different input values) demands forming a
test set T, containing all possible combinations of
all possible values for input variables x, a and b. If
R is a subset of all single constants, then domain
of set T would be:

[

For given values of m and e value of dom (T) is
approximately 1028 of different input triads (x,a,b).
In symbolical execution, symbols are given
representing whole class of concrete input values,
instead of concrete inputs. In this case, it is a constant of single type. Instead of real constants, in
this case symbolical input values are given:

3

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

y=X*B ................................. (6)
x=X*A ................................. (7)
y=(X*A-X*B)*(A+B) .................... (8)
Proof of program 1028 correctness is obtained
by a simple transformation of last expression
y=X*(A-B)*(A+B)=X*(A2-B2).
This method has a number of advantages and
basic faults are connected to instructions of type if
and case and especially with repetition (cycle) instructions [8, 9]. In both cases, symbolical values
of variables must be accompanied by presumptions so that all outcomes are being envisaged: for
instructions if-then-else both outcomes, and for
repetitions both continuing and ending of cycle.
Example of programming sequence of shape:
read(a,b,c);
if abs(a)>abs(b) then c:=a
else c:=b;
write(c);
two symbolical inputs are envisaged:
a = A b = B assumpting A > B . ........ (9)
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a = A b = B assumpting A ≤ B . ...... (10)

Process of symbolical execution is of no use
when predicates controlling execution of selection
are complex. Even more complex are repetitions,
which exist in hundreds in any serious program,
because different forms of ending must be envisaged. Formulae for calculation of output values
may be very complex, so therefore mathematical
aspect of testing may be very complex itself.
All these are reasons why symbolical execution [9] of program is used in special circumstances, as:
–– Testing of critical parts of program
–– Together with other methods
–– Using special programs for symbolical
execution
–– Together with combination of symbolical
and concrete input values, where concrete
values are chosen on the basis of similarity
classes and border values
–– Using special mathematical techniques for
processing certain controlling structures
within the program
Use of special mathematical techniques for
proving correctness of programming sequences
containing repetitions could be clearly seen at the
example of mathematical induction. Summarizing elements of sequence (q1 ,..., qn) it is verified
whether sequence
S:=0;
for i:=1 to n do S:=S+q[i];
n

serves for calculation of expression S = ∑ q[i ] .
i =1

Mathematical induction is applied based on number of sequence elements, n. At the beginning, it
is necessary to prove correctness of sequence for
value n=1. By symbolical execution for value n=1
it is simple to prove that at the end of sequence
S=q[1]. Further, it is inductive presumption that
sequence is correct for n=K-1, K>1. On the bases
of all these, it could be proven that correctness is
present for n=K. Equivalent shape of sequence is
obtained by transformation
Volume 6 / Number 3 / 2011

S:=0;
for i:=1 to K-1 do S:=S+q[i];
S:=S+q[K];
On this base of presumption, we conclude that
first two instructions have output
K -1

S = ∑ q[i ] ............................ (11)
i =1

As a result of last instruction application, we
obtain
K -1

K

i =1

i =1

S = ∑ q[i ] + q[ K ] = ∑ q[i ] ............. (12)

which was to be proven.
3. Conclusion
Programs may be tested in different stages of
development and with different level of strictness.
Same as any part of development, testing requires
effort. Program testing ids one of most expensive
and therefore most important activities in its life
cycle. It is being done both during original realization and in stage of exploitation and maintenance, namely during every modification of a
program. Aim of constructive testing is to obtain
proof that there are no errors, which is certainly
in collision with the aim of destructive approach
to testing. Method of symbolic program execution is very good for testing of smaller programs.
There was much effort lately to apply constructive
approach partially, on certain parts of program, if
it is impossible to apply it on the whole. Testing
proves, firstly, how much the program does the
job it was intended to, and then how it behaves in
different exploitation conditions. In software testing, it is most important to determine a number of
test items for testing. Before that, we must clarify
which information must exist in test items. Most
obvious information is inputs, and there are two
kinds of those: prerequisites (conditions that exist
before test item execution) and real inputs, which
we identify by some method of testing. There is no
sense in testing errors that probably do not exist. It
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is much more efficient to think well on kind of errors that are most probable (or most harmful) and
then to choose testing methods that probably will
be able to expose such errors.
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Abstract
Paper deals with the automation of fault identification in roller element bearings by the means
of artificial neural networks and vibration signal
analysis implementation. Several types of roller
element bearing faults in combination with several stages or rotor imbalances were tested. Both
frequency and time domain vibration features are
used as inputs to fault classifiers. Several architectures of multilayer perception artificial neural
network were applied.
Key words: vibration analysis, roller element
bearing, artificial neural network, self organized
feature map
1. Introduction
Rotating machines are considered as crucial
equipment in every plant. Roller element bearings
are the most used mechanical parts in the rotating
equipment and they are treated as the primary cause
of unscheduled stops and machine breakdown.
These unscheduled and sudden failures result in
loss of production, reduction of machine availability and could even cause serious injuries and loss
of human lives. Therefore a development and implementation of a system for an early detection of
roller element bearing fault is of great interest. Today, various testing and analysis methods are used
for the roller element bearing condition monitoring
and evaluation. The most utilized methods are [8]:
Volume 6 / Number 3 / 2011

1. Vibration measurement and analysis – a
proven method for an early detection of a
roller element bearing fault. If the right type
of a vibration sensor is chosen and mounted
properly, the vibration signal contains all the
necessary information regarding the complete
state of the machine and therefore the roller
element bearing. Due to the amplitude and
frequency nature of the shocks generated by the
defective bearing, the profit and reliability of
the extracted information is highly dependent
on the type of signal analysis used.
2. Sound measurements – since at an early
stage of degradation, roller element bearing
generate high frequency components, airborne
ultrasound technology (measurement of
acoustic emission) can be very effective. For
later stages of a bearing degradation sound
pressure measurement can also be used.
3. Temperature measurement and infrared
analysis - since, in general, a defective roller
element bearing generates excessive heat.
Temperature measurement of the bearing
housing or the lubricant can be used.
4. Oil analysis and wear particle analysis - for
later stages of degradation.
2. Vibration signal components from the
defective roller element bearing
The main rolling element bearing components
are the inner race, the outer race, the cage and the
841
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rolling elements. For the bearing defect frequencies calculation, the important geometrical quantities are: the number of rolling elements - n, the
rolling element diameter - d, the pitch diameter –
D and the contact angle – a (Figure 1).

Figure 1. Main quantities for defect frequencies
calculation
It is rather simple to derive the characteristic
roller element bearing defect frequencies on the
basis of the bearing geometry and the relation between the linear and rotational speeds of components. They are as follows [1]:
1
d
BPFI = n (1 + cos a ) . ....................
2
D
1
d
BPFO = n (1 - cos a ) .....................
2
D
1
d
F
T = (1 - cos a ) ........................
2
D
1D
d
(1 - ( ) 2 cos 2 a ) ...................
B
S =
2d
D

(1)
(2)
(3)
(4)

The ball pass frequency – inner ring (BPFI)
is the rate at which the roller passes over the localised damage at the inner race. The ball pass
frequency – outer ring (BPFO) corresponds to the
rate of the roller passage when the defect is at the
outer race. The ball spin frequency (BS) is the angular frequency of the rolling elements, while the
FT is the fundamental train frequency and is also
known as cage frequency since it represents the
rotation rate of the bearing cage.
Vibration signal that corresponds to the bad
bearing could contain four components:
1. Components due to the friction: there is
always some friction between the surfaces.
As the lubricant inside the bearing degrades,
842

the friction will increase. Frictional vibration
is manifested in the form of non-periodic
broadband noise.
2. Stress waves – they are generated by the
metal to metal contact. Dependent on the
cause of the metal to metal contact, these
stress waves can be periodic (like the defect
at the outer race for example) or random (in
the case of the looseness for example)
3. Periodic vibration
4. Components from the excited natural
frequencies – impacts generated by the bad
bearing, if high enough and with appropriate
frequency content, could excite the natural
frequencies of the bearing and bearing
housing.
When measuring absolute vibration, the sensor is, most of the time, mounted at the bearing
housing. By supporting the rotating parts of the
equipment, roller element bearing is in close interaction with the rest of the machine’s component.
At the same time, especially in the early stages of
the bearing fault degradation, the vibration components that originates from the bearing defect are
short in duration (i.e. at high frequency) and with
low amplitudes when compared with the higher
amplitude and lower frequency components that
corresponds to imbalance, misalignment and other
faults of the rotating elements. In most cases these
low frequency components act as a mask to the
bearing vibration signature analysis and complicate their health monitoring. This is most evident
at the early stages of the bearing degradation,
while at the late stages of the degradation, bearing
vibration components can be seen in raw vibration
time wave and narrow band frequency spectra.
3. Vibration analysis techniques for roller
element bearing defect identification
The most exploited vibration signal analysis
techniques for roller element bearing fault identification are:
1. time domain techniques
2. frequency domain techniques
3. methods of demodulation / enveloping
4. time – frequency techniques
Volume 6 / Number 3 / 2011
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Time domain techniques are focused on extracting the statistical indices of the raw / filtered
time wave in order to quantify the shock pulse
phenomenon that originates from the defective
bearing. Among many possible statistical parameters, the most utilized from the point of bearing
defect identification are: root mean square (RMS),
peak value (P), standard deviation (StDev), peak
factor (PF), kurtosis parameter (Kurt) and the so
called defect factor (Def). The definition of the
above mentioned parameters are:
1
P = (max( x(t ) - min( x(t ))) .................. (5)
2

1
N

RMS =

1
N

StDev =

Kurt =

2

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

i =1

N

∑ ( x(i) - x )

2

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

i =1

P
F =
1
N

N

∑ ( x(i)

P
RMS

N

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

∑ ( x(i) - x )
i =1

StDev

4

....................... (9)

Def = a P + b RMS ....................... (10)

where x(i) represent the i-th digitized vibration
sample of a total of N samples in the time window.
x is the average value of the signal, while the a
and b in equation (10) are scalar parameters.
Frequency domain techniques refer mainly to
the representation of the time signal in frequency
domain using the algorithm of Fast Fourier transformation (FFT). The main advantage of spectral
analysis is the identification of periodicity in the
time signal and “decomposition” of the discrete
components that can not be clearly seen in time
domain. Therefore spectral analysis is mainly used
for vibration diagnostic purposes. By extracting
vibration amplitudes at discrete frequency components or in frequency bands, and their further
treatment as scalars, frequency domain techniques
are used for monitoring purposes also, i.e. for the
level of defect evaluation.
Demodulation / enveloping techniques are coping with two main challenges in rolling element
bearings analysis – low amplitude and short duration of the stress waves generated by the bearVolume 6 / Number 3 / 2011

ing fault. The process involves filtering out all the
dominant low frequency – high amplitude components using a high pass filter, then rectifying the
signal and then applying the low pass filter to remove the higher frequencies.
Time - frequency methods founded their role
in roller element bearing analysis since, due to the
presence of shock pulses generated by the bearing fault, the signal is non – stationary. As a result,
time – frequency methods provide a simultaneous
view in both domains (time and frequency) which
is necessary when analyzing non stationary signals. The main time – frequency methods used are
short time Fourier transformation (STFT), Wagner
– Ville distribution (WVD) and Wavelet analysis
(WA).
4. Artificial neural networks utilization
for roller element bearing defect
identification
Artificial neural networks (ANN) are parallel
adaptive processing systems that can work under
two different modes: in the supervised mode they
are trained to learn from known examples while
in the unsupervised mode they discover unknown
relationships in the matrices of input data. In vibration diagnostics the ANN are mostly used for
pattern recognition of features that are associated
with different states of rotating equipment. There
are several architectures of ANN. The architecture
mainly used in automated vibration analysis is
the multilayer perception (MLP) [4]. For an unsupervised training or for an explanatory analysis
of multivariate data a Kohonen’s self organized
feature maps (SOFM) [2] is often used. SOFM
transforms the vector of input data in the one or
two dimensional feature map. The neurons of the
feature map describe prototypes of the unknown
input patterns in the form of their weights. During
the training the SOFM learns a set of prototypical
patterns in the topology order. As a quantitative
measure of the SOFM the so called neighbor distance matrix or U- matrix is used. The value of
the U-matrix at the particular node is calculated
as the distance between the node and its closest
neighbor.
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5. Experimental set up and results
For collecting the dataset, vibration test rig
was designed and developed as depicted on figure 2. The test rig consists of a 0.37kW variable
frequency drive connected over elastic coupling
to the rotor with two disks. Rotor is supported by
two UC201 rolling element bearing pillow blocks.
Four IEPE accelerometers type AC102-1A (manufacturer: CTC, US) are mounted at the bearing
housing for radial vibration measurements in horizontal and vertical directions. Also a remote optical sensor (manufacturer: Monarch Instruments)
with the reflection mark attached at the first disk is
used for angular speed measurement.
For simultaneous data acquisition, a multichannel vibration measurement system OneproD
MVX with the analysis software XPR300 is used
(manufacturer: 01dB Metravib – AREVA) is used.
Also the equivalent sound level with A weighting is measured using the SOLO sound analyzer
from 01dB-Metravib, AREVA. By mounting a defective bearings at the first position (between the
coupling and the first disk) a total of 28 different
configurations (7 different bearings with 4 levels
of imbalance attached) were tested:
1. Bearing in good condition – labeled as “OK”
2. Bearing with the defect at the unload zone at
the outer race – labeled as “OU”
3. Bearing with the defect at the load zone at
the outer race – labeled as “OL”
4. Bearing with the small defect at the at the
inner race – labeled as “I”
5. Bearing with the larger defect at the at the
inner race – labeled as “II”
6. Bearing with the small looseness – labeled
as “Z1”
7. Bearing with the heavy looseness –
labeled as “Z3”
Levels of imbalance corresponded to the grades
of imbalance 1, 2.5, 6.3 and 16 according to [7].
A total of 150 measurements for every level of
imbalance are recorded which corresponds to 600
measurements for every bearing under the test. All
the measurements are performed at 22 Hz of rotational speed.
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Figure 2. Test rig used for data collection
The vector representations of the signal are:
1. time signals acquired at 51.2kHz and 64000
points
2. frequency spectra with 3200 lines of
resolution in three different frequency bands
(2Hz-200Hz, 2Hz-2kHz, 2Hz-20kHz)
3. envelope spectra with 3200 lines of resolution
Total of 57 scalar vibration features for bearing condition evaluation were extracted from the
above mentioned signals:
1. Overall RMS value of vibration velocity
in frequency band 2Hz-1kHz – labeled as
RMS
2. Overall acceleration values in different
frequency bands (10Hz-20kHz, 2Hz300Hz, 2Hz-2kHz, 2Hz-20kHz) – labeled
as Acc, Acc2-300, Acc2-2000 and Acc220000 respectively
3. Kurtosis parameter – labeled as Kurt
4. Bearing defect factor – labeled as Def
5. Peak to peak value of the time signal –
labeled as TSS
6. Equivalent sound level – labeled as LeqA
7. Peak extractions of first 7 harmonics of
rotational speed and their sum – labeled
as Sj (where j is the number of order) and
SumS
8. Peak extractions of first 4 harmonics of
bearing defect frequencies and their sums –
labeled as jxBPFO and SumBPFO, jxBPFI
and SumBPFI, jxBS and SumBS, jxFT and
SumFT
Volume 6 / Number 3 / 2011
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9. Peak extractions from the envelope spectra
of first 4 harmonics of bearing defect
frequencies and their sums – labeled as
jxEBPFO and SumEBPFO, jxEBPFI and
SumEBPFI, jxEBS and SumEBS, jxEFT
and SumEFT expressed in dB.

Fig. 3. Overall acceleration values in different
bands for different bearing condition
Since for the bearings under the test d/D is
0.225, with 8 roller elements and the contact angle equal to zero, using equations 1-4, we obtain
the following orders of the roller element bearing
defect frequencies: BPFI = 4.9, BPFO = 3.1, BS =
2.1, FT = 0.39. These parameters were used during the post processing on envelope and spectra
component’s extraction.
A matrix with size 58 x 4200 (57 features plus
one vector for labels, 7 states with 600 records
each) is used as an input matrix for the SOFM
in order to evaluate the possibilities for different
bearing states clustering. A map of size 25 x 13 is
initiated and trained. After training, the map with
the average distance between each data vector and
its BMU (best matching unit) of 0.6996 and a topological error of 0.0738 is generated. The U matrix and the map with labels superimposed shows
that all of the defined classes are self organized in
distinct clusters. The analysis is performed using
SOM toolbox version 2.

Fig. 4. Distance matrix of the SOFM

Fig. 5. SOFM with labels superimposed
Volume 6 / Number 3 / 2011
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Based on the feature component’s projections
on the self organized feature map and on previous
author’s experiences on the specific vibration features sensitivity to rolling element bearing defects
[5], [6] a choice of the input vectors for the artificial neural network is made. The features used
for neural network classifier used are: RMS, Acc,
SumS, Kurt, Def, TSS, LeqA and sums of bearing defect frequencies components extracted from
frequency and envelope spectra.
MLP ANN utilized in this research had a standrad classification task – to detect an exact bearing
defect type.
Several architectures of MLP ANN were tested
by the means of choosing the optimal network architecture from the point of
1. the number of neurons in the hidden layer,
2. type of activation functions and
3. type of learning algorithm

Table 2. Classification summary table for the selected ANN with Kurtosis as input feature
Labels -->

I

II OK OL OU Z1 Z3

Total

476 488 481 475 476 494 470

Correct

476 488 360 325

Incorrect
Correct (%)
Incorrect (%)

0

0
0

111 393

121 150 467 383 77

100 100 74
0

9

25

68

1

22

83

31

98

77

16

As it can be seen from the table 2, the classification based on the Kurtosis parameter is not
satisfactory for bearing with small levels of looseness (Z1) and with the defect on the outer race
when it is located opposite to the load zone (OU).
The same conclusion confirms with the results obtained with SOFM as shown on figures 6 and 7.

4200 vectors were used for training, cross verification and testing. Selection of the network was
based on the balance performance against type
and complexity. The winning MLP ANN was a
network with 6 neurons in the hidden layer and
Quasi-Newton back propagation training algorithm. This network converged after 9 epochs.
Table 1. Classification summary table for the selected ANN with 15 input features
Labels -->

I

II

OK OL OU Z1

Z3

Total

476 488 481 475 476 494 470

Correct

476 488 481 475 476 494 470

Incorrect
Correct (%)
Incorrect (%)

0

0

0

0

0

0

0

100 100 100 100 100 100 100
0

0

0

0

0

0

0

Most of the vibration features used as inputs in
the ANN explained above are dimensional. Non dimensional vibration feature which is claimed to be
the most insensitive on the bearing type, load, angular speed etc. is the Kurtosis parameter. Therefore
several MLP ANN networks are trained with only
Kurtosis parameter as input. The same sampling of
input vectors is used as in the previous case. The
best network founded is the MLP ANN network
with 6 hidden neurons and Quasi-Newton training
algorithm which converged after 35 epochs.
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Fig. 6. U matrix of the SOFM calculated only
from the Kurtosis
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Fig. 7. Projection of kurtosis on SOFM
6. Conclusion
Vibration analysis is a proven method for isolating the defective components or rotating equipment. The success of an automated vibration diagnostics by the mean of artificial intelligence
application is highly dependent on the quality of
the information contained in the selected vibration
features. The research described used both frequency (narrow band and envelope spectra) and
time domain features for neural network training.
A neural network training with a comprehensive
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stages of degradation.
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Abstract
With the continuous development of capital construction, river sand is gradually becoming one kind
of scarce resource in China. Transaction activities
of sand mining rights are increasing as well. Therefore, it is of great significance to study on how to
design the optimal transaction mechanism for sand
mining rights according to its transaction features.
Based on analysis of the characteristics of river
sand mining transactions, this paper constructed a
sand mining rights tendering model by using Mechanism Design Theory, with the maximum net revenue of the owner as the objective function, while
participation constraint, incentive compatibility
constraint, technical ability, and control price etc. as
constraints. According to the characteristics of sand
mining rights transaction, this paper then analyzed
the model with the help of Myerson’s optimal auction theory, and put forward the corresponding simplified model. Finally, according to the construction
and analysis process of the model, this paper proposed the application steps of the optimal tendering
mechanism, and discussed the calculation method
of the related parameters. The research results provide a general framework for the tendering mechanism design of sand mining rights. The detailed
design still needs further study.
Key words: river sand mining rights, transaction mechanism, optimal mechanism design, China
1. Introduction
River sand with diameter among from 0.1 [mm]
to 2.0 [mm] is taken as ideal building material.
Even if its diameter is less than 0.1mm, the sand
848

is also of great economic value, it can be used for
reclamation, making bricks as well as reinforcing
embankments, etc. [1]. With the economic and social development, the contradiction increases between river sand supply and demand, making river
sand become a scarce resource gradually. In this
regard, local governments of different places sell
river sand by means of auction or tendering. But
there have been many problems. Pengze County,
in Jiangxi Province of China, conducted an auction for the sand mining right of an mining area
in 2004, with starting price of 3.2 million RMB
[yuan]. After 81 bids, Jiangxi Water Group won
by price of 16.75 million RMB [yuan]. But finally
the auction was still ended with abortion [2]. Also
in 2004, Wong Nai Beach mining area in Wuhu
City, Anhui Province of China, transferred its mining right by means of tendering. The reserve price
was 2.6 million RMB [yuan] and Anhui Anxing
Joint Corporation won the bid to offer 22.68 million RMB [yuan], ultimately failing with abortion
of bids too [3]. In response to this phenomenon,
many experts and scholars have been doing some
researches.
Yang Chun [4] suggested that it was unwise to
apply the method of transferring mineral resources exploitation rights to sand mining rights since
river sand quantity was with a large uncertainty,
and he also proposed a transaction mechanism
for sand mining rights. Deng yongyong et al [5]
argued that a competitive manner for river sand
mining license is consistent with the requirements
of Administrative Licensing Law. It can promote
the management of river sand mining. But it is
not the only way for sand mining license. In fact,
the fundamental purpose of sand mining license
is to protect the river, rather than to explore sand
Volume 6 / Number 3 / 2011
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resources. Liang Jingjiang [6] made analyses on
both auction and tendering, and summarized the
advantages as well as disadvantages of the two
transaction methods. As to auction, its greatest advantage is that it is the price, not somebody, that
will determine the licensed object, which can reduce the impact of human factors to a greater extent. While the biggest drawback of auction is that
the auction price is beyond the seller’s control. It
is possible to make a serious breach of the auction
price to the basic law of value, thus seriously affecting the normal management order in sand mining area. As for tendering, its greatest advantage
is that the seller can select the best person who
does best according to the pre-set comprehensive
indexes and reserve price. It can more fully reflect
the will of the seller. However, it is difficult for
tendering to avoid the interference of man-made
factors. Jin yumei et al [7] and Zhou Jianchun [8]
agreed that it was necessary to set auction reserve
price. They all discussed the auction mechanisms
used in specific cases, but without theoretical
analysis. Besides, Zhou Jianchun [9] put forward
the design method of transaction mechanisms for
river sand mining operations, not for river sand
mining rights.
Based on the existing research results, this paper
attempts to make a discussion on the transaction
mechanism of river sand mining rights from the
perspective of mechanism design, according to the
characteristics of sand mining rights transaction.
2. Transaction Characteristics of River
Sand Mining Rights
In transactions of river sand mining rights,
the main transaction subjects and contract prices
are usually identified through auction, with such
characteristic known as “Order first, production
follows”. From the view of transaction object, the
transaction of river sand mining rights is similar
to mineral resources transactions. While from the
perspective of process management, river sand
mining rights transaction is similar to construction
project transaction.
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2.1. Comparison of Auctions between Sand
Mining Rights and Mineral Mining
Transaction of river sand mining rights through
auction or tendering is such a kind of transaction
whose object is the right of sand mining and disposal. Auction or tendering is the starting point of
the transaction of river sand mining rights. Compared with the auction of mineral resources exploitation, the auction of sand mining rights has
the following characteristics:
(1) Similar in form to the auction of mineral
mining.
In China, as to river sand mining or mineral
mining, the roles of tenderee are generally played
by state agents or organizations authorized by
governments. The object is mineral or sand mining rights, i.e. the rights of mineral or sand mining
and disposal. The state agents or organizations authorized by governments are sellers. They sell the
rights of sand mining and disposal to the bidders
who win in the auction or tendering.
(2) Greater uncertainty.
The transaction object of river sand mining is
under water. It is more difficult to estimate the distribution, quantity of river sand than mineral resources. Therefore, the transaction risk is greater
for the transaction of river sand mining rights.
(3) Large management workload and high
transaction costs in transaction process.
River sand mining operations is usually on
ships on water surface, so it is very easy to change
workface compared to mineral mining, and the
cost is not significantly increased. Therefore, it is
difficult for the owner (tenderee) to control contractor’s cross-regional mining or overexploitation. This will result in higher transaction costs
in the management process. By contrast, the mining process and workface of mineral transaction
is relatively stable, so the owner’s supervision is
relatively simple.
(4) Small transaction scale and higher transaction frequency.
River sand mining is generally operated in different areas through partition. In contrast with the
auction of mineral mining rights, the object of river sand mining is lesser, with a contract price commonly ranging from millions to tens of millions of
RMB [yuan], which is far less than the contract
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price of mineral mining rights transaction. However, the auction or tendering frequency is relatively higher for sand mining rights. It is possible
to conduct a second tendering for the same mining
area in Yangtze River.
2.2. Comparison between Auction or Tendering of Sand Mining Rights and Tendering
of Construction Projects
Compared with the construction project transaction, the auction or tendering of river sand mining rights has such characteristics as follows:
(1) Different subject dominating the transaction.
The dominant side in transaction of sand mining rights is the seller, i.e. the original holder of
sand mining rights, usually known as the owner.
In contrast, the party leading construction project
transaction is the buyer, ultimate owner of construction products, also called the owner.
(2) Transaction measurement is difficult.
Construction project transaction is generally
conducted on land, more easily to be observed and
measured. While river sand mining is operated underwater, so observation and measurement are not
easy, or take a higher cost.
(3) Objective acceptance is difficult.
In the process of construction project transaction, there is a clear acceptance for engineering
products generally, which can play an important
role in the control of project quality. However,
in the process of sand mining rights transaction,
the riverbed is constantly adjusting, which brings
underlying problems to the object acceptance.
Therefore, it can only be achieved through realtime control, which obviously has an important
impact on the increase of transaction costs.
(4) Greater uncertainty.
The uncertainty of either transaction object or
environment in the transaction of river sand mining rights is greater than that in construction project transaction.
(5) Bad stability of transaction market, lacking
of unified management for contractor team.
After several decades of development, a comparatively stable contractor team has formed in
Chinese construction industry. A unified qualifica850

tion administration system has been established for
this team. In sand mining market, however, a stable
contractor team has not formed, let alone the establishment of a qualification administration system.
(6) Transaction management system is not so
perfected.
Until now, the management system in transaction of sand mining rights has been referring to
the relevant systems or methods of construction
project tendering.
3. Transaction Mechanism Model of River
Sand Mining Rights
It is showed by existing research results [89] that sealed bid auction, i.e. tendering is more
suitable for river sand mining rights transaction.
Therefore, here we only discuss the tendering
mechanism of river sand mining rights.
3.1. Model assumptions
According to the characteristics of river sand
mining transaction, we proposed some basic assumptions as follows:
(1) All the bidders as well as the owner are riskneutral.
(2) Each bidder independently proposes his
price based on his own productivity without surround-bidding.
(3) The payment to each bidder by the owner is
only the function of his price.
(4) All bidders’ cost estimates have a common
known probability distribution, whose density
function is non-negative.
3.2. Model Establishment
Consider the tendering of sand mining rights in
a certain river with n competitive bidders. Each
bidder i (i = 1, 2,  , n) has his own estimate vi for
the cost used to complete the transaction smoothly. vi is called his type. It is private information
and vi ∈ [ a, b] . The specific value of vi is not
Volume 6 / Number 3 / 2011
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known to others, but each vi has the same known
probability distribution F () in [ a, b] , and its density function f () ≥ 0 . Suppose the product space
supported by all bidders’ cost estimates is V , then
it can be expressed as the product of n [ a, b] s.
According to the revelation principle of Mechanism Design Theory, the owner can only consider
incentive compatible direct display mechanism in
the design of tendering mechanism. Any other tendering mode will have a direct display mechanism
equivalent to itself. Under these direct mechanisms,
it is a weakly dominant bidding strategy with equilibrium for bidders to truthfully report their types
[10]. The owner selects contractors through tendering mechanism. His goal is to maximize his net
earnings. In fact, the owner’s net earnings can be
calculated by the amount that bidders pay to him
minus the transaction costs that both of them may
face during the transaction process.
Suppose the cost estimate vector, i.e. the type
vector of all bidders is:
v = (v1 , v2 , , vn ) = (vi , v- i ) . ............... (1)
where v- i = (v1 , , vi -1 , vi +1 , vn ) , which refers to
the type vector of other bidders except Bidder i .
According to the vectors, the owner designs a direct tendering mechanism denoted as ( pi (v), yi (v))
, which represents a distribution rule. pi (v) is the
configuration rule, which represents the probability that Bidder i will win in the tendering. yi (v)
is the payment rule, which means the amount that
Bidder i pays to the owner according to the rule
(it is not assumed the failed bidders need not to
pay). Suppose the owner and Bidder i may face
transaction costs c (θ , ηi ) , where θ is a parameter
related to the characteristics of the project contract
and is a constant for the same contract. ηi is a parameter related to the comprehensive capacity of
Bidder i . Then the owner’s (expected) net earnings function can be expressed as:
R0 ( p, y ) = ∫

V

n

∑ [ y (v) - c(θ ,η ) p (v)] f (v)dv ......
i =1

i
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i

(2)

Tendering of river sand mining rights can be
seen as a reverse auction. Therefore, we can take
Myerson’s Optimal Auction Theory for reference
to design the tendering mechanism for river sand
mining rights. Similarly to auction mechanism,
the direct tendering mechanism should meet three
constraints, including the participation constraint,
incentive compatibility constraint, and the amount
constraint. Otherwise it is not feasible. As to the
transaction of river sand mining rights, however,
for its distinctive characteristics, its tendering
mechanism must meet some extra constraints on
such aspects as the contractor’s ability and control price etc. Accordingly, the optimal tendering
mechanism model can be expressed as:
n

M ax R0 ( p, e) = ∫V ∑ [ yi (v) - c(θ ,ηi ) pi (v)] f (v)dv

( pi ( v ), yi ( v ))

i =1

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

 Ri ( p, y, vi ) = ∫ [vi pi (v) - yi (v)] f - i (v) dv- i
V

 ≥ ui , ∀i ∈ N , vi ∈ [ a, b].....................(4)

 Ri ( p, y, vi ) ≥ R i ( p, y, v i )

 ≡ ∫V [vi pi (v- i , v i ) - yi (v- i , v i )] f - i (v) dv- i
s.t. 
 ≥ ui , ∀i ∈ N , vi , v i ∈ [ a, b]................(5)
 n
∑ pi (v) = 1, pi (v) ≥ 0, ∀i ∈ N ................(6)
 i=1
η ≥ η , ∀i ∈ N .........................................(7)
 i r
rli < ri < rh , ∀i ∈ N ...................................(8)
-i

-i

In this optimal tendering mechanism model, Eq. (3) is the objective function of tendering
mechanism design, which means that the tenderee pursues maximum expected net revenue. Eq.
(4)~(8) are five constraints.
Eq. (4) is participation constraint. It means the
expected profit Ri ( p, y, vi ) of Bidder i under the
tendering mechanism is not less than his maximum expected returns from external opportunities, i.e. retained earnings ui . N is the congregation of bidders.
Eq. (5) is incentive compatibility constraint,
which can guarantee that the profit of Bidder i
when he reports his true type is more than that
when lying about his type under condition
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that all other bidders report their true types.
R i ( p, y,v i ) is the profit Bidder i can get when he
lies about his type.
Eq. (6) is amount constraint, which means that
all bidders’ success probability can not be more
than 1.
Eq. (7) is capacity constraint to bidders, which
means that bidders’ technology ability, payment
ability, and credit etc. should meet the general requirements of the tenderee. These non-price factors can be reduced to a variable η , called ability
parameter, so as to comprehensively reflect bidders’ overall capability, thus making the model not
too complex. In Eq. (7), ηi is the ability parameters of Bidder i , η r is the required minimum standard that bidders’ ability parameters must reach.
Eq. (8) is control price constraint, which means
that the prices reported by bidders must be limited
in the range from the minimum to the maximum
control prices, so as to curb unscrupulous bidders
to drive up the market price through surround-bidding, and control the malicious low-price problem
giving rise to high transaction costs. In Eq. (8), ri
is the price reported by Bidder i , while rli and rh
respectively stand for the minimum control price
(different between bidders) and the maximum
control price.
3.3. Analysis of Tendering Mechanism Model

As for constraints (7) and (8), they are also
relatively independent to each other. There is no
impact on the result no matter which one is to be
discussed at first. We may as well first discuss the
constraint Eq. (7).
Constraint (7) is restriction for bidders’ ability.
Those who do not satisfy Eq. (7) will not win in
the tendering. Similarly, Eq. (8) is restriction for
bidders’ reported prices. Those who do not satisfy
Eq. (8) will be directly removed. After the treatment to Eq. (7) and (8), the tendering mechanism
model is simplified, and the bidders’ set has been
changed. Assume that the remaining bidders’ set
becomes N ' ( N ' ⊆ N ) , in which the total number
of bidders is n ' . Compared with the original model, the bidders’ selection range is reduced from N
to N ' in the simplified model, and there are only
three basic constrains including participation constraint, incentive compatibility constraint and capacity constraints in the simplified model, which
is similar to Myerson’s Optimal Auction Theory,
thus providing a basic idea to analyze the model.
After eliminating Eq. (7) and (8), in order to
further simplify the tendering mechanism, we introduce the necessary and sufficient conditions
for feasible direct bidding mechanism, i.e. make a
more intuitive description for the characteristics of
direct tendering mechanisms which meet the participation constraint, the incentive compatibility
constraint and amount constraint at the same time.
Assume Qi ( p, vi ) = ∫V pi (v) f -i (v)dv-i , which represents the conditional probability that Bidder i
-i

As to the model expressed by Eq. (3) ~ (8),
there is always a feasible tendering mechanism
( p , y ) , so that the net revenue is maximum while
∗

∗

all the constraints are met. In this case, ( p ∗ , y ∗ )
is the optimal mechanism. However, it is a great
difficulty to make a direct analytical solution for
the model, so it is necessary to appropriately simplify the model.
Compared with the auction mechanism model,
Eq. (7) and (8) are the increased constraints in the
tendering mechanism model of river sand mining
rights. They are influenced by many factors, but not
obviously related to Eq. (3) ~ (6), i.e. they are relatively independent. Therefore, we can solve Eq. (7)
and (8) alone, which will not affect Eq. (3)~(6).
852

will succeed in the tendering when vi is given.
Drawing lessons from Reference [11], we can
get the necessary and sufficient conditions of feasible direct tendering mechanism as follows:
(a) Qi ( p, vi ) is a non-decreasing function,
i.e. Qi ( p, vi ) ≤ Qi ( p, v i ) , ∀i ∈ N ' ,

when

vi ≤ v i , vi , vi ∈ [a, b]
(b) Ri ( p, y, vi )
vi

= Ri ( p, y , a ) - ∫ Qi ( p, ti )dti ∀i ∈ N ' , vi ∈ [a, b]
a

........................................ (9)

(c) Ri ( p, y, b) ≥ ui ,∀i ∈ N '
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'

∑ p (v) = 1, p (v) ≥ 0, ∀i ∈ N

(d)

i

i =1

Fi (vi ) / fi (vi )

'

i

Conditions (a) ~ (d) above are the intuitive presentation of (3) ~ (5) in original model, i.e. (3) ~
(5) is equivalent to (a) ~ (d). Following the revelation principle, the owner’s goal is to select the
mechanism with maximum net revenue among
the direct tendering mechanisms with the features
described by (a) ~ (d). Using Eq. (8) and through
the integral transformation, the owner’s net revenue expressed by Eq. (3) can be transformed into:
R0 ( p, y ) = ∫

V

∑ [y (v) - c(θ ,η ) p (v)] f (v)dv
i

i

i

n'

=∫

V

∑ [v + F (v ) / f (v ) - c(θ ,η )]p (v) f (v)dv
i

i =1

i

i

i

i

i

will be minimum when vi - c (θ , ηi ) is minimum.
Through the gradual simplification for the constraints, and eliminating technology and control
price constraints, i.e. eliminating Eq. (7) ~ (8), the
bidders’ number is reduced from N to N ' . Based
on the three remaining basic constraints (4) ~ (6),
it can come to such conclusion as follows by deducing: the optimal mechanism should select
the bidder with the maximum value of vi - c (θ , ηi )
among the N ' bidders. Let C ( p, y ) = vi - c (θ , ηi ) ,
then the optimal tendering mechanism ( p ∗ , y ∗ ) is
to meet the following equation:

n'

i =1

is a constant, so owner’s total cost

i

C ( p , y ) = M ax [vi - c (θ , η i )]...........(11)
∗

∗

( pi ( v ), yi ( v ))

n'

-∑ Ri ( p, y, b)..............................................(10)
i =1

4. Application of the Optimal Tendering
Mechanism for Sand Mining Rights

Based on Eq. (8), we can get that
vi

Ri ( p, y, b) = Ri ( p, y, vi ) + ∫ Qi ( p, ti )dti
a

vi

= ∫V

-i

[vi pi (v) - yi (v) + ∫ pi (v- i , ti )dti ] f - i (v)dv- i ≥ ui
a
vi

Let vi pi (v) - yi (v) + ∫a pi (v- i , ti )dti = 0 , then
Ri(p,y, b) takes the minimum value ui when bidder’s participation constraint has been met and
n

'

∑ R ( p, y , b )
i

i

gets its minimum value

n

'

∑u

i

.

i =1

i =1

Furthermore, according to Eq. (9), in order
to make owner’s total cost minimize, it needs to
make
n

∫ ∑ [v + F (v ) / f (v ) + c(θ ,η )]( p (v) f (v)dv
V

i =1

i

i

i

i

i

i

i

i.e. vi + Fi (vi ) / fi (vi ) + c (θ , ηi ) minimize.
However, in the model above we assumed that
all bidders have a common known probability distribution for their cost estimations. As to Bidder i ∈ N ' , Fi () = F () and fi () = f () , and thus
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4.1. Application procedure
According to the optimal mechanism analysis,
the accepted bidder should be selected out according to the following steps:
(1) Filter bidders using Eq. (7) and (8), which
represent respectively technology and payment
constraints, and control price constraint. Those
who do not satisfy Eq. (7) and (8) will be eliminated. Otherwise, they will enter the next round of
competition.
(2) After the first step above, select the final
winning bidder using Eq. (11) and accept the winning bidder’s price as the contract amount.
4.2. Determination of parameters
(1) Determination of ability parameters ηi of
bidder i and η r . ηi reflects the technology and basic payment abilities as well as the credit level of
bidders. It can be determined by comprehensive
evaluation method. η r is the standard value due
853
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to technical complexity of projects, project size,

where c (θ ) is a function related with the com-

project importance and other characteristics. η r

pleteness of contract. Different projects have different function values. Function value is a constant in the same transaction, and the value ranges

and ηi should match each other.
(2) Minimum control price rli and maximum
control price rh .
1) The minimum control prices rli . rli is generally considered to be the cost of Bidder i . Obviously, different bidders have different minimum
control price. According to Reference [12], the
minimum control price rli of Bidder i can be calculated by Eq. (12) and (13).

from 0 to 1. c (ηi ) is a function related to contract
price, capability and credit of Bidder i . Here we
assume c (ηi ) is proportional to the mean effective
bid prices, i.e. c (ηi )= average effective bid prices ´
ξi , where ξi is a coefficient related with bidders’
capacity and credit, under the restrictions such as
transaction contract, ξ i has its maximum value.

For example, if we assume ξ max =5%, then ξi of

rli = ra ´ (1 + ki ) ...................... (12)		 bidder i can get relative value, and ξi < ξ max .

ra = Estimated contract price ´ (1 - δ ) ...... (13)
where ki is the floating extent, which can
be obtained by comparing social average productivity level with bidders’ productivity levels.
When the cost of Bidder i is less than the social
costs, it will be negative. δ is the average ratio
that contract price is lower than the estimated contract price.
2) Maximum control price. It can be calculated
according to the following equation [12]:

r =
h

v0 + vmax
......................... (14)
2

where v0 is the price estimated by the owner;
vmax is the maximum value of all bidders’ reported
prices.
(3) The transaction costs c (θ , ηi ) the owner may
face. According to the theory of limited rationality
and Transaction Cost Theory, c (θ , ηi ) exists only
when the contract is incomplete and the opportunism behavior of contractor exists at the same
time. If the contract is complete, then c (θ , ηi ) →0.
If there is no opportunism behavior of contractor,
we can also get c (θ , ηi ) →0. c (θ , ηi ) can be simplified as follows:
c(θ ,ηi ) = c(θ ) c(ηi ) . ................... (15)
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5. Conclusions
The development and improvement of Mechanism Design Theory provides a new analytical
framework for tendering mechanism design for
the sand mining rights. This paper made a further
exploration to the tendering mechanism of sand
mining rights from the perspective of the owner,
with Mechanism Design Theory as a guide and
standing at a new height. This paper established
the tendering mechanism design model, and
proposed the feasible procedure for the optimal
mechanism model.
In the process of model establishment, this paper attempted to reflect more objectively and comprehensively the actual objectives and constraints
for the tendering of sand mining rights. According to the characteristics of the transaction of sand
mining rights, this paper took into account capacity and price besides the basic constraints such as
participation constraint, incentive compatibility
constraint, and so on. All these constraints are taken into the same framework, so that the whole tendering mechanism becomes more perfect, and the
model also becomes more effective and practical.
In addition, compared with the existing research
results, this study has a stronger theoretical support which provides a general analytical framework for the optimal tendering mechanism.
It still needs further in-depth study for the
method of determining the related parameters.
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