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Comparison of the Experimental and
Theoretical Critical Buckling Force at the Rod

of a Defined Shape

Stanislav Kotsmid, Marian Minarik, Pavel Beno

Department of Mechanics, Mechanical Engineering and Design, Faculty of Environmental and Manufacturing
Technology, Technical University in Zvolen, Slovak Republic.

Abstract

The paper compares the critical buckling force
values obtained by different computation ways
with experimental measurements performed at the
rod of a defined shape. Nowadays there are many
theoretical ways for critical buckling load compu-
tation because of the stability loss which appears
at sufficiently slender rods. Accurate computation
ways do not exist for all kinds of rod geometry.
Due to this, the experimental measurements were
performed. Values from these measurements can
be significantly different from computed values.
This paper deals with the deflections at critical
buckling force computation by means of different
computation ways from experimental measure-
ments at the rod with flattened ends.

Key words: stability loss, flattening, critical
buckling force

1. Introduction

Nowadays, economizing of materials and de-
velopment of devices is very important in construc-
tional practice. In order to meet this requirement,
the material of the components has to be utilized
efficiently. According to some authors, despite its
long tradition, steel is utilized neither in half of
its material properties [1]. Recently, the emphasis
on decreasing construction mass has grown with
the aim of decreasing material consumption in the
manufacturing. At constructions, we use the mem-
bers or components of a low mass simultaneously
of a high strength. According to these require-
ments, the best profile is a circular tube which
has a higher carrying capacity in a buckling load,
higher stiffness in torsion, low wind resistance and
lower mass compared to the other profiles [2, 3].

The connection of tubes is more complicated
than at other profiles because we do not have any
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flat surface that is so important for rivets or belts
placement, which makes the construction demount-
able. In order to use the smallest number of compo-
nents, the easiest solution is to flat the tube on its
ends and clamp it on gusset joint plates by bolts [4].
Many rods in constructions are loaded by an axial
force, whether it is tension or pressure, which can
cause the stability loss. The stability loss which ap-
pears mainly at sufficiently slender rods is the most
dangerous phenomenon. This paper compares val-
ues of the critical buckling force at the rod with flat-
tened ends computed according to different ways
with the experimental measurements.

2. Material and methods

For theoretical computation of critical buckling

force we will use the following ways:

— computation by the Euler equation without
the consideration of flattening and with
pinned fitting on the rod ends,

— computation by the Euler equation without
the consideration of flattening and with
pinned fitting on the rod holes,

— computation by the Energy method with
pinned fitting on the rod holes.

The critical buckling force without consideration
of flatting was computed by Euler equation [5]

nE-J,,
F — min
crit (B l)z

where:

E —Young modulus of elasticity (Pa),

J, . —minimal cross-section moment of inertia (m*),
/S — buckling coefficient (-),

[ —rod length (m),

139



technics technologies education management

The critical buckling force with the consideration
of flattening was computed by the energy method.
Approximate equation for the critical buckling
force computation can be assumed as follows:

1

J. Wy -dx
F.o=2 " (N)rrerrerenene. 2)

crit j‘fo) -dx

0 E-J (x)
where the deflection line function w,, can be

written in form:

Wi, =W, -sin% S 3)

where the value of maximum rod deflection w,
does not have to be known.

Function of cross-section moment of inertia
was written by a hollow rectangle shape in the
position of flattening; by a hollow ellipse shape
in the position of flattening and circle transitional
area, and by an annulus shape in the position of
the circle part of a tube. Equations for the indi-
vidual functions of minimal cross-section moment
of inertia which were being changed according to
x axis, have forms:

_B,H=b -k

oo = ) JUSRR 4
(x)min rec 12 ( ) ( )
T
Jominet = —+(B, - H> =B, B ) ("o (5)
64
T 4 4
Jooo =— D" =d" ) (M) e 6
(x)min cir 64 ( ) ( ) ( )

where B,H,b,h,B,H,b,h,D ad are char-
acteristic dimensions which are shown in Figure 1.

Figure 1. Characteristic dimensions of a tube

Then the numerical evaluating of the integral
in denominator of equation (2) can be written [6]
as follows:

] 2 2 2
W(x)'dxi ! _(W(xo)+4_w<xl)+
0 E-Jyy 3 nE \J, S
2 2 2
w w w
422 g Ty o ) (7)
J(xz) J(x3) (x,-2)
2 2
w, w
g M | (m}
J(xn—]) J(xn)
where:

n — interval distribution (it was done with the step
of 1 mm).
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The specimens with an outside diameter of 10
mm and thickness of 1 mm were used for the ex-
perimental investigation of the tube critical buck-
ling force. Construction steel S 235 was used as a
tube material. The measurements were performed
with four length variants of specimens, concretely
500, 640, 800, and 830 mm. The ends of tubes
were modified by flattening on the length of 15
mm with a hole diameter of 7 mm in the distance of
6 mm from the tube edge because of the clamping
to a fixture according to Figure 2. The measure-
ments were done with a statistically significant
number of specimens.

Figure 2. A tube flattening

The values of the critical buckling force were ob-
tained by the universal machine Testometric M500—
100 CT which provided the data about a dependence
of axial force and displacement (Figure 3).

The fixtures in fact simulating the real gusset
joint plates were made for clamping rods. These
fixtures were installed on the machine and the
tubes were clamped by bolts (Figure 4).

Volume 10 / Number 2 / 2015

Figure 3. Testometric M500-100 CT

Figure 4. Fixture

Also the critical buckling force value was
obtained by the CREO Simulate software. The
model was designed following the energy method
computing, concretely by pulling of the individual
rectangular, elliptic and circular cross-sections.
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3. Results

From the measured values of the critical buck-
ling force, the average critical buckling force value
was computed for each length dimension and, of
course, the standard deviation which is important
for a significance of differences was computed too.
The critical buckling force values obtained by theo-
retical and experimental ways are shown in Table 1.
Table 1. The overview of the critical buckling force
values

Rod length (m) | 05 [0.64] 0.8 0.83
Experimental measurement

Average buckling force (N) | 3063 | 1897|1234| 910

Standard deviation 387 |1 109 | 92 | 236

Theoretical computing

Euler (axis — axis) (N) 2522|1523 | 967 | 898

Euler (whole tube) (N) | 2403 |1466| 939 | 872

Energy (axis — axis) (N) | 2504 |1515| 963 | 894

CREO Simulate (N) 2540 [ 1532|972 | 902

For obtaining the knowledge of a significance
of value differences, the Student t-test was done
between the measured values and the highest theo-
retically computed values. T-test values for indi-
vidual tubes lengths are shown in Table 2.
Table 2. Student t — test values
Rodlength(m) | 05 | 064 | 0.8
Student t - value | 2.214 | 10.195 | 7.875

0.83
0.038

4. Discussion

As we can see in Table 1, the highest theoreti-
cal value of critical buckling force is obtained from
CREO Simulate software at all investigated rod
lengths. This value changes in dependence on used
computational ways. The lowest value is obtained
by the Euler formula with pinned fitting at the rod
holes without the consideration of flattening. The
relative error of theoretical values of critical buck-
ling force from simulated situation ranges from
3.33% to 5.41% in dependence on the rod length.

When a pin support is moved on the rod ends,
there appears changing of the relative error value
and it will be shown by its decrease in a range
from 0.47% to 0.71% and using of the energy
method from 0.85% to 1.41% in dependence on
an investigated length. Considering the allowed
relative error up to 5% value, we can consider this
computing process as accurate sufficiently.
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In Table 2, we can see, the relative error decreas-
es with an increase in a rod length in all investigated
computing ways. From this, we can conclude that
with rod slenderness decrease the computed values
will have a higher mutual variance. Experimental
measurements have shown that all theoretically
computed values of critical buckling force, except
the length of 0.83 m, are statistically significantly
different from experimental values.

These deviations could be created by interac-
tion of different imperfections. The imperfections
include non-homogeneity of material, uneven
increase in fibres temperature, eccentricity of
clamping holes, flattening plane rotation to each
other, their non-parallelism with rod axis, faults of
the fixture manufacturing and non-ideal alignment
of the machine hubs. When looking for the causes
of differences between theory and the experiment,
we have two possibilities to choose. Either we will
look for the cases why the theoretical equations
are correct only at one length, or why the mea-
sured data do not correspond with the theoretical
equations. We will look for the causes of higher
measured values. If this force is higher, it is need-
ed to look for some effect which can cause this
state. In our opinion it is caused by imperfections
such as the mutual rotation of flat planes around
the rod axis and a subsequent hole jam and seizure
in a primary deformation direction.

At the mutual rotation of flat planes, we have
had a limitation in a form of simple rod rotation
around the pins. The axial force causes the jam of
one of hole, possible seizure and rod rotation dif-
ficulties, which results in increase in force.

5. Conclusion

The aim of this paper is to compare values of
critical buckling force obtained by different com-
puting ways with experimental measurements
investigated on a rod with defined geometry. Ex-
perimental investigation of critical buckling val-
ues was done on universal machine TESTOMET-
RIC M500-100 CT. Tubes with flattened ends at
four length variants were used as specimens. Tube
diameter, thickness and flattening geometry were
the same at all specimens.

From each variant, repeated measurements
were done for the average value of critical buck-
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ling force and standard deviation determination.
For each variant, theoretical values of critical
buckling force according to Euler and the energy
method were computed. The situation was also
simulated in CREO Simulate software.

As we can see in Table 1, theoretical values of
critical buckling force are different from each other
in 5% tolerance, which means we can use the ran-
dom method without making a significance error.
Experimental measurements show that the experi-
mental values are significantly different from the
computed values and this fact is verified in Table 2,
where the statistic significance is confirmed. In the
part Discussion, the possible causes are described.

Almost all described imperfections have an
effect of decreasing critical buckling force at the
specimens. Due to the imperfections, a defor-
mation appears earlier than it is described in the
theory. The mutual rotation of flattened planes is
an exemption because in this case the deformation
does not appear in the same direction from both
the directions of view. As a result, it should have
an increase in the critical buckling force value.
Correctness of this hypothesis will be verified in
future. In the case of its correctness, achievement
of this type of imperfection can increase stiffness
of construction components.

References

1. Trebusia F, Simcak F. Tenkostenné nosné prvky a kon-
Strukcie. Vienala 1999.

2. Cmiral V. Ocelové konstrukce. SNTL 1986.

3. Gere JM, Goodno BJ. Mechanics of Materials. Can-
gage Learning 2009.

4. De Souza ASC, Goncalves RM. Mechanism of Col-
lapse of Space Trusses with Steel Hollow Circular
Bar with Flattened Ends. 1JSS 2005, 20(4).

5. Bodnar F, Minarik M. Pruznost a pevnost Il. Tech-
nickd univerzita vo Zvolene 2009.

6. Cermdk L, Hlavicka R. Numerické metody. CERM
2008.

Corresponding Author

Stanislav Kotsmid,

Department of Mechanics,

Mechanical Engineering and Design,

Faculty of Environmental and Manufacturing Technology,
Technical University in Zvolen,

Zvolen,

Slovak Republic,

E-mail: stanislav.kotsmid@gmail.com

Volume 10 / Number 2 / 2015

143



technics technologies education management

Effects of Permanent Magnets on Torque and
Power Density of Spherical Motors

Ilhan Tarimer!, Adem Dalcali®

' Mugla Sitki Kocman University, Kotekli Kampusu, Mugla, Turkey,
2 Karabuk University, Demir-Celik Kampusu, Karabuk, Turkey.

Abstract

The paper deals with electromagnetic analysis
of a spherical electric motor in which different
magnet types are used in rotor construction. The
flux densities, torque, power density and physi-
cal dimensions for the designed motor have been
obtained in the study. It has been seen that high
torque and high power density at spherical mo-
tors are related to magnet types. Using NdFeB and
SmCO permanent magnets in rotor structure of
the spherical motor has increased the torque and
power density values.

Key words: Spherical motor, power density,
permanent magnet, maximum torque

1. Introduction

In electric machines; soft magnetic materials,
conductors, insulators and permanent magnets are
used. [1], [2]. It is expected that soft magnetic ma-
terials must have high permeability, high saturation
and less core lose, and for these reason the soft mag-
netic materials create magnetic circuit of machine.
In addition to this, in order to decrease magnetic
circuit’s reluctance, this magnetic material used in
machine needs to have high magnetic permeability.
Apart from this, saturated flux density must be high
for decreasing iron volume and weight.

Permanent magnets are used for creating excit-
ing field in electrical machine. When they are run
in normal limits, magnets keep energy over them
for an infinite time. If an electromagnet is used in-
stead of a permanent magnet and a magnetic field
is created energy of the excited field is still kept,
nevertheless only a few ohmic energy losses are
come up with conductor’s resistance. Permanent
magnet materials are categorized as AINiCo, ce-
ramic (ferrite) and rare earth magnets according to
their chemical compositions. In most applications
which need a small volume and low weight, rare
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earth magnets are used. When AINiCo alloyed
magnets, Barium Strontium and Ferrite magnets
are developed; it has been seen that designs of
electric motors and generators with magnets have
more frequently emerged.

Ma and et. al. have compared the performance
of NdFeB powders and the fundamental charac-
teristics of polymers for bonded magnets [3]. Gay
and Ehsani have experienced and analyzed a per-
manent magnet eddy current brake [4]. Giirdal
and Oner have made magneto-static analysis of
a spherical actuator and performed its applica-
tion. This motor has got a spherical rotor made by
NdFeB permanent magnet strips and a stator has a
soft iron and a basic coil winding [5]. Y1ldiriz and
Aydemir have developed an axial flux, permanent
magnet generator with coreless stator, twin rotors
to use in wind turbine [6]. Aydin has developed a
design method for AC and DC permanent magnet
motors, demonstrated designing steps of perma-
nent magnet motor on a disc motor sample [7].
Ezenekwe have pioneered to researches of high
pulling force between ferromagnetic cores and
permanent magnet rotors [8]. Gongor and Cetin
have optimize air gap, slot geometry and crossing
angle parameters of a generator which produces
electricity from wind by finite elements method
[9]. Virti€ has presented the variations of perma-
nent magnets dimensions in axial flux permanent
magnet synchronous machine [10].

Huang and et. all. have outlined a detailed ap-
proach to size axial flux machines by means of
general purpose sizing and power density equa-
tions [11], [12]. Guo and et. all. have compared
two types of 3D flux electrical machines with soft
magnetic cores, claw-pole and transverse-flux
machines [13]. Nerg and et.all. have presented a
lumped-parameter-based thermal analysis appli-
cable to radial-flux electrical machines with a high
power density [14]. Tarimer has designed and pro-
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duced a permanent magnet axial flux structured
generator for wind turbines [15].

In this study, a spherical motor’s rotor which is
constructed by a permanent magnet core has been
developed. In order to achieve this construction,
several rotor prototypes have been seized, and
then their possible torque outputs and magnetic
flux densities have been obtained. Torque curves
of the seized rotors have been extracted for differ-
ent magnet types.

2. Structure of permanent magnetic
materials

Cobalt is used in AINiCo and rare earth—cobalt
magnets. Ferrites are electrical and thermal insu-
lators. AINiCo’s have high permanence and low
coercivity. In the design of electrical machines,
it’s expected that using less material must provide
more power. At the same time, machine’s volume
must be less too. Gay and Ehsani have stated that
permanent magnet machines would give high
torque at less weight comparing with asynchro-
nous and switched reluctance machines [4].

Permanent magnets are harsh magnetic mate-
rials. Their B-H curves are big; permanent mag-
netism and magnetizing coercivity forces are high
[16]. Magnetic and thermal features of the mag-
nets commercially available are given in Table
1. From Table 1, the magnet which have the best
performance permanent magnets with 290 kJ/m3
maximum energy multiply are made by Neodymi-
um-Ferrite-Boron without Cobalt material.

When temperature increases, some magnetic
features change as feedback and some changes
without feedback. The changes with feedback are
determined with temperature constants (o and [ per

Kelvin). These values give function of temperature,
magnet running point and field density[1]. Even
though magnets made from ceramic are cheap;
NdFeB magnets are used instead of ceramic mag-
nets in applications needed low volume and low
weight. Small volume magnets could be used since
that NdFeB materials have high energy multiply.
This makes other sizes such as iron apparatus and
windings of the machine to become small.

3. Using different permanent magnets in
spherical motor’s rotor design

The meshed structure of the rotor and cross
sectional area of the designed motor in the study
has been given as shown in Figure 1 (a, b). This
simulation has been obtained by Maxwell 3D pro-
gram [17].

(@) (b)

Figure 1. (a) Meshed structure, (b) cross sectional
view of the spherical rotor

The volume of winding to be placed in the sta-
tor of the spherical motor in the study has been
calculated as 73.4796120162 mm’ by Maxwell
3D software. When making simulations, eight dif-

Table 1. Magnetic and thermal features of commercial magnets

Magnet Types
Features
NdFeB SmCoS AINiCo Ceramics
B-H (kJ/m?) 200-290 130-190 70-85 27-35
Br (7 1.20 0.97 1.1 0.4
Hc (kA/m) 870 750 130 240
Curie temperature (C°) 310 720 830 450
o (% K) -0.13 -0.045 -0.02 0.2
B (% K) -0.6 -0.25 0.01 0.4
Maximum working temperature (C°) 140 250 500 300
Volume 10 / Number 2 / 2015 145




technics technologies education management

ferent permanent magnet types have been used
to take this winding volume. In order to use each
magnet type in rotor structure, magneto-static and
time-varying (parametric) analyses of the system
have been made. For using each of magnet types
in the motor, several simulations have been done
regarding to these cases; flux linkage and torque
simulation results parallel to rotor production ma-
terials have been obtained. The dimensions and
sizing parameters of the designed spherical motor
have been given in Table 2.

Table 2. Dimensions of the designed motor

Dimensions Values Units

Rotor diameter 8 mm
Number of poles 2 --
Stator outside diameter 15.6 mm
Stator inner diameter 14.4 mm
Stator core material M19 24G --
Winding core material M19 24G --
Number of windings 8 --
Outer diameter of the

winding core 4 mm

The designed motor’s physical values can be
seen from Table 2. The views of the designed
spherical motor and its meshed structure have
been shown in Figure 2 (a, b).

(@) (b)
Figure 2. (a) - (b) Two perspective views of the
designed spherical motor

From Figure 2, it is needed to have an extensive
mesh between winding and magnet to obtain a more
accurate solution [1]. The simulation results which
show flux density and torque values are given in
Figure 3 and Figure 4 respectively. Figure 5, 6 and
7 show the curves of torque versus angle. The error
rate has been selected 1% in the analysis.

B[tes1al

. 8.08402e-002

~

. 4934e-002
.0013e-002
. 5092e-002
.0171e-002
. 5250e-002
B329e-082
S5408e-002
B487e-002
. 5566e-002
.B645e-002
.5724e-002
.0803e-002
.5881e-002
0960e-082
.03%4e-003
.1183e-003
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Figure 3. Magnetic flux density of SmCo28
permanent magnet material rotors

From Figure 3, the spherical rotor made from
SmCo28 permanent magnet material produces
magnetic flux density as .

B[tes1a]

. 7.3382e-001

. 8635e-001
 4678e-001
.B721e-001
.6765e-801
. 2888e-001
. 8852e-001
. 4895e-001
.B939e-001
.6982e-001
3025e-081
9969e-081
.5112e-001
1156e-081
. 7199e-801
. 3243e-801
. 2560e-002

WP PNNNOOFEFFFEFONOON0DOOD

Figure 4. Magnetic flux density of NdFeB35
permanent magnet material rotors

From Figure 4 the spherical rotor made from
NdFeB35 permanent magnet material produces
magnetic flux density as 7,34 x 10! T.

The energy density is associated with static
electric and magnetic fields. This is also valid for
time-varying fields. The power density experi-
enced by the charged particle is given by [18]:

P=q(§+ﬁ><§)-ﬁ=qﬁ-§ ...........
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where; ¢ is a charged particle, u is velocity of
the charged particle, P is power , £ and B are the
time-varying electric field intensity and magnetic
flux density, respectively.

Eq. (1) proves that the time-varying magnetic
field does not supply any energy to the charged
particle. Only the electric field intensity supplies
power to the charged particle. In terms of the pow-
er density, power equation can be written as

P—dp—* E
_dv_f

where; J is current density vector of winding at
volume V.

Eq. (2) can be used to derive relationships for
the energy stored in a time-varying electric mag-
netic field and the power flow as given in Eq. (3).

~ e 4 . . 8B . 8D
V- IEXH E4+LH-—1E-—=0..03
( )+J-E+ a::+ % 3)

This equation is known as the differential form
of Poynting’s theorem and it states the law of con-

servation of energy. The vector product E X H has
the units of power density, watts per square me-
ter (W/m?). This equation yields the instantaneous
flow of power per unit area.

Torque is depended on B and J. It is related to
the geometric parameters of rotor and stator wind-
ings as well. The torque which is occurred by in-
teraction of stator and rotor magnetic fields at ro-
tor is given as Eq. 4:

where; 7 is mean radius value of spherical mo-
tor’s rotor.

The instantaneous expression for the energy
densities in the magnetic and electric fields can be
written as below:

— — 1 -
w, = D-H=££E‘

Ba | =

The equations given in Eq. 5 and Eq. 6 are for
the energy densities for time-varying fields. They
are the same as those created for static fields. The
fields vary with time.

In the case of the flux density increases, it will
result that magnetic field intensity in the designed
motor will increase. This rise provides that the
torque and power density also increase. This is
known from the equations above. Because as seen
from Eq. 5-6, the vector terms of £ and H change
proportionally with the value of magnetic flux
density (B). The torque and power density of the
designed permanent magnet motor increase, for
this reason the flux density developed in the motor
is a sum of magnetic field intensity.

Figures 5 and 6 give the change of torque ver-
sus angle, when the SmCo28 and NdFeB35 type
permanent magnets are used in mass of the spheri-
cal motor’s rotor. Figure 5 shows a comparison of
possible torque values for commercially available
permanent magnets.

0,003

: : .
J ——SmCo28

0,002 —

o
=)
S
=

|

Torque (Newtonmeter)
IS =)
o o
o o
- (=
| ]

-0,002 —

'Ov003||||||l|||||||||l||
-100 -80 -60 -40 -20 0 20 40 60 80 100

Angle (Degree)

Figure 5. Torque versus angle curve of SmCo28
permanent magnet motor

It is seen from Figure 5 that if SmCo28 perma-
nent magnet material is used in the structure of the
rotor, 0.25 Nm torques would be produced by the
designed spherical motor. The NdFeB35 perma-
nent magnet material was used in the structure of
the spherical motor’s rotor in Figure 6.
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Figure 6. Torque versus angle curve of NdFeB35
permanent magnet motor

It can be said from Figure 6 that the same seized
spherical motor would produce 0.30 Nm torques.
This torque value is greater than the design with
SmCo28 permanent magnet.
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Figure 7. Comparison of torque versus angle
curve of AINiCo5 — AINiCo9 Ceramic5 — Ce-

ramic8D — NdFeB30 — NdFeB35 — SmCo24 —
SmCo28 permanent magnet motor.

Figure 7 gives a comparison of all types of
commercial permanent magnets’ possible torque
values. It can be seen from Figure 7, if NdFeB35

Table 3. Sizes and parameters of the designed motor

and SmCo28 types magnets are used in structure
of the rotor, the highest torque values would be
created among all.

In this research, stator outer diameter is as-
sumed as 15.6 mm long. As result of this size, the
stator surface area is calculated as 191.135 mm?.
On the other hand, it has been assumed that the
spherical motor to be designed rotates with 2000
rpm. After calculations for both NdFeB35 and
SmCo28 permanent types rotors, the parameters
of the designed spherical motor have been ob-
tained as given in Table 3.

From Table 3, it is seen that the sizes and pa-
rameters of the designed spherical motor made
by NdFeB35 would be better than other perma-
nent magnets designs. Torque production at rotor
would increase, since that NdFeB35 permanent
magnet has more field density.

4. Conclusion and results

In the study, magnetic static and time dependent
analysis of the permanent magnets used in electri-
cal machines (Alnico5, Alnico9, Ceramic5, Ceram-
ic8D, NdFeB30, NdFeB35, SmCo024 and SmCo28)
have been made. The torque values produced in
case of using such magnets materials have been ob-
tained. These torque values related to each magnet
type have been shown by special drawing software.

It is not possible to select correct magnet by
depending on torque values solely. A rise in tem-
perature of the motor during running also effects
torque and power. Excess heat on magnets should
eliminate magnetic features of magnets without
feedback. Therefore, it is necessary to pay atten-
tion that running and Curie temperature of the
magnets should be in accessible levels when to
produce a spherical rotor. Availability and cost of
the preferred magnet make designers to determine
their options correctly.

The highest torque values have been obtained
when NdFeB and SmCo types magnets were used in
the construction of the rotor since that they have the

Design Parameters of Spherical Motor for Permanent Magnets NdFeB35 SmCo28
Winding volume (mm?) 73.479612 113.580723
Magnetic field density produced at rotor (7) 7.34*%10°! 1.12*%10°
Torque produced by the motor (Nm) 0.30 0.25
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highest energy constant. It is inferred that if the per-
manent magnet motors are operated at high speeds,
they would give high torques and power densities.
As result of this, using NdFeB35 or SmCo28 per-
manent magnets in rotor structure of spherical mo-
tor would increase torque and power density values
up. The designed rotor structure and spherical mo-
tor can be proposed for industrial utilities.
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Abstract

According to the test results of explosive char-
acteristics, all types of coal dust from the mines
in Bosnia and Herzegovina have been classified
as dangerous explosive dust. This paper reviews
the effect of oxygen volume content in air on the
explosive characteristics of brown coal dust. Tests
was performed in laboratory conditions by the
method described in EN 14034-1. Special empha-
sis was paid to the efficiency of nitrogen and car-
bon dioxide, which were used for the reduction of
oxygen content.

Key words: brown coal, dust, explosive char-
acteristics, limiting oxygen concentration (LOC),
inertisation, N,CO,

1. Introduction

Explosion of coal dust are a major risk in mines,
power plants and other industries where coal is
used as fuel. Inertisation of the atmosphere is one
of the precaution measures in order to prevent
explosions. The characteristic value about which
care should be taken by these measures are the
threshold concentration of oxygen, which depends
on the mixture of air and dust, as well as inert gas
used. Limit oxygen concentration is characteristic
of combustible dust considered in systems where
the explosion prevention include inertisation of
the atmosphere by injecting an inert gas, usually
nitrogen or carbon dioxide, in order to reduce the
oxygen concentration below the concentration at
which the explosive combustion is possible.

Inertisation of the atmosphere can be applied
exclusively within the housing of equipment and
installation. It is particularly important to take into
account the sealing from the surrounding atmo-
sphere. Equipment that uses such primary mea-
sures for preventing explosion is:

— Process equipment: closed reactors, mixers,
mills, dryers, furnaces, filters, screens,
cyclones, dust collectors;

— Storage equipment: hoppers and silos;

— Conveyors and elevators: pneumatic conve-
yors, screw conveyors, bucket elevators.

Taking into account that the underground mine
oxygen content can be reduced and directly af-
fect on the characteristics of explosive dust, as
well as the fact that the threshold concentration of
oxygen, at which an explosion can happend is an
important parameter, we consider this as an im-
portant parameter that influences the explosive-
ness, and deserves special attention and further
research. Limit concentration of oxygen in coal
dust is highly variable and depends on a number
of influential parameters: volatile content, mois-
ture, ash, source of ignition temperature, the com-
position of gases in an explosive mixture etc. Inert
components (moisture and non-combustible solid
particles) in the coal dust and water vapor, nitro-
gen, carbon dioxide in air affect the characteris-
tics of the deflagration. In the United States, Ger-
many, England and Poland were carried out tests
of damping explosion of coal dust with powdered
retarders, then the impact of reducing the oxygen
content using nitrogen on the explosive limits of
methane and coal dust [1, 2, 3, 4, 5, 6]. Reduction
of the oxygen content tests in an explosive atmo-
sphere with gradual addition of gas was carried
out in laboratory chambers with different volumes
and experimental tunnels of various lengths.

Inertisation of explosive dust by reduction of
the concentration of oxygen with nitrogen in an
explosive atmosphere is presented in Table 1. The
tests were performed in the 1 m? laboratory cham-
ber with different concentrations of dust.
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Table 1.
Explosive dust Limiting O,
Tpootans | Mo, | o
Anthracite (fat) 17 14
Brown coal 63 12
Char 13 12
Organic pigment <10 12
Methylcellulose 70 10
Wood (pear) 27 10
Corn solid particles 17 9
Paraform-aldehyde 23 6
Aluminium 40 6

Source: BIA (1987)

Numerous experiments indicate that the limit
oxygen concentration at which an explosion of
coal dust can occur is very variable. The chemical
composition of the dust, and the inert gas used for
the reduction of the oxygen content, have substan-
tial influence on the oxygen concentration thresh-
old. Investigation of the explosive parameters in
relation to the oxygen content were carried out in
Central Mining Institute Experimental Mine “Bar-
bara”, Katowice by Cybulski [2]. In studies con-
ducted in experimental trench limit oxygen con-
centration of 16.5% was determined, that when
mixed with coal dust, does not transfer an explo-
sion. Determined threshold concentration is not
applicable to mixtures containing methane.

By examining dust from coal seams in BiH
mines it was established that there is a direct effect
of moisture content and solid non-combustible par-
ticles content on the parameters that define the char-
acteristics of explosive dust (maximum developed
pressure, maximum rate of pressure rise, minimum
cloud ignition energy, explosive characteristics, ex-
plosion severity) [7,8,9]. Oxygen content in an ex-
plosive atmosphere is among the parameters which
influence on the characteristics of explosive coal
dust but it was not precisely defined.

As a preventive measure of protection against
explosion of coal dust in underground lignite and
brown coal mines in BiH is used wetting dust. In
practice, it was confirmed that the wetting of dust
can not be considered as an effective measure of
prevention of ignition, because stronger ignition
sources provide a sufficient amount of heat for
evaporation of moisture and ignition of dispersed

system [ 10]. To prevent ignition of dust, it must be
so saturated with water that turbulence and cloud
formation is not possible.

In order to preliminary perceive whether the
adopted experience of foreign authors, which are
related to a threshold concentration of oxygen,
was correct and valid for the dust of brown coal,
which is exploited in BiH, we performed appro-
priate tests on a representative sample. Reduction
the volume fraction of oxygen in an explosive at-
mosphere was performed by the addition of inert
gases N, and CO,,.

Explosiveness of coal dust is defined by the
following parameters:

— Maximum developed pressure (p,__ ),

— Maximum rate of pressure rise (dp/dt)__,

— Explosion severity (deflagration index),

st.max

Explosive characteristics (E, ).

The first two parameters are tested in labora-
tory conditions, using method of measuring pres-
sure explosion, according to EN 14034-1[11] and
using a method of measuring the maximum in-
crement of pressure at the time according to EN
14034-2 [12].

Explosion severity K and explosive charac-
teristics E, was calculated from:

K, =(dp/dt) V", (mbar/s) ...

Where V is the volume of the test vessel (m?)

dp pmax
E = || — . , (bar/s) .............
k [dt]maX AT ( )

2. Materials and methods

2.1 Characteristics of the dust sample

The sample of brown coal for testing explosive
characteristics of coal dust is a representative of coal
seams that are in operation in Middle Bosnia coal
basin. Calorific value of sampled coal is 24.870 kJ/
kg. The content of total inert matter was 19,03 %
m/m, and content of volatiles 39,87% m/m. Granu-
lation of the test dust was less than 75 pm.
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2.2 Experimental procedure

Tests of explosion characteristics of dust were
carried out in laboratory conditions. Testing appa-
ratus is standardized according to BAS EN 14034-1
(EN 14034-1) [11] and represents a 20 dm?® spheri-
cal chamber for testing explosive dust, type KSEP
20 with accessories, manufacturer “Kihner” -
Swiss. The explosion of coal dust was initiated by
chemical igniters with total energy of 10 kJ.

Before the start of the experimental tests, the
sample of dust was prepared on granulation below
75 um, (BAS ISO 1953: 1994), followed by im-
mediate analysis of dust in order to determine the
value of the basic parameters that have an impact
on the explosive characteristics of dust: the con-
tent of total moisture, ash and volatiles (BAS ISO
589:2010, BAS ISO 1171:2005).

Before reducing the volume fraction of oxy-
gen in the mixture, a testing explosive parameters
of dust with air was carried out (21% oxygen),
in order to determine changes in dependence on
the concentration of dust. Tests are performed on
three different concentrations of coal dust: 250 g/
m?; 500 g/m® and 750 g/m°.

These dust concentrations were chosen empiri-
cally, namely, within the three concentrations of
dust, there are optimum explosion pressures p
and pressure increase in time (dp/dt) .

After that we started with the reduction of oxy-
gen in an explosive mixture and tests of explosion
characteristics at reduced oxygen content with N,
(test 1), and than with CO, (test 2). Reducing the
volume fraction of oxygen in both tests was per-
formed in steps of 2% up to a limit of 12% which
was selected based on literature references, where
it is stated that the limit oxygen concentration, for
the coal dust, ranging from 16.5% to 12%.

3. Results and discussion

Analyses performed on the basis of these re-
sults, were shown by curves of the movement of
explosion characteristics depending on the con-
centrations of dust and oxygen in the mixtures.

3.1 Nitrogen as inert gas

In Figures 1, 2 and 3 the graph showing the in-
fluence of oxygen content on the characteristics of

the test dust explosion was presented. Reduction
of the volume fraction of oxygen in an explosive
atmosphere was made by adding nitrogen.

10
g 21% O2
= 7 —19%02
= 6
» 5 e 17% O2
g 4
g 3 ——15% 02
2 —12%02
0 N SN SN TN N Y Y N T T O |

0 250 500 750
Dust concentration d100, g/m?

Figure 1. Influence of oxygen content in the gas
on the maximum explosion pressure of brown
coal dust for various dust concentrations

_ 800
= 600 VN 21% 02
o=
400 — 19%02
= 200 —17% 02
2
g o 15% 02
=~ 0 25 500 750
. —12% 02
Dust concentration d100, g/m?

Figure 2. Influence of oxygen content in the gas
on the maximum rate of pressure rise of brown
coal dust for various dust concentrations

Analyzing figures 1 and 2 it can be concluded
that the explosion pressure and speed of explo-
sion pressure rise are reduced with the decrease in
the concentration of oxygen. However, there are
variations in the concentration of 15% and 17%,
which can be explained by chemical reactions
during the explosion as well as the fact that the
inert components (CO, and N,) may participate in
these reactions. It is obvious that there has been
appearance of certain gases of combustion which
increase the pressure of the explosion. Depend-
ing on the chemical composition of the coal, the
composition of the gaseous pyrolysis products is
variable and usually is a mixture of aliphatic and
aromatic hydrocarbons, which are generally flam-
mable. Their oxidation or burning depends on the
oxygen content. If the oxygen content is less, no
matter how many and what types of hydrocarbons
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occur in the pyrolysis process, they burn as much
as there is oxygen in the air.

In addition, it was found that the dispersion of
the dust has a great influence on the explosion in a
spherical chamber. The explosiveness of coal dust
is observed through the most important indicator
of explosive characteristics (E, ), which describes
the mutual interactions between the maximum
rate of pressure rise, maximum developed pres-
sure and duration time of explosion. In the norms
[13] that describes the danger of explosion of coal
dust is defined: “Dust of open coal seam is con-
sidered explosively non-hazardous if the highest
explosive characteristics (E, ), observed by labora-

mathematical treatment of the research results was
carried out. It was found that for the tested brown
coal dust limit oxygen concentration is 7%, in the
optimal concentration, if inertisation was carried
out with N,

3.2 Carbon dioxide as inert gas

The influence of oxygen content on the char-
acteristics of dust explosion test in reducing the
volume percentage of oxygen in an explosive at-
mosphere by adding carbon dioxide is shown in
diagram 4, 5 and 6.

tory testing, does not exceed 70 bar / s”. 10
9 e
\_/
8 —21% O2
500 7
- —19%02
400 7 2 / 17% O2
350 /. g, / /N
£300 =7 X\_ [ - £ 7 7 —15%02
3250 /v/ I /4 / 12% 02
22200 — 1 //
150 o .. A
100 0 250 500 750
50 Dust concentration d100, g/m?
0
12% 14% 16% 18% 20% Figure 4. Influence of oxygen content in the gas
250 g/m3 500 g/m3 =———750g/m3| on the maximum explosion pressure of brown

Figure 3. Influence of oxygen content in the gas
on the explosive characteristics of brown coal
dust for various dust concentrations

Figure 3 shows that the greatest impact of the
oxygen on reducing explosive characteristics, de-
pending on the concentration of dust, is at reduc-
tion from 21% to 19% O, and 15% to 12% O,.
Reduction of the oxygen content in the range from
19% to 15% did not significantly influence the
change in E, by dust concentration of 500 g/m’
and 750 g/m’. The average value of the explosive
characteristics, in the optimal concentration, was
375 bar/s. Reduction of oxygen at 12% by the ad-
dition of nitrogen, resulted in a decrease in the av-
erage value of E, to 144 bar/s.

Taking into account by experimental tests in
the reduction of oxygen by adding N, threshold
concentration of oxygen was not established, the
value E, =70 bar/s at which coal dust is considered
non-hazardous from the standpoint of explosion, a

coal dust for various dust concentrations

700
& 600 VAN —21%02
t
J 500 —19%02

“

H 400 —17% O2
—
3 300 —15% 02
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~ / —_—12% 02

100
7
0 250 500 750
Dust concentration d100, g/m?

Figure 5. Influence of oxygen content in the gas
on the maximum rate of pressure rise of brown
coal dust for various dust concentrations

Analyzing figures 1 and 2 it can be concluded
that the explosion pressure and speed of explosion
pressure rise are reduced with the decrease in the
concentration of oxygen in an explosive mixture.
There is deviation only at a concentration of 19%
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O,. Gases generated during the explosion have a
major impact on the efficiency of the inertisation.
It is important to point out that at concentration of
12% O, and the concentration of coal dust at 250
g/m’ explosion was not occurred.

Effect of oxygen concentration in an explosive
characteristic (E, ), at the reduction of the oxygen
content with carbon dioxide, is shown in Figure 6.

500

450
400 '/

/ »
50 ~

12% 14% 16% 18% 20%
—1250g/m3 =—=500g/m3 -——750¢g/m3

Figure 6. Influence of oxygen content in the gas
on the explosive characteristics of brown coal
dust for various dust concentrations

3.3 Efficacy analysis of inert gases on explo-
sive characteristics of coal dust

Analyzing the effects of inert gases used for the
reduction of oxygen in an explosive mixture, it can
be concluded that CO, is proved to be better inert
material from the N,. When inerting with CO,, the
pressure of explosion decreases faster in relation
to the inertisation with N, at the same concentra-
tion of oxygen. Also it can be noted that the ex-
plosive characteristics significantly faster decline
in the reduction of oxygen by adding CO,. Figure
7 shows the efficiency of N, and CO,, which were
used for the reduction of the oxygen concentra-
tion, on decrease the average value of E, in the
optimal concentration.

400
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= A ,/

200
= /
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50

0

///7
_/

12% 14%
—Nitrogen

16% 18% 20%

Carbon dioxide

Figure 7. Influence of oxygen content in the gas
on the explosive characteristics of brown coal dust

4. Conclusion

Preliminary results of these investigations in-
dicate how brown coal dust explosion develops
at reduced oxygen content and what effect N, and
CO, have at the explosion, or where is the limit
when the explosion can no longer develop.

It was found that the CO, has a greater efficacy
relative to N, in termination of explosion. The role
of oxygen in the explosion of coal dust is signifi-
cant and it is very important to know the threshold
concentration of oxygen in order to design safety
measures to prevent coal dust explosions. It was
found for the tested brown coal dust, in the optimal
concentration, the oxygen concentration threshold
is 11% for inerting the atmosphere with CO,, and
7% for inerting atmosphere with N..

These studies shed new light on the explosive
properties of coal dust that occurs in Bosnia and
Herzegovina’s coal mines. It is completely justi-
fied to continue the research in this area, in order
to accurately define the limit oxygen concentra-
tion for brown coal dust explosion, as well as oth-
er types of coal dust used in industry. Since this
parameter that highly variable, it is also necessary
to pay extra attention during tests to other influen-
tial parameters.
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Abstract

“The main feature that distinguishes the archi-
tectural process in France is the fact that the proj-
ect can have a flexible construction execution.”
[1] This means that the constructor can offer a
wide range of construction methods, competences
and most important prices.

In France architects are always under constant
pressure from the engineers, because they not par-
ticipate in the making of the construction drawing
details, nevertheless clients respect their creative
skills and execute the project according to the
conception. Although traditionally, the Beaux-arts
education bases, does not offer extensive training
in technology and management and can leave ar-
chitects unaware of the construction possibilities,
still somehow the system has high performance
and even more: never neglects the prestige of the
architect’s profession.

The secret is in the working framework in
France that is usually under certainty, because of
tight planning regulations and public participa-
tion.! Studies of costs consultancy and predictabil-
ity are therefore less prominent and an object of
external economic analyses unrelated to the archi-
tectural process.

Today French architectural practices are gener-
ally very small, where large companies offering
a wide range of skills are not common. Often the
division of the architectural process and formats
how to present dossiers change from practice to
practice and are usually defined by the company’s
working environment. Although excellent results
in the conception can be reached, the execution
becomes difficult, due to the time lost in synchro-
nizing different documentations and plans that
vary from agency to agency.

1 “How come that our strict regulated projects have
such errors and theirs so flexible succeed to performer
successfully. It really bothers me that the more familiar
[ am with their work, the less [ understand it! Yet, this is
French way ...” [2]

However, if various specialties are divided,
designated and assigned to particular individuals
or companies disjoint system like this can oper-
ate very successfully. Contrary to the rest of the
world, in France few companies can conclude the
architectural affaire in whole, but still the architec-
tural affair stays commercial and the design vivid.

1. Difference between public and private
sector

Today the building sector of the market in France
is one of the biggest, with a percentage of employ-
ment over 7.5%, and a diverse output (Figure 1).

Category

Building Output in France
FF ;€
millions millions %

New work:

Residential 126,106 12,301 30.39
Industnal 31,096 3033 749
Offices 32,30 3151 .19
Other commercial 8,850 863 213
Education 5613 548 135
Hospitals 2342 228 0.56
Miscellaneous 14,808 1,444 357

Total non-residential

Renavations and modermsarion

Residential 114,536 1172 21.60

Non-residential 19342 1,739 19.12

Total renovations and

modernisation 193,878 18911 46.72

Total 414,994 40,479 100.00

Figure 1. The distribution of architectural affairs
in France [1]

The first division of building affairs in whole
is by ownership rights. The private building sec-
tor affairs are flexible, open for options, where the
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public building affairs are tightly controlled by
law and regulation [3].

The maitre d’ouvrage or the client for a public
architectural affair is usually a state organization,
where the affair itself is controlled by the Code
des Marchés Public (Public Tender Procedures).
The maitre d’ouvrage for private affair is a devel-
oper, where the process is controlled by contract.
In this case the maitre d’ouvrage can delegate his
interests to a maitre d’ouvrage délégué.

The most significant person in the affair is the
maitre d’oeuvre, or the project (team) leader (often
architect) that has the responsibility of the affair in
whole, and who defines the controleur technique
that has the safety responsibility.

The concepteur, or the designer has a leading
role of making the architectural project. It can be
an architect and bureau d’etudes for the private sec-
tor, or an architect and engineer, and a BET bureau
d’etudes techniques for the public sector. Usally
the Bureaux d’Etudes conssestes from the Bureau
d’Etudes Sol, Bureau d’Etudes Structure, Bureau
d’Etudes Fluides and the Bureau d’étude acous-
tique. They often work with the assistance of the
pilote, who makes the documentations for that are
of a separate profession. Other parties involved
in the process can be: the économiste that is con-
cerned for the cost of the project, the ingénieur for
the construction, specialists for diverse regulations,
the geometre as land surveyor and etc. The clos-
ing of the affair is done by the ensemblier (contrac-
tor) who puts together the affair, and communicates
with the enterprise or the constructing company.

In practice possible arrangement of key parties
and work groups involved can be as such (Figure 2):

In the private building affair the maitre
d’ouvrage surveys the project but assigns a con-
ducteur to manage it. The architect is a party with
professional responsibilities, and is assisted by the
economist and geometre. The construction is car-
ried out by the maitre de chantier, but also coordi-
nated by trades from the pilote. In the public build-
ing affair the maitre d’ouvrage has delegated most
of his functions to other organizations. The BET
structure takes all professional responsibilities, re-
quiring an engineer and other professionals. The
entreprise generale conducts the main construc-
tion and employs specialist subcontractors.

Privé affaires

= Type de projet ) {maitre d’ouvrage \
% ‘ [ Conducteur d’opération ]
«3 (_ Etude avant projet ) (architect |
o

g’. (_Permise de Construire ) (BET, Economiste, Gométre |
2 : |

% Construction ) (maitre de chantier, pilote \

Public affaires

) {maitre d’'ouvrage \
\
) BET |

— Type de projet

(_Etude avant projet

de trava;

Structure, Economiste,
Chauffage, Bureau de controle

w2 n N

2 (_Permise de Construire )
o
-

& ( Construction

D Entreprise generale |

Entrepreneurs spécialisés |

Parquet, Espaces verts,
Electricité; Chauffage; Serrurerie,
Ascenseur; Terrassement

Figure 2. Organization of two types of affaires
[Source: RIBA p. 41]

2. Private architectural process phases

There are few legal controls in the private sec-
tor, and the choice of professionals and contrac-
tors is free. The private affairs are usually restrict-
ed to residential and housing undertaking, where
the industrial, office and commercial commis-
sions are rare. The private client has the responsi-
bilities to carry out contracts, and is the directure
d’investissment and a maitre d’ouvrage. As the
maitre d’ouvrage he is authorized to sign all docu-
ments, and as the directeure he has to supervise
the project by cost, time and contents.

At the beginning the client has to prepare the
brief. It is a program, often known as the cahier
des charges that contains 4 chapters. The first
gives information about the architects, climate
and geography of the location as well as the topo-
graphic plans. The second chapters explains the
needs of the client indicating the program, cost
and time duration. The third deals with external
matters such as planning regulation and owner-
ship rights, where finally, the fourth chapter, lists
client restrictions such as design requirements.

The next phase of the private architectural af-
fair is the selection and appointment of the Design
Team or the concepteur. Here the role of the ar-
chitect is less important then in the public sector.
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Competitions or concourses are rare, so usually the
selection is done by recommendation. Sometimes
even the contractor that closes the affair can influ-
ence the decision. Usually the architect is retained
throughout the process, where he merely watches
the construction of the design. This is why the su-
pervision of the site can by often undertook by an-
other architect known as architectes d’operation.

By election, the concepteur becomes a maitre
d’ouvre, who appoints the professionnelle and the
bureaux d’etudes. Now the contract can succeed.
Contractual forms are usually standard types is-
sued by the Order des Architetes, Union National
des Syndicats Frangais d’ Architectes and the Syn-
dicat National des Architectes Agrees et des Mai-
tres d’Oeuvre et Batimen. The same is with the
method of remuneration (payment) [4].

The most important phase of the private ar-
chitectural affair is the design and documenta-
tion making process. After the primary study and
sketch an full architectural project is made. This
project is used to make the dossier for the permis
d’construire that is perhaps the most significant
document of them all.

In France permissions have to be obtained for
all development. (Even for changing windows in
your own house.) Some rear exceptions are ex-
position building, street furniture, statues, urban
mobilier, private walls and etc. This means that
anyone who wishes to construct a building has to
obtain a permis d’construire, which is the main
instrument of urban development control, where
for each building sector there are different control
procedures.

If the commune approved the Plan de Occu-
pation des Sol, and the cadastre is inside an aria
regulated by the Plan Local d’Urbanisme de Paris,
the maire will take the decision to sign the permit.
One must mention that higher levels of approv-
ing development such as Region and Departement
permis exist. The explained decentralized system
allows the architect to have consultations in a very
early stage, so the process usually has clear under-
standing. If an application is properly completed
and complies with the POS and urbanism regula-
tion there are no reasons for a refusal. All rules for
processing an application are laid in the Code de
I’Urbanism. Statistics indicate that 95% of all ap-
plications usually are granted. This is why one can

say that architectural affaires in France are con-
ducted in certainty.

During contemplation the administration has a
time limit of 2 months to investigate technical de-
tails (fire, traffic, security and other departments)
and after these enquiries has to a grant full or con-
ditional permit. In France more than 85% of ap-
plications are delivered within three months. The
permit appendix usually regulates the constructor
obligation to start building within 2 years after ap-
proval, and specifies the time for finishing.

Throughout the explained administration pro-
cess (usually the same party that made the permis
d’construire) knowing that the documents shall
be approved without objections, the concepteur
of the project can immediately start to refine the
design and prepare more detail drawings. Also at
the same time more detail estimates of cost must
be prepared and transmitted to constructors. At the
end, some changes may involve in the original de-
sign conception, but they must stay within a rea-
sonable level.

As soon as the design is sufficiently detailed
and settled, it is possible to start the selection of
the entrepreneurs (contractors). Having received
appel d’offres, usually between 4-6 contractors,
offer bids to the maitre d’ouvrage (client). After
negotiation on the price, time and design he can se-
lect the most appropriable. However, because the
tenders are based on project designs, and not detail
specification, each contractor must determent his
way of building. Usually the offers comprehend
slightly deferent finalizations, so therefore the se-
lection has to be considered by all aspects and not
just the costs. This is why a common practice in
private building affairs is to choose a satisfactory
partner from the past.

Finally, when the entrepreneur has been se-
lected the designs and project documentation can
be finalized. Usually the architect that is the con-
cepteur shall have discussions with the constructor
before he finishes his own detail designs. Approv-
ing the constructor’s documentation the maitre
d’ouvre shall transfer his power over the project
but shall keep the professional responsibility. This
is why the management of the work site is orga-
nized in a way that the concepteur is reasonable
for the general control of work, but the architect
stays responsible for the quality.
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To coordinate between, usually a pilote is
employed that regulates various on site trades
and adapts them to direct preferences of the cli-
ent. Frequently the pilot shall be the one with the
greatest value of work, synchronizing the Récole-
ment (Build design) and Dossier d’Execution des
Ouvrages (Documents of execution) while moni-
toring the cost.

During construction the payment of accounts
is prepared by the economist where all the finance
must be signed by the client. All changes should
be provided by necessary drawings end overrun
costs. Disputes are rare because problems are usu-
ally settled as they arise during the process, and
are not left as law claims.

The closing of a private architectural affair
starts with the reception des travaux (handover).
This is the dividing line between the execution
and the commencement of the exploitation period
that includes insurance. The great importance of
his phase comes from the fact that, agreeing that
the contractors has fulfilled their obligation, all
care concerning the project is transferred to the
client (with all technical, legal and financial con-
sequences). This is why an independent contrdleur
technique has to check the affair in whole. He
shall analyze the dossiers of executed work and
other documents that all parties must provided. At
the end he shall declare the completion of work,
and rapport how the permis de construire was in-
tegrated. With this reception the architectural pro-
cess ends.

3. Public architectural process phases

Public affairs have a tight control by legisla-
tion, laws, decrees and codes included in the Code
des Marches Publics. As in the private sector the
client has the obligation to see out the whole pro-
cess, but can delegate certain tasks (administra-
tive, financial and technical) to a third party. Key
decisions, such as the appointment of consultants
and contractors, must remain in his domain. The
client as the maitre d’ouvrage has the same role
as before but it is less flexible in operating, be-
cause of the competition selections. This is why
sometimes the authority organizing the functions
of the maitre d’ouvrage will appoint a conducteur
d’opération for control.

The prime function of the maitre d’ouvrage
again is to prepare the brief that is unambiguous
on all major matters. This brief shall be used for
selecting the architects and engineers by concours
(competition). The guide Concour d’Architecture
that is published by the Editions du Moniteur regu-
lates all of these competition procedures. Today the
concours is a standard way for selection in public-
ly funded projects. It is a useful system because it
brings out new ideas and acknowledges young ar-
chitects, but is however expensive as a process.

“Nowadays almost all prestigious projects in
France are a subject of open competitions, where
only 10% of them are just for domestic registered ar-
chitects. The competition must be announced in the
Bulletin Officiel des Annonces des Marches Public
and in press, notably in the Le Moniteur.” [5].

As the concourse is a costly affair for architec-
tural agencies, a pre-selection is necessary usu-
ally based on a sketch. After this selection a fee is
submitted to all that shall put an effort to continue
making the design, and this amount is relevant to
one off an Avant Project Sommaire. All additional
enclosures (models, technical proposals etc.) must
be paid separately.

Standard concours documentation usually
comprehends: block plans 1:1000, plans of prin-
cipal levels 1:500, axonometric or perspective
views (before précised), significant facets such as
sections and elevations 1:200, a free sheet (used
for presenting best design review) and the expla-
nation of approximately five pages of the principal
features of the project.

By closing of the concours, a jury consisted
one third of architects (sometimes half) with the
maitre d’ouvrage as concurs leader, has to make a
decision, who shall make the project, or who shall
be the maitre d’oeuvre?

The next stage is to select the team. At the head
of the team must be both an architect and an engi-
neer. Their work must not be separated.

Usually the same group that won the concours
shall continue working on the project. In general
the architect and engineer as maitre d’ouvre ap-
point the bureau d’etudes that shall work closely
with the economists (that makes the estimation
and calculation of costs) appointed by the maitre
d’ouvrage. These parties can be paid by the archi-
tects and engineer as their subcontractors, or they
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can be an external group that is a co contractor
paid directly by the maitre d’ouvrage.

Once the organization and negotiations with
the client are completed a contract must be signed
with the maitre d’ouvrage. Usually the architect
and engineer become the concepteur, but some-
times their mission extends from monitoring just
the design and comprises the project in whole.
Their payment is done on requirement of the Per-
mis de Construire. As concepteurs, they do less
detail design as this work is undertaken by oth-
ers. The working drawings as explained before are
submitted to them for approval by the construction
company. At all time they are the maitre d’ouvre
with all professional obligations and responsibili-
ties defined in the Acte d’Engagement.

As in the private architectural process the docu-
mentation making process succeeds. As before,
during waiting for the permits, the documentation
for the tendering process is prepared (Figure 3).
The main difference between the private and public
architectural processes is in the selection of the en-
trepreneur that shall carry trough the construction.

In the public architectural processes the con-
tractors is usually a more complex group. It can
be an enterprise general (main contractors), lots
separes (separate trade contractors) and group-
ment entrepreneur (grouped contractors). All of
these forms are, just like the concepturs, always
selected by public competition base on a combi-
nation of design and construction factors known
as the appel d’offres avec concours. The choice is
made by analyzing the tender offer and after an in-
depth study of all technical and aesthetic require-
ments (done by the concepteurs working together
with the bureau d’etudes). Further negotiations (as
those concerning security etc.) are permitted. All
documents required for the selection of contrac-
tors, are defined by norms of the Code des March-
es Public, and are listed in the table belove.

When the contractor has been selected, the de-
signs for the project can be finalized more or less
in the same way as in the private architectural pro-
cess. The construction and handover that follows
usually has the same algorithm as well.

At the end, one must emphasize that each ar-
chitectural process is repeatable the same as the
here explained one. The difference can exist just
in the variation of time and recourses of realiza-

tion. The subject of how to estimate and plan an
architectural affair shall be further investigated in
this paper. It will use real values and cases applied
in managing architectural processes in the trainee-
ship company concerning the private architectural
process that is usually most common in practice.
Naturally before the study begins one must under-
stand the working environment of architectural
process, so the next topic to be presented is the
architectural agency itself.

Documents to be Appel d’offres Appel d’offres
provided avec concours
Very detailed drawings eventually (c}
(as defined in Spécifi {possibly)
Techniques Détailiées (STD)
and Pians d’Exécution des
Ouvrages (PEO)]
Detailed drawings as defined obligatory (c)
by Avant Projet Detaillé (APD)
Summary of project as defined possibly(i}
in Avant Projet Sommaire (APS}
Detailed specifications as obligatory (c)
defined in Cahier des Clauses
Techniques Particuliéres (CCTP)
Brief obligatory (c)
Quantities possibly(c}
Priced quantities possiblylc)
Schedule of prices possibly{c)
{for simple projects only)
Schedule of rates possiblylc) possibly(c)
Schedule of supply rates possibly(i) possibly(i}
Breakdown of prices of possiblyli} possibly(i)
major components
Dossier of administrative obligatory (c) obligatory (¢)
requirements Cahier des Clauses
Administratives Particuliéres (CCAP)
Timetable of execution of work abligatory (c) obligatory (c}
Detailed timetable for obligatory {c}
execution of work
Contracts for each type abligatory {c} obligatory (c)
of contractor

Figure 3. Standard documentation for Selection
of Contractors [1]

4. Conclusion

Today, managing issues have moved into main-
stream architecture. Growing economical chal-
lenges face each new project. As there is a greater
awareness, we are slowly building a collective
momentum, not only toward solving problems,
but toward recognizing new aspirations. Our as-
pirations can lead us to reorganize the way we
conduct architecture, but perhaps the biggest chal-
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lenge is simply to get started. This paper is intend-
ed to help start the architectural process.

Old managing model New managing model
Cost Cost Ecology
Human Safty
Schedule Quality Schedule Quality

Figure 4. Appearing complexity [6]

The paper shows in depth different project
phases of the architectural process. It contains de-
scriptions of each phase and lists other topics that
embrace relevant facts concerning problems of or-
ganization. This report may help beginners not only
to deal with numerous information that appear in
practice, but also to clarify their work tasks. The
study assembled focused on topics how to:

— get familiar with the vocabulary

— identify the complexity

— understand the interrelations

— recognize the legal environment

— conceive basic managing skills

— get familiar with the informational

organization system of the architectural
process in France.

“Contemporary European architectural market
is seeking for new opportunities abroad. The glob-
al building market with multi-national clients still
does not have a long hold in Serbia to be consid-
ered a proven practice. Although it has an affirmed
tradition, the existing expertise is not regarded as
a European standard.” [1] One can just add that
the inflexible and strict organization of the archi-
tectural process that was inherited from the com-
munist era blocks the inflow of new regulations
(innovations) demanded by the growing economy.

Today the time frame of an architectural affair
in Serbia has not decreased considerably com-
pared with the one 10 years ago. The organization
of “nabavljanje dozvola” (gathering the legal reg-
ulation), “projektovanje (executing the project)
and “izgradnja“ (realizing the construction) is the
same, were just the planning administration and
political procedures have been simplified.

As the Serbian construction market is depend-
ed on the inflow of foreign investments, there is a
constant demand for reorganizing the architectural
process into a more business oriented one. Now-
adays, as the actual issue is to make the perfor-
mance more transparent, what better example to
take then that of France? With more then 80% of
all public commissions executed by foreign prac-
tices Paris, together with New York and London,
is the center for global real-estate investments. [7]

The architectural process in France, being al-
ways open for innovations and new capital, is
very different from the one in Serbia. Common
in practice the standard phase division of the Ser-
bian architectural process, with phases linearly
succeeding one another is more simplified. Many
sequences from France still in Serbia do not ex-
ist, and changes that will modify the system into
a more complex one with coherent interdependent
sequences did not appear.

The main characteristic of the French archi-
tectural process is that at the beginning during
evaluation and planning, it is very flexible. Still
once established the process ensures that the proj-
ect is performed interactively according with the
plan, and that all conflicts are resolved, reviews
submitted and payments achieved. Eventually the
architectural process in France has the lowest rate
of legal complains in the world. It succeeds to be
arrange in such manner that it can coup with all
contemporary management needs modifying its
contents during performance

A study of different project phases and their
context, performance, legal and procedural frame-
work with an example of an agency that has know-
how in organization and synchronization, can give
useful information especially to colleagues (archi-
tects / engineers) and agencies less familiar with
the process. It can be a guideline to reorganize the
architectural process in Serbia as well.
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Abstract

Soft lithography is a simple, inexpensive tech-
nique and low-expertise route for the fabrication
of two- and three dimensional micron- and nano-
structures that replace standard lithography pro-
cess. It includes a number of techniques based on
molding, embossing and printing. In this study,
the soft lithographic technique is used for shap-
ing a polymeric material into tailored micron-
sized particles. Particularly, polymer cholesteric
liquid crystal (PCLC) material is shaped within
an elastomeric polydimethylsiloxane (PDMS)
mold into micro-particles with defined shapes and
dimensions. PDMS mold that contains a relief
structure is an inverse replica taken from a rigid
patterned template substrate (replica molding).
Tailored PCLC particles were characterized for
their uniformity, reproducibility and dimensions
by variety of techniques such as: scanning elec-
tron microscopy, polarized optical microscopy
and light interferometry. The presented technique
of soft lithography is an as easy way to manufac-
ture large quantities of PCLC micro-particles that
can be used in a variety of applications viz. optical,
photonic and electronic applications. Moreover, in
the past decade or so, tailored micro- and nano-
particles have been increasingly used in pharmacy
and medicine as drug- and vaccine-carriers with
controlled release of the active substances.

Key words: soft lithography, PDMS mold,
polymer patterning, PCLC microparticles.

1. Introduction

Soft lithography is an inexpensive and versatile
technique compared to conventional lithography.
In general, lithography is a process in which the
substrate to be patterned is covered with a layer of
radiation-sensitive polymer, called a photoresist.

Conventional lithography includes photolithogra-
phy, electron-beam or ion-beam lithography. Origi-
nally, lithography was developed to deal with semi-
conductors and microelectronics industry, but soft
lithography extends the possibilities of standard
photolithography. The field of soft lithography has
expanded rapidly especially in the last two decades.
The growing importance of this technique for re-
search in micro- and nano-science and different
technologies suggests a bright future for this field.
Soft lithography has been used as patterning
technique for micro- and nano-sized topographies
for variety of applications, like microfluidics, flex-
ible electronics, displays, MEMS, biological sys-
tems, etc [1-15]. It includes a wide range of tech-
niques, among which are replica molding, emboss-
ing, printing, and others [16, 17]. Actually, soft li-
thography is based on use of a mechanically-soft or
elastomeric stamp according to which was named
as soft technique. One of the most used material
for this purpose is poly(dimethylsiloxane), but
also polyurethanes, polyimides, and polyacrylates
can be used [11, 18-20]. Poly(dimethylsiloxane)
or PDMS is optically transparent elastomer, which
beside its mechanical flexibility and durability, is
inexpensive, biocompatible and hydrophobic ma-
terial with low toxicity and chemical inertness to
most of the chemicals [6,7,9,12-14,21-24]. The
elastomeric stamp (PDMS mold) in soft lithogra-
phy with patterned relief structures on its surface
is used to generate patterns and structures with
feature sizes ranging from ~30 nm to 100 um [19].
In this study, the use of soft lithography as a
technique for shaping a polymeric material is pre-
sented. Particularly, polymer cholesteric liquid
crystal (PCLC) was used and formed into micro-
particles with customized shapes and sizes by use
of a flexible PDMS (replica) mold. PCLC is a
material that possesses unique optical character-
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istics, such as the selective reflection and circular
polarization, and have potential in many optical,
photonic and electronic applications [25-31].

2. Experimental

Manufacture of shaped PCLC micro-particles by
use of a soft lithography technique has been shown
to be very effective and fast method to generate big
quantities of these particles. Namely, shaped PCLC
particles are made in a flexible PDMS mold with
patterns on it. PDMS mold was a replica mold (or
stamp) taken from the rigid master that is patterned
silicon wafer in this case [26, 28].

The process begins with the master fabrica-
tion, made of silicon wafer that has topographical
features (trenches and ridges) as shown in Figure
la) and 1b). The patterned silicon wafer was pre-
pared by e-beam lithography and here is used as
a rigid master. Different patterns on the silicon
wafer are shown in Figures 2 and 3, characterized
by scanning electron microscopy (SEM) and light
interferometry, respectively. Once the rigid silicon
master is created, it can be used multiple times.

The process of making PDMS mold is shown
in Figure 1(b) [26]. Namely, PDMS mold was
created by use of a liquid precursor mixture (pre-
polymer and curing agent, polydimethyl siloxane
elastomer, Sylgard 184, Dow Corning Corp., Mid-
land, MI.) that is poured and cured over the silicon
master. The liquid prepolymer conforms to the
form of the master and exposure to UV radiation
or suitable temperature induces the crosslinking
and making the polymer solid. Usually, air curing
of PDMS mold over the template takes ~24 h at
room temperature until the mold becomes solid.
After hardening, the PDMS replica is peeled off
from the silicon wafer to give an inverse replica of
the silicon wafer (Figure 1c). This replica consti-
tutes a flexible mold for making shaped particles
from polymeric material, e.g. PCLC material.
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master (Si wafer]

Pouring liquid PDMS

Figure 1. (a) An image of a silicon wafer with six
different pattern designs, (b) Square pattern on a
silicon wafer given in (a), characterized by white
light interferometer, (c) Schematic of the process
of making PDMS mold over a rigid patterned sili-
con wafer; (d) PDMS replica with a square pattern
made from patterned silicon wafer in (b), charac-
terized by white light interferometer, dimensions of
side square features are 40 um x 40 um.”*

30 um
L

Figure 2. Silicon wafer with different patterns
characterized by SEM: (a) 40 wm diameter, (b)
60 um x 30 um, (c) 40 um x 40 um
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Figure 3. Silicon wafer with different patterns
characterized by white light interferometer: (a)
40 wm diameter; (b) 60 wm x 30 um; (c) 40 wm x
40 pum.

Depending on the design of the patterned sili-
con wafer, different shapes of PCLC particles can
be manufactured in PDMS molds. For example,
in Figure 4a) is shown segment of silicon wafer
with ellipsoidal patterns on it, and consequently,
in Figure 4b) is presented piece of PDMS mold
where ellipsoidal shaped polymer particles can be
made (Figure 4c).

Figure 4. (a) Ellipsoidal shaped pattern on the sil-
icon wafer scanned on white light interferometer;
(b) white light interferometer image of a PDMS
mold as an inverse replica of the patterned silicon
wafer shown in (a); (c) ellipsoidal PCLC particles
made in PDMS mold shown under b).

The method for manufacturing regularly
shaped PCLC particles from polysiloxane PCLC
material (product by Wacker Chemie Gmbh, Ger-
many) is presented in Figure 5 [26]. In this fig-
ure a mold replica containing 13 um x 13 um x
5 um square wells was used, as an example. The
method consists of: a) placing the PDMS mold on

a microscope slide, placing the slide on a glass-
ceramic plate, and heating the assembly to ~130
°C on a hot plate; b) filling the mold with a solu-
tion of ~25 wt.% PCLC dissolved in toluene (or
methylene chloride) or dry neat PCLC material
as well; ¢) evaporating the solvent from the filled
mold (for manufacturing from the PCLC solu-
tion), and “knife coating” the sample with another
microscope slide used as the “knife” to establish
a good planar alignment; d) quenching the mi-
croscope slide and mold on a metal substrate to
room temperature; €) examining the wells under
a microscope to determine the level of fill, and f)
bending the mold over a collecting dish, and eject-
ing the PCLC particles from the mold. Steps a)
through d) may be repeated in order to either fab-
ricate layered particles or to increase their thick-
ness. The same mold may be cleaned with suitable
solvent and reused multiple times to make addi-
tional quantities of polymer particles [26].

Figure 5. Process for formation of regularly
shaped particles: (a) preheating the PDMS mold
on a hot plate; (b) filling the mold with a PCLC
material, (c) knife-coating; (d) quenching the
filled mold on a cold metal slab; (e) microscopic
examination of the filling level; (f) bending the
PDMS mold and collecting the micro-particles.”

3. Results and Discussion

Different techniques were used for character-
ization of patterned PDMS molds taken as replica
of silicon wafer (master) and shaped PCLC par-
ticles manufactured in these soft molds. Figure 6
presents examples of PDMS molds with different
patterns, characterized by polarizing optical mi-
croscopy (POM) and white light interferometer,
respectively.
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Figure 6. PDMS replicas taken from patterned
silicon wafers characterized by: (a) polarizing
optical microscopy (50x magnification), dimen-
sions of side walls are 13 um x 13 um, (b) white
light interferometer, dimensions of side walls are
60 wm x 30 pm.

PCLC micro-particles made in PDMS molds are
characterized for shape, surface structure and uni-
formity using polarized optical microscopy, white
light interferometry and scanning electron micros-
copy. Under illumination at near normal incidence,
three colors (red, green, blue) are apparent in the
true color images taken with POM in reflection
mode (Figure 7) [26]. These colors originate from
the selective reflection property of the PCLC mate-
rial used for making the particles. Particularly, each
cholesteric liquid crystalline material exhibits the
unique property of selective reflection and circular
polarization of the reflected light due to its helical
molecular arrangement [25-31]. When this selec-
tive reflection happens in the visible spectral range,
then the cholesteric material exhibits bright irides-
cent colors, viz. red, green, blue, etc.

Figure 7. Tailored PCLC micro-particles
characterized by POM in reflective mode between
crossed linear polarizers.

Image analysis using white light interferometry
confirms the lateral dimensions and thickness uni-
formity of the microparticles (Figure 8).
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Figure 8. (a) Tailored PCLC micro-particles
characterized by white light interferometer, (b)
line scan over 4 micro-particles designated by
the arrow superimposed in (a) to show thickness
uniformity; (c) rectangular shaped PCLC par-
ticles show the uniform lateral dimensions from
particle to particle.’®

11 pm

B 5 T s

SEM: (a), (b) single filling to produce square-
shaped particles; (c), (d) multiple fillings of
rectangular-shaped particles; (e), (f) dimensional
uniformity of rectangular-shaped particles.’®

Shaped particles have clean and smooth edges
[26]. Figures 9a) show SEM pictures of a square
particle. The first picture (left) reveals clean, sloped
edges on a particle that copy the side-wall contour
of the PDMS mold. The second picture (right) is
a top view of a square flake. Figures 9b) are SEM
pictures showing a layered structure of particles
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made with multiple fills (~3 layers- image on the
left) and the bottom sides of two particles joined
by excess PCLC material (these particle surfaces
were in contact with the mold surface - right im-
age). Figure 9c) confirms good uniformity in par-
ticle dimensions and thickness [26].

Also, tailored PCLC particles were made in
stretched PDMS molds with different shapes/di-
mensions (Figure 10).

stretched PDMS molds and characterized with
POM and SEM: (a) stretched rectangular mold
and particle made from it; (b) stretched diamond-
shaped mold and particle made from it

3.1. Application of PCLC micro-particles

PCLC particles can be used in various appli-
cations. They possess bright reflective colors and
inherent circular polarization that make them very
promising candidates for passive applications
(signature recognition, selective light filtration)
and active applications (switchable reflective con-
formal coatings and flexible displays). Particu-
larly, PCLC micro-particles have the potential to
become an attractive alternative to materials and
mechanisms currently used in existing reflective,
particle-based display technologies. Due to their
intrinsic cholesteric nature, they exhibit bright and
saturated reflective colors and circular polariza-
tion effects, without the need for expensive color
filters and polarizers used in many display config-
urations. These advantageous properties of PCLC
particles make them candidates for a new genera-
tion of thin, multi-color, low-power, low-cost re-
flective display (i.e., electronic paper) on rigid or
flexible substrates. Depending on the polarity of
the applied voltage and the charge on each par-
ticle, the reflected colors can be switched. A PCLC
particle display can achieve more than 50% reflec-
tivity with switching times from tens to hundreds
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of milliseconds by using a power of tens of mil-
livolts per micron thickness of a display.

A potential PCLC micro-particle based reflec-
tive display device is shown in Figure 11. In Fig-
ure 11 a) and b) is shown the mechanism of op-
eration of a display device based on PCLC micro-
particles dispersed in an appropriate host fluid. As
an example only, the particles presented selective-
ly reflect in the green spectral visible range. The
OFF-state of display is actually the bright state
(in this case - green) because PCLC particles are
“laying” in their lowest-energy state and reflect
the incoming light (Figure 11a). The ON-state of
display is the dark state; particularly PCLC parti-
cles reorient in the direction of the applied electric
field and do not reflect the incoming light (Fig-
ure 11b). The photographs of the actual reflective
display prototype, prepared by the author utilizing
PCLC micro-particles made by soft lithography is
presented in Figure 11 ¢) and d). Tailored PCLC
particles, which reflect green light, dispersed in an
appropriate host fluid reorient from a bright color
(reflective, OFF-state, Figure 11c) to a dark (non-
reflective, ON-state, Figure 11d) under an applied
AC electric field. Maxwell-Wagner polarization is
confirmed as the main mechanism for the particle
reorientation. This electro-optic effect is created
by extrinsic charges that migrate to the surface
of a dielectric micro-particle, when an electric
field is actuated, inducing a dipole moment on the
micro-particle. The particle reorientation depends
on many factors, including the dielectric proper-
ties of both, the particle and the host fluid, the par-
ticle geometry, the host viscosity and the electric
field (frequency and magnitude). Modification of
shaped PCLC micro-particles by doping with con-
ductive or dielectric dopants increases the particle
conductivity and/or dielectric constant. Doping of
PCLC particles reduces the reorientation time of
devices comprising the particles and extends the
response to the DC regime [26,28-30].

Two more display devices are given in Figure
11: a display device made with glass substrates
and filled with PCLC particles that reflect green
light (Figure 1le), and a multi-colored display
device made on flexible substrates, where display
cells are filled with PCLC micro-particles, which
reflect green, red and blue light (Figure 11f1).
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(b) No reflected light
(a) Green reflected light

AN7Z2 |
e @ |l|'|l||l'|I§>

glass ITO coating  host fluid PCLC particle

OFF-state: bright (green) state

ON-state: dark state

Figure 11. (a) and (b) Schematics of the mechanism
of operation of reflective particle-based display.

The display cell is filled with PCLC micro-particles
in a host fluid (the particles presented selectively
reflect in the green spectral range). (a) OFF-state
of display = bright state: PCLC particles are in the
lowest-energy state and reflect the incoming light;
(b) ON-state of display = dark state: PCLC par-
ticles reorient in the direction of the applied electric
field and do not reflect the incoming light; (c) and
(d) Photographs of the actual reflective display
prototype in ON- and OFF-state, respectively, The
display cell is filled with PCLC particles, fabricated
by soft lithography, which selectively reflect green
light. (e) Display device made with rigid (glass)
substrates with logo UR-LLE, (f) Multi-colored
display device made on flexible substrates, where
display cells are filled with PCLC micro-particles,
which reflect green, red and blue light

Sensor devices based on PCLC flake/host sys-
tems are envisioned, as well. For instance, a pos-
sible operational mechanism of the sensor is based
on voltage-coded micro-particles, which show a
brightness change, or a color shift, for a given ap-
plied voltage that depends upon particle shape, size
and/or composition. Another possible operational
mechanism would be a color change due to helical
dilation/contraction could be observed as a result of
exposure to a certain chemical vapor [28, 31].
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The tailored PCLC particles fabricated by soft
lithography enable their uniform and reproduc-
ible electro-optical behavior under an externally-
applied electric field that has been widely studied
by the author [26, 28-31].

Yet another very promising applications of tai-
lored micro- and nano-particles, fabricated by soft
lithography, are found in pharmacy and medicine.
The particles with precise shape, size and surface
chemistry can be loaded with various drugs, vac-
cines, chemotherapeutics, magnetic resonance
contrast agents, and fluorophores, and used in
a wide range of applications, viz. to deliver the
medicine in the body in a controlled way, to tar-
get certain organs with disorders, or for imaging
purposes of body parts difficult to access [32,33].

4. Conclusion

In this study, soft lithography was used as an
inexpensive method to produce a large quantities
of precisely-shaped polymeric micro-particles. A
particular strength observed for the used soft litho-
graphic method is that it provides precise control
over shape, size, and surface chemistry of the mi-
cro-particles.

Flexible PDMS mold that was taken as an in-
verse replica of a rigid silicon wafer template, was
used for shaping polymer particles in tailored di-
mensions. PCLC material was used as a material
to be shaped into tailored micro-particles. Shaped
PCLC particles can find different passive applica-
tions, such as: decorative inks/paints, use for doc-
ument security, filters, color filters, but also could
be used in active applications like, smart windows,
multi-color flexible displays, smart cards, elec-
tronic labels and billboard signs, particle display
technologies, drug and vaccine-carriers.
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Investigation of possible borrow pits of
building stone for rehabilitation of the Aladza

mosque in Foca

Nedjo Djuric!, Milan Perisic’, Dijana Djuric’

Technical Institute Bijeljina, Bijeljina, Bosnia and Herzegovina.

Abstract

For the purpose of rehabilitation, that is the
construction of destroyed Aladza Mosque in Foca,
it was necessary to overview the type of material
it was previously built of. It was noticed that a part
of original fragments, namely stones, is missing,
so it was of great importance to find borrowing
pits of this type of stone in immediate vicinity.
Since the Aladza Mosque is under the state pro-
tection and it has been listed in the World Heritage
by UNESCO, the originality of its constructions is
obviously related to its importance.

Investigations were conducted firstly on ex-
isting original fragments and on that basis pos-
sibilities of finding suitable borrow pits of stone
in immediate vicinity were overviewed. Based
on determined mineralogical — petrological and
geomechanical properties of original fragments
originating from particular structural parts of the
mosque, six investigation location of possible bor-
row pits were selected. Five locations are situated
in immediate surrounding while the sixth is con-
nected to the borrow pit in Kosjeric / Uzice, Re-
public of Serbia. Testing of extracted samples was
carried out. Obtained results revealed that samples
taken at four locations can be used as a rehabilita-
tion material because they match the original frag-
ments by their properties.

Key words: Aladza Mosque, original stone
fragments, borrow pit, laboratory test

1. Introduction

Aladza Mosque in Foca, which was built in the
first half of the XVI century, presents a significant
religious and also a cultural-historical object. It
has been classified as the object of cultural heri-
tage of Bosnia and Herzegovina, and listed as a

World Heritage object by UNESCO as well. It was
typical for its Ottoman style of the construction
that spread over this area with the expansion of the
empire. The manner of the construction and ma-
terials used presented such a connection that kept
the object stable until the end of the XX century.
When the object was destroyed, a typical manner
of the construction for that period was noticed, in
terms of both foundation and connecting blocks of
stone the mosque was built of.

By destruction of the object, a part of original
fragments disappeared. The construction, that is
reconstruction of destroyed object required to be
performed with same materials and in same di-
mensions, considering that the object was classi-
fied as a national monument.

Launching of activities related to the rehabili-
tation of the Aladza Mosque, demanded consid-
eration of the actual situation in the field. Since
the object was built of several types of rocks, all
types of original fragments - stones situated near
the mosque were listed previously. It was deter-
mined that a certain part of material needed for the
construction of the object in its previous form [1,
2] was missing. Given the time distance from the
date of the facility construction as well as todays
more contemporary and stronger construction
methods, it was necessary to provide significant
borrow pits of various building materials.

Since the starting point was the fact that mate-
rial for the construction of the object was located
somewhere in the immediate vicinity, the inves-
tigation on possible borrow pits of rock material
started. First of all, whether there was such a mate-
rial, data on quantities if any, and if they were pet-
rographically compatible with the rock material
found at the location of the demolished mosque.
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2. Investigation of possible borrow pits of
rocks

In the area near Foca there are no known sig-
nificant borrow pits of the stones that the mosque
was built of. Smaller borrow pitshad not been in-
vestigated except during the work on Basic Geo-
logical Map of SFRIJ 1:100000, sheet Foca [3],
when they had only be listed. Particular locations
of possible borrow pits of building and decorative
stonewere selected around Foca, Figure 1, where
reconnaissance of the terrain was conducted in
following order:

— Nozdre — Kapak — Miljevina

— Potok Skakavac — Vukusi¢ — Slatina

— Golubnjak — Miljevina

— Pucani kamen — Vukusi¢ — Slatina

— Zakmur — Brod — Foca

During a data collection procedure in borrow
pits, data on geographic location of rock beds, road
infrastructure, type and ownership of land, estimat-
ed reserves and possibilities of exploitation were
significant [4, 5,6]. At each possible borrow pit,
samples were taken for laboratory testing, Table 1.

Immediately near the mosque, an object of Ser-
bian Orthodox church was built. It is lined by tufa
— travertine, which is macroscopically similar to
travertine that was used for the construction of the

mosque. A sample was taken from the construc-
tion site and all necessary examinations were car-
ried out although travertine originates from depos-
it Kosjeric, near Uzice. This is going to serve as an
alternative solution in a case of failure to exploit
tufa — travertine in Slatina area or if it is of more
favorable characteristics. Laboratory testing was
conducted in the same institutes as it was done
with original fragments.

Table 1. Sampling fields of possible borrow pits

No. S::Egl € Location
1. | SK—1 | Nozdre —Kapak — Miljevina
2. S-2 Potok Skakavac — Vukusic — Slatina
3. S-3 Kosjeric — Uzice
4. K—-4 | Golubnjak — Miljevina
5. | MDK — 5 | Pucani Kamen — Vukusic — Slatina
6. | ZK—6 | Zakmur— Brod — Foca

Test results of mineralogical-petrographic and
physical-mechanical properties of the stones are
presented in Table 2.

Travertine limestone site Nozdre — Kapak —

Miljevina

Deposit of architectonic building stone Noz-
dreis situated immediately in the basin Miljevina,
about 2.00 km west from Miljevina, site Golubn-

Kozja Luka
(Kosja
Nyka)

Budani

(3)
q Miljevina

18]

Susjesno

Stovic

(WiroByR) Gradac
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(Ky1a)
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ley)

Bunovi
(ByHosw)
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(TpBywhe)

Patkovina
(NarkoBuna)

& = (Kosapeswra)
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dfﬂ(jOi?Vlé(
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Y GE
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Figure 1. Locations of possible borrow pits of decorative rocks
1. travertine limestonedeposit, Nozdre, 2. travertine limestone deposit, region of the village Vukusic- spring Skakavac, 3. tech-
nical building stone — limestone, site Golubnjak-D. Budanj, 4. marbleized dolomite deposit, Pucani kamen-Vukusic, 5. breccited

limestone, site Zakmur
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Table 2. Mineralogical-petrographic and physical-mechanical properties of stones

Volumetric weight bWatef' Uniaxial compressive strength
. Mineralogical- absorption
Sample | Location of . . . . -
. petrographic | with | with no in dry state | in water-saturated
label borrow pit . . u o
provision | poresy | poresy, v c, condition G,
kKN/m® | kN/m? % KkN/m? kN/m?
sk 1 |Nozdre—Kapak— o one | 2190 | 2410 | 1250 24203 17 834
Miljevina
Potok Skakavac —
S-2 Vukusic — Slatina tufa 18.10 20.03 13.42 8280 7 640
S-3 Kosjeri — Uzice tufa 14.70 16.10 15.81 3180 2929
K4 | Oolubnjak— | marbleized | 43,0 | 35, 0.38 69 430 63 060
Miljevina limestone
Pucani Kamen— | marbleized
MDK-5 Vukusic — Slatina dolomite 35.60 35.70 0.36 113 380 77710
7K — ¢ | Zakmur—Brod = brecciated |5, 16 5y 1 0.19 115 920 100 460
Foca limestone

jak D. Budan;. It extends over the area of approxi-
mately ten (10) hectares and is located near the
highway Sarajevo-Foca.

In geological terms, terrain is built of banked
and layered limestone of middle Miocene M, with
layers of marl and marly clay. Travertine lime-
stone deposit is a minor part of limestone massif.
It is composed of banked travertine limestone of
grey, grey-white and yellowish color. Nowadays it
is rarely exploited and can be used for the purpose
of rehabilitation of the Aladza Mosque. A rock
sample was taken from deposit.

Sample no. SK—1, Nozdre—Kapak—Miljevina

Macroscopically observed, a rock is of ocher
color, crystalline structure and massive texture,
dotted with tiny cracks and pores, with a crum-
bling surface leaving powder on hands, Figure 2.
“Circles” of different dimension originating from
accumulation of iron oxides deposited from the
solution are noticed. Reddish haloes of iron hy-
droxide appear around them, giving a special aes-
thetic effect since they are clearly observed.

Microscopic appearance of the rock is of cryp-
tocrystalline structure and porous texture. It is built
of calcite of micritic type that presents the base of
the rock. Rock mass is permeated with holes of
mostly elongated and irregular forms of various
sizes, about 0.8 mm to less than 0.1 mm in length.

The amount of holes makes over 35-40% of total
volume of rock mass. Macroscopically and micro-
scopically observed, and according to the proper-
ties of complex and mineral composition, the rock
is micritic limestone.

Figure 2. Macroscopic and microscopic
appearance of the sample SK -1

Desposit of tufa — travertine in the area of

the village Vukusic

Deposit of decorative and building tufa — trav-
ertine stone lies in the area of Slatina, Vukusic site,
about fifteen (15) km east from Foca. There is an
inactive quarry of marbleized dolomite, “Pucani-
kamen”, near the road Foca — Slatina — Cajnice. In
the valley of the spring, that descends below the
Pucanikamen towards Slatina rivulets, in its head-
waters, powerful layers of tufa — travertine were
formed making two terraces. Tufa is massive,
compact with karst channels and caverns, and be-
longs to Quaternary Q, sediments. There are suf-
ficient reserves of tufa — travertine.
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Sample no. S — 2, Skakavac stream — Vukusic

- Slatina

The stone is ocher, of crystalline structure and
porous texture. Pores are irregular, of various sizes
and probably interconnected. By its macroscopic
properties, it is very similar to samples of original
fragments T-1 and T-3. Rock mass is built of cal-
cite, Figure 3.

Microscopically observed the rock structure is
cryptocrystalline and the texture is porous. Com-
pared to previously described samples of tufa —
travertine, this sample is typical for the presence of
finest grained aggregates of calcite, which makes
the base of the rock.

Figure 3. Macroscopic and microscopic appear-
ance of the sample S -2

Microscopically observed the rock structure is
cryptocrystalline and the texture is porous. Com-
pared to previously described samples of tufa —
travertine, this sample is typical for the presence of
finest grained aggregates of calcite, which makes
the base of the rock. Cavities are of irregular shape
and vary widely. The sample is different from pre-
vious tufa — travertine samples because it has a
specific growth of coarse-grained calcite crystals
along the rim of cavities. Crystallization of coarse-
grained calcite along the rims of cavities most likely
occurred during the circulation of solution in diage-
netics processes. It reduced the primary porosity of
the mass but it does not significantly affect physico-
mechanical features of the rock. According to the
properties of the complex and mineral composition,
examined rock is tufa — travertine.

Deposit of tufa — travertine — Kosjeric near

Uzice

Direct screening of decorative—building tufa—
travertine stone deposit that lies in Kosjeric area
near Uzice-Srbijawas not performed during the
geological exploratory work. Samples intended

for laboratory testing were taken from the adjacent
site and the deposit was suggested as an alterna-
tive solution in a case of failure to exploit deposit
“Skakavac stream” — Vukusic.

Sample no. S — 3 — Kosjeric — Uzice

The rock is ocher, of cryptocrystalline structure
and porous texture,Figure 4.Macroscopic proper-
ties are very similar to the properties of previous
sample, as well as of the tufa sample used for the
mosque construction, but this specimen appears
somewhat sturdier.

Figure 4. Macroscopic and microscopic
appearance of the sample S -3

Microscopically observed the rock is composed
of calcite, cavities are irregular, different in shape
and occupy 35-40% of total rock volume. The
sample differs from previously described samples
of tufa — traavertine in the presence of banded tex-
ture within the rock mass between cavities. The
stripes are in different tones of brown. According
to the characteristics of the complex and mineral
composition, examined rock is tufa — travertine.

Deposit Golubnjak — Miljevina

Deposit of technical building stone is settled in
the area of Miljevina, site Golubnjak D. Budan;. It
extends over four (4) ha and is next to the highway
Sarajevo — Foca. In geological terms, the deposit
presents minor part of limestone massif of Middle-
Upper Triassic [7, 8]. It is simple in geological com-
position and mostly intact in tectonic terms. Lime-
stone occurs in varieties from light grey to ocher.

Sample no. K — 4 — Golubnjak - Miljevina

The rock if ocher and it shows crystal struc-
ture and massive texture. Cracks and caverns are
noticed, mostly elongated and containing depos-
ited milky-white calcite crystals, Figure 5. Certain
parts of rocks have developed light brown coats of
limonite composition.
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Microscopically observed it has coarse crystal-
line structure and a massive texture. It is built of
calcite crystals that had recrystallized providing
the stone with elements of granoblastic structure.
Recrystallization proceeded along the straight
edges that sometimes make the angle of 120°,
which points out to metamorphic recrystallization
in stable conditions and under steady lithostatic
pressure. According to the characteristics of the
complex and mineral composition, examined rock
is marbleized limestone.

Figure 5. Macroscopic and microscopic appear-
ance of the sample K — 4

Deposit of marbleized dolomite Pucanikamen

— Vukusic — Slatina

Deposit lies in the area of Slatina, site of the
village Vukusic, about fifteen (15) km east from
Foca. Within the past period the deposit was ex-
ploited. With the cessation of exploitation, the
quarry was abandoned and the access is rather
difficult. White marbleized dolomites occur in
quite thick banks, sometimes more than 1,50 m
in thickness and by general orientation it extends
along the east — southeast direction. They are of
primary origin, namely they were formed during
the process of sedimentation. Marbleizing process
is related to dynamo-metamorphism. In the strati-
graphic column, they lie across yellow dolomites
and belong to Upper-Triassic (T,) layers[9].

Sample no. MDM — 5/1 — Pucanikamen —

Vukusic — Slatina

Rock is ocher, macrocrystalline structure and
massive texture,Figure 6.In certain part of the rock
coarse dolomite crystals are developed. Rock mass
does not react with cold and dilute HCI, showing
that the carbonate that builds the rock is dolomite.

Microscopically observed, the structure is
microcrystalline to granoblastic. The texture is
massive and homogeneous. It has monomineral
composition and is built of dolomites. Dolomite

crystals occur in the form of idiomorphic rhom-
bus-shaped crystals presenting dual cleavage
properties. Their average size is about 0.2 mm.
Dolomite grains mosaicly coalesce whereby crys-
tal edges often make and angle of about 120°. This
composition points on stable conditions during the
crystallization. The rock is marbleized dolomite.

Figure 6. Macroscopic and microscopic appear-
ance of the sample MDM — 5/1

Deposit of brecciatedlimestone Zakmur —

Brod — Foca

Deposit of decorative-building stone of brec-
ciated limestone. Zakmur has not been exploited
yet although there is an open incision along the
local road of about 30,0 m in length. Rocks be-
long to Triassic layers, namely to Middle Triassic,
Anisian floor (T,")[10].They were continuously
deposited across the formations of Lower Triassic.

Sample no. ZK — 6/1 — Zakmur — Brod —

Foca

Macroscopically observed, the rock is light
grey and of crystalline structure. Inhomogeneity
of the rock is defined by the presence of deformed
stylolites — cracks marked with reddish coats, and
the presence of lenses filled with milky-white cal-
cite crystals, Figure 7.

Figure 7. Macroscopic and microscopic appear-
ance of the sample ZK — 6/1

Microscopically observed, the rock is of cryp-
tocrystalline structure and inhomoge-neous tex-
ture that gives it a brecciated character. Rock base
is made of micrites, remains of fossil shells and
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calcite deposited in stylolitic fissures. Fossil con-
tours are marked by somewhat coarser calcite. Ac-
cording to the properties of the complex and min-
eral composition, the examined rock is brecciated
limestone.

3. Matching analysis of rocks characteristics

Mineralogical-petrographic research included
two groups of samples:
— The first group of rocks used for the
construction of the AladzaMosque
— The second group of samples collected
from possible borrow pits of decorative
and building stone, aiming to compare

characteristics of their structure and
composition and to point out possible
similarities.

For the construction of the Aladza Mosque two
types of rocks were used:
— tufa — travertine, used for walls
— limestone varieties
o micritic limestone, used for minaret and
corona
O micriticorganogenic limestone, used for
foundation

Stones collected from borrow pits are present-
ed by tufa, limestone and dolomite.
Tufa is a rock previously used for minaret. Two
borrow pits of this type of rock were sampled:
— Skakavac stream — Vukusic — Slatina,
sample no. S —2/1)
— Kosjeric = Uzice, sample no. S — 3/1.

Macroscopic properties of stone used for the
construction and samples from the quarry are very
similar. There are no significant differences in co-
lour and texture, namely in the size of cavities.
Microscopic examinations of the sample S—2/1
determined the occurrence of coarse-grained cal-
cite crystals on the walls of cavities whereby the
sample S—3/1 is characterized by the presence of
microbanded texture. Yet differences are not sig-
nificant enough given that mineralogical-petro-
graphic analyses indicate satisfactory match.

Micritic limestone, with or without organo-
genic components, was used for minaret, samples

no. T-1 and T-5, foundation T-4, and corona T-6.
Samples were compared to samples from borrow
pit Nozdre — Kapak — Miljevina, sample SK—2/1
and Golubinjak — Miljevina, sample K—4/1. By
its macroscopic and microscopic properties, the
most similar sample to previously used stones is
the sample SK—2/1, which is defined as micritic
limestone [1, 2].

Sample no. K—4/1 is marbleized limestone,
which has a different complex. Ingredients are
more densely packed, porosity is reduced which
might significantly influence behaviour of the
stone after its installation.

Marbleized dolomite and brecciated lime-
stone show the largest mineralogical-petroghraph-
ic differences compared with the stone used for
the mosque construction. Marbleized dolomite,
sample no. MDK-5/1, is the only milky-white
rock out of all twelve samples and at first glance
it differs from other samples. Apart from that, this
rock is built of dolomite minerals which are a little
more resistant to environmental effects. Brecci-
ated limestone, sample no. ZK—6/1, has several
characteristics that set it apart from the other
samples, such as expressed stylolitic cracks, pink
scum that creates a particular color tone and the
size of micritic calcite in the base of the rock.

Having in mind these characteristics, these two
types of rocks should not be considered as a pos-
sible material that could be used for the rehabilita-
tion of the Aladza Mosque.
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The cantilever in the Macedonian national
architecture-aspects of the function,
construction and materials for its application
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Abstract

The usage of the cantilever expanding of mass-
es, upper floors, from functional, particularly ar-
chitectural reasons, represents an element in the
Macedonian autochthon ethno architecture which
is very characteristic and important, as well as the
need for its complete research and examination.

Throughout history the Balkan Peninsula has
constantly been a battlefield of wars and conquer-
ing. This part of Europe has been conquered by
many soldiers’ legs and many civilizations have
come and gone. If we remind ourselves of Greeks,
Romans, Byzantium, Turkish, Serbs, Bulgarians,
then, establishing this on historic facts and truths,
we can claim that every civilization has left a sign
during its ruling. The influence of each one is in-
evitable on the different aspects of life, as well as
on the architecture, and also on the formation of
the Macedonian national architecture and culture
in general.

This study will also cover the Macedonian na-
tional architecture from another angle i.e. the im-
pact of the multinational structure of the popula-
tion and the consequences of the historic immigra-
tion and migrations. Both are extremely obvious.

Key words: cantilever, autochthon, Macedo-
nian national architecture, function, construction,
constructing materials.

1. Introduction

The term cantilever means everything that is
expanding on the upper floor out of the area of
the facade wall of the down floor. This expanding
of the console offers maximal emphasizing of the
beauty of the construction, and it is created as a
result of knowledge for the quality of the material
which is used as well as from the knowledge for
its constructive possibilities i.e. the disbanding of

Volume 10 / Number 2 / 2015

the forces and the transmission of the load. It re-
sults in a larger space on the upper floors.

The cantilever helps in creation an eager ver-
tical gradation, emphasizes on the horizontals,
creation of a second level plastics, dynamics and
dramatics, deriving from the perfect knowledge of
the statics and laws of balance.

The cantilever firstly is a utilitarian element
with large esthetic values and expressing opportu-
nities for emphasizing: strength, dynamics, brave-
ness, tension, logic and release; it is organically
tied with the construction and it depends on the
material which is used and it is a positive result
of the concise knowledge of the technical and es-
thetic principles in composing the dwelling or the
complex of dwellings.

The cantilever presents quality in the composi-
tion of the house, the street, the ambient or the town.

While searching for elements which are impor-
tant for the development and the creation of the
cantilever, of course, the touch of the village and
the town architecture is inevitable.

Analyzing the characteristics of the village archi-
tecture, according to its regional position, there are:

— terraced villages (with dwellings far away

from one another)

— villages with near-by houses, built according:

a) Turkish - eastern type
b) Greek - Mediterranean type and
¢) Villages with mixed types of houses

1.1. Terraced villages (with houses far away
from one another)

Main characteristic of these dwellings is that
the houses are far away from one another. De-
pending on the inhabitants’ occupations, isolated
houses had been built as a whole with the econo-
my part, or only the housing part.
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This type of villages is mostly divided into
neighborhoods, and the terrain is always smartly
used for this division. Each neighborhood is a
small group of 30-40 houses, which in its position
amphitheatrically gravitate towards the central
part, i.e. the “down village”, where the facilities of
mutual interest such as churches, shops, schools
etc. are located.

The examples for these types of villages in
Macedonia are as follows:

— Kostur (Kochani) with 7-8 neighborhoods

— Gjavato (Bitola) with 3-4 neighborhoods

— Delchevo with 3 neighborhoods

— Tresonche (Galichnik) with 11

neighborhoods. [1]

For the cantilever as a subject of this study we
should say that it rarely appears in this type of
villages.

1.2. Villages with near-by houses

These villages are complete contrast to the pre-
vious type i.e. terraced villages.

A characteristic for this type is that the houses
are so close to each other that they visually look
like they lie over another. The usage of the gentle
or the steeper tilt of the terrain makes this visual
look even more realistic.

The houses in this type of villages are charac-
teristic because of the absence of the yard around
the houses which is not the case with the other vil-
lage houses.

The near-by houses, built without any specific
order, were placed next to each other, because of
the curving paths and lines and because of the ter-
rain where they were built.

As more characteristic examples of this type of
villages should be mentioned the villages: Ghary,
Janche and Bitushe (Rekansko), whose urban and
architectonic setting impresses.

As a contrast to the previous type of villages,
the cantilever here is often present, which emerges
from the configuration, the functional, the visual,
the constructive and other reasons.

2. Cantilever from the historic aspect and
from the aspect of function and necessity

Analyzing the cantilever from the historic as-
pect, and its appearance as possibility for accom-
plishing certain needs and solving certain func-
tions, we should also analyze the climate condi-
tions, the economic and political factors, the cus-
toms, the mentality and the living culture of the
citizens in a certain period of time. The attention
will be put mainly on the territory of the Republic
of Macedonia, by using examples from the Mace-
donian national architecture.

In order to study and search the Macedonian old
architecture, it is necessary to go back in the past, to
analyze the political situation several centuries ago.
Today, only 100-years old to 300—years old objects
which still exist, can be used for this study.

One or two centuries back in the past, seen from
historic point of view, is not a long period, but it
is extremely difficult to reconstruct the complete
picture about the life in the Macedonian towns and
villages from that time.

The quick jump from one society formation to
another i.e. from feudalism to capitalism, is very
sharp margin which makes it impossible for clearer
and more realistic analyses of the life in that period.

In the second half of the XIX century the society
life was closed in the frame of the Muslim egocen-
tric and distant tradition of the orient, specific for
a certain mentality. Without public society institu-
tions, the life was only limited on the intimate circle
of the private house. It can be said that this situation
has led to creation of completely divergent attitudes
and understanding in the architecture, comparing
to the architecture in the Western Europe. The ar-
chitecture there is built according the measures of
the society dimension, and out of the human mea-
surements. At the same time in the East in the ori-
ent there is no society measurement for the private
house, the man is inside, in the architecture.

The study and the research start from those
objects where the human appears with their mea-
sures, through the brilliant intuition for building.
The question about who were the constructors
and the builders of these objects is inevitable. It
can be said that the Turkish conqueror, a soldier
and a feudal, could not deal with civil engineer-
ing. From this derives the fact that the builders of
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these houses are from the central part of the Bal-
kan Peninsula. They were very good craftsmen,
even virtuous; which shows a tradition in building
throughout generations.

It is understandable that the Turkish accepted
the style and already developed Byzantium house,
with a slight difference by modifying it according
to their program.

The Turkish neither religiously nor politically
had a reason for forbidding the tradition of the
Slav builder and therefore there are two types of
houses built at the same time: Muslim and Chris-
tian, in the same town, in the same ambient, where
every object is unique, something that is not a
scheme or a copy.

2.1. Muslim house

The Turk - Muslim rules with the space and
spreads in the spacious grassy areas. Their life is
indoors between the walls and they do not want to
have any contact with the street life. In that iso-
lated ambient they have intimacy, space and enjoy
the grassy areas, the water and the sun. A typical
example of this kind of object is the Pasha’s house
in Tetovo (figure 1).

stone walls

street

Figure 1. Pashas house in Tetovo

Having this location, free in the choice, and
having all material possibilities, the Muslim de-
velops his dwelling horizontally, in contrast to the
Christian house which is limited in space and ter-
rain and therefore it is build vertically.

From the objects built in Tetovo, especially those
belonging to the Muslims, it is obvious that they
are spread horizontally and there is only one floor,
which is spread vertically, above the ground floor.

The subject of this study, the cantilever is mostly
found in the construction of the terrace (chardak) or

the open living space i.e. divan- haneh. Analyzes
made on this space, can lead to a conclusion that
there are different kinds of solution. Mainly there
are closed types of terraces, taking into consider-
ation the position of the terrace with the object, its
dimensions and its purpose (figure 2 and 3).

bedroom

5—

bedroom

indoor space
(chardak)

outdoor space (divan-haneh)

grassy area

Figure 2. Integration of the outdoor space
(divan-haneh) with the indoor space (terrace -
chardak).

living room

bedroom

living room

Figure 3. Large and spacious terrace closed
from three sides. Entrances in the bedrooms and
the living rooms are directly from the terrace.

This kind of architectural plan and solution in
the living space, clearly and logically derives from
the mentality and the culture of living of the Mus-
lim life. The religion has an important role in this.
The religious belief and the dogmas of the Muslim
religion had completely influenced the life of the
believers and therefore they had created a specific
architecture of the dwelling, different from the
Christian type of the housing facilities.
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The superiority of the male, his needs for en-
joying the life, seems to be the only elements
which influence the exterior of a dwelling. On the
other hand the space of the interior, where only
the female lives, is hidden from the eyes of the
foreigner. All these facts, which are result of a spe-
cific mentality, create the object itself.

The following mutual elements can be found in
the Muslim type of dwellings:

— formation of open space for enjoyment i.e.

divan — haneh, which were used for having
a conversation (with a cup of coffee or tea,
only among the male population)

— formation of a terrace closed from three
sides, where they lived during the warm
period of the year.

— the arrangement of the yard, especially near
the divan — haneh, with grassy area, most
often with vines and flowers, elements that
always accompany this area.

2.2. Christian house

While the Muslim house spreads in the flat part
of the town, the Christian house spreads on the steep
terrain of the hill. The superiority of the Muslims in
a way had subordinated the culture of living and the
way of living of the Christian population. The pro-
cess of construction and building on the rocky and
steep terrain was a complex and a hard task. Maybe
this fact helps in building and forming architectural
assemblies with a beauty and proportion rarely seen
anywhere else, proportion with humanized space.
The bazaar, which intensively develops in the XIX
century, is the third area which is situated in be-
tween the hill and the lowlands. (figure 4)

The terrain and the location of the dwellings
were the main problem in the development of the
Christian house. The national builder was found-
ing solutions for the problems in a logical and in-
tuitive way. Using the local constructing materials
such as wood, rock, clay mud and using grid made
with adobe and wooden frame, created a wonder-
ful architecture which can somewhere be com-
pared to the impossible.

It witnesses for a highly developed construct-
ing skill and a national ability, which harmonically
unites and integrates all forms in the way of living,
mainly happening on the steep terrain.

180

hill

christian houses Q Y
: —

bazaar

muslim houses

Figure 4. The position of the Muslim houses (in
the lowlands), the Christian house (on the hill)
and the bazaar as a tampon zone between the two
mentioned before.

The configuration of the terrain, the curving
paths (steep and narrow) very effectively fit into
the architecture which follows and adapts to them.
The cantilever is the last mean for coordination
between the minimal constructing area and the
maximal program.

3. Examples of the most characteristic
Macedonian towns and places

Foe understanding this study, there will be a
short review of several towns and regions, which
thanks to their specific geographic, climate, so-
cial, economic, political and cultural conditions
for progress, offers the most beautiful pearl of the
traditional Macedonian architecture.

3.1. Ohrid

In the treasure of the Macedonian history and
culture Ohrid represents its biggest pearl. Ohrid —
the town —museum, full with cultural and histori-
cal monuments, for the first time has been men-
tioned in the VI century BC with a Greek name
“Lichnidos” which means /ight, being the capital
of the Desaretia region.

In the IX century, the famous literate Kliment
of Ohrid created the Cyrillic alphabet in this town
as well as the first Slavic university. Later on, tsar
Samuil chose Ohrid for a capital of the Macedonian
state, renewing the town and from this period until
these days it is famous as the Samuil’s fortress.
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The city is with mild climate, with natural beau-
ty, with the lake - warm, clear and unique. This is a
town where a lot of roads, many cultures influenc-
ing the architecture and traditions were crossing
and they make the town different and exceptional.

Above all, the existence of the lake is one of
the most important facts in forming the urban
physiognomy of the town. The arrangement of the
objects, the orientation of the space in them, is di-
rectly in balance with the view towards the lake.
It was natural for each house when being located,
to use the configuration of the terrain and to have
a view at the lake wideness, opening itself amphi-
theatrically towards it.

This is especially pointed out through the hous-
es built on the Ohrid hill with a very steep tilt to
the lake. Here the formed urban zone is unique
and the only one of its kind, which is a symbol
and a landmark of the town.

The terrain and the climate conditions as well
as the existence of the lake influenced the orienta-
tion, the position and the conception of the houses,
and its architecture. Taking all this conditions un-
der account, the national builder created specific
architectural and urban assembles where the canti-
lever got special functional constructive and logi-
cal architectural importance. [2]

Figure 5. What the cantilever is with its qualities
for the construction that is the construction for
the narrow path. The passer-by has perfect views
towards the architecture and the sky.

Figure 6. The facade is modulated. The surfaced
flat and broken facade elements follow the gentle
curving of the street. The cantilevers on the floors
point it out and create the space street plastics.

' %
J T e
g el oy

Figure 7. The house at the corner stands as a
“controller” or “traffic lights” at the crossroad
directing the passers-by.

Figure 8.
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3.2. Krushevo

It is a characteristic town in Macedonia with
a rare geographical location, in an inaccessible
mountainous configuration. Located in the high
mountainous areas, at 1250 m. above the sea level,
the town Krushevo has an amphitheatric position
concerning the “central nucleus” where the public
facilities such as the bazaar, the church, the post
office etc. are located. The housing area is spread
at the periphery of this amphitheatre.

Based on the specific elements such as the cli-
mate factor and the geographic - terrain condi-
tions, the different ethnic constitution of the popu-
lation, the people’s tradition as cattle breeders and
traders; can lead to a conclusion that the formation
of the town housing area and the town architecture
in Krushevo is based on the well developed trad-
ing connections with different cities in Europe and
their influence in the creation of one of the most
specific and unique architecture. [3]

On the other hand, the inner rooms of the Kru-
shevo houses, especially the ones belonging to the
better-off people, represent examples of perfectly
differentiated space for meeting guests and repre-
sentativeness, with a separated space for sleeping
and with separately formed rooms for a kitchen
and housing economy.

The way of constructing, of the ground floor
with stones, roof with flat rocky slates, the choice
and the usage of the wooden skeleton in combi-
nation with stone and something else at the floor
is brought from the tradition of the Mijaci region.
Pressed in relatively small space, with an amphithe-
atric disposition of the terrain all houses are located
in a way that their views are facing the nucleus -
forming a perfect wholeness and a wonderful pan-
orama, where density of the housing facilities from
the center decreases when going to the periphery,
and therefore larger grassy areas appear, so that at
the end the green forest closes the composition.

The architecture of the dwellings is with calm-
ing forms and dimensions, re-freshened with sec-
ond hand plasticity and color (tympanum on the
wreath with frescoes and pictures by naive paint-
ers, baroque forms with metal frames of the balco-
nies, yellow and white color).

Figure 9. Characteristic example of a Krushevo
house with broken and asymmetrical geometric
form at the ground floor is accomplished and
flattened at the floor by using the cantilever, that
way forming also a porch. The characteristic and
conspicuous tympanum on the roof, the top open
balcony at the floor disturbs the harmony of the
rhythm of the windows aperture.

Figure 10. Cantilevers with curving baroque
forms exposing the floors, forming dynamic hous-
ing facility as a contrast to the harmonic rhythm
of the windows and the simplicity of the stone
walls. The traditional compatibility of the blue
color on the stone, the white one on the stony
walls and the dark color on the window frames
made of wood is present.
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Figure 11. Cantilevered differentiation at the top
Sfloor which continuant line of the street facade

is enriched with baroque forms at the vertical
supporters.

3.3. Kratovo

The location of this town is far away from war
events and trade communications, with a moun-
tainous configuration of the terrain, rich in ores.
Even in Roman time, there was a settlement called
Kratiskara on the location where the town Kra-
tovo is nowadays. It was called Koritos or Kori-
ton by the Byzantium. From the Greek scripts it is
known that its Greek name has been Avtokrator.
In the Middle Age this town became a very impor-
tant mine where the settlers known as Sasy (Ger-
mans), who came from far away, expanded the
mining industry in this area on a higher level. [3]

The existence of the two rivers passing through
this old settlement as well as the mine ore as a spe-
cific of the configuration of the terrain had influ-
enced the urban position and the development of
the settlement.

Even today we can notice a large number of
housing facilities with ancient architecture, which
although renewed, are real narrators which retell
the stories about the rich period of time in this
mining town (XVI-XVII century). Each one is
amphitheatrically turned towards the two rivers
offering wonderful views and getting most of the
sun rays during the days.

The architecture of this town with the free can-
tilevered motions on the upper floors as a contrast
to the ground floor, which was built with stone, is
actually one of the pearls in Macedonia. Here the

creativity of the national builder is fascinating es-
pecially in finding the solution of the indoor con-
ception and the usage of the space.

Figurel2. A solution for the triangle cantile-
ver with wooden supporters at the corner of the
house - simple and easy solution for the problem.

Figure 13. The line of the stony wall at the
ground floor directed by the path, is straightened
on the upper floors with triangle cantilevered
extended supporters. [3]
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3.4. Veles

One of the older towns in Macedonia, located
on both sides of the river Vardar. Even in the III
century BC in Peonia, this town is mentioned for
the first time under its name Vilazora, and it is be-
lieved that the name of the town nowadays is tak-
en from this ancient name. In the Turkish period it
was called Kupurly, which means town of bridges,
the same meaning with its Roman name. [3]

A strong contrast on the rustic surface of the wall
made of stone and the white surface on the upper
Sfloors. A logical position of the supporters which

changes the angle of transmission of the load. [4]

The natural location of the river Vardar, as well
as the configuration of the terrain, as an urban place
influenced the development of this town. The ex-
tremely steep configuration on the right side, and the
gentle on the left one, influenced each of the housing
facilities to be pointed out separately. With a correc-
tion at the ground floor by facing the river Vardar and
with the perfect feeling for balancing the masses, the
upper floors are maximal exposing, creating aston-
ishing creations in architectural and constructional
sense. It is also created thanks to the perfect knowl-

edge for the principles for transmission of the load,
the static reasoning and the qualities of the construct-
ing materials. Without fear and hesitation, the con-
structor intuitively applied the cantilever as a mean
for solving the given task and by using the terrain
and the exposing to the river as much as possible.

Figure 15. The asymmetrical base of the ground
floor, dictated by urban and terrain conditions, is
straightened on the upper floors by expanding the
triangle cantilevers in order to create standard
rooms and a terrace.

Figure 16. Characteristic narrow path in Veles.
A composition of houses, which by having the
cantilevers on the upper floors, pierces to the
narrow path, offers wonderful views by opening
the large number of windows. [3]
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3.5. The monastery St. Jovan Bigorsky

Suspending over the canyon of the river Radika
as an eagle nest, the monastery St. Jovan Bigorski,
with the whole construction (an inn, a church, a
dining room etc.) presents one of the most valu-
able architectonic assemblies in Macedonia.

It is amazing how the builder has succeeded to
create such harmonious volume masses on such a
small location.

The inn integrates in itself all basic characteris-
tics of the Macedonian national architecture.

The cantilever here offers complete functional,
architectonic and esthetic value. It is especially
important to point out the solution of the outdoor
stairs leading towards the terrace.

Figure 17. The brave construction solution with
a console expanding of the flooring and the stair-
case part makes this architectonic element unique
and unrepeated. The supporter is repeated in the
same form and by supporting the angle from the
extremely expanded eave so that the builder cre-
ates a visual ending of the building.

R L A

Figure 18. A rare sample of a cantilever, which
can be found at searching a solution for expand-
ed fireplaces. The example is a part of the dining
room of the monastery, where the polygonal form
is transformed into a cone ending. Tending to
hide the wooden supporters which cross them-
selves unevenly, in order to create a visual stat-
ics, the cone ending is covered with mortar.

4. Materials for creation and constructing
a cantilever

While building houses in the Macedonian na-
tional architecture, natural materials and materials
found in the surrounding are basically used which
dictated the construction technique. At the begin-
ning the houses were with small dimensions. The
functional treatment is only a simple closing of the
space and creating rooms for living, as a protec-
tion from the weather conditions.

Later, with the beginnings of the migration
movements, the thought and the idea enrich. The
tradition of the neighboring people as well as the
impact of the Orient influenced the concept and the
enrichment of the program, as well as the experi-
ence of the building with a logical application of
the constructing materials in the building technique.

For making a constructive conception of the
constructions in the Macedonian national archi-
tecture, the following constructing materials are
mainly used:

— portions of soil, loam,

— non-baked bricks, adobe,

— clay, mud,
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— stone,

— wood,
— Dbaked bricks.

The constructive systems of the building ob-

jects are:

— massive construction system, with strong
thick walls made of portions of soil, non-
baked bricks and stone,

— mixed constructive system, most often found
at the built objects with several floors, where
the ground floor is built as a massive system,
and the floors are built as a wooden skeleton
— grid made with adobe and wooden frame,
which is constructively justified.,

— wooden skeleton system, which is made just
above the rising wall which is most often
built in stone.

Above mentioned constructive systems and the
applied building materials of course influenced
the architectural expression, the volume plastics,
the relation light-dark, empty-full.

The cantilever as an element of the volume
plastic, depending on the above mentioned cir-
cumstances evaluated by the time, so at the be-
ginning it was with modest dimensions. The up-
per floor partially or completely is stretched by
extending the joist of the construction between
the floors, without using any tilt supporters for de-
creasing the console span. Tilt supporters are used
for larger cantilevered exposing. (figure 19).

It is interesting to point out that the wooden
supporters as a constructive element, can be found
as straight beams (figure 20) or slightly curved,
visible or hidden (figure 21).

The slightly curved supporters follow and visu-
ally point out the line of the static deformations,
and in certain way the usage of slightly curved
supporters is an expression of the Baroque influ-
ence on the Macedonian national architecture.
These forms and curving, in certain cases are re-
vival of the Greek classical forms, but they are
rudiment and they do not have that strength and
monumentality. The curved line, except for being
present when forming the cantilever, is also met
when treating the eaves, framing the windows,
forming the saddles under the beams, as well as
in the interior, which also point out the sense for

successful application and repetition of forms and
creation of an art balance.

Figure 19. Expansion of the vertical surfaces.
Creation of a cantilever as a set of steps. [5]

The harmony and the proportion of the con-
structive and non constructive elements logically
derive also from the knowledge for the coordina-
tion of the measurements in the architecture where
man appears as a main criterion. When measuring
certain dwelling, the main measure for measuring
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the architectural elements is the arshine-old Turkish
measurement (the arshin appears with dimensions
of 60cm. - endeze, 68cm. - the bazaar arshin, 75cm.
- the building arshin, or 92cm. - the city arshin). [5]

=
:
i

c

o R

Figure 20 [4]

The outer cantilevered extended skeleton wood-
en walls are mainly solved as light sandwich walls
with small own weight, because the wood is a basic
most important constructive material of the con-
struction elements. These kinds of walls most often
get many openings — windows, which make them
even less heavy. The higher they go, at the upper
floors, the harmony of the openings is constructed
without full masses between the windows, and at
the down floors, the relation full-empty, the wall
takes larger part with smaller number of windows
which is statically and constructively very logical.

Figure 21 [5]

The sandwich wall is, on the other hand, con-
structively formed by a system of vertical hinges,
horizontal and diagonal obstacles and from the
outside and inside as a cover there are certain ma-
terials which are used, such as: non grated wood-
en planks and boards, reeds, jointed birch stalks
or brunches covered then with mortar, and from
the inner side it is made with cover of processed
beams or it is plastered (figure 22). The fulfilling
i1s made by using mud and cut straw, non baked
quivers (later on baked quivers), wooden shav-
ings, pieces of wood, dried maze leaves, straw or
other materials found in the nature.
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Figure 22 [5]

According the form in the base (figure 23) the

cantilevers are classified as follows:

— cantilevers parallel with the wall, which are
extended and go along the whole length of
the facade,

— cantilevers parallel with the wall which do
not go along the whole length of the facade,

— cantilevers which do not go along the
whole length of the facade and which have
polygonal form,

— triangle form of cantilevers (with a tendency
for straightening space with the rooms on
the upper floors, or for creating better views)

— trapezoid cantilevers (at specific forms of
space in the ground floor dictated by the
small path, street, views etc),

— cantilevers as a are basic element of the
terrace which is inserted,

— cantilevers as a basic element of the
extended terrace (at the Muslim conception
and functioning of the house called “divan-
haneh”.

_~ parallel cantilevers

triangle form .
of cantilevers

polygonal form
/ of cantilevers

| extended terrace
3 T (divan-haneh)

trapezoid
cantilevers

inserted terrace .~ kb

Figure 23. Most often examples of cantilevers in
base. [5]

5. Conclusion

The purpose of this study is to attract the atten-
tion to the big values and qualities which are pres-
ent in the Macedonian old ethnical architecture, by
pointing out the town architecture of the dwellings,
which is still in front of us and around us, which
unfortunately disappears. The architecture which
reminds us to a past time, when it had been created
honestly and fairly, when it had been built with an
instinct for what was beautiful, human and sociable,
when the principles of building had been respected
and which should be respected even today.

We are hundred of thousands times ready to be
enthusiastic about the architectural complexes and
certain dwellings, about the wonderful details of
the Ohrid, Krushevo, Veles, Kratovo, Debar Teto-
vo and Galichnic dwelling, and the same visions
to be forget or neglected at the moment when we
face with certain new architecture—urban prob-
lems, problems which appear on the same kind of
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configuration, for the same people, for the same
life philosophy, although in different circum-
stances and conditions. It looks as if it is easier
to follow the accomplishments in other regions
and with other nations through publications, and
if we are more prepared to accept the “imported”,
universal and foreign, than with proper analyses
to find the ways and approaches for a reasonable
logic in creation forms and architectural expres-
sion which should derive as an organic product,
following the intuition, being supported by the
most modern scientific achievements.

That “old” urbanism and architecture which
had been developed more by intuition, by the per-
fect feeling for what was logical more than by the
intellect, tells us about a history, about a certain
time when the human and people common sense
and organism were fighting and living in pain. Ro-
manism and humanism are present in the creation
of outdoors and indoors spaces. It looks as if there
is endless number of variations in the subtle mea-
surements and dimensions, in the choice and the
composing of the materials and colors, in finding
the solution for the construction and the architec-
tural details. In conclusion, there is a coincidence,
there is a similarity, but there isn’t any repetition.
Ohrid, Krushevo, Veles, Kratovo, Debar Tetovo,
or Galichnik are all towns with specific architec-
tural marks, but with the same needs.

If there is certain vertical gradation of each
individual dwelling, with harmonic inter relations
concerning the used material, color, height, per-
centage of outdoor and indoor spaces, the general
vision of the dwelling grouping as a composition,
offers an organic harmonic agglomeration of reg-
ular interrelations, with an exposed horizontal of
windows which are interrupted and continue in
one thythm. The continuity is interrupted by the
inter supporters, in a specific rhythm which is di-
rected by the construction of the wooden carcass.
They point out the static tension, and at the same
time, as a composition, they bring the so called
materialized relaxation and comfort as a contrast
to the dematerialized extended white facades.

The towns receive differentiated agglomera-
tions which function in three dimensions, even
cubistic. They are experienced throughout the
space, movement and time, throughout the change
of the light in relation to the intensity, or through-

out the change of the angle of its action. Even in
relatively peaceful ambient, the time is included
as an experience factor. The view does not have
a definite ending, but goes through the deliber-
ately left spaces which always offer new qualities.
These are qualities of new valuable dwellings, de-
tails or natural values, wood, hill, green areas, wa-
ter, stone, fortress, etc. The dwellings watched by
the eye of the passer-by walking along the street,
create a non-defined architectural relief-sculptural
line, along which the eye glides. The dwellings
create such a composition that has a rhythm of a
lyric melody, emphasized from time to time with
pointed out, masses and spaces which are exposed
or drawn into. This kind of melodic rhythm of the
dwellings or elements is accomplished and en-
riched by the “pauses” of green and colorful spac-
es and points. The exposed cantilevers and masses
are emphasized as inserted sculptures at exactly
defined places. By this the builders show a high
level of art point of their intuition for harmony
and beauty. They had smartly used the correction
which they found necessary and inevitable, had
made the correction of the terrain and used the op-
portunities which it offered.

When analyzing this valuable architecture and
searching for mutual values, the specifics which
can be pointed are as follows:

— the perfect measure and the proportion which
are in harmony with the town, the distances
for the human movement in or out of it;

— the used construction material: stone, wood,
mortar, adobe;

— the characteristic colors which are used:
white, yellow or ochre, green, blue and red;

— the vegetation: vine, locust tree, white berry
tree, willow fig, pomegranate;

— architectural and constructive elements:
terrace (chardak), (balcony) doksat, eave,
roof and cantilever;

The above mentioned specific elements, all
together helps in creating plasticity, three dimen-
sions vision, physiognomy of the street and the
town, characteristic housing architecture, vertical
and horizontal gradation.

The analyses are made mainly on the cantilever
as a constructive element, on its reflection on the
general architectural composition.
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We live and create in an ambient and in an en-
vironment with such a valuable old architecture,
which has been and is so much a matter of studies,
analyzed by famous architects.

One thing that we must be aware of, is that the
creation of something valuable and new, must be
based on the old, valuable and autochthon. Our
philosophy in the developing line for creating new
and contemporary must take into consideration
the specific and the characteristic.
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Abstract

This paper presents an exploratory, data-analytic
investigation among groups of engineering students
from two countries, Slovenia and Hong Kong, re-
garding their social network and learning perfor-
mance. Literature review suggests social networks
and peer collaborations are the major elements in
team learning. Specifically, the influences of peer
relationships, social networks on one another as
well as on effecting learning performance of groups
of engineering students taking engineering manage-
ment related courses, are identified. How to achieve
the optimal social networking status so as to best
facilitate the team learning is still a question faced
by educators or learning advocators. This project
aims to explore how the students perceive their peer
classmates and how they are clustered to form into
teams, and how these clustering and networking
explain the impacts of social network on academic
performance. One important highlight based on
the network analysis results of this research shows,
social relationships may have direct impact on stu-
dents team learning performance. In this paper,
graphical visualization of the analysis results ena-
bles methodological prioritization of various learn-
ing motivation factors. Also, this paper attempts to
demonstrate how advanced network analytic tools
can be applied to study these social phenomena,
which has not been discussed previously.

Key words: social network analysis, engineer-
ing education, learning performance, collabora-
tive learning, learning communities

1. Introduction

Educating our future engineers so that they can
gain high proficiency in computational thinking
is essential for their career prospects. As educa-
tors, acquiring a good understanding of the vari-
ous learning motivation factors as well as their

inter-relationships is a significant step forward
in achieving this goal. In this article, we describe
an exploratory, data-analytic investigation among
groups of engineering students from two coun-
tries, regarding their social network and learning
performance. A review of the literature on the
team learning suggests social networks and peer
collaborations are the major elements in team
learning. There have been numerous of discus-
sions addressing the significance and the impact
of social networks in organizational learning and
knowledge management aspects [1, 2, 3]. Learn-
ing appears to be a social and collective outcome
achieved through seamless communications, in-
teractions, sharing and networking of social con-
nections [4]. Expanding individual social network
to team network will create meaningful ties for the
team to be connected and bring synergies that can
be used to facilitate the team level learning.

Little research has been conducted to address
relationships between social networks and the
academic performance of students working in
project teams. How to achieve the optimal social
networking status so in order to facilitate the team
learning the best is still a question faced by edu-
cators or even organizational learning advocators.
Therefore, this is one of the research motives of
this project to explore how the students perceive
their peer classmates and thus how they are clus-
tered to form into teams, and how these clustering
and networking can be used to explain the impacts
of social network on academic performance. Us-
ing network analysis to advance the understanding
of an educational topic is a new attempt.

Specifically, we identify the influences of peer
relationships, social networks on one another
as well as on effecting learning performance of
groups of engineering students taking engineering
management related courses. Present study ex-
plores how the students perceive their peer class-
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mates and thus how they are clustered to form into
teams, and how these clustering and networking
can be used to explain the impacts of social net-
work on academic performance. Another research
highlight is that based on the network analysis re-
sults, concrete ideas that social relationships may
have direct impact on student team learning per-
formance are obtained. Last but not least, we will
describe how the graphical visualization of the
analysis results enables us to methodologically set
priority on attending to various learning motiva-
tion factors in a team learning environment. These
are among some of the new insights not obtained
from a previous confirmatory-based analysis.

2. Background

2.1. Team learning and social networks

Researchers agree that team culture and indi-
viduals are correlated [5, 6]. An individual’s mind-
set that interacts with facets of situations within
an organization or a team is crucial to the learning
[7]. Aspects of individuals, such as values and be-
liefs, interact with facets of situations to affect the
individual’s attitudinal and behavioural responses
[8]. A key issue in the literature on organizational
learning is the permeability between individual
and collective learning, that is, to what extent the
characteristics and processes by which individuals
are extended to the collective level.

Argyris and Schon [9] noted the paradoxical na-
ture that collective or organizational learning is not
merely the collection of individual learning, but is
more than the cumulative sum of individual learners
[10]. In recent years, human resources professionals
have been focusing on ways which promote learn-
ing in teams and in organizations [11]. It has been
theorized that systematic approaches to learning in
teams are tied to team performance and are there-
fore of value. Additional insight into the potential
impacts of the environments of individuals is crucial
for learning and developmental practice [12]. Per-
sonal attitudes towards learning have been found to
interact with environmental factors that influence in-
trinsic values [13], and thus motivation to learning.

The importance of motivation to knowledge
transfer and collective learning has been advocat-
ed by researchers [14, 8, 12]. Motivation in learn-

ing is described as the desire to use the knowledge
and skills mastered in associated learning activi-
ties [15], it constitutes a central force throughout
the process of organizational activities [16].

2.2. Friendship networks

Having friends in the classroom can bring
along with several positive effects. Friendship
offers emotional support and reliable source of
companionship [17]. ‘Friendship’ enhances so-
cial behaviour skills related to social, emotional
and also cognitive growth [18]. It is not surprising
that friendship is extremely important for low-per-
forming students and those with mild disabilities.
‘Friendship’ can serve as compensation since such
‘low-performed’ students are typically less ac-
cepted than their more successful colleagues [19,
20]. In addition, friendships serve as emotional re-
sources, for having fun and adapting to stress situ-
ations, and cognitive resources. The latter poten-
tially includes peer tutoring, cooperative learning,
peer collaboration and peer modelling [21].

The first studies on friendship networks ap-
peared in 1930s. With the help of sociogram,
Moreno [22] graphically explored friendship
choices between primary students. Since then
many researchers have been successfully using
network analytic tools to explore friendship phe-
nomena. Granovetter [23] argued that the ranking
of friendship can be interpreted as ‘strength level
of'ties’ among individuals. Dynamic of friendships
networks through time was examined by research-
ers [24, 25], who proposed a class of actor-orient-
ed statistical models for friendship networks. One
of the most replicated finding in the analysis of
friendship networks is the tendency of individuals
to associate and bond with similar others, this is
known as the homophily process [26, 27, 28].

However, measuring friendship among a group
of students is not an easy task. To collect data, re-
searchers typically ask the students to nominate a
small number of their friends. This kind of recipro-
cal nomination method [29] requires each student
in the classroom to nominate at least three peers,
whom he or she likes most and the questions could
be positive and/or negative phrasing (e.g. “nomi-
nate three peers who are in your opinion the most/
least successful in your class”).
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Ball & Newman [30] argued that rankings of
the students in friendship networks are correlated
with other characteristics of the participants, such
as ‘age’ and ‘overall popularity’ measured by total
number of friends. Whilst, Yamaguchi [26] con-
jectured that the strength of ‘subject-by-friend’
or ‘friend-by-friend’ association depends on the
number of friends. The ‘subject-by-friend’ associ-
ation indicates the strength of discussion of among
students with different levels of college education.
On the other hand, the ‘friend-by-friend’ associa-
tion measure the tendency to choose friends with
mutually similar discussion statuses. Both associ-
ations are proven to be stronger when the number
of friends is smaller [26].

2.3. Social network position and learning
performance

Network analytic tools provide quantitative
understanding of the human interaction of collec-
tive behaviour and have been a long-term subject
of interest in the field of theoretical and empiri-
cal studies of social systems [31, 32]. The use of
network analysis not only provides the list of in-
dividual interactions among units presented in a
network, but also a holistic view of a social sys-
tem. In the past, centrality indices are more often
used to determine the position of an individual ac-
tor in a given social network. Wasserman & Faust
[33] suggested four indices: ‘degree’, ‘closeness’,
‘betweenness’ and ‘information’. Lately, some so-
phisticated algorithms are propose, for instance,
PageRank algorithm [34] was used for ranking
actors in bibliometric networks [35, 36] and sport
networks [37, 38, 39]. Hubs and authorities algo-
rithm [40] has been increasingly used to calculate
actors’ centrality measures.

The position of an individual actor in a general
social network is recognized as highly important
[41]. Specifically, a position of the student in a
network of education nature is highly related to
his or her learning performance [42]. For example,
the friendship relation or so-called the strength of
friendship has been the subject of many studies
[43, 30]. We can find various applications of so-
cial network analysis in different fields and educa-
tion is not an exception [44, 42]. Generally, actors
occupying ‘advantageous’ positions in social net-

work are expected to outperform their peers be-
cause they share enhanced access to resources as
social support, strategic information, peer advice
and similar [45, 46].

3. Methodology

3.1. Design and Method

In order to examine the impact of existing
friendship and social network qualities on learning
performance of students working in project teams,
the study attempted to measure several main as-
pects. The core aspects are: acquaintanceship, re-
lationship, perception on best candidates (here re-
fers to the students participating in the study) and
intention on working with others. Data collection
was through a self-administered questionnaire
composed of five sections:

Section 1 (Demography): Demographic details

Each student was asked for the personal par-
ticulars such as gender and age.

Section 2 (Acquaintanceship): Students were
asked to evaluate how good they know each of
their classmates.

In this section each student has the list of all
classmates and he/she evaluated the ‘acquain-
tanceship’” with each of them. Acquaintanceship
was measured on a five-point scale, ranging from
(1) “don’t know this classmate” to (5) “close per-
sonal friend”.

Section 3 (Relationship): Students were asked to
assess the relationship to each of their classmates.

Similarly to the acquaintanceship section, rela-
tionship was coded into 5-point status score (from
(1) “very bad” to (5) “excellent”). If the student
did not know the colleague (e.g. acquaintanceship
was in previous section assessed with (1) “don’t
know this classmate”) then the relationship was
marked as (0) “no relationship”.

Section 4 (Best): Students were asked to identi-
fv (at most) three in their opinion the best students
in the class studying the selected subject.

The students were asked to nominate three or
less students that they perceive as the best students
in the course they studied. Same as in Sections
2-3, each student was given the list of all class-
mates and was asked to indicate the nomination
by a mark “X”.
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Section 5 (Group): Students were asked to
choose three classmates (at most) with whom he/
she wanted to work in a group.

Similar to Section 4, each student is asked to
indicate their choices of group mates to work with
by putting a mark “X”.

3.2. Data collection

Samples were selected from two batches of en-
gineering students from Slovenia and Hong Kong.
Students are assumed to have similar educational
backgrounds: pursuing engineering degree and
studying some engineering management related
subjects. Paper-and-pencil surveys were adminis-
tered during class on a regular school day. A total
of 36 students in Slovenia and 27 students in Hong
Kong completed the survey. The 36 students from
Slovenia were from the same class studying an
engineering management subject, so as the 27 stu-
dents from Hong Kong were from the engineer-
ing management class. The demographic detail of
the respondents is shown in Table 1. There is no
significant difference regarding the ‘age’ variable.
However, the ‘gender’ of students is not of same
compositions in both samples. In Slovenia, female
students are in majority and in Hong Kong the sit-
uation is reversed. Therefore, the ‘gender’ variable
should be controlled during the analysis.

In addition to the questionnaire, the academic
performance (final results of the corresponding
subject) of all students who participated in the sur-
vey was collected.

3.3. Network Analysis

In sociology, a (social) network is defined as a
final set (or sets) of actors (represented by nodes)
and the relation or relations (represented by edges
or arcs) defined on them [33]. More precisely, so-
cial network analysis focuses on social relations
rather than personal attributes which is in domain
of traditional social science. Each participant in
this study represents an actor in a network. Rela-

Table 1. Demographic detail of respondents

tions in the network can actually be interpreted in a
number of ways. For instance, in acquaintanceship
network, each actor in the network would be linked
with all other actors and weights on links should
be answers on acquaintanceship question (with (1)
“don’t know this classmate” to (5) “close personal
friend”). However, the resulting network would be
fairly dense as all possible links among actors are
implemented. For the purpose of analyzing net-
work structure in our study, the acquaintanceship
and relationship networks were dichotomized, thus
links with values lower than 4 were removed (or
substituted with value ‘0’) and links with values
‘4’ and ‘5’ were replaced with value ‘1°. The other
two networks, ‘best’ network and ‘group’ network,
were determined with the straightforward relation
obtained (Section 4 & 5). Thus the directed link
among actors in ‘best’ and ‘group’ networks exists
if some student (the initial actor) identified his/her
colleague (the terminal actor) to be best student (or
to work with as group). It can be easily observed
that the network relations defined in this study are
unreciprocated. That is, if we consider a network
with a relation acquaintanceship, person A can
claim to know a person B very well (a weight on
an arc should be large) but person B can assess their
‘acquaintance’ differently.

There are many procedures for ranking ‘actors’
in directed networks according to their social net-
work features. The term ‘ranking’ is meant to iden-
tify and to list the actors in the network from the
most important actor to the least important. In this
study two social network ranking methods were ap-
plied. First is known as the ‘hubs and authorities’
algorithm and second as ‘Page Rank’ algorithm.

Good hubs in the network are entities which
are pointing to many good authorities and simi-
larly good authorities are entities which are point-
ed to by many good hubs [40]. This method uses
two vectors, first vector is called a hub vector and
second vector is an authority vector. High vector
value of individual entity indicates its hub and/or
authority tendency. In the case of acquaintance-
ship network good hubs are students who know

Slovenia Hong Kong
Gender Male=8 Female=28 Male=16 Female=11
Age Mean=21.44 SD=2.14 Mean=22.04 SD=1.22
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most colleagues and good authorities are students
who are known by most colleagues.

PageRank algorithm is well known in the world
of computers and is based on the assumption that
the relevance of the article depends on the number
of citations it has the article in other articles. We
used the PageRank algorithm to rank students in
each of the last three sub-network representations.
That is, each student in the (sub) network carries a
unit of prestige which flows in the network along its
weighted links. The PageRank algorithm is based
on the premise that the ‘prestige’ of each student
in the network can be judged by the number of in-
coming links the student got from other students in
the network. Moreover, links from better students
should carry more weight than links from less suc-
cessful students. Visualization of networks is an im-
portant tool for exploring network’s structure and
more importantly it communicates the obtained
results of analyses to others. Graph automatic pro-
cedures were used for nodes placement. Among
the many analytical tools, algorithms based on the
energy minimization method (spring embedders),
such as traditional, the Kammada-Kawai algorithm
[47] are most popular. Spring embedders position

Table 2. List of variables

the nodes linked by ‘springs’ in such a place that
they are in a state of equilibrium. Some of the ana-
lytical tools are based on local optimization proce-
dures and therefore we must not rely on just a sin-
gle run of these procedures, but have to repeat them
until a satisfying solution is obtained. Additionally,
some manual editing to improve readability of the
obtained layout was considered.

3.4. Supporting tools

For standard statistical analysis the open source
statistical programme R was used [48]. R was also
used to transform the data into networks. Network
analysis and network visualization were carried
out with the programme Pajek [49].

4. Results and discussion

4.1. Results

Network analysis is applied to analyze both
Hong Kong and Slovenia data sets, and results in
the form of network relations are presented. The
resulted network relations are discussed respec-

Name Abbreviation Description
used
Acquaintanceshi Ranking the students from the one who know the most students and the
d p A hubs most important students to the one who know the least students and the
hub . . . .
least important students in the acquaintanceship network.

Acquaintanceshi Ranking the students from the one who is known by the most students and
AU tgori p A auth by the most important students to the one who is known by the least students
vy and by the least important students in the acquaintanceship network.

Ranking the students from the one who choose the most students and the

Relationship hub | R _hubs most important students to the one who choose the least students and the
least important students in the relationship network.

. . Ranking the students from the one who was chosen by the most students

Relationship .

authority R auth and by the most important students to the one who was chosen by the least
students and the least important students in the relationship network.
Ranking the students from the one who was recognized as the best student

Best PageRank B Page by other students to the one who was recognized as the least successfil
student by other students with the help of PageRank algorithm.

Points at the final . Ranking the students from the one who achieved the highest score to the

Points .

exam one who achieved the lowest score at the final exam.
Ranking the students from the one who was recognized by other students as
the most preferred to work within the group to the one who was recognized

Group PageRank | G_Page as the least preferred to work within the group with the help of PageRank
algorithm.
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tively (acquaintanceship, relationship, best rela-
tions, group and correlations).

In this section the measures in networks ob-
tained by four relations were calculated. More spe-
cifically, hubs and authority weights of nodes in
the acquaintance and relationship networks were
determined. In addition, in ‘best’ and ‘group’ net-
works the PageRank algorithm was applied with
the resulting values for each actor obtained. The
list of all variables (together with variable measur-
ing points at the final exam) and their abbrevia-
tions is presented in Table 2.

4.1.1. Acquaintanceship

As stated in subsection 3.3, acquaintanceship
and relationship networks were dichotomized.
The acquaintanceship networks for Slovenian and
Hong Kong students are shown as in Figure 1 (in
all figures, female student are displayed by light
grey colour and male students by dark grey).

The densities of acquaintanceship network
were calculated (for Slovenian and Hong Kong
network separately), i.e. the proportion of all arcs
in the network and the maximum number of arcs
among nodes. There is almost no difference be-
tween ‘density’ of acquaintanceship network of
Hong Kong students (0.239) and Slovenia net-
work (0.237). In Hong Kong network, female stu-
dent denoted by H16 is the only student who is
not connected to any other student. All students in
Slovenian network are connected to at least one
student. With reference to the ‘density’ of the net-
work, there is no significant difference in students’
acquaintanceship between both networks.

On the other hand, hubs and authorities weights
were calculated for each student in these networks.
By definition of a hub, the students who are more
well-known in the group would ‘share’ larger hub
weights. Similarly, the students who know better
of other students in the group would share larger
authority weights. Five students with the largest
hub and authority weights in each network were
identified. Students with largest hub (authority)
weights in Figure 1 are ‘spotted’ by rectangle (tri-
angle) shape and students with largest values in
both weights are ‘spotted” with diamond shape.
Both measures would be further elaborated in the
Section 4.1.5.

(b) Slovenia
Figure 1. Sociograms of acquaintanceship network

4.1.2. Relationship

Dichotomized relationship networks of Hong
Kong and Slovenian students are shown as in Fig-
ure 2.
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(b) Slovenia
Figure 2. Sociograms of relationship network

There are no isolated students neither in Slo-
venian nor Hong Kong relationship network. The
Slovenian network is denser compared to the Hong
Kong network (SVN density = 0407; HK density
= 0.372). However, both networks are fairly dense
as, for instance in Hong Kong, each student claims
he/she is in very good relationship (marked with 4
or 5, on a 5 point scale) with 37.2% of all other stu-
dents. In Slovenian network that percentage is even
higher (40.7%). Closer look inside Figure 2 sug-
gests that relationship network of students in Hong
Kong (Figure 2a) is basically divided into two parts
(smaller top part and larger bottom part). Some stu-
dents, 1. e., H4 and H11, play a bridge role between
both parts. In the relationship network of Slovenian
students (Figure 2b) a majority of actors in the bot-
tom part of the figure can be observed.

4.1.3. Best relation

Both networks obtained by best relation are
presented in Figure 3. The size of each node in
Figure 3 is proportional to the academic perfor-
mance (final exam result) of a particular student.
In Figure 3a, the student denoted by H22 in Hong
Kong network with the relation ‘best’ had the
highest score at the final exam but was not per-
ceived as the best by other students. On the other
hand, in Slovenian network with the same relation
(Figure 3b) the best student at the final exam (the
largest node denoted by S19) was also considered
the best by other students.

%/
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///l
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(b) Slovenia
Figure 3. Sociograms of best network

4.1.4. Group

(a) Hong Kong
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(b) Slovenia
Figure 4. Sociograms of group network

The relation ‘group’ in Figure 4 revealed two
completely separated groups among Hong Kong
students. By the size of the nodes it can be con-
cluded that students with better results at the final
exam are joined in the top part in Figure 4a. In
Slovenia, interestingly, the less successful students
are in the centre of Figure 4b forming a bridge be-
tween the left and the right part.

4.1.5. Correlations

Correlations between variables listed in Table 2
were calculated. The results of correlation are report-
ed as Spearman rho coefficients as shown in Table 3.
Best PageRank is significantly correlated to ‘Points’
at the final exam in both, Slovenian and Hong Kong
network. As correlation coefficient is positive (Spear-
man rho; HK =0, 3752 (p <0,05), SVN =0, 5833 (p
<0,01)) this is indicating good students’ perception
of who is the best student in the group.

Correlation coefficients between all acquain-
tanceship and relationship variables are highly
statistically significant and positive in both net-
works. It can imply that students who know their
colleagues very well (and are in good relationship
with them) are also recognized as the most distinc-
tive and are the most desirable for student relation-
ship, that is, more welcomed by others.

Other correlation results are more difficult to
interpret. It seems that in Hong Kong network, be-
ing the most recognized student has negative cor-
relation with the achieved academic result. In other
words, the students who are the most acquainted
in the group and students who are having the best

Table 3. Correlation matrix among items (Hong Kong and Slovenia)

Hong Kong
A _hubs | A_auth | R _hubs | R_auth | B Page Points G_Page
A hubs — — — — — —
A auth 0.635™ — — — — —
R _hubs 0.803™" | 0.628"" — — — —
R auth 0.655"" | 0.940™ | 0.667™ — —
B Page -0.092 -0.023 -0.324° -0.111 — —
Points -0.574™ | -0.497™" | -0.656"" | -0.502"" 0.375™ —
G_Page 0.307° 0.133 0.115 0.382™ 0.265" -0.044
Slovenia
A _hubs | A_auth | R_hubs | R_auth | B Page Points G_Page
A _hubs - - - - - -
A _auth 0.629™ — — — — —
R _hubs 0.894" | 0.604™" — — — —
R _auth 0.608" | 0.862"" | 0.536™" — — —
B Page -0.090 0.011 -0.063 0.053 — — —
points 0.074 0.234" 0.117 0.233" 0.583™" — —
G Page 0.131 0.133 0.224" 0.133 0.627" 0.462"" —
“ Spearman correlation coefficients.
'p<0.1
“p<0.05
"p<0.01
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relationship with other students were less likely to
get good results at the final exam. That was not con-
firmed in Slovenian network. Moreover, in Slove-
nian network, to know most colleagues and to have
positive relationship with them is positively corre-
lated with the result at the final exam.

The difference between ranking male and fe-
male students corresponding to the seven vari-
ables (Table 2) in both countries was tested by
Mann-Whitney-Wilcoxon test. Results of the test
are presented in Table 4. No significant difference
between ranking male and female students was
found in both countries. Therefore, ‘gender’ vari-
able does not affect the ranking by any means.

4.2. Discussions on the findings

4.2.1. Acquaintanceship and cultural
background

From the results obtained (Sections 4.1.1-
4.1.4), it 1s found that the relational and acquain-
tanceship networks of the two batches of students
from two countries of different cultural back-
grounds (Slovenia and Hong Kong) are of simi-
lar pattern and densities. Moreover, students are
noted to be comparably sociable and no big dif-

ference between the two batches of students was
detected. It was assumed from the beginning of
the study that the students chosen from the two
very different countries (West vs. East) might be
of somewhat difference in acquaintanceship.

It is quite interesting that the results may im-
ply that the national culture is not the most signifi-
cant factor affecting he acquaintanceship, while
previous researches have confirmed that friend-
ship groups performed significantly better than
acquaintance groups on both decision-making
because of a greater degree of group commitment
and cooperation [50]. The result may bring in a
new idea on enhancement of group performance
by facilitating the friendship among group mates.

4.2.2. Reputation and performance

The academic performance of a student is in
general positively correlated to the degree of “be-
ing well-known’, according to the results from the
Slovenia batch; however, this is opposite to the
result obtained from the Hong Kong batch, whilst
a student being ‘well-known’ seemed to be nega-
tively correlated to his/her academic performance.
This interesting finding may imply that the ‘being
well-known’ could be a kind of projection or ‘re-

Table 4. Comparison between male and female students by Mann-Whitney-Wilcoxon test.

Hong Kong

Variable W-value | Significance value Significant difference between

male and female respondents
Acquaintanceship hub 89.5 0.9606 No
Acquaintanceship authority 84.5 0.8823 No
Relationship hub 80 0.716 No
Relationship authority 76 0.5765 No
Best PageRank 102.5 0.4376 No
Points at the final exam 90 0.942 No
Group PageRank 100.5 0.5533 No

Slovenia

Variable W-value | Significance value Significant difference between

male and female respondents
Acquaintanceship hub 153 0.125 No
Acquaintanceship authority 129 0.5374 No
Relationship hub 159 0.07656 No
Relationship authority 136 0.3785 No
Best PageRank 75 0.1569 No
Points at the final exam 142.5 0.2533 No
Group PageRank 104.5 0.7899 No
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flection’ of a student’s performance in Slovenia,
but not in Hong Kong.

The abovementioned finding has been a well-
proven topic in the field of management, that
reputation plays a key role in the effort to under-
stand why someone outperforms others. Rindova,
Williamson, Petkova & Sever [51] advanced the
knowledge of the reputation-performance rela-
tionship by proposing that reputation consists of
separate dimensions that have independent val-
ue-adding effects. Rindova et al. [51] further ac-
knowledged that reputation can act as a resource
that has performance implications, they do not
conceptualize and test a resource-based explana-
tion. Yet, based on the meta-analytic evidence pre-
sented [52], there is reason to believe that such an
explanation has significant merit. However, this
appears to be a new idea in the field of educational
studies, and requires more research.

In Slovenia batch, the degree of ‘being preferred’
for group work is significantly and positively cor-
related to the academic success. This phenomenon
can be easily understood while students of higher
chance of having better academic performance are
likely the preferred team mates for group work.
However, this is again different from the results ob-
tained in Hong Kong. Among the Hong Kong stu-
dents, the being ‘well-known’ is of no significant
or no correlation with the academic performance,
which is quite different from the Slovenian batch.
This may imply that the students are of different val-
ues in mind of selecting the ‘best’. The Slovenian
students normally perceive academic performance
is the foremost critical value in the learning envi-
ronment, whilst students from Hong Kong do not
value academic performance as the sole criteria for
defining the ‘best’. It is quite interesting to know
that Hong Kong students may also refer to an in-
dividual’s charisma and attractiveness when they
have to choose the ‘preferred’ group mates. This
may be explained by the education background as
well as the cultural backgrounds that brought up
these groups of youngsters. However, for this, we
cannot make a conclusion at the moment until we
have some further investigations.

While there are no statistically significant differ-
ences between male and female students, in both
countries (Table 4), it thus implies that gender has
no significant influence on analyzed relations.

5. Conclusions

5.1. Practical implications

With the aim to explore how students’ percep-
tions on the others and their social network induce
influence of their academic performance, this study
has brought some important implications for en-
gineering education. Engineering programs and
courses to be constructive and facilitate potential of
students, should consider how the social networks
affect the learning performance of students. Under
the circumstances of team ‘stereotypes’, friendly
‘teams’ are found to be more likely to perform better.

Firstly, in this study, by applying the network
analysis, knowing what in the social network af-
fecting the learning performance is not sufficient to
foster the learning intention. The results imply that
students ascertain acquaintanceship is also impor-
tant to their learning, while they can feel being sup-
ported. Teachers should also pay more attentions to
understand how the students are working in teams.

Secondly, provided the friendship network is
very relevant to giving supports (psychological
and technical) and confidence to students. Social
learning theory holds that role model plays an
important role in providing learning motivation,
confidence, knowledge and resources [53]. The
opinion, suggestion and inspiration of the social
network models can be a powerful source of en-
couragement, recognition and qualification to stu-
dents. Also, being ‘recognized’ as well-performing
can be kind of motives toward students’ learning.
From this study, the relationship between reputa-
tion and academic performance is ascertained and
is also verified by the social learning theory [53].

Thirdly, creating facilitative and friendly atmo-
sphere and culture within the campus, is important
to learning, given the strong association between
normative belief and cultures. A supportive cul-
ture and social network help approve and validate
attempts of learning, hence improves the learning
intentions of students.

The abovementioned highlights responds to
the research questions posed early in this study,
it proves social network imposing sufficient ef-
fects toward learning among engineering students,
through the creation of ‘friendship’ or ‘acquain-
tanceship’. The application of network analysis
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demonstrated the appropriateness of application
of analytic approach on the exploration of asso-
ciations among factors within a network.

Limitations and future research

With the promising results obtained, there are
limitations in this study are also identified. First,
both student groups in this study are of relatively
small and homogenous learning groups. Though
to us acceptable, studying social phenomena using
small sample size is not unusual in social network
research [33], but from statistical point of view it
is difficult to generalize the findings with a rela-
tively small sample size. Therefore, we hope that
findings of this study can be further extended for
better generalization.

Furthermore, students participating in this study
are from different cultural background, while this
research is limited to comparison between stu-
dents groups of only two countries. Though we
have attempted to control the samples by select-
ing all samples from engineering programs, but it
is still advised to generalize the findings by col-
lecting data from other social setting of different
social structures.

It is believed that the findings of this study offer
a good stepping stone for further studies, ideally
employing larger samples from different cultural
and social backgrounds. Lastly, longitudinal ap-
proach may also be adopted so as to have a better
picture of the social structure over time.
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Abstract

A new mode of learning named mobile learn-
ing is gradually well known to all with the develop-
ment of information technology. However, it is not
guaranteed that all the new systems of m-learning
would be accepted effectively by the users. The
Technology Acceptance Model for Mobile Learn-
ing (MLTAM) is proposed in this paper as a way to
analyze the acceptance before actual deployment of
a new system. We analyzed the relevant variables
affecting the users to accept the mobile learning
based on the theoretical framework of technology
acceptance model 3(TAM3) in this paper. A survey
about the acceptance of mobile learning was con-
ducted with 275 valid samples of different groups
via the Internet. We used SPSS and Amos as the
statistical methods to measure the explanatory abil-
ity of the model. The result shows that it is viable
to explain the acceptance of mobile learning using
TAM3 with strong stability; Systematic cognition,
social impact and perceived ease of use affect posi-
tively to the perceived usefulness; System charac-
teristics, individual differences affect positively to
the perceived ease of use; perceived ease of use and
perceived usefulness affect positively to the mobile
learning intention; mobile learning intention affects
positively to the behavior. This fact makes MLTAM
easy to implement and use for forcing the develop-
ment of m-learning.

Key words: technology acceptance model
3(TAM3), mobile learning (m-learning), mobile
phone

1. Introduction

In recent years, with the constant fusion of mo-
bile communications and computer technology
and the growing popularity of technology of wire-
less mobile, Bluetooth and WAP, the new concept
named mobile learning came into being. Mobile
learning is the extending of e-learning, which is the

reflection of education needs and career develop-
ment needs of people in knowledge and economy
society. With the work flow frequently and time
tension of people in modern society, it caused more
people to pursue new methods of learning and self-
improvement. Mobile learning is considered to be
a new learning mode, or will be an indispensable
learning model in the future. According to the 34th
statistical report of China Internet development by
China Internet network information center, up to
June of 2014, the number of Internet users reached
632 million in China, and Internet penetration is
46.9% [1]. Internet is developed from extensive to
deep, which profoundly changed the life of users
through the Internet applications. Along with the
deepening applications of Internet, the resources
of mobile learning appeared endless, such as open
class of Khan Academy, Sina classes and so on.
Whether the mobile learning could be accepted ef-
fectively by users is the key factor to the success
promotion of mobile learning.

Most mobile learning models focus on the tech-
nology acceptance model. A well-known model to
predict technology usage is the Technology Accep-
tance Model (TAM) [2] [3], which is based on the
theoretical framework of “the intention affects posi-
tively to the behavior” and the users’ perceptions re-
garding the system usability and usefulness. Many
models inspired by TAM had been designed [4],
for instance TAM2 [5], UTAUT [6] and TAM3 [7].
TAM?2 is a model to explain perceived usefulness
and behavioral intention through two dimensions
of social and cognition tools. The Unified Theory
of Acceptance and Use of Technology (UTAUT) is
another one, being very effective in predicting the
acceptance of IT solutions. TAM3 is an integrating
model with identifying determinants of perceived
usefulness and perceived ease of use.

In contrast, TAM3 was proposed in 2008. Up
to now, the further study of mobile learning using
model TAM3 is few, and the empirical research of
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mobile learning based on TAM3 also is few, there-
fore, we attempted to use the theoretical model of
TAM3 to analyze the affecting variables of users’
acceptance of mobile learning in this paper. Next
section reviews the related work. Section 3 pres-
ents the research design. Section 4 evaluates the
acceptance model of mobile learning. Section 5
presents the conclusions and discussions.

2. Related work

2.1. Review of general studies in mobile
learning

Mobile learning refers to study at any time, any
place by mobile devices, such as to read, to do open
discussions, to learn a foreign language. Most study
of mobile learning developed since 2000, although
many scholars have devoted a great deal of enthu-
siasm for mobile learning, the research has been
developed slowly due to the limitations of tech-
nology in previous years. Until recently, with the
rapid development of mobile devices and wireless
networks, the works on mobile learning presents
unprecedented development rapidly.

Many scholars paid attention to the research
field of mobile learning and formed a series of re-
search results, which contained three main levels.
Firstly, most scholars had hold positive views on
the future of mobile learning. Motiwalla [8] ar-
gued that the prospects of mobile learning would
be bright, the key restricting factor to develop the
mobile learning would be the technical level. Sec-
ondly, some scholars had done research on the fac-
tors of mobile learning. Selim [9] pointed out that
teachers, students, information technology and sup-
port of schools were the key factors affecting the
success of mobile learning. Vavoula [10] noted that
the influencing factors of mobile learning evalua-
tion included obtaining the context, measurement
process and results, respecting the privacy of learn-
ers, the usability and accessibility of mobile access
technology, wide range of organizations and the so-
cial aspects of culture and forms of assessment. Liu
Aijun [11] analyzed the four factors influencing ac-
ceptance of mobile learning, such as mobile devic-
es, mobile learning acting, learning resources and
cognition situation. Although the mobile learning
is widely accepted, lack of professional resources

Volume 10 / Number 2 / 2015

or less ease of use would be the main factor caus-
ing user’s dissatisfaction. Thirdly, some scholars
had analyzed the mobile learning with models [12]
[13]. Park SY.[14] constructed the mobile learning
mode from seven dimensions, including self-effica-
cy, subjective norms, system functions, perceived
usefulness, perceived ease of use, learning attitudes
and intentions based on the technology acceptance
model (TAM). Gu Xiaoqing [15] finished an inte-
grated model in the basis of the successful model
of information system and technology acceptance
model, and pointed out that the experience was the
key factor of users’ adoption of mobile learning.
Xie Aizhen [16] had done the research about col-
lege students’ willingness of mobile learning based
on the UTAUT model, and she thought that the fac-
tors impacting on the mobile learning were expect-
ed as performance, expected effort, community and
the perceived of interest.

2.2. Technology Acceptance Model 3(TAM3)

Venkatesh and Bala proposed the theoretical
framework of TAM3 with a clearer explanation of
model TAM3 (Fig.1) [5]. The figure shows that the
perceived usefulness and perceived ease of use are
determined by four different factors, which con-
tain individual differences, system characteristics,
affectivity for working in teams and conveniences.

individual | N
differences 7

perceived
usefulness

system
.. > A
characteristics
social
influence perceived

ease of use

Behavioral
intention

Using behavior

conveni ‘ »

Figure 1. The theoretical framework of TAM3

TAM3 states that the determinants of perceived
usefulness include affectivity for working in teams,
system cognition and perceived ease of use. Affec-
tivity for working in teams refers to the perceived
boot process of different aspects of the informa-
tion technology with different individual in differ-
ent social processes and mechanisms, which also
refers to the impact on the users who perceived
whether the significant person around him is using
the information technology. Perceived usefulness
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could be explained with two related variables,
which are social norms and user perceived im-
ages. System cognition represents the supporting
degree of users to use information technology by
organization, which could be explained with three
related variables such as work relevance, quality
of output, demonstrations of result. Other more,
perceived ease of use is the important influence
factor of perceived usefulness.

TAM3 also states that the determinants of the
perceived ease of use conclude individual differ-
ences and system characteristic. Firstly, individ-
ual difference refers to the factors effecting the
perceived usefulness and perceived ease of use
in personal characteristics or demographic vari-
ables, which could be explained with the factors
such as sense of self-efficacy, anxiety, sense of
entertainment and external control sense. Further-
more, sense of self-efficacy refers to self percep-
tion of users to finish specific tasks by information
technology; anxiety refers to the possible anxiety
levels of users using the information technology;
sense of entertainment refers to the levels of per-
ceived entertainment during the interaction be-
tween users and devices; external control sense re-
fers to the users’ perceived level about related re-
sources. Secondly, System characteristic refers to
the prominent features of personal likes or dislikes
in a system to help the users to perceive usefulness
or ease of use, which could be explained with the
factors of perceived pleasure and objective possi-
bilities. Furthermore, perceived pleasure refers to
the possible pleasantness of users to use the specif-
ic information technology; objective possibilities
refer to the actual level of users’ effort to finish the
same task with different technology.

Perceived usefulness and perceived ease of use
play a decisive role to the behavioral intention of
mobile learning by users, and behavioral intention
plays a decisive role to the using behavior of mo-
bile learning by users.

3. Research design

3.1. Work hypotheses

Since the previous description of MLTAM is
made on a tentative basis, it is necessary to validate
the assumptions made. Therefore we have defined

various work hypotheses, which are presented be-
low. We built the relatively simple work hypotheses
on the acceptance model of mobile learning by eight
factors, which are affectivity for working in teams,
system cognition, system characteristic, individual
differences, perceived usefulness, perceived ease of
use, behavioral intention and using behavior based
on the theoretical framework of TAM3 (Figure 2).

H1: Affectivity for working in teams, system-
atic cognition, perceived ease of use affect posi-
tively to the perceived usefulness of mobile learn-
ing by users.

Hla: Affectivity for working in teams affects
positively to the perceived usefulness of mobile
learning by users.

H1b: Systematic cognition affects positively to
the perceived usefulness of mobile learning by users.

Hlc: Perceived ease of use affects positively to
the perceived usefulness of mobile learning by users.

H2: Individual differences and system charac-
teristic affect positively to the perceived ease of
mobile learning by users.

H2a: Individual difference affects positively to
the perceived ease of mobile learning by users.

H2b: System characteristic affects positively to
the perceived ease of mobile learning by users.

H3: Perceived usefulness affects positively to the
behavioral intention of mobile learning by users.

H4: Perceived ease of use affects positively to the
behavioral intention of mobile learning by users.

H5: Behavioral intention affects positively to
the using behavior of mobile learning by users.

affectivity for

L la
working in teams

perceived

usefulness N\ H3
Hi1b X
Behavioral | H5 |  Using
Hle intention | behaviors
H2a
perceived H4
ease of use
H2b

Figure 2. Work hypotheses on the acceptance
model of mobile learning

system
cognition

individual
differences

system
characteristic

3.2. Scale design

We designed a scale for the technology accep-
tance model of mobile learning reference to rele-
vant literature and revised repeatedly based on the
situation of mobile phone applications. Final scale
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is comprised with affectivity for working in teams,
system cognition, system characteristic, individual
differences, perceived usefulness, perceived ease
of use, behavioral intention and using behavior. It
contains eight components with twenty-four ques-
tions. (Table 1)

Perceived usefulness was formally introduced
to the research field of information technology
when Davis proposed TAM theory. Davis and his
group [5, 6] usually used four questions to mea-
sure the perceived usefulness with good reliability
(Cronbach Alpha=0.95 and 0.92) [3], which were
improving work performance, productivity, effec-
tiveness, and discovering the usefulness of infor-
mation technology. For this reason, this study uses
four questions to measure perceived usefulness.

Perceived ease of use was formally introduced to
the research field of information technology as the
same time of perceived usefulness when Davis pro-
posed TAM theory. Venkatesh used four questions
to measure the perceived ease of use with good re-
liability via three measurement in different time

points(Cronbach Alpha=0.92,0.93 and 0.96) [20],
which were to interact with information technology
is clear and understandable, easy to use , easy to do
the right thing and to interact with the system with
less brainpower. Follow-up studies used the same
four questions [6], so this study uses four questions
to measure the perceived ease of use.

Behavioral intention was measured in three as-
pects: intending to use information technology in
the next month, predicting to use the information
technology in the next month and planning to use
information technology in the next month, which
was proposed by Venkatesh, Davis and their group
in 2003[6] and with good reliability via six mea-
surement in different time points (Cronbach Al-
pha=0.88 and 0.92) [5]. So we use the same mea-
suring method in this paper.

Using behavior was measured in two aspects,
the using breadth and depth which was proposed by
Burton-Jones [21] who had done deep research in
using behavior. Using breadth is measured by fre-
quency of use and using depth is measured by usage.

Table 1. Related indexes of scale for the acceptance model of mobile learning

Type Theoretical components Related indexes References
t t .. .. social norms .
An'eceden Affectivity for working in teams = Devaraj et al. ,2008['";
variable user perceived images
An . erceived pleasure
Fecedent system characteristic P — D T Agarwal et al.,20000%;
variable objective possibilities
sense of self-efficacy
An o . anxie
Fecedent individual differences Yy . Gao Furong,20100"!
variable sense of entertainment
external control sense
Antecedent work relevance
variZf)Te en system cognition quality of output Gao Furong, 20101
demonstrations of result
improving performance
. improving productivi .
An‘Fecedent perceived usefulness - D - £P . i Venkatesh&Davis,20005!
variable improving effectiveness
discovering usefulness
clear and understandable
. easy to use
An‘Fecedent perceived ease of use Y ; : Venkatesh,2000 27
variable easy to do the right thing
requiring less brainpower
intending to use
Outcome L . —r ©
variables behavioral intention predicting to use Venkatesh et al.,2003
planning to use
. . frequency of use Burton-
Ou‘Fcome using behavior quency o1 u urton ’
variables usage Jones&Hubona,2006!)
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4. Model evaluation

Many studies have suggested that Internet sur-
vey has more advantages than the traditional sur-
vey, such as low cost, high speed, accuracy, flex-
ibility, multimedia, across space and time, fixed
time[22][23]. So the questionnaires of this paper
were collected via Internet. The questionnaire is
measured according to Likert scale of five points,
1 indicates very unfavorable, 2 indicates unfavor-
able, 3 indicates neutral, 4 indicates favorable, 5
indicates very favorable.

4.1. Data collection

There are 275 valid samples in this survey. The
number of male is 124(45.1 percent), and female
is 151(54.9 percent). Respondents include college
students (86 percent) and staft (14 percent), whose
age mainly between 20 and 30. The majors of re-
spondents are different, such as management spe-
cialty (42 percent), science specialty (16 percent),
literature and history specialty (13 percent) and so
on. The questionnaire is submitted through mobile
phone (47 percent) or computer (53 percent). Re-
sult shows that the average amount of time as us-
ers spending on line with mobile phone is nearly
three hours every day, in which about one hour
is to learn new things. That is to say, the users of
mobile phone would spend certain time every day
on the Internet, and also prefer to spend nearly one
third online time to do learning.

The data process is completed by SPSS and the
model is build, tested and corrected by AMOS.

Table 2. Test result of reliability and validity

4.2. Obtained results

We used inherent reliability Cronbach’s Alpha
to test the reliability in this paper. The total Cron-
bach’s Alpha is 0.964 and the Cronbach’s Alpha
of all variables were more than 0.80. So that the
internal reliability of this study scale is good.

We used KMO (Kaiser-Meyer-Olkin) and
Bartlett’s Chi square value with the method of
factor analysis to test the construct validity. The
KMO value of most variables is above 0.7 except
the outcome variables of behavioral intention and
using behavior. Since the KMO value below 0.5
is considered unsuitable for factor analysis, the
value in this test is all acceptable. The significance
level of Bartlett’s spherical test of all variables is
0.000(p<0.001). Therefore, the construct validity
of this scale is good. As shown in Table 2.

4.3. Model validation

The structural equation model of mobile learn-
ing acceptance is tested by AMOS. Referring to
international general evaluation standard, we test
the model with the following measured indicators:
Chi-square value (p), Chi-square/Degrees of free-
dom, GFI, AGFI, NFI, TLI, CFI, RMSEA and IFI.
The results of assumption model and fitting mod-
els are shown in Table 3.

As shown in Table 3, assumption model is fit-
ted repeatedly to get model A4 eventually, the in-
dicators of which are meet the judge guideline of
structure equation model except Chi-square value
(p). The main reason might that the Chi-square
value (p) is affected by sample size easily. Gener-

Number of Bartlett’s spherical test
. Cronbach’s | KMO
Latent variable measurable i Test | Approxima-te | Degreeof | Significance

variables Chi-square freedom level
affectivity for working 2 0829 | 0.794 622 15 0.000
1n teams
system characteristic 2 0.895 0.848 1090 15 0.000
individual differences 4 0.841 0.724 468 6 0.000
system cognition 3 0.893 0.883 1273 36 0.000
perceived usefulness 4 0.847 0.750 487 6 0.000
perceived ease of use 4 0.841 0.724 468 6 0.000
behavioral intention 3 0.860 0.695 425 3 0.000
using behavior 2 0.881 0.500 264 1 0.000
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Table 3. Fitting results of technology acceptance model for mobile learning

model | p>0.05 | CMIN/DF<3.0 |GFI>0.90| AGFI>0.80 NFI>0.90| TLI>0.90 | CFI>0.90 RMSEA<0.10 | IFI>0.90
Al | 0.000 6.118 0.784 0.674 0.822 0.788 0.845 0.137 0.847
A2 | 0.000 4.798 0.819 0.694 0.874 0.840 0.896 0.119 0.897
A3 | 0.000 3.077 0.908 0.794 0.939 0.913 0.957 0.088 0.958
A4 | 0.000 2.883 0.916 0.809 0.944 0.921 0.962 0.084 0.962

Table 4. Standardization factor load of each latent variable

Latent variable factor standardization factor load
. . social norms 0.41
affectivity for working in teams : :

user perceived images 0.48
. perceived pleasure 0.80

system characteristic — e
objective possibilities 0.76
sense of self-efficacy 0.77
individual differences anxiety . 0.08
sense of entertainment 0.65
external control sense 0.72
work relevance 0.58
system cognition quality of output 0.88
demonstrations of result 0.62
improving performance 0.42
perceived usefulness ¥mprov?ng produ.c tvity 0.88
improving effectiveness 0.76
discovering usefulness 0.90
clear and understandable 0.69
erceived ease of use casy [0 use 0.60
P easy to do the right thing 0.68
requiring less brainpower 0.60
intending to use 0.78
behavioral intention predicting to use 0.78
planning to use 0.69
using behavior frequency of use 0.73
usage 0.68

ally, we think model A4 is acceptable and fitting
well as acceptance model for mobile learning ac-
cording to integrated judge of other indicators. So
the model proposed in this paper is right basically.

4.4. Factor analysis

We carried out validating factor analysis in or-
der to understand and evaluate the influence de-
gree of latent variables on index system. The value
of standardization load factor of latent variables in
the model almost is greater than 0.5, as shown in
Table 4. That is to say, the latent variables in this
research could be explained and measured by the
questions in this research.

4.5. Path coefficient

We also got path coefficient by model test, as
shown in fig.3.The result shows that the eight num-
ber of standardization path coefficient all above
0.01 and reached significance level, which means
the eight work hypotheses in this paper is reason-
able. The important factors influencing perceived
usefulness include system cognition, affectivity
for working in teams and perceived ease of use in
order. The important factors influencing perceived
ease of use include system characteristic and in-
dividual differences in order. The important fac-
tors influencing behavioral intention of users to do
mobile learning include perceived usefulness and

Volume 10 / Number 2 / 2015

209



technics technologies education management

perceived ease of use in order. Behavioral inten-
tion impacts on the using behavior directly.

affectivity for 23

working in teams
perceived

usefulness 51

system cognition 74

04 i intention P using

individual
) 37
differences ,
perceived ease of 83
the use
system
7

Figure 3. Path coefficient of structural equation
model

5. Conclusions and discussion

The mobile learning environment is dynamic,
collaborative and its supporting software is chang-
ing all the time, according to the evolution of tech-
nology opportunities. M-learning organizations
and other highly competitive service providers
have to deal with this issue.

It is analyzed the relevant variables affecting the
users to accept the mobile learning based on the
theoretical framework of technology acceptance
model 3(TAM3) in this paper. We also test the ro-
bustness of TAM3 further. The result shows that
TAM3 model has strong stability, which is feasible
to explain the acceptance model of mobile learning.

System cognition, affectivity for working in
teams and perceived ease of use affect positively
to the perceived usefulness, in which system cog-
nition explained by work relevance, quality of
output and demonstrations of result has greatest
impact on the perceived usefulness, but perceived
ease of use has the weakest impact on it. That may
be explained that the perceived ease of use has di-
rect impact on behavioral intention as the develop-
ment of information technology continually. And
the influence degree from perceived ease of use to
perceived usefulness is waning.

System characteristics and individual differ-
ences affect positively to the perceived ease of use.
System cognition explained by perceived pleasure
and objective possibilities has more impact on the
perceived ease of use. Meanwhile, the individual
difference has less impact on the perceived ease of
use. The possible reason may be that the individu-
al differences between users reduced gradually as
the popularity of mobile phone applications.

Perceived ease of use and perceived useful-
ness affects positively to the behavioral intention
of mobile learning by users. Perceived ease of use
has more impact on the behavioral intention of
mobile learning by users. That may be explained
that the usefulness of mobile learning by users has
been recognized by more and more people. If the
mobile learning application system can interact
more pleasant and convenient, it will attract more
users to participate in mobile learning. Behavioral
intention affects positively to the using behavior
of mobile learning by users. That is to say, the in-
tention impact on the using behavior directly.

Although the preliminary results are encourag-
ing, the model needs to be applied in more orga-
nizations to determine its real strengths and weak-
nesses. Since the experimental work was done in
China, we cannot ensure the model suitability to
other cultures. A next step in this research initia-
tive considers applying the acceptance model of
mobile learning in a larger number of samples,
even in other countries. The model can also be
used to determine the suitability of technological
solutions similar to mobile learning.
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Abstract

Aim of the research was to compare balance
ability of karate athletes to tackwondo and box-
ing athletes. It is hypothesized that due to move-
ment structure karatekas should perform better in
balance tests. Thirty athletes performed balance
ability test protocol on Byodex Balance system.
Byodex balance system is apparatus made interlay
as stationary platform. System measures and asses
dynamic stability true numeric output of three in-
dexes — overall, medial-lateral, posterior anterior
stability index. When balance is assessed aim is
to maintain dot mark on monitor using balance
board. Results reveled similar values of balance
indexes for all three group. Karetekas had signifi-
cantly better balance ability of the dominant leg
compared to boxin group. In overall it is conclud-
ed that all three groups of athletes tend to have
similar balance ability, and that karate athletes do
not differ from boxers and tackwondo fighter.

Key Words: Byodex Balance system, equilib-
rium, martial arts,

Introduction

Balance can be described as the ability of main-
taining optimal magnitude of the center of body
posture (CoP) displacements in area of supporting
foundation without risk of falling. Act of main-
taining, or restoring balance during any activity is
postural control [1]. Balance and postural control
have significant role in maintaining movement
patterns characteristic for each sport. Physical ac-
tivity can improve balance ability [2]. Sport ath-
letes when compared to the non-active population
showed greater levels of balance ability [3]. One
study [4] provided information’s about differences
in levels of balance ability among athletes of dif-
ferent sports. According to the reported results,
highest balance ability level were found among
gymnastics athletes, followed by soccer players,
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swimmers and control subjects [4]. Basketball
players tended to have the worst balance ability.
To author’s knowledge modest researching has
been conducted on balance ability where char-
acteristics of athletes were considered. Combat
sports are classified by weight categories. It is im-
portant to know that height, body mass, body fat,
muscle mass and water percentage as well as BMI
can influence level of balance ability [5] for adults
disregarding the fitness level. Dynamic balance is
the ability to maintain center of posture (CoP) with
maximal movement without losing stabile body
position. Dynamic balance is important for sports
excellence. Tests of dynamic balance, unipedal or
bipedal with eyes open or closed, are usually used
for the assessment of the balance ability [4]. In
combat sports like karate, or tackwondo it is im-
portant to adjust CoP position since the center of
gravity is continuously moving according to situ-
ation in fight. To the authors knowledge, a modest
researching has been conducted for determining
differences between karate, tackwondo and box-
ing. Three relatively similar sports, in compari-
son of movement pattern, but different in terms
of the technical and tactical demands [6]. Boxing
athletes are using punches, tackwondo use most-
ly kicks and punches with spherical movement
while karate athletes use various hitting combina-
tions ending up without physical contact. Combat
sports when compared to the other sports activities
have proven to be dominant in balance abilities,
specially judo athletes dominate in static and dy-
namic balance with eyes shut or open [7]. Why
balance ability is important for this type of com-
bat sports? Balance is mostly put in relation with
precision, key component of fighting. This is es-
pecially important for boxers and karate athletes.
In theory pattern movement, barefoot practicing,
hitting control and rules could be responsible for
deduction and higher level of the balance in karate
athletes. Why is this important? If it is possible
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to estimate which combat sport has the best train-
ing transfer to the balance ability, specific combat
sport could be used to develop postural control
maintenance in elderly since practicing of com-
bat sports is very popular. Kata as form of karate
could present an ideal way of practicing.

Aim of the research was to compare dynamic
balance ability between different combat sports
activity in relation to karate athletes. We hypos-
tasized the fact that athletes of different combat
sports might have different levels of balance abil-
ity. By reviewing literature it was noted that karate
athletes might have better balance due to pattern
developed by sport demands.

Material and Methods

Sample characteristics

Sample represents thirty (n = 30) healthy male
athletes divided in three subgroups of ten (n = 10)
Karatekas, Tackwondo and Boxing fighters. All
athletes were international level competitors with-
out injuries or condition that might affect study
outcome. Each subject was verbally informed
about testing protocol and signed written contest
as for minor’s team coach signed the same ap-
proval. The study was conducted according to
declaration of Helsinki committee. Sample char-
acteristics are displayed in Table 1.

Balance ability assessment protocol

Postural balance ability was assed using Bio-
dex Balance System (BBS - Model 945-300, Bio-
dex Medical Systems; Shirely, New York). Sys-
tem works by determining level of balance plate
movement and quantifies it trough three stability
indexes: overall stability index (OSI), anterior-
posterior stability index (APSI) and medial-lateral
stability index (MLSI) [8]. Testing procedure con-
sisted of riding bicycle ergometar for 5 minutes
on 35 W and 3 minutes on 70 W after which bare-
foot subjects performed bilateral and unilateral
stand tests [9, 10] at level 4 difficulty (moderate
difficulty). Before measurement was taken stand-
ing position on balance board was entered and 3
trials of balancing for 20 sec. with 30 sec. pause
in between were performed. Same procedure was
undertaken for dominant and lesdominant leg.
Participant’s legs were slightly knee banded (15°-
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20°) and arms were placed in front of center of
posture (CoP) during the procedure.

Statistical analysis

All data have been recorded on spreadsheet
to be adequate for the analysis. Basic measures
of data dispersion and Shapiro — Wilk’s test were
used to evaluate normality of data distribution.
One-way ANOVA was used to determine signifi-
cant differences between groups of the athletes
in stability indexes. LSD post — hoc test has been
used to analyze significant differences among
each group of sport subjects for all stability index-
es. Significance level was set at P < 0.05.

Results

According to Shapiro — Wilk’s test all data are
normally distributed. According to results from
Table 1 differ in height, age, body mass and BMI
were not found. Results reveal insignificant differ-
ences (p > (.05) for bilateral static balance ability
between combat sports. Insignificant differences
between subjects were reveled in unilateral (domi-
nant and lesdominant leg) balance abilities as well.

Post-hoc test results have marked exact least
significant differences between at least two
groups. No significant differences were found in
bilateral stance balance ability and in lesdodinant
leg balance ability between subjects of different
combat sports. Karate group showed significantly
lower values for stability indexes of the dominant
leg from boxing group, (OSId (p = 0.040), APSId
(p =0.021) and MLSId (p = 0.024) ). Other differ-
ences were statistically insignificant.

Table 1. Sample characteristics

Karate Taekwondo Boxing

(n=10) (n = 10) (n = 10)

mean+SD mean+SD mean+SD

Height | 1 c1 31696 | 18134943 | 181+4.62
(cm)

Age 194245 20£3.56 | 19.8+4.26
(years)

%{ags)s 77.78+11.49 | 74.89+12.85 | 77.65+14.12

BMI | 22812245 | 22.6+1.96 | 23.6+3.45
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Table 2. Results of ANOVA and LSD post - hoc tests

Karate Taekwondo Boxing p - value
OSI 5.42+£239 4.31+1.67 5.31+£2.79 0.511
APSI 427+2.1 3.19+1.28 4.28+£2.26 0.509
MLSI 3.42+1.51 3.11+1.1 3.42+1.7 0.861
OSId 2.77+0.88%* 3.88+2.29 4.48+1.84 0.110
APSId 2.25+0.8%* 3.15£1.6 3.81£1.7 0.066
MLSId 1.7940.44%%* 2.37+1.78 2.54+0.85 0.061
Osll 3.25+1.41 3.31+1.03 3.81£1.72 0.685
APSII 2.74+1.3 3.3942.24 3.24+1.76 0.780
MLSII 1.9+0.64 2.13+0.79 2.11£0.72 0.713

* significantly different from boxing group data are presented as mean+SD

Discussion

Results and outcomes of the study are confi-
dent and measuring devices used is reliable and
very precise. Sample is representative and homog-
enous in relation to the age, height, weight, BMI
and training experience. By inspecting the results,
it is notable that in general no difference between
balancing levels exits. Karate, tackwondo and
boxing have similar balance abilities measured
using BBS. Significant differences were observed
in favor of karate subjects compared to boxers and
tackwondo fighters for balance ability of domi-
nant leg. Significantly higher differences were
expected between three of this combat sports due
to their specific demands. This results and study
outcomes revile that combat sports do not differ in
balance level abilities. Relatively small amount of
time combat athletes spend in developing balance
ability. Athletes of combat sports usually have bet-
ter balance ability then non athletes due to devel-
oped strength of the ankle [11, 12]. Karate is prac-
ticed barefoot so this could represent a factor that
improves stability and balance in karate athletes.
Long term practicing of karate can result in im-
provement of postural control [13]. [14] revealed
that number of karate hours can decrease postural
sway. This explains that karate has the advantage
when balance development is required. Further-
more one research [15] judged karate training ef-
fects during the 6 month period on subjects who
practice karate in relation to group of similar char-
acteristics playing other sports, it was confirmed
that an improvement in a static body balance was
noticeable for karate practising group. Based from
the results of the study it is obvious that karate,
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boxing and tackwondo do not differ in balance
levels between. Karate athletes have better domi-
nant leg balance compared to boxing athletes.
Possible explanation of this result might be given
in interpretation of the leg stance when fighting.
Boxing, two legs stance presents much more sta-
bile position for conducting the punch, avoiding
attack. Most of the hits performed in fight is per-
formed on two legs base support. On the other
hand, karate athletes perform their kicks mostly
single leg based on the ground. Practising kata ka-
rate athletes have better development of the static
balance ability [16]. But why tackwondo fighters
do not have better balance then boxers maintains
the question for further investigation.

Potential limitation of the study might be small
sample size, and researching on topics of the dif-
ferences between combat sports. Every further
explanation is on speculation level, not based on
facts. Further analyzing is needed to gain maxi-
mum explanation why karate athletes have better
balance ability for dominant leg.

Conclusion

Based on the facts and study outcomes, it is
obvious that there is no significant difference in
balance ability between karatekas, tackwondo and
boxing fighters. This indicates that training adap-
tation has relatively same effect on the balance de-
velopment in these combat sport athletes. Karate
athletes achieved better results in balance test of
the dominant supporting leg. However it is obvi-
ous that balance is important for competitive suc-
cesses [17]. A further researching is must if bal-
ance abilities differ from combat sports athletes.
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Abstract

The purpose of this paper is to propose an in-
structional approach that may integrate the acqui-
sition of knowledge and inculcation of 21 century
skills in chemistry education. Many studies have
found that digital game-based learning is an effec-
tive way to enhance academic achievement and
promote 21* century skills. Effort has been done
by many researchers and educators to develop dig-
ital games to be used in the classroom. However,
there are many obstacles to implementing the stu-
dents as game consumers approach in the educa-
tional settings. One alternative approach offered
by some researchers is to allow students to take
on the role of game designers, developing digi-
tal games during teaching and learning process.
It is believed that this approach can create a plat-
form that allows students to deepen subject con-
tent knowledge, and practice various 21% century
skills in real situations. Based on this approach,
MyKimDG Module has been developed. This pa-
per presents conceptual framework of MyKimDG
and demonstrates a brief lesson in MyKimDG to
the teaching and learning of Qualitative Analysis.

Key words: chemistry learning, construction-
ism, constructivism, digital game-based learning,
learning through designing, 21% century skills

1. Introduction

Malaysia is required to produce students who are
capable of becoming the innovators in science and
technology (S&T) in order to compete in the job
market of the 21% century as well as to trigger the
country’s economic growth. To become innovators
in S&T, students must be STEM (Science, Tech-
nology, Engineering and Mathematics) literate and
have mastery of various new skills that are known
as the 21* century skills. STEM literate students will
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be capable of identifying, applying, and integrating
the STEM concept to understand complex prob-
lems and generate innovation to solve the problems
[1]. 21* century skills are needed to enable students
to face challenges in the global economic market of
the 21% century [2]. [3] and [4] have proposed that
students’ achievement in the 21% century should be
expanded further and emphasis should be given
simultaneously on improving academic achieve-
ments and the 21 century skills. In Malaysia, [5]
has identified five important clusters of 21* century
skills which need to be integrated in the Malaysian
science curriculum, namely digital age literacy, in-
ventive thinking, effective communication, high
productivity, and spiritual values. These skills have
also been applied in science education in Indonesia,
for example [6].

In line with the current global changes as well
as the national vision and mission, Malaysia has
concentrated its efforts to increase the number of
students enrolling in science streams and students’
capability in STEM literacy. The 60:40 (Science/
Technical: Arts) Policy has been launched and the
Ministry of Education (MOE) has given emphasis
on the strengthening of STEM education. In or-
der to improve the STEM literacy ability, students
need to have strong basic science (apart from math-
ematics) knowledge, especially chemistry. This is
because chemistry knowledge is fundamental for
innovation, scientific literacy and problem solving
[7], and is really required to study many areas of
science, technology and engineering [8]. Therefore,
chemistry education in Malaysia in the 21% century
should be shifted towards integration of knowledge
acquisition and nurturing of 21* century skills to
ensure that students are equipped with knowledge,
skills and values that are relevant to the current
needs so that they can adapt themselves to the 21*
century work and social environments.
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2. Contexts of Problem

2.1 Problems in Learning Chemistry

Chemistry has been identified as a difficult sub-
ject. Chemistry concepts which are abstract is one
of the factors which cause difficulties in learning
chemistry. Preliminary survey involving 28 chem-
istry teachers and 518 students in one district in Ke-
dah revealed that the Salt chapter is considered the
toughest chapter in the Form Four Chemistry Cur-
riculum. Table 1 shows the mean score of the level
of difficulty of each chapter. The findings of this
needs analysis is consistent with the findings of [9].

The learning objectives of the Salt chapter in-
clude synthesising salts and synthesising qualitative
analysis of salts [10]. During the practical of Quali-
tative Analysis (QA), students need to plan and
carry out tests to identify anions and cations in the
unknown salt sample. The problem which causes
difficulty in QA is that students only have little un-
derstanding of the reactions occurred [11]. Lacking
of understanding of the reactions involved, students
tend to have difficulty understanding the procedures
and observations involved meaningfully.

Learning of the Salt chapter becomes even hard-
er if misconceptions occur. Based on the construc-
tivist theory, students construct their own knowl-
edge through personal interaction with natural phe-
nomena and social interaction with adults and peers
[12]. As a result, students already have their own
ideas before attending the formal teaching of sci-
ence in school. Students’ ideas might be different
from the idea or concept adopted by scientists and
is known as misconception. In the chapter of Salt,

chemical reactions and physical changes involved
include solubility, precipitation, displacement, ther-
mal decomposition and acid-base reaction. Studies
showed that students have misconceptions about
those physical and chemical changes [13, 14].

This problem is critical because the failure
of students in mastering the chapter of Salt (and
any other chapters in the Chemistry Curriculum)
will have an impact on mastery of advanced S&T
knowledge. As an example, QA is one of the dis-
ciplines of Analytical Chemistry. Analyst will per-
form qualitative analysis before carrying out more
difficult quantitative analysis. Analytical chemis-
try play an important role in almost all aspects of
chemistry such as agriculture, clinical, environ-
mental, forensics, manufacturing, metallurgical
and pharmaceutical [15]. Hence, failure of stu-
dents in mastering the chapter of Salt will reduce
the competency of the students who will be the
S&T human capital of the aspect which plays an
important role in the nation’s development.

2.2 Students’ Achievement in 21* Century
Skills

As discussed, students who are competent in the
field of S&T need not only be required to be STEM
literate, but also master the 21* century skills. 21
century skills enable a person to remain relevant in
the living and working environments of the 21* cen-
tury which is complex and competitive [4]. Howev-
er, studies have reported that the level of 21% centu-
ry skills for Malaysian students is not encouraging
across all levels of education from the secondary
to the undergraduate level. For example, the results

Table 1. Mean score of the level of difficulty of each chapter in the Form Four Chemistry Curriculum

by students and teachers

Student Teacher
Chapter

Mean S.D. Mean S.D.
Introduction to Chemistry 1.61 0.71 1.36 0.62
The Structure of the Atom 2.15 0.77 2.14 0.65
Chemical Formulae and Equations 2.97 0.94 3.21 0.92
Periodic Table of Elements 2.92 0.89 2.64 0.62
Chemical Bonds 3.04 0.94 2.93 0.54
Electrochemistry 3.58 0.89 3.50 0.88
Acids and Bases 3.53 0.91 3.39 0.63
Salts 3.85 0.88 4.00 0.77
Manufactured Substances in Industry 3.28 0.96 2.75 0.80
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of PISA 2012 problem-solving test showed that the
achievement of Malaysian 15-year-olds in tackling
real-life problems is ranked 39th out of 44 partici-
pating countries [16]. A study by [17] demonstrated
that the 21 century skills of Form Four students is
at the moderate level. In addition, the findings of
the study by [18] involving 134 students revealed
that the mean score in the Malaysian 21*" Cen-
tury Chemistry Skills Test (CCST) is low. If focus
is placed on the information and communications
technology (ICT) skills, the studies by [19] and
[20] which involved Form Four and Pre-Universi-
ty (Form Six) students respectively showed that the
level of students’ ICT skills is low where students
are only moderately skilled in word processing and
weak in computer programming, spreadsheet and
databases applications. In relation to communica-
tion and problem solving skills, [21] reported about
evaluation from industry supervisors toward stu-
dents who are undergoing industrial training. They
found that the level of communication and problem
solving skills for undergraduate students is also at
the moderate level.

Overall, the problems in learning chemistry and
the level of students achievement in the 21% cen-
tury skills which are not satisfactory have raised
concerns on the lack of S&T human capital for the
country’s economic need in the year 2020. There-
fore, efforts need to be carried out to increase the
level of 21* century skills among students in ad-
dition to improving students’ achievement in the
chapter of Salt (especially chemical and physical
changes involved). Mastery of these chemical re-
actions and physical changes also helps students
to deepen their understanding in other chapters,
such as Acid and Bases, Thermochemistry, and
etc. The purposes of this paper are to (1) propose
conceptual framework for an innovative instruc-
tional strategy that may enhance conceptual un-
derstanding and develop the 21* century skills;
and (2) demonstrate an application of the new in-
structional strategy to the teaching and learning of
a specific chemistry unit in the chapter of Salt.

3. Digital Game-Based Learning

In order to help students improve their achieve-
ment in the topic of Salt and provide opportunities
for students to apply the 21* century skills, changes
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in teaching and learning (T&L) practices of chem-
istry is critical. This is especially more crucial when
dealing with the present students who grew up in
the digital world and are comfortable with digital
technologies. The contemporary T&L practices of
chemistry must be adapted to these digital natives
and also their way of learning [22]. The starting point
now lies in the creativity of the chemistry teachers to
apply T&L approaches that are innovative to meet
the needs of the digital generation students and sub-
sequently achieve the desired aspiration.

One approach that is gaining popularity is digi-
tal game-based learning (DGBL). As the digital
game is a medium favoured by students, hence
DGBL is a good strategy to achieve the learning
needs of students [23]. In Malaysia, [24] showed
that the majority (92.1%) of students involved in
the study were familiar with digital games. A sur-
vey conducted by the authors on 508 students from
a district in the state of Kedah showed that 98.8%
of students have played digital games. Table 2
shows the number and percentage of students who
have and have never played digital games. The
findings of the survey also found that 21.8% of
respondents who have played digital games used
more than 20 hours a week (i.e. at least 3 hours a
day) for playing digital games (Table 3). Thus, the
authors proposed a study that integrates DGBL in
the T&L of the Salt chapter.

Table 2. Number of students who have played and
never played digital games

Gender Have played Never played
Male 164 1
Female 338 5

Total 502 6
Percentage 98.8 1.2

Table 3. Number of hours (in a week) used by stu-
dents to play digital games

Number of hours Number of %
(in a week) students
Less than 1 hour 99 19.7
1 to 10 hours 209 41.6
11 to 20 hours 85 16.9
21 to 30 hours 44 8.8
31 to 40 hours 20 4.0
More than 40 hours 45 9.0
Total 502 100
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The study on DGBL was carried out through
two approaches, namely (1) learning through
playing digital games, and (2) learning through
designing digital games. Students played the role
as the consumer in approach (1) while in approach
(2) the students became the producer.

3.1 Learning through Playing Digital Games

In the learning approach through playing digi-
tal games, the students were involved as the con-
sumer/player of digital games developed by edu-
cators or commercial digital games in the market.
As commercial digital games were not designed
for instruction, there are problems such as the
contents are inaccurate or incomplete [25]. Hence,
some educators choose to produce digital games
for student use. Various suggestions have been
given by researchers to develop effective digital
games. For example, [26] has listed 16 learning
principles that can be incorporated into digital
games, such as interaction, challenge and consoli-
dation, system thinking and so on. [27, 28] also
highlighted the characteristics of digital games
(such as rules, goals, outcomes and feedback,
competition, interaction and representation) and
the ‘rules of engagement’ (such as goals, decisions
and discussion, cooperation and competition, fun
and so on) that make digital games engaging for
players. [29] also derived seven core elements of
well-designed games based on literature review
(such as interactive problem solving, specific
goals/rules, adaptive challenges, control, ongoing
feedback, etc.). Based on these recommendations,
researchers integrate the subject content, teaching
principles and characteristics of an effective digi-
tal game to create digital games which are usu-
ally known as serious games. Games that are used
for serious purposes (other than entertainment) is
known as serious games [30]. In theory, any digi-
tal game can be perceived as a serious game de-
pending on the actual use of the digital game and
players’ perceptions of the game experience [31].

Various benefits have been reported after stu-
dents play digital games which have been created.
The most significant benefit is increasing the mo-
tivation to learn [32, 33, 34, 35, 36, 37, 38] and
fostering 21* century skills such as collaboration
and problem solving skills [34], [39, 40]. However,
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there are many obstacles to implementing learning
through playing digital games. Studies have shown
that the effectiveness of educational digital games
may not be significant if the digital games were de-
veloped without applying appropriate learning strat-
egies [41]. Thus, the development of digital games
in education needs to take into account learning
theories and strategies. This results in the need to
consider the development time of such educational
digital games [42]. In addition, many digital game
players do not play educational digital games as
they do not find the game play in these games to be
compelling [43]. This happens because educational
digital games are designed by academics who do
not really understand the art, science and culture of
digital game design [25]. As a result, the product
has failed dismally as a game. [28] also raised this
issue and states °... the students had no input into its
creation, and the stuff came out cute to the adults,
but boring to the kids’. According to [28], a student
even told straight forwardly: ‘Don t try to use our
technology, you’ll only look stupid.

The approach which involved students as the
consumer of digital games has induced debate
about the students’ ability to transfer the skills
gained from the gameplay context to daily life. For
example, [44] points out that learning of problem-
solving skills in a virtual environment of gameplay
is difficult to transfer to a new context that is differ-
ent from digital games. For [45], this approach is
a replication of existing traditional approach where
the transmission of knowledge occurs in virtual
environment. Students are not given the authority
to make important decisions and take responsibil-
ity on their learning in such environment. It is only
when students are given opportunities to be actively
involved in the knowledge co-construction process,
they are more likely to acquire deeper understand-
ing of the knowledge as well as gain opportunity to
develop the 21 century skills.

3.2 Learning through Designing Digital Games

Some researchers, such as [46, 47, 48, 49], pro-
posed learning approach that allows students to
use ICT to design their own game, that is the stu-
dents become the producers of digital games. The
approach of learning through designing of digital
games (LDDG) is among the alternatives of DGBL.
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Studies on LDDG have reported that the LDDG
approach can contribute to environments that pro-
vide opportunities for students to explore ideas ac-
cording to their own interests [50], become active
participants and problem solvers, engage in social
interaction by sharing their designs and helping
each other, and take ownership of their own learn-
ing [51]. In addition, [52] has reported that LDDG
approach is a better way to increase student motiva-
tion and deep learning compared to the approach
of learning through playing digital games. With the
LDDG approach, students also acquire knowledge
of programming [53], develop ICT literacy to pro-
duce new things and develop new ways of thinking
based on the use of ICT tools [54]. Digital game de-
sign activities also open the door for young digital
game players to become producers of digital games
[54]. In Malaysia, [55] also found that LDDG ap-
proach can enhance the students’ knowledge in ad-
dition to creating a fun environment.

The potential of LDDG approach in improving
student motivation and engagement has also been
recognized by [28] and [45]. According to [45],
when students are given the autonomy to take re-
sponsibility for their own learning and co-design
learning experiences with teachers and other stu-
dents, they are more inclined to engage in their
own learning process. Hence, one way to do so is
by allowing students to become designers of their
own digital games based on their own interpreta-
tion of the school curriculum. For [28], students
will be motivated if they are allowed to do some-
thing extraordinary in learning at school and gain
recognition for producing digital games.

In brief, this LDDG approach can create a plat-
form or learning environment that allows students
to make decisions about the design of the desired
digital game, apply ICT and collaborate in a social
context to deepen subject content knowledge, and
practice various 21 century skills.

4. Theoretical Foundations of Learning
Through Designing Digital Games
Approach

The LDDG approach is inspired by two impor-
tant theories in learning and education which are
constructivism and constructionism [56].
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4.1 Constructivism

Constructivist theory focuses on the role of
students as knowledge builders. Among the ma-
jor theories that contribute to the growth of con-
structivism include Piaget, Vygotsky and Bruner’s
theories of learning.

Piaget’s theory explains how humans organize
information into the cognitive structure and ex-
plains how cognitive development occurs. Accord-
ing to Piaget, the new information is organized into
existing cognitive structures (schemata) through
two cognitive processes, namely assimilation and
accommodation. Piaget asserted that the two pro-
cesses of assimilation and accommodation which
are complementary and must occur simultaneous-
ly [57]. Piaget’s theory also explains the process
of ‘increasing equilibration’ as a key mechanism
in cognitive development. This process requires
equilibrium between assimilation and accommoda-
tion [57, 58] to seek for better equilibrium through
cycles of equilibrium, disequilibrium and re-equi-
librium. Equilibration therefore is a dynamic pro-
cess. According to [58], conflict situations can be
created to attain the goal. This means that cogni-
tive development can occur when disequilibrium or
cognitive conflicts are resolved [59]. The process of
equilibration aims to restore equilibrium or resolve
conflicts through the processes of assimilation and
accommodation which are complementary.

Other aspects in the constructivist theory in-
clude learning can be enhanced through social
interaction and discovery. Vygotsky believed that
learning is influenced by the social environment
and emphasized on the role of social interaction
in learning and cognitive development [60]. Col-
laboration between students with teachers or peers
provides scaffolding to students in the Zone of
Proximal Development to help them construct
knowledge. Meanwhile Bruner believed that
learning and problem solving are the result of the
exploration of new knowledge [61]. If students
discover knowledge and the relationships on their
own, they will gain a deeper understanding [62].

Briefly, the constructivist theory states that stu-
dents interpret new information based on existing
knowledge and then reconstruct the knowledge in
a form acceptable to him or her. Through social
interaction, triggering of cognitive conflict and re-
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structuring of ideas will occur when students share
their ideas from their own perspective. However,
no interaction would be beneficial if new informa-
tion is presented to students traditionally. Instead,
students should be given the opportunity to ex-
plore new knowledge.

4.2 Constructionism

The theory of constructionism is built on the
theory of constructivism which defines learning as
knowledge construction in the student’s mind. In
addition to the theory of constructivism, construc-
tionism suggests that the construction of knowl-
edge occurs felicitously in a context where stu-
dents are consciously engaged in the construction
of artefacts [63].

This theory emphasizes the role of designing
(such as making, building or programming) [64]
and external objects [44] in facilitating the learn-
ing process. Designer (student) creates external
objects (artefacts) using a variety of materials and
shares his or her artefacts as well as the artefacts’
design process with others. In this process, the de-
signer uses knowledge, ideas and skills as instru-
ment of personal power [65]. This means that stu-
dents apply concepts and skills learnt to construct
more complex concepts, ideas or theories. This
theory goes beyond the idea of learning-by-doing
as indicated by Papert [66] that ‘I have adapted
the word constructionism to refer to everything
that has to do with making things and especially to
do with learning by making, an idea that includes
but goes far beyond the idea of learning by do-
ing’. Apart from that, students will appreciate the
results of his or her own design because the design
is his or her personal intellectual statement or rep-
resentation. Ownership would exist even though
the result of the design is not perfect. This small
success will in turn encourage students to continue
to make exploration and eventually lead to greater
intellectual development and engagement.

Computers play a role in the constructionist
learning theory. Computers can be used as a build-
ing material [67]. According to [68], the use of
computers as building material adds unique and
powerful aspects to the learning process. The idea
of using the computer as a construction material
submitted by Papert is very different from the idea

of using the computer as a tutor, tool and tutee put
forward by [69]. For [68], a computer is a ‘ma-
terial to be messed about with’. Learning occurs
when students are ‘messing about’ with the com-
puter. The introduction of computers is also able
to change the context of learning [63]. Comput-
ers can serve as a convivial tool [70]. The will-
ingness of students to learn will increase because
students can use the computer in building artefacts
[63]. Papert has described that ‘The computer is
the Proteus of machines. Its essence is its univer-
sality, its power to simulate. Because it can take
on a thousand forms and can serve a thousand
functions, it can appeal to a thousand tastes’ [65].
However, he stressed that the main focus is not on
the computer but on the minds of students [65].
Additionally, constructionist learning theory
also appreciates the diversity among students.
According to [64], this theory recognizes that stu-
dents can build relationships with knowledge in
various ways. Constructionist learning environ-
ment empowers diversity of learning styles and
knowledge representations. Students can produce
artefacts which are significant to themselves based
on their interests, learning styles and their own ex-
perience using a variety of construction materials,
including ICT. The theory of constructionism also
recognizes the social aspects of learning and the
role of communities in learning. Papert [65] has
put forward the idea of the student community
and the use of computers to support collaborative
learning in his book titled Mindstorms. Commu-
nity members act as collaborators, coaches, au-
diences and co-constructors of knowledge in the
constructionist learning environment [64].
Constructionism proposed by Papert implies that
learning can be enhanced if students are involved in
collaborative artefact designing projects using ICT
as a construction material. Educators should encour-
age students to create prototypes or artefacts from
their own ideas. To support constructionist learn-
ing, environment that can stimulate intellectual de-
velopment and encourage project implementation
should be established. Besides, learning environ-
ment that is always bustling with activity and has
a wide range of construction materials, equipment,
books, ICT and so on that can be used throughout
the artefact construction project should be set up. In
addition, changes need to be carried out on peda-
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gogy, assessment and curriculum [71]. Traditional
curriculum model that involves the use of projects
as a way to help students learn a particular skill or
concept should be flipped to allow students to use
their knowledge and skills to produce something
that can be shared [71].

Both theories imply that learning really de-
pends on the students themselves and learning can
be enhanced through social interaction and dis-
covery. Thus, learning environment that provides
a variety ways of learning and collaborative learn-
ing activities should be developed so that the new
knowledge construction process can be facilitated.
LDDG approach is one of the approaches of learn-
ing based on both theories.

5. Conceptual Framework of MyKimDG

DGBL is a popular strategy in many countries
around the world. In Malaysia, although the in-
tegration of digital games in T&L is increasing-
ly emphasized by MOE, however, studies about
DGBL, especially LDDG approach is limited in
Malaysia. Indeed, even in the Handbook of ICT
across the Curriculum by the Curriculum De-
velopment Division [72], examples of modules
which involve the integration of digital games in
T&L only focused on student as consumers of dig-
ital games and digital games serve as a medium to
deliver knowledge and skills. This approach is in-
consistent with Jonassen’s [73] recommendations
that ICT should not be programmed merely as a
medium to deliver knowledge and skills. In the
handbook, no module was developed to involve
students as designers/producers of digital games.
To fill this vacuum, this study was conducted to
develop modules that show how LDDG approach
can be applied to help students build knowledge
about physical and chemical changes in the chap-
ter of salt (i.e. solubility, precipitation, displace-
ment, heat decomposition and acid-base reaction)
and to provide opportunities for students to foster
21% century skills. The authors named the module
as Malaysian Kimia Digital-Game (MyKimDG).
This study is important to generate new knowl-
edge regarding LDDG in the Malaysian context.

In MyKimDG, BSCS S5E instructional model
[74] that is based on the constructivist theory was
used to formulate the T&L steps. In addition, Cre-
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ative Design Spiral [75] was applied to help stu-
dents develop new ideas. Other instructional strat-
egies considered include the development phases of
helping students to design PowerPoint games suc-
cessfully by [76] and Qualitative Analysis Teaching
Package (QATP) [77, 78]. The conceptual frame-
work of this study is presented in Figure 1.

While learning chemistry/science, mastery of
concepts will be enhanced if students’ miscon-
ceptions can be detected and changed. However,
conceptual change truly depends on the students
themselves. According to [79] conceptual chang-
es involve the students recognizing their existing
ideas, evaluating these ideas, and making their own
decision on whether to reconstruct the existing
ideas. Among the strategies to promote conceptual
change is cognitive conflict strategy suggested by
[58] and [80]. Thus, the instructional model used
in MyKimDG is the BSCS 5E Instructional Model
designed to facilitate conceptual change [74]. This
model involves phases of Engagement, Explora-
tion, Explanation, Elaboration and Evaluation.
According to [81], this model includes student ex-
periences that (1) engage existing knowledge, (2)
motivates students to ask questions about discrep-
ant event, (3) encourages students to explore the
unknown, (4) ask students to explain their think-
ing and new understandings discovered, and (5)
allow students time to extend their understandings
to new situations of their own interests.

While learning chemistry/science, mastery of
concepts will be enhanced if students’ miscon-
ceptions can be detected and changed. However,
conceptual change truly depends on the students
themselves. According to [79] conceptual chang-
es involve the students recognizing their existing
ideas, evaluating these ideas, and making their own
decision on whether to reconstruct the existing
ideas. Among the strategies to promote conceptual
change is cognitive conflict strategy suggested by
[58] and [80]. Thus, the instructional model used
in MyKimDG is the BSCS 5E Instructional Model
designed to facilitate conceptual change [74]. This
model involves phases of Engagement, Explora-
tion, Explanation, Elaboration and Evaluation.
According to [81], this model includes student ex-
periences that (1) engage existing knowledge, (2)
motivates students to ask questions about discrep-
ant event, (3) encourages students to explore the
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Learning Theories
o Constructivism
e Constructionism

Instructional Model
e BSCS 5E Instructional

Model
: , Malaysian Kimia Outcomes
Creative Design Process .. e Enhance conceptual
e (Creative design spiral > anltal.-Gaze understanding
(Rusk et al., 2009) (MyKimDG) o Develop 21* century
Module dilic

Other Strategy

e The phases that students
need to complete in order
to be prepared to create
their own homemade
PowerPoint games
successfully (Rieber et
al., 2008)

¢ Qualitative Analysis
Teaching Package
(QATP) (Tan etal., 2004,
2009)

Figure 1. Conceptual framework of study

unknown, (4) ask students to explain their think-
ing and new understandings discovered, and (5)
allow students time to extend their understandings
to new situations of their own interests.

To help students understand the physical and
chemical changes involved in the Salt chapter, stu-
dents are guided to explain macroscopic experience
at the sub-microscopic and symbolic levels. In this
study, the authors have modified the activities in
Qualitative Analysis Teaching Package (QATP)
[77, 78] and integrated learning activities through
designing of digital games in a phase that is suit-
able. With this strategy, students can observe the
phenomenon at the macroscopic level, represent the
phenomena at the sub-microscopic level via digital
games, and explain the phenomenon at symbolic
level using chemical equation. The triplet relation-
ship is the key model in chemistry education [82].

Microsoft PowerPoint software is used to de-
sign digital games. This software was selected as
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the software is available at all schools and the use
of MS PowerPoint does not involve additional cost
and complicated programming languages. Exist-
ing templates of digital games can be obtained
with ease online and can be modified by the teach-
er. This will indirectly help teachers acquire skills
to design digital games in stages. To help students
master the skills to design PowerPoint games, the
development phases of helping students design
PowerPoint games proposed by [76] is used as a
guide. In the early stages, students played existing
games. Afterwards, they were asked to modify the
existing games. In the end, students design games
in groups. However, students are also encour-
aged to use other software like Game Maker and
programming languages such as Java, Logo and
Scratch if they are skilled in the software.

While students carry out the digital game de-
signing project, they are guided to experience the
creative design spiral by [75]. In this process, they
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imagine the design of the game, create the game
based on their ideas, experiment with alternatives,
share their ideas and creations with others, and re-
flect on their experiences. If this process is experi-
enced repeatedly, new ideas are always generated

6. Implementation of MyKimDG

In the following section, the authors present
a brief lesson in MyKimDG to the teaching and
learning of a specific unit (i.e. identification of an-
ions) in the chapter of Salt which involved pre-

and developed. Students are expected to practice it
continually and make it their daily culture.

cipitation reaction.

Phase I: Engagement

1. Teacher shows discrepant events.
2. Students make observations and explain the phenomena at the microscopic and symbolic levels.
3. Students discuss in groups and compare their ideas with their peers.

Activity 1:
Aqueous . What Chemical
Solution LHRTEEI TS Chisnaon happened? | Equation
Sodium Pour 2 cm?® of sodium nitrate solution into a test tube.
nitrate Add 2 cm? of dilute hydrochloric acid.
Sodium Pour 2 cm’® of sodium carbonate solution into a test tube.
carbonate | Add 2 cm?® of dilute hydrochloric acid.
Activity 2:
Aqueous . What | Chemical
Solution Procedure Observation happened? | Equation
Sodium Pour 2 cm?® of sodium nitrate solution into a test tube.
nitrate Add 2 cm?® of barium chloride solution.
Add dilute hydrochloric acid until there is no further change.
Sodium Pour 2 cm’® of sodium carbonate solution into a test tube.
carbonate Add 2 cm?® of barium chloride solution.
Add dilute hydrochloric acid until there is no further change.

Phase II: Exploration and Explanation
1. Students perform hands-on and minds-on activities in groups. (Note: At the same time, students
practise the skills needed in the activities.)

kv

computer animation.
6. Students compare their ideas with the teacher’s explanations.

Testing for carbonate ion
Activity 3: Repeat Activity 1 using dilute nitric acid.
Activity 4: Repeat Activity 2 using barium nitrate solution and dilute nitric acid.

Based on Activity 1 - 4, state the tests for carbonate ion.
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Students are encouraged to engage in discussions and information seeking.
Students generate an explanation of each phenomenon.
Students are asked to report back with their findings.

Students also listen to the teacher’s explanations. The key concepts involved are described with
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Testing for sulphate ion

Activity 5:

Aqueous
Solution

Procedure

Observation

What
happened?

Chemical
Equation

Sodium
nitrate

Pour 2 cm?® of sodium nitrate solution into a test tube.
Add dilute hydrochloric acid until there is no further change.
Add 2 cm?® of barium chloride solution.

Sodium
sulphate

Pour 2 cm?® of sodium sulphate solution into a test tube.
Add dilute hydrochloric acid until there is no further change.
Add 2 cm?® of barium chloride solution.

Activity 6: Repeat Activity 5 using dilute nitric acid and barium nitrate solution.

Activity 7:

Aqueous
Solution

Procedure

Observation

What
happened?

Chemical
Equation

Potassium
nitrate

Pour 2 cm? of potassium nitrate solution into a test tube.
Add dilute hydrochloric acid until there is no further change.
Add 2 cm?® of barium chloride solution.

Potassium
sulphate

Pour 2 cm? of potassium sulphate solution into a test tube.
Add dilute hydrochloric acid until there is no further change.

Add 2 cm?® of barium chloride solution.

Activity 8: Repeat Activity 7 using dilute nitric acid and barium nitrate solution.
Based on Activity 5-8, what are the solutions that may be used to identify sulphate ion?

Testing for chloride ion

Activity 9:

Aqueous
Solution

Procedure

Observation

What
happened?

Chemical
Equation

Sodium
nitrate

Pour 2 cm’® of sodium nitrate solution into a test tube.
Add dilute nitric acid until there is no further change.
Add 2 cm?® of silver nitrate solution.

Sodium
chloride

Pour 2 cm’® of sodium chloride solution into a test tube.
Add dilute nitric acid until there is no further change.
Add 2 c?® of silver nitrate solution.

Activity 10: Repeat procedures in Activity 9.
Based on Activity 9 and 10, what are the solutions that may be used to identify chloride ion?

Testing for nitrate ion

Activity 11:
Aqueous . What Chemical
Solution Procedure Observation happened? | Equation
Pour 2 cm?® of sodium nitrate into a test tube.
Sodium Add 2 cm® of dilute sulphuric acid.
nitrate Add 2 cm?® of iron(IT) sulphate solution. Shake to mix well.
Carefully add concentrated sulphuric acid down the side of
the test tube.
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Activity 12: Repeat procedures in Activity 11.
Based on Activity 11 and 12, what are the solutions that may be used to identify chloride ion?

Activity 13: Summarise the tests used to identify anions in aqueous salt solutions in the following table.

Anion Procedure Observation Chemical Equation
Carbonate ion, CO >
Sulphate ion, SO,
Chloride ion, CI
Nitrate ion, NO,

In the test for sulphate ion, chloride ion and nitrate ion, why must the solution be acidified first before
adding other reagents?

Activity 14:
a. In the test for carbonate ion,
o if barium chloride solution is added, it will be followed by dilute acid.
o if barium nitrate solution is added, it will be followed by dilute acid.
b. In the test for sulphate ion,
o if dilute acid is added, it will be followed by barium chloride solution.
o if dilute acid is added, it will be followed by barium nitrate solution.
c. In the test for chloride ion, dilute acid is added, followed by silver nitrate solution.

Do you see a trend in the dilute acid used? Does the trend matter? Plan your own experiments to find
out the answer.

Phase I1I: Elaboration

1. Students play a game related to the precipitation reactions involved in the testing for anions.

2. Students are asked to differentiate between a good game and a bad game.

3. Students are asked to improve the game they played to make it more educational and entertaining
following steps of the creative design process, in order to help their peers or juniors who face
difficulty in learning the concept.

3.1 Imagine: Students brainstorm the design of the game in groups and select a favourite design
from their brainstorming session and sketch their chosen design.

3.2 Create: Students create their designs using PowerPoint.

3.3 Experiment: Students are encouraged to test frequently and think critically about their
designs, and rebuild as needed.

3.4 Share: Students share their designs and digital games and get input from other groups.

3.5 Reflect: Students describe the key strengths and weaknesses of their designs and digital games.

3.6 Improve: Students are asked to create their own digital game in groups that incorporates the
best aspects of all the designs, as well as improvements suggested through testing.

Phase IV: Evaluation
1. Students are asked to plan experiments to identify anion in unknown salts.

2. Students reflect upon the extent to which their understanding, abilities and competencies have
changed
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7. Conclusion

In MyKimDG, students are given tasks to design
digital games using ICT to teach their peers who
face problems in the Salt chapter. They collaborate
in groups and apply chemistry knowledge learned
to design PowerPoint digital games. Students are
given the autonomy to choose their own digital
game design ideas, plan and implement their plans
based on the decisions achieved in the group. Group
members help each other and act as co-constructors
ofknowledge. During the group discussion, the mis-
conception that they have may be manifested. This
approach gives students the opportunity to evalu-
ate their knowledge and make their own decisions
whether to reconstruct the existing knowledge. This
strategy involves active learning, collaboration and
discovery. Students will gain deeper understanding
of Chemistry knowledge learnt.

The activities of MyKimDG involve higher or-
der thinking skills but can be solved with reason-
able diligence and if guidance is given to students.
Success in completing a project will encourage
students to continue making sophisticated ex-
plorations and ultimately lead to greater intellec-
tual development. In addition, students will also
gain knowledge from other fields because design
projects often involve knowledge from various
disciplines such as Science, Technology, Arts,
Engineering and Mathematics (STEAM). Thus,
MyKimDG can further enhance mastery of chem-
istry knowledge (and STEM knowledge in gen-
eral) and at the same time providing opportunity
for students to practice the 21% century skills in
the real world. Knowledge and skills acquired are
expected to be useful in life or future workplace.
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Abstract

The aim of this study was to determineeffects
of proprioceptive and strength training on improv-
ing precision in student population. A prospective
randomised study with repeated measures design
was conductedat the Faculty of Sport and Physical
Education of the University of Sarajevo and con-
sisted 39 units of training during a 15-week period.
The study includeda total of 44 male students aged
19-23 years, categorized in two groups. Group 1
(n=22) were students who hadproprioceptive train-
ing (15 weeks, 3 times per week); Group 2 (n=22)
were students whohad aprogram that was primarily
focused on the strentgh training (15 weeks, 3 times
per week). Outcome measureswere: hand aiming
at the horizontal target, leg aiming at the vertical
target and picado. The paired-samples t-test is used
to determine whether the mean difference between
paired observations is statistically significantly diffe
rent from zero. Significance of intergroup differ-
ences was tested for the left or right limbs, using
separate multivariate models (MANOVA). The pro-
prioceptive traininghas beneficial effect on improv-
ing precision in picado for dominant side, compared
with strength training (A, =.796 ; F, , /=3.422 ; p
=.026; nzp =.204), but not in the hand aiming at the
horizontal target and leg aiming at the vertical target.
There was not a statistically siginificant differencein
improving precision of non-dominant side between
two groups (A, = .908; F, , /= 1.349; p = .272; nzp
=.092). A proprioceptive training is very important
instrument for improving of physical performances
in field of precision and it should become an integral
part of the training of elite athletes.

Key words: proprioceptive training,strentgh
training, precision, multivariate analysis

Introduction

The fundamental objectives of the transfor-
mation process in sport are quantitative changes

Volume 10 / Number 2 / 2015

in abilities, characteristics and knowledge. The
term ,,quantitative changes* means any significant
change in the level of development of particular
skills or qualities and the level of acquired motor
skills, regardless of the direction (positive or nega-
tive) of these changes. Transformation processes
can be focused to the development of functional
abilities (cardiorespiratory, anaerobic capacity
etc.), but also on the development of neuromus-
cular efficiency in the field of measuring strength,
speed, coordination, agility, balance and flexibility.
Precision is the ability to perform properly dosed
movements with important assessment in space
and time. Also, it is defined as a motor ability to hit
the target by a guided, thrown, struck or launched
object[1]. Precision is manifested in hitting the tar-
get or conduct of an object to a destination which
is located at some distance [2]. This motor abil-
ity depends greatly on inheritance with coefficient
about .80. Two factors of precision were obained
after hierarchical structure of motor space [3]: pre-
cision with targeting or leading missiles to target
and precision with shooting or throwing missiles
to the target. For increase the accuracy of upper
extremities it is necessary to practice precision
with left or right hand. The same rule applies for
the accuracy of the lower extremities, it is neces-
sary to practice left and right foot [4]. Research in
the field of precision is the least explored segment
of the motor space [5]. Speed, strength, endurance
and flexibility are the abilities studied more often
and presented in earlier literature together with the
methods for their improvement, while the study of
precision was put aside [6].

In this study, we evaluated effects of propriocep-
tive and strength training on improving precision.

Materials and methods

A prospective randomised study with repeated
measures design was conductedat the Faculty of
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Sport and Physical Education of the University of
Sarajevoand consisted 39 units of training duringa
15-week period. The study includeda total of 44
male students aged 19-23 years, categorized in two
groups. Group 1 (n=22) were students who hadpro-
prioceptive training (15 weeks, 3 times per week);
Group 2 (n=22) were students whohad strength
training that was primarily focused on the develop-
men tof absolute muscle power (15 weeks, 3 times
per week). Precision was assessed with following
variables: hand aiming at the horizontal target, leg
aiming at the vertical target and picado. Tests forthe
estimation of precision were taken from [7]. All tests
of precision were administered both by the right and
left hand (leg) and were assessed baseline and after
15-week exercise program. Results are expressed as
mean value and standard deviation incase of normal
distributed continue variables, as median and IQR in
case of non-normal distributed continue variables.
The Kolmogorov—Smirnov statistic with a Lillief-
ors significance level was used for testing normal-
ity. The paired-samples t-test is used to determine
whether the mean difference between paired obser-
vations is statistically significantly different from
zero. Significance of intergroup differences was
tested for the left or right limbs, using separate mul-
tivariate models (MANOVA). A p-value <0.05 was
considered as significant and Bonferroni correction
was applied. Statistical analysis was performed by
using the Statistical Package for the Social Sciences
(SPSS Release 16.0; SPSS Inc., Chicago, Illinois,
United States of America) software.

Results

For the non-dominant side, there was a statis-
tically significant difference in mean of precision

inleg aiming at the vertical target measured base-
line (M = 1.29 £+ .71) and after 15-week exercise
program (M = 1.98 £+ 1.11), ¢ (21) = 2.788, p <
0.05, d = 0.594 in group 1.

There was not a statistically siginificant differ-
ence in mean of precision in hand aiming at the
horizontal target and picado in Group 1. There was
a statistically significant difference in mean of pre-
cision in hand aiming at the horizontal target mea-
sured baseline (M = 2.86 = .69) and after 15-week
exercise program (M = 3.42 + .89), ¢ (21) = 3.236,
p <0.01, d = 0.690 and leg aiming at the vertical
target measured baseline (M = 1.36 £ .99) and after
15-week exercise program (M =2.11 £+ 1.29), #(21)
=2.2.981,p<0.01,d=0.636 in group 2. There was
not a statistically siginificant difference in mean of
precision in picado in group 2 (Table 1). There was
not a statistically siginificant difference in improv-
ing precision of non-dominant side between two
groups (A, =.908; F, ,=1.349; p=272; n2p=.092).

For the dominant side, there was a statistically
significant difference in mean of precision in hand
aiming at the horizontal target measured baseline
(M =3.12 £ .94) and after 15-week exercise pro-
gram (M = 3.82 £ .78), #21) = 3.004, p < 0.01, d
= 0.640; leg aiming at the vertical target measured
baseline (M = 1.48 £ .81) and after 15-week exer-
cise program (M =2.15£.99), ¢ (21) =3.240,p <
0.01, d = 0.691 and picado measured baseline (M
=5.23+1.37) and after 15-week exercise program
(M =6.02 + 1.49), #(21) = 3.371, p < 0.01, d =
0.719 in group 1. Also, there was a statistically si-
ginificant difference in mean of precision in hand
aiming at the horizontal target measured baseline
(M =2.95+ 1.14) and after 15-week exercise pro-
gram (M =3.77+.89), (21)=2.999,p<0.01,d =
0.639; in group 2 (Table 2).

Table 1. Precision of non-dominant side of the body at start and after 15 weeks in two groups

baseline after 15 weeks | difference
t(21) p d
M | sD| M | SD| M | sSD
Group 1
hand aiming at the horizontal target 291 95 3.03| 1.02 12 95 598 557 127
leg aiming at the vertical target 1.29 71 1.98| 1.11 J0( 1.17| 2788 011 .594
picado 485 190 495 159 A1) 212 234 817 .050
Group 2
hand aiming at the horizontal target | 2.86 69| 342 .89 56| 081 3236 .004| .690
leg aiming at the vertical target 1.36 99| 211 129 74| 117 2981 .007| .636
picado 538 1.52] 482 1.61 -56| 1.94| -1.358] .189| .289
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Table 2. Precision of dominant side of the body at start and after 15 weeks in two groups

baseline after 15 weeks | difference
t(21) p d
M | SD| M | SD| M | SD
Group 1
hand aiming at the horizontal target | 3.12 .94 3.82 78 .70 1.09 | 3.004 | .007 | .640
leg aiming at the vertical target 1.48 .81 2.15 .99 .67 97 | 3240 | .004 | .691
picado 523 1.37 6.02 1.49 .79 1.10 | 3.371 | .003 719
Group 2
hand aiming at the horizontal target | 2.95 1.14 3.77 .89 .82 1.28 | 2.999 | .007 .639
leg aiming at the vertical target 1.77 | 1.01 | 2.26 .88 A8 1.33 | 1.712 | 102 | .365
picado 5.83 1.21 5.39 1.23 -44 1.63 | -1.264 | .220 269
1.50+ 1.50
1.004 T 1.00-
(1} [:1]
c c
é 0s04 T é 0.50
- A8 -
& [ ( s
©  0.00 o  0.00-
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Figure 1. The mean difference of variables for pre-
cision for non-dominant side measured baseline and
after 15-week exercise program in group 1 (proprio-
ceptive training) and group 2 (strength training).

The proprioceptive traininghas beneficial ef-
fect on improving precision in picado for domi-
nant side, compared with strength training (A,
=.796 ; F,,,=3.422 ;p=.0261° = .204), but not
in the hand aiming at the horizontal targetand leg
aiming at the vertical target (Table 3).

Figure 2. The mean difference of variables for
precision for dominant side measured baseline and
after 15-week exercise program in group 1 (proprio-
ceptive training) and group 2 (strength training).

Discussion

In this prospective study we found that both pro-
grams, proprioceptive and strength training were ef-
fective in improving certain variables of precision.
By multivariate analysis, we found that propriocep-
tive training has beneficial effect on improving pre-
cision in picado for dominant side compared with

Table 3. Effects of two programs on improving precision of dominant side

SS L p n,
hand aiming at the horizontal target 162 15 737 .003
leg aiming at the vertical target 364 270 .606 .006
picado 16.568 8.581 .005 170
Volume 10 / Number 2 / 2015 233
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strength training. In the study of Joksimovic¢ et al.
[8], there were investigated the relations and differ-
ences in cognitive abilities and precision in skiers
and soccer players. Differences were observed in
the tests: picado by the right hand, (p=.001), pic-
ado by the left hand (p= .005), right leg aiming at
the vertical target (p= .012) and right hand aiming
at the horizontal target (p=.013). In the remaining
variables (left hand aiming at the horizontal target
and left leg aiming at the vertical target) no statisti-
cally significant differences were found.In the study
of Authors [9,7] pointed to precision in an effort to
define the entire space of motor skills. The common
conclusion on the basis of which precision was ap-
pointed as a factor is that it can be called so but only
with caution, given the insufficient number. Fleish-
man 1954 [10] found two out of ten isolated factors
which could explain the precise movements. One
was related to the ability to control arms in the tar-
geting and the author called it »hands« skills. The
other factor is the »strength of arms and hands,
which was obtained from the task in which a safe
hand movement, with the minimum power and
minimum speed manifest is to be obtained. Ferrauti
& Bastiaens 2007 [11] were investigate the acute
effects of a complex throwing intervention set-up,
with light or heavy loads, on the service velocity of
elite junior tennis players. In a cross-over design,
the players performed respectively 6, 4 and 2 maxi-
mum effort throws with a 200 g ball (LI, light inter-
vention), 6, 4 and 2 maximum effort throws with a
600 g ball (HI, heavy intervention) and no throws
(NI, no intervention) during the 2 min in between-
set period. Service precision and service touch were
unaffected by the interventions.

Conclusion

A proprioceptive training achieved a statisti-
cally significant increasing of the precision in pic-
ado of the dominant limb compared with strength
training, but not in the hand aiming at the hori-
zontal target andleg aiming at the vertical target.
There was not a statistically siginificant differ-
ence in improving precision of non-dominant side
between two groups.A proprioceptive training is
very important instrument for improving of physi-
cal performances and it should become an integral
part of the training of elite athletes.
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Abstract

Collaborative learning is one of the modern
ways of teaching and learning and it's getting more
presented in the classroom. Modern school requires
modern methods of teaching and learning, so we
thought it was very useful for teaching practice to
perform the research on the application of just this
form of learning. We conducted research and we
wanted to establish how collaborative learning are
represented in teaching and what are the prospects
of the practice as well as students interested in this
form of learning and how much it facilitates the
learning process. The teacher is able to present their
work, to clearly express their views and opinions
and thus becomes part of the active community.
Each of us has a tendency toward further develop-
ment and progress in order to build a complete per-
sonality, aspiring lifelong educational attainment.
The task or intention of a teacher should be to better
teach students and encourage them to connection.
It is important for children to make clear that only
when we work together, when we have each other
on the available and when we strive for just such
a positive direction in life, then we become richer
for a couple ofinvaluable qualities that will be our
guides to the creation of the entire personality.

Key words: collaborative learning, teaching,
school, strategy, complete personality of students.

1. Introduction

Traditional teaching is still used in most of our
schools. In such teaching teacher has a dominant
role and the teaching itself is frontal and solid
forms. The teacher teaches the students while they
are sitting on chairs backs to each other.In this type
of teaching, participation and activity of students is
reduced to listening, recording and watching. What
teacher intentionally or unintentionally works,
serves as a model for the students, so-called. hidden
curriculum [1]. One lesson is timed at 45 minutes
with a strictly specified articulation lesson: prepara-
tion, presentation, exercising, revising and testing.

Modern society demands a school that is ori-
ented towards a student but also his needs. In such
a modern school of potential use and application
of modern didactic strategies, by which students
become independent and include teaching. Creat-
ing different methodological scenario teacher is
possible just by choosing modern didactic strate-
gija. We get this improved the quality of teaching,
increased motivation and interest in students but is
quite apparentresearch curiosity in students.

The student only after you gain some experi-
ence, we can say, that he teaches. In the center of
the educational process we bring in our daily lives
as well as students in this way do not learn pas-
sively, but they discover and observe the world
around them. Collaborative learning involves
learning where all students in the group equally
important and it is this fact to them is a pleasure.
The introduction of this form of work in classes
encourage students to cooperate and assist in the
everydaylife outside the classroom.

2. Theoretical part

2.1. Cooperative learning

The teaching process consists of the teacher
and the students while they are connected to each
other by preparing classes, work and evaluating
the results obtained by this work.

Teacher and students are in constant interac-
tion. Good organization of cooperative learning,
the teacher can to create such conditions in which
to develop cognitive, conative and psychomotor
aspect of the personality of each child [2]. They
try to make the teaching more interesting, richer
in content, quality and age appropriate students
with different forms and methods of work. The
use of modern didactic strategies is possible in the
teaching that is oriented towards students. Teach-
ing oriented towards student tends independence
of students in the teaching process. These are the
active learning strategies.

Volume 10 / Number 2 / 2015
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Cooperative learning referred to as the set of
strategies established to allow effective acquisi-
tion of academic knowledge and skills, and social
skills [3]. In order to learn successfully, they say
that first of all the whole group should be well mo-
tivated and have clearly defined task andrules by
which to solve the problem. Each individual group
is responsible for the success of the group, as well
as for your own success within the group.

Cooperative learning is today identified with
the team. These are two different things that can
have common characteristics. In one group of stu-
dents can work together, a collaborative group can
function as teams. It is good to use cooperative
learning when learning a complex skill that has
more correct answers.

2.1.1 The elements of cooperative learning

Eric Jensen, in his book "Super-classes” lists
five elements of cooperative learning [4]:

1. The positive interdependence - success
requires that students be aware that depend
on each other. They must realize that for
their success or failure is responsible all the
members of their group. This should mean
to them, and be an incentive not to give up
and to take as much effort in order to achieve
better results.

2. Direct interaction — students always have
to communicate, discuss the problem, to
find possible ways of its solution, help each
other and correct possible mistakes.

3. Individual and collective responsibility —
when forming the group and its members
determine the next step is to assign tasks to
each of its members. It is important that each
member of the group has its own task and
responsibility. Successfully solved members
lead to the achievement of a group.

4. The collaborative skills - skills that are
selected for teaching depend on the age
of students. Some of them are: the use of
magical words in all situations, evaluating
oneself and others, good behavior, conflict
resolution, decision making, communication

5. Group processing - during group discussions
students best assess the quality of work on
the task and behavior within the group.

2.1.2 The advantages of cooperative learning

Collins, A. and Hardship and Peace reported
two fundamental advantages of cooperative learn-
ing [5]:

— Helps to develop problem solving abilities

and powers of deduction

— Improving relations between members of

the group and their own self-esteem

— Cooperative learning improves learning

outcomes. Merediht, HP, Steele, JL,
Temple, C. reported the following results of
participation in collaborative learning [6]:
o Better success and prolonged memorizing,
o Often higher order thinking, deeper
understanding and critical thinking,
o Focused work in the department and less
indiscipline,
o QGreater motivation to better grades and
learning,
o Qreater ability to consider the situation
from someone else’s perspective
o Positive, tolerant and friendly relations
with peers, teachers.
Greater social support,
Better adjustment and well-being,
Positive attitudes towards oneself,
Greater social competence,
Positive attitudes toward objects, learning
and school.

0O O O O O

3. Empirical part

3.1. The selection and formulation of research
problem

Today, in literature is emphasized, with good
reason, the issue of a cooperative, interactive and
collaborative learning in general. Unfortunately,
there is in most of our schools, the teaching edu-
cational process, practiced and carried out the tra-
ditional form of teaching in which is mainly used
frontal form.In these schools apply a standard
teaching resources and they do not striving to-
wards the changes and development of the teach-
ing process. From all this we can conclude that
the teacher is largely the subject of the teaching
process, and therefore has a dominant role in the
teaching process, and the student is most object
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of the teaching process and plays a role passive
observer and listener. In this teaching, student
activity that listens, observes and records. In this
way, undermines the creativity of students and
pushes his independence in every aspect of its de-
velopment [7]. This problem is especially evident
in primary school students. This is very bad be-
cause it is crucial that year and represent the first
step towards the full development of the child in
a comprehensive and built personality. Teaching
should be filled with a variety of creative ideas and
wisecracks, active participation and active learn-
ing students, and this is best achieved coopera-
tive learning and teaching approach. Cooperative
learning in class will serve as an “example of good
practice” to overcome this problem. What really
hidden behind this “example of good practice” is
the question that we have set for ourselves after
reading certain literature. A school that is not an-
thropocentric oriented, stiff and inflexible teaching
that does not allow the student to develop the mul-
tiple, positive, free and independent personality on
the one hand, and this “Example of good practice”
on the other hand, have led to the problems that we
have formulated in the following way: Coopera-
tive learning in the classroom.

3.2. The research questions

1. Do teachers apply cooperative learning in
the classroom and to what extent?

2. What are the most common methods of
cooperative learning in their work?

3. What are the advantages of cooperative
approaches to teaching that teachers have
observed?

4. What difficulties do have in the application
of cooperative learning in the classroom?

5. What are the changes in terms of motivation,
communication and learning outcomes
observed in students as a result of the
application of cooperative learning?

6. In what extent the application of cooperative
approaches to contributing to the increasing
social and emotional competencies of
students?

7. How does the application of cooperative
learning impact on reducing the negative
consequences in the classroom?

3.3. Defining the research problem

The wording referred to our work “Coopera-
tive learning in the classroom” refer to the way of
defining the research problem. Our research will
take the form of case studies, because this problem
is “example ofgood practice”. This would mean
that we will study carried out only in the class-
room and that we based on the results of observa-
tion of different situations and cases will be able
to draw certain conclusions. The research topic
would be: Cooperative learning in the classroom,
and to our research problem could be the use of
modern methodological approaches and proce-
dures and their impact on the implementation of
cooperative learning in the classroom.

3.4. The aim and objectives of research

The aim of this study was to examine the at-
titudes of teachers and students when it comes to
cooperative learning in the classroom, and that ac-
cess to and to what extent affects the growth of
socio-emotional competencies students. We will
also examine whether modern methodological
procedures affecting the implementation and ap-
plication of cooperative learning in the classroom.

To realize these objectives, it is necessary to
perform the following research tasks:

1. Getting to the important data on the results
of the application of cooperative learning in
the classroom:;

2. A brief overview of some important studies
that are closely related to my topic;

3. A brief review of the socio-emotional
climate and competencies in the classroom;

4. The design and selection of survey questions
and studying pedagogical documentation
means that I will solve the problem of the
application of cooperative learning in the
classroom, and observe the advantages
and disadvantages of using these teaching
strategies in the classroom,;

5. Qualitatively analysis ofdata;

Extraction of research data;
7. Presentation of research results.

o
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3.5. Setting hypothesis of the research

H1: Cooperative learning is most present in the
classroom.

H2: Cooperative learning is achieved through
application of modern methodological procedures.

H3: Cooperative learning in the classroom con-
tributes to increasing socio-emotional competen-
cies of students.

3.6. Methods of Research

As a basic research method we will use em-
piricalnon-experimental method or called Servej
method. This method is most reliable for getting
honest opinions, attitudes and reliable knowledge
about a problem.

In the research we will use the method of theo-
retical analysis and analytical-descriptive meth-
od, which is a set of scientific research methods
that describe the phenomenon in education. The
essence of this method is to introduce pedagogical
reality as it is in the current situation.

3.7. Techniques and instruments of research

In this work we will use the survey, scaling and
work on the study of pedagogical documentation,
as well as techniques of research. They will help
us on the analysis of the available literature survey
the problem of application of cooperative learning
in the classroom, and that we see the advantages
and disadvantages of using these teaching strate-
gies in our schools. We will use anonymous ques-
tionnaires to avoiddisingenuous answer, especially
when it comes to some sensitive issues and ques-
tions that interviewers are afraid that their response
to them could have negative consequences. In the
research we used a survey for teachers, which con-
tains questions in accordance with the objectives,
requirements and research hypotheses. We have
chosen the scale of attitudes for self-assessment
activities for students. Students should to evaluate
their activity in classes with the use of descriptive
numerical scale of one to five (answers to ques-
tions: strongly agree, agree, and disagree, strongly
disagree). It is impossible to directly monitor the
experience and opinion, so I’ll questionnaire to get
to this information.

Example of survey questions for teachers:

1. Please indicate in which class and school
subject most often apply cooperative learning?

2. In your opinion,if students demonstrate more
interest and motivation to work in the classes
when you apply cooperative learning?

3. How often do you apply cooperative learning
in teaching the Bosnian Croatian and Serbian
language?

4. Do youthink that your students communicate
freely and openly when you apply a
cooperative approach to teaching languages
the Bosnian Croatian and Serbian language?

5. How often do you apply cooperative
learning in teaching process in Science?

6. Please, specify whichmethods ofcooperative
learning apply teachingprocessin Science.

7. In the Bosnian Croatian and Serbian
language teaching is more often applied
cooperative learning than in the teaching
process other subjects.

8. Which Curriculum subjects dooffer the
most opportunities for the application of
cooperative learning?

9. Please, indicate which difficulties have you
in applying the cooperative approach in
teaching mathematics.

10. Arecooperative learning and modern
approaches to learning unnecessary in
teaching and work?

Characteristics of the survey for teachers are

following:

— The survey will be open or closed. This
means that the respondents be asked and
would respond with more choice, such
as for example: “yes”, “no”; “Often,”

“sometimes,” “rarely”, and on certain issues
will be offered answers you will yourself to
write your answer in the form of sentences.

— The survey will be anonymous - so answers

will be honest and reliable.

3.8. The research sample

The only criterion for the selection of the sam-
ple will be “example of good practice” to help us
overcome the traditional and stiff teaching that is
not oriented to the child. Therefore, our sample
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survey will be teachers and students as “example
of good practice”. The survey involved 12 teach-
ers from elementary school “Aleksa Santic” and
50 students III and IV grade.

4. Results of research

Results of the scale attitudes are the following
(Table 1).

According to the semantic differential scales of
attitudes we see that slightly less than half of the
respondents completely agree with the statement
that they learn faster and better when working in
groups or pairs, than working alone. The same is
and for the statement:

When we working in a group we always appre-
ciate suggestions of his friends. From these answers
students we can begin to understand the socio-emo-
tional climate in their classroom and what is their

Table 1. Scale attitudes

relationship to each other as well as the teacher. It
was also shown that they prefer to work in groups
or pairs and thus more teaching contents adopt in
contrast to frontal work. The students did not agree
with the statement when they work in a group,
only one student works on the task while others talk
about. This show an interest and desire to work in
certain content but also a healthy competitive spirit
when it comes to knowledge.

More than half of the students (54% of respon-
dents) fully agreed with the statement that like to
cooperate with friends on a task.So they feel fre-
er in expressing their opinions and attitudes, es-
pecially students who are withdrawn and have a
problem in communicating with others. They also
agreed that they are more interesting to work in
all groups than when the whole class works the
same topic. Of course, as with everything, there is
always the students who find some other way and

= = =
T, 8 |Ee| %] 2t
Number ASSERTION E& S ién %ﬂ Zén %ﬂ g %ﬂ
E - F% | §% =5
| Faster and better learn when working in groups or
pairs, than I do alone 42|% 38% 8% 6% 6%
) When 1 work in a group always appreciate 6L7\
suggestions your friends 46%—T—22%_ | 28% 4% 0%
3 When we work in a group,only someone always \>
doeswhile others talk 2% 2% 2% | _18%—T T76%
4 I'like working with partners in a task 5 W{% 89 29, 0%
5 It’s more interesting when all of us do in groups,
than whole class does the same theme 4P% 20% 14% 0% 24%
6 When we work in groups, all of us try that our
group is the best 0% 8% | 8% 0% 4%
7 Our group always makes the same students 6% 49, 12% E>42%
8 We are very united when we work in a group 48$g4)\ 20% 6% 6%
9 Colleagues from the group don’t allow me to state —
my views 4% 8% | 14% | 22% 1 =3%%
10 In class of Science, we usually work in groups 12% 18% 5 (ﬁ 14% 6%
1 we adoptbetter the content of math when we work ~.
in groups 16% 8% 18% | 22%—T 36%
2 I prefer working in groups and work in pairs than L
frontal work 40% 12% 30% 6% 12%
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style of work of teachers. In this case, almost half
totally agree with the above statement.

Working in groups and pairs usually as I have
already stated, some form of competitive learning
vision. This is confirmed by the statement: When
we work in groups, we all try to be the best our
group, with which it agreed 70% of students. The
teacher should explain to students that the more
important the quality of the performed tasks and
not speed in solving as well as poor relations
which may be produced by the desire to “victory
“. if they want to compete and it is the best, then
let it is for knowledge and quality of writing. The
positive thing we can conclude from this scale of
attitudes is that the students disagreed that their
group always make the same students. That’s
good, because students will so come in contact
with each other and get to know, complement and
correct each other.

With the statement: We are very united when we
work in a group to completely agreed 48% of the
students, and that their colleagues in the group do not
allow to say does not agree. From this it is clear their
relationship and how they see each other. Science is
a subject in which, for half of the students, the easi-
est to accomplish this type of work, which shows
the result of the scale of attitudes. As for mathemat-
ics, students disagreed that they acquire interesting
content in mathematics, working in groups, as seen
from the results of the scale. In education, the inter-
disciplinary approach is reflected in the linking of
subjects common topics, or in the correlation and
integration approach to lesson learning [8].

At the end of this test, we can see that students
work in pairs and small groups interestingly than
frontal work. A survey conducted in 12 teacher in
third, fourth and fifth grade given the following
results:

Question: Which of the subject most fre-
quently used cooperative learning I received this
answer:Science, Mathematics, Bosnian, Croatian
and Serbian language.Teachers are the most em-
phasized Science. The reason may be the diversity
of content and the possibility of better adoption of
certain topics.

Do students show more interest and motivation to
work at class when applied cooperative learning, all
agreed that it depends on the topic and tasks. Teach-
ers decide whether cooperative learning good vision

of work at the individual curricula and depending
on him and used. Surely they have seen its benefits
and therefore used this way of working learning [9].

Teachers often apply cooperative learning in
the teaching of the Bosnian, Croatian and Serbian
language and literature as reflected in their an-
swers to the survey. They were also in agreement
with that to their students freely and openly com-
municate when you apply cooperative learning in
the teaching of the Bosnian, Croatian and Serbian
languages and literature. In this way they all stu-
dents have the opportunity to discuss the content,
give their opinion and to express his position on
this. The applicability of cooperative learning in
the teaching of Science is large and is applied
more often than the other subjects.

Methods of cooperative learning that teachers
use in the teaching of Science are the following: the
method of independent work, demonstration, dia-
logical method, experimental method, illustrations,
work in pairs, mind map, and methods that include
most of the children in active work.In teaching the
Bosnian, Croatian and Serbian language and litera-
ture applies cooperative learning but not so much
as to other subjects, it is the opinion of the surveyed
teacher. They emphasized on that Science and Bos-
nian, Croatian and Serbian language and literature
courses that offer the most opportunities for the ap-
plication of cooperative learning.

Difficulties in the application of cooperative ap-
proaches in teaching mathematics are inattention
students, indiscipline, procure adequate teaching
resources, decreased concentration. Finally, they
agreed that cooperative learning and modern ap-
proaches to learning aren’t useless approaches to
teaching and work.

5. Conclusion

Through the survey that we conducted, we con-
cluded that cooperative learning in the classroom
is not very strongly represented in the classroom
and that is not practiced to the extent to which the
achievements and results in learning have been
visible.Cooperative learning encourages us to
learn how to learn, to act in a group as one and
that each of our success, hard work and dedica-
tion to be a stimulus and others to behave like this
and understand the point of cooperative learning.
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Especially the little ones who practice cooperative
learning, who do not have time for that or those
to whom it is just a waste of time andno result is
not achieved.It is unfortunate that our education
can not be changed in some slightly more diverse
framework, but we are used to it and what indi-
viduals do not consider themselves sufficient to
start a new way of teaching generation that will
certainly accept everything they the more unusual
ways to collect new information.

We believe that the group work in any its form
will be much used in the future than it is today.
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Abstract

Organization of academic e-learning requires
a university to prepare both technological back-
ground (including an education portal) and human
resources. In the article, the authors focus only on
the latter aspect, namely on the participants of re-
mote education, i.e. knowledge providers and recip-
ients of the education process. The article presents
such issues as: accessibility and speed of Internet
links, Information and Communication Technolo-
gies (ICT) barriers in the process of preparing re-
sources and teaching e-learning courses, the issue
of division of responsibilities between teachers and
Information technology (IT) specialists as well as
training courses for knowledge providers.

The authors of the article conducted surveys
among students and university teachers concern-
ing access and use of Internet resources to review
their competencies and experience necessary
for teaching remote classes. The paper is further
based on practical experience gained by the au-
thors while teaching courses in remote educa-
tion as well as preparing, creating and teaching
e-learning courses at three universities in Poznan.

Key words: distance education; academic edu-
cation; e-learning; ICT; LCMS; Internet access

Introduction

Remote education requires its participants to
meet certain initial criteria, i.e. to have the right
competencies specified for the given educational
role and to prepare hardware and software envi-
ronment for its implementation. Participants of
remote education are divided into knowledge pro-
viders and recipients (students represent the group
of recipients considered in the article). The pro-
viders are those individuals who prepare teaching

materials, but not necessarily teaching classes and
creating courses [1, 2] class teachers and organ-
izers of the educational process at the university.
Each student being a recipient of remote edu-
cation should have a computer with fast Internet
link in order to have 24h access to their account
on the e-learning portal where all teaching materi-
als are made available, student-teacher communi-
cation takes place, knowledge is evaluated, team
work is implemented, etc. Providers of education-
al contents, particularly those in charge of remote
groups, must also have devices with Internet ac-
cess. An e-learning portal is the highlight of re-
mote education and an optimized solution in terms
of protection of sensitive data (personal data, study
results, etc.) and copyrights of educational content
providers. Such an important safety feature is not
guaranteed by public networking sites [3].
Completed Learning Content Management
System (LCMS) portal deployment projects, long-
term experience in designing, creating and pre-
paring remote courses, and a number of training
courses for knowledge providers have allowed the
authors to distinguish certain key problems con-
cerning participants of remote learning that must
be recognized and resolved accordingly. This con-
cerns both colleges and universities that already
offer remote learning and those which only begin
its implementation. These issues concern:
I. Internet access among recipients (and
providers) in the remote learning process.
2. ICT barriers related to preparation and
development of materials as well as use of
a LCMS portal.
3. Collaboration between authors of learning
materials/course teachers and the school’s
IT specialists.
4. Regular training for educational content
provider groups.
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With an efficient solution for each of these issues,
the indispensable criteria for achieving positive ef-
fect of remote learning implementation will be met,
accounting for the unique characteristics of teaching
at the given school. This is quite important because
remote teaching may become an important source
of building the school’s competitive advantage [4]
while affecting the quality of teaching [5, 6]. as well
as students’ skills and IT competencies [7].

Methods

The authors conducted research on access
to the Internet and use of the World Wide Web
among medicine (n=467) and IT students (n=130).
IT students were divided by term of study: full-
time (n=56, 43%) and part-time studies (n=74,
57%), while medicine students were divided by
course language: Polish (n=330, 71%) and Eng-
lish (n=137, 29%). The research took the form of
a survey during Academic Year 2012-2013.

A survey was also carried out among teachers
at Poznan universities (n=60)—concerning their
use of learning content building applications and
participation in online courses and e-tests. The re-
search covered two Academic Years: 2011-2012
and 2012-2013.

Teachers were divided into two groups:

— group A - persons who teach remote courses
or are studying as teachers, and have
completed a course in the field (n=28, 47%),

— group B - persons who have not applied and
have no experience with remote methods
but intend to teach e-learning courses in the
future (n =32, 53%).

The practical conclusions presented in the ar-
ticle are also the result of the authors’ collabora-
tion with medical university employees (medical
doctors of various specializations), lecturers at
humanities and administration faculties as well as
representatives of science (mathematics, informa-
tion technology) during deployments and teaching
remote classes.

Statistical methods

Unpaired data for 2x2 or larger contingency
tables were analyzed using the Chi-square test for
independence, the Chi-square test with Yate’s cor-

Volume 10 / Number 2 / 2015

rection or the Fisher-Freeman-Halton test, depend-
ing on observed frequencies. All results were con-
sidered significant at p <.05. Statistical analysis was
performed using statistical packages of Statistica v.
10.0 (StatSoft. Inc.) or StatXact v. 8.0 (CytelStudio).

Results

1. Internet access among remote learning

recipients and providers

In an e-learning portal, a student can access all
teaching materials: text, graphics, multimedia, in-
teractive knowledge evaluation, etc. All commu-
nication with the teacher during the course is via
the LCMS portal (forum, e-mail, electronic duty
hours, etc.). A student can and should take e-learn-
ing classes at a convenient time and take online
tests and exams. They should also be able to trace
their results, use databases of self-tests drafted by
teachers and other revision resources. All this re-
quires uninterrupted Internet access.

The results of the authors’ survey among stu-
dents give a positive view of their commitment to
accessibility of Internet resources (Figure 1, Table
1), which in most cases is determined by non-edu-
cational needs (Table 2).

0, -
100% 85%
80% -
60% -
40% -

20% - 13%

2%

0% -
YES with PROBLEMS NO

Figure 1. Permanent access to the Internet
among students

Figure 2 presents the results concerning band-
width of students’ Internet connections. Figure 3
shows these results divided by field of study: IT,
medicine.

Statistical analysis did not show significant dif-
ferences in connection capacities between those IT
and medicine students (p=0.598) who were aware
of the bandwidth they had available. The number of
persons who did not know their bandwidth param-
eters among medicine students (43%) differs sig-
nificantly (p<0.0001) from the proportion of such
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Table 1. Places of accessing the Internet by knowledge recipients

Where do you usually | Medicine students, | Medicine students, IT students,

use the Internet? language: Polish language: English | language: Polish p value
at home / in dormitory 98.5% 92.7% 99.2% 0.002
in library / at University 15.8% 40.9% 35.4% < 0.000001
at an internet cafe 0.6% 7.3% 1.5% 0.0002
by mobile phone 32.7% 52.6% 62.3% < 0.000001

Table 2. Types of information sought by students on the Internet

‘What kind of information do | Medicine students, | Medicine students, IT students,
you look for on the Internet? language: Polish language: English | language: Polish p value
advice websites 35.5% 72.9% 56.2% <0.000001
websites about your hobby 67.3% 72.3% 76.9% 0.109
political news 44.9% 53.3% 49.2% 0.233
sport news 25.8% 42.3% 32.3% 0.002
teaching aids 89.1% 56.9% 80.8% <0.000001
other 37.9% 59.1% 63.1% <0.000001

individuals among IT students (2%). No significant
differences (p=0.51) were discovered in compari-
son of Internet connections available to IT students
divided by term of study (full-time and part-time).
Summing up, the surveyed students would empha-
size they could not imaging learning without Inter-
net access today (IT 88%, medicine 83%, p=0.169).

40% -+
359 - 34%
30%

25% - 23%
20% -
15%

10% -

21%
9%
7%
0% : : : . :

512kb/s 2.5kb/s 10kb/s  50kb/s 100kb/s >100kb/s Ido not
know

Figure 2. Knowledge recipients’ Internet
connection bandwidth

50% -
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35%
30%
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20%
15% -
10% -
5%
0% -

43%

42%

512kb/s 2.5kb/s 10kb/s  50kb/s 100kb/s >100kb/s Ido not

know

Figure 3. Knowledge recipients’ Internet connec-
tion bandwidth, by field of study

Providers of educational contents, particularly
those in charge of remote groups, must also have
machines with permanent Internet access. Devel-
oped teaching materials must be uploaded to LCMS
portal resources, and every modification involves
repeated network transmission. This problem is
extremely important for multimedia items, consid-
ering significant file sizes. Working with a remote
group requires the course teacher to communicate
with the learners’ community on a regular basis.
Students must rest assured they are not left alone
with their problems [8]. They should be obliged to
speak in public (e.g. on a forum) and required to
verify their systematic work. Such verification usu-
ally takes place in an individual report left by the
student in the portal resources. The course teacher
must spend time on reading the reports and writing
a review. This way of communication with every
student takes 1-2 hours during each semester (4-8 x
15 minutes), yielding 20-40 hours per semester per
one group of 20 students. This work is always done
using a computer connected to the Internet.

2. ICT barriers

The process of preparing electronic learning ma-
terials typically comprises the following phases:

1. Editing text resources to be published online.
Editing educational graphics.
Preparing self-test contents.
Preparing subject-matter contents to be
used in interactive items available for online
publication.

e
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5. Preparing lecture narratives to be processed
with speech synthesizer or to be read by a
reader.

6. Writing multimedia scripts and storyboards
to be produced by a recording studio or by
the author.

Each of the phases enumerated above requires
medium or high level of ICT skills. The issue of
online publication on the Internet should be em-
phasized. This concept involves customizing text
formatting (using eg., Extensible Hypertext Mark-
up Language (XHTML)) and all files dedicated to
publication in LCMS portal resources so that they
are correctly interpreted by Web browsers [9].

According to the authors of the paper, teaching
e-learning courses requires certain experience as a
remote course participant. Groups A and B under
review showed significant differences (p=0.009)
in terms of participation in e-courses and e-tests.
Most teachers in group B (65.6%) never partici-
pated in electronic classes or took electronic tests,
while the same percentage for group A was 32.1%.
Table 3 presents the applications used by teachers
to create and edit educational resources.

Table 3. Todays applications

soptaion | S0 [ SomnE T
Word 42.9% 37.5% 0.672
PowerPoint 78.6% 81.3% 0.795
Producer 39.3% 0% 0.00009
MoveMaker 35.7% 3.1% 0.001
Other free 60.7% 6.3% 0.00001

3. Collaboration in preparation of learning

materials

Implementation of a learning portal at a school
always involves the issue of division of tasks and
determination of the terms of cooperation between
the IT specialists working at the school, portal ad-
ministrators, and course teachers. A division of
tasks involves mandatory determination of ranges
of responsibilities for individual participants of an
online learning scheme. This refers in particular
to the process of preparation and development of
learning materials as well as electronic knowledge
evaluation. Course content building is a time-
consuming process [10,11] which may require
appointment of a team of experts and IT special-

ists or persons able to help with the technology
aspect of producing materials [12,13]. The authors
believe that the concept of distinguishing the func-
tion of technical preparation of files for e-learning
purposes from content preparation seems to be
substantiated in terms of methodology, albeit very
difficult to implement. The authors consider the
main sources of problems to be [14]:

— frequent misunderstandings between the
technical editor (IT specialist) - content
developer (professional in the given field,
e.g. a doctor or an academic in philology),

— the need to spend a lot of time on commu-
nication between them,

— the need for repeated professional verifi-
cation of the outcomes of cooperation,

— high cost of an interdisciplinary team’s work.

4. Training for knowledge providers
The authors of the paper believe that regular
trainings should take place, particularly during the
first years of e-learning implementation, covering
the following three topical areas:
1. Preparing, creating and editing materials in
publication versions.
2. Running the LCMS portal, including student
work monitoring.
3. Teaching remote groups.

It seems reasonable to verify through a survey
each employee’s competences in the fields enu-
merated in the above three points. Information
gathered in this way, such as that presented in
Table 3, or a division of teachers into two groups
A and B as applied by the authors of the paper,
will allow to match the regular training courses to
knowledge providers’ current needs. With the tra-
ditional division of courses into basic, intermedi-
ate and advanced levels, syllabus can be prepared
at once, and participants have the opportunity of
starting with specific levels at different times. A
single employee may take part in trainings repeat-
edly, at a level of their choice, to expand their
knowledge in the field of ICT, and teach remote
classes. The school will open such courses which
are requested at the moment through surveys.
Basic courses should be taught on a traditional
stationary basis, allowing course participants to
receive immediate responses from their coach.
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During such training, employees must take active
part in creating e-learning materials; the time of
producing these materials is essential as well. A
remote training requires the participant to commit
more to individual work, which cannot be expect-
ed of persons with a basic level of skill.

Discussion

Internet access

Nowadays, it would be difficult to overesti-
mate the possibilities offered by access to the In-
ternet and its impact on the learning process [15],
e-learning as well as conventional. The results of
the authors’ research only support this claim. Stu-
dents usually have access to high-speed Internet
and they use it frequently. Irrespective of their
field of study, language or course, they perceive
the need to use Internet resources in self-educa-
tion as well as the advantages of common acces-
sibility of current information. English-speaking
medicine students, who usually live in student
hostels, will more frequently use the Internet in a
library, at schools or in Internet cafes than Polish-
language students (Table 1). Computing students
typically access the Internet from a computer or
mobile phone, mainly seeking information related
to their field of study or hobbies (Table 1, Table 2).
For English-speaking medicine students, Internet
resources are the source of all types of informa-
tion (advice, news, hobbies, teaching aids, other),
unlike their Polish peers who will focus mainly on
the information they need for studying (Table 2).

The role of a recipient and provider.

Communication

After obtaining ICT competences of an e-learn-
ing recipient, including launching processes and
applications, understanding the method of online
communication and managing multimedia, one
can switch to the role of an e-learning class teach-
er. Taking the role of a recipient not only helps you
acquire the right skills and competences for the role
of an e-learning provider [16] but also helps you
understand the mechanisms of building learners’
communities and get to know the methods of com-
municating within an LCMS portal. Communica-
tion with a group of participants (group mailing,
discussion forum, and calendar) requires instruc-

tion and integration in the teacher’s daily routine
[17]. The authors again emphasize the importance
of communication over the education portal only,
considering participants’ data protection and their
achievements during the course.

The time devoted to teacher-student communi-
cation [18] is very often disregarded in workload
calculation, to minimize the costs of teaching re-
mote classes. As a consequence, Polish teachers
are reluctant to teach e-learning classes, or there is
no teacher-student communication, which in turn
adversely affects the quality of e-learning [19] and
prevents its further development at Polish uni-
versities. The authors point out that this is not the
time of preparing, creating or editing materials but
only the time for working with a group [20,21] us-
ing already complete courses.

Applications

The offering of e-courses in Poland is undergo-
ing intensive growth. It is still not fully competi-
tive to traditional course books. When reviewing
the applications used by teachers, we can see that
PowerPoint is the most commonly used software
application for creating electronic materials, while
it is not a typical tool for creating/editing e-learn-
ing materials. The authors were unable to deter-
mine whether multimedia narration was used in
that application. The awareness of freeware appli-
cations for building educational contents among
group B teachers is very low, compared to group
a teachers, which supports the need to improve IT
qualifications among future developers of e-learn-
ing courses (group B teachers). Work as author of
educational materials requires significantly more
advanced ICT competences than being a teacher
or recipient of remote courses.

The authors’ research output indicates the
necessity to replace the tools currently used. It
seems reasonable to recommend the applications
which best meet the school’s requirements on the
school’s information sites. Such recommendation
should include data about access, installation pro-
cess and tutorials. Such a small service will allow
staff members to determine the level of their ICT
competences and to decide to take part in more
systematic training. A lot of foreign schools’ web-
sites publish such regular information [22].
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Division of tasks in creating materials

A partial solution for the problems of separat-
ing the technical e-learning file edition functions
from professional processing is to improve ICT
competences of teaching staff and to involve staff
members in both these tasks. Continuous and
rapid growth of applications for comprehensive
streamlining of the process of editing materials to
be uploaded to LCMS portal will further minimize
the problems with team work [23, 24].

Applications used to edit electronic resources
are offered with continuously expanded sets of
models for construction of educational materials.
These include templates for: lectures to be read
out, presentation materials with lecturer narra-
tion, repetition materials, and other items. Use of
a template enables a text formatting engine which
will also set up the place where information will
be displayed on screen and save the output of au-
tomatic processing according to Internet standards
(XHTML, Cascading Style Sheets (CSS)).

Training

Due to rapid progress in computer science,
training courses for knowledge providers for e-
learning should be implemented on an Lifelong
Learning (Lifelong Learning Program) basis. This
is consistent with the European Union directives
[7] and sets and important direction for schools’
development. Achievement of a basic level of ICT
competences among teachers is extremely impor-
tant, as it is not possible for a team of IT specialists
employed by a university to carry out simple tech-
nology tasks. At the same time, the team of IT spe-
cialists will not take part in the teaching process and
course teachers must work with their groups on the
portal by themselves. They also have to choose the
IT tools available in this online application, match-
ing the topical area covered and the student group.
Higher ICT competences gained by staff will allow
improvement of university teaching level.

Conclusions

Internet accessibility and bandwidths have re-
cently improved significantly in Poland. Neverthe-
less, we cannot yet speak of common broadband
Internet access all over Poland. In this aspect, the
position of larger schools is strongly privileged.
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Results of the authors’ research support the gen-
eral tendency for more extensive use of Internet
resources for educational purposes as well.

The position of e-learning, which requires the
participants to be online all the time, is strength-
ening [25]. It requires schools to implement an
informed long-term strategy for improving ICT
knowledge and skills among staff members to cre-
ate educational materials and teach remote cours-
es. The competence development process is slow
and generates costs related to the broad range of
subjects covered by trainings. Knowledge provid-
ers for online learning should work with LCMS
portal more efficiently, particularly in terms of
group communication, or use of application tools
to streamline the process of preparation and modi-
fication of materials. The authors’ research shows
that improvement of ICT competences is recom-
mended in this field as well.

E-learning is a new and different way of work-
ing with students, not necessarily leading to an
immediate reduction of costs of study [10, 4, 21,
13]. However becoming an important element
of today’s academic education [26, 27, 28, 2, 18,
29]. In order to ensure its efficient functioning and
growth, qualified knowledge providers with rel-
evant ICT consequences are necessary. They will
determine the success of e-learning to a significant
extent [12].
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Abstract

The need for the application of products in or-
der to meet their basic functions appeared in the
chaos of the oil crisis in the world, exchange rate
fluctuations and uneven conjuncture of economies
around the world, especially after the abolition of
pegged exchange rates. in such an environment
derivates should provide an improve in the mar-
ket efficiency by diversifying and taking parts of
risks, and safer investment planning, with a mini-
mum cost. The sudden growth of the markets of
financial derivatives in 80s of the 20" century
should be mostly grateful to the interests of eco-
nomic entities which are slowly beginning to real-
ize the necessity of the application of derivatives
in protection of their portfolio from the risks they
are exposed to on daily baisis and the benefits of
derivatives for speculative profits on transactions
and arbitration. The entrance to the 21% century
has brought new challenges in trading derivatives,
the market has become more demanding because
of the need to constantly adapt to new needs of
the participants in that particular market, so that
the spectrum of derivatives traded every day is ex-
panding, for example, to more complex variants of
options and structured products.

A group of financial derivatives can be divided
depending on the character of the basic instruments
in the money market derivatives, foreign exchange
derivatives markets and derivatives of the capital
markets. Derivatives are being traded on organized
markets and informal markets, depending on the
properties of certain derivatives. [1]

Key words: derivatives, options, markets, banks.

Introduction

The derivatives of money markets or the inter-
est rate derivatives are developed financial intstru-
ments which are primarily directed towards the

management of the interest rate risks. The noted
instruments are mainly due within one year, they
are of a short — term character and they are pro-
tected from the risk of the interest rate fluctuation.
This group includes forward rate agreements, fi-
nancial futures of the money market and interest
rate swaps. The interest rate derivatives are pres-
ent in the financial world for a long period of time
and they are successfully being used by numer-
ous financial and non — financial institutions. In
the RS, however, the market has not yet been de-
veloped to the extent that is in acordance with the
market needs considering the fact that the interest
rate risk, together with the exposure to the foreign
currency risk, aboundantly influences the perfor-
mance of different business entities. The exchange
market derivatives, or the currency derivatives can
be divided into the basic three groups:

— Currency swaps,

— Currency options,

— Foreign currency futures — futures and

currency futures.

They are used for managing currency risks or
the risks of changes in exchange rates which im-
pacts the value of assets and liabilities of an entity
denominated in foreign currencies. Capital mar-
ket derivatives are derived financial instruments
whose underlying assets are the instruments of the
capital market, such as bonds, stocks and stock
indices and other derived instruments which are
based on the long — term financial instruments.
Thus, this group includes stock options, stock indi-
ces options, financial futures options, caps, floors,
replacement options, bond futures, stock indices
futures, warrants, and convertibles, replacements
on the capital market, joint — stock replacements
and replacements of stock indices.
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Hllustration 1. Correlation of risk and financial instruments, Picture source: Katz, 1.D. (1995.): “Fi-
nancial Risk Manager”, Euromoney Publications PLC, London, p. 81.

1. The instruments of the financial market
— review of options

Derivative securities or financial derivatives
are very important forms of financial instruments
which were developed together with the boom
in financial innovations in the past 25 years. [1]
Their appearance has given a new dimension to
the stock exchange operations by leading to ma-
jor changes in the financial markets of developed
countries, but also in the international financial
market. As has already been mentioned, deriva-
tive securities are created in a way that their value
is derived from the value of some other underlying

asset which is located in their basis. But, as op-
posed to the basic securities, financial derivatives
do not hold any of the two basic relations: credit
and equity.

They, de facto, represent a specific type of con-
tingent rights to other forms of financial assets
(shares, for example, or other basic securities, in-
terest rates, market indices, rates and so on).

The real reason for the existence of financial
derivatives lies in the growth and importance of
futures in financial markets. For the past 25 years
they have experienced a real expansion, but their
history is much longer. The root of their business
can be found in 17" century on the territories of the
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- credit default options
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domestic government bonds
eurobonds, medium - term bonds with fixed and changable interest rate

- euro and domestic commercial papers (CP)

- certificates of deposit (CD)
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Hllustration 2. Groups of products of financial market with similar risk characteristics, Source: Katz,
LD. (1995): “Financial Risk Manager”, Euromoney Publications PLC, Nestor House, Playhouse

Yard, London, p. 59 —61.

Netherlands and Japan. The first conducts with the
financial derivatives on the stock markets, such as
the ones we can now see, took place on the Lon-
don Metal Stock Market. There appeared the first
forwards on different metals (copper and aluminum
most commonly). These contracts were of a simi-
lar type to today’s contracts when it comes to the
relationship between buyers and sellers, the deliv-
ery and payment in the future. The only difference
was that the price and the conditions of payment
were agreed on much earlier, i.e. on the day of sign-
ing the contract. These contracts were based on a
full autonomy of will of the contracting parties,

1.e. there was no institutional mechanism, nor were
they standardized, which meant that behind them
stood the clearing house which would guarantee
the safety of delivery and payment. Modern futures
on commodity stock markets appeared in the 19
century on the territory of American Midwest and
the Stock Exchange of Chicago Board of Trade
(CBOT) which was founded in 1848 [2], and which
soon introduced improvements in the trade of for-
ward contracts by introducing the standardization
of quantity ( e.g. for wheat 5, 000 bushels, as it is
even today), and by introducing the standardized
delivery during certain months. In 1874 the Chi-
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cago Board of Trade has created the first clearing
house as a guarantee of delivery and payment.

The options represent one of the most success-
ful financial innovations although the most devel-
oped financial markets occasionally banned their
use. That happened in England between 1931 and
1958, and in the USA between 1930 and 1973.
The arguments for these prohibitions were based
on the view that the options raise speculative char-
acter, or in case of commodity options, that they
do not have rational economic function. [3]

Hence, the organized trade with options start-
ed in the USA in 1973, when within the Chica-
go Board of Trades, the option stock market was
founded (Chicago Board Option Exchange). The
formation and establishment of a special market
for options allowed the operation of the secondary
market that had, up to this moment, existed as a
counter service market. [4] Today, the volume of
trading with options on the Option Stock Market
in Chicago has overcome the trading volume on
the New York Stock Market. [5]

Over the last fifty years futures and options took
their place in the international market. Originally,
futures and options were used on the commodity
stock markets, but in the early 70s begins their ap-
plication onto the financial instruments. The cur-
rency futures experience an expansion with the
fall of Bretton Woods system of fixed exchange
rates. The fall of this system has announced the
appearance of new financial instruments which
will be used as means of reducing the risk in an
increasingly unstable environment.

The term option is used in the economic lit-
erature which deals with finances, in the context
of financial derivatives. [1] According to the lit-
erature, financial derivatives are “financial instru-
ments, usually securities, whose value has been
derived from the value of some other fundamental
variable, which can be any commodity, financial
instrument, even other financial derivative” [6],
and they are called conditioned claims, because
claims from derivatives are conditioned by claims
from securities from which they are derived.

In other words, financial derivatives are finan-
cial instruments which are derived from primary
financial instruments, or “those whose value is de-
rived from some other asset or form some other
financial instrument.” [4] They are divided, more

correctly classified, in four groups, namely on:
forward contracts (futures and forwards), swaps,
options and others. [4]

Options are perceived as “contracts for the pur-
chase or sale of specific commodities or financial
instruments on a specific date and at a specific
price, provided that there is a possibility of using
the right of withdrawal from the contract”[7], and
“the contracts which give their owners the right to
purchase or sell related property at the price given
in the option for a specific time or on a specific
date. Therefore, they represent contracts which are
not bilaterally obligatory. [6]

Options represent the most important instru-
ment of hedging, which helps the investors to pro-
tect themselves from different types of risks. [8] By
using the options, it is possible to diminish, some-
times even eliminate, the risk of price changes,
market indices, interest rates, exchange rates, and
thus, increase the safety of investors in the market.

In finance, an option is a contract between the
buyer and the seller which gives the buyer the
right, but not the obligation, to buy or sell a par-
ticular good (a subjected good) at a later date at the
agreed price. For giving the option, in return, upon
concluding the contract, the seller gets a certain
fee (premium) from the buyer. Call option gives
the buyer the right to buy the subjected good; put
option gives the buyer of the option the right to
sell the subjected good. If the buyer decides to
use the stated right, the seller is obliged to sell or
buy the goods at the agreed price. The buyer can
choose not to use the stated right and to let the
option expire. The subjected good can be a real es-
tate, land or any other property, shares of the share
capital or other securities, such as, among others,
futures. For example, the purchase of the call op-
tion gives the right to buy an outlined quantity of
securities at the agreed price, which is known as
a strike price, at any time until the date of expiry
of the option, while the purchase of a put option
gives the right to sell. When the owner of the op-
tion decides to use (carry out) the option, the party
who sold or wrote the option, has to fulfill all the
requirements of the contract.

From the given definitions we can notice that the
term option, in its broadest sense, means the right
of one person, by one — sided interpretation of the
changes, to cause the emergence of a second con-
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tract. This right is subjective and generally transfer-
able and because of these characteristics it is suit-
able for an object of legal activities which can be
concluded after it was formed and after the acquir-
er acquired the option. Most commonly, they are
about the right to cause the formation of the sales
contract for securities, currencies, interest rates and
commodities which were included into the stock
exchange quotation on the regulated market. In eco-
nomic literature, this right is called the derivative,
because it is the right which is derived, and its value
is, also, derived from “other assets or from some
other financial instrument”[4]. The trading of this
right is, as well, common in the comparative stock
exchange law and it is qualified as stock forward,
but the option contact has the same qualification.

Therefore, options belong to a group of deriva-
tive securities, which means that they represent
the derivative financial instruments. The basic role
of derivatives in the financial market is the risk
transfer. In their basis, there is some commodity
or some financial instrument, or any asset that has
marketability, and from whose price depends the
price of derivative with which it trades on the de-
rivative market, or forward market. [1]

Derivatives are mostly used to reduce risks, for
example, for a farmer who is not certain what the
price of corn will be in the time of harvest and
sale. In order to reduce the uncertainty, he uses the
derivative to protect himself from the future fall
of prices of corn thus avoiding large losses. The
main role of the derivative is the risk transfer onto
those participants who are ready to accept that risk
and achieve large profits or losses, because their
forecasts about future price movements are oppo-
site to those who want to protect themselves from
the risks. Participants who want to protect them-
selves from the risk are called hedgers, and those
who accept the risk, and make profit or loss, are
called traders, or more popularly speculators. The
forward markets, or derivative markets, could not
possibly work if there was no speculators who are
always ready to “gamble”.

Some financial institutions tend to use deriva-
tives as a source of their income. Thus, there is a
widely known incident related to the collapse of
Barings Bank in February 1995. But this is not the
only incident. Procter & Gamble, Orange County,
Hammersmith and Fulham Local Authority, also

faced great financial difficulties. On the example
of Barings Bank, Nick Leeson, apparently tried to
take the advantage of the small price difference of
financial instruments which he bought on the stock
markets of the Far East and sold on the other stock
markets trying to use the process known as the ar-
bitrage. In January and February 1995, he bet on
the Japanese stocks by buying a great amount of fu-
tures contracts on the Nikkei 225 index at the stock
markets in Osaka and Tokyo. Then there was a dif-
ficult period in the Japanese stock market and this
resulted in the disaster of the mentioned bank. [9]

As has already been stated, the option is the
right to buy or sell a certain subject, such as shares
or state bonds, at a predetermined price within a
given deadline. This exact right to sell or buy a
particular asset, and the possibility to give up this
right, are the basic elements of an option, and pre-
cisely they make it different from the futures, in
which there is no obligation to sell a certain asset,
on a certain day, at a predetermined price, if you
previously do not “come out” of the contract. The
option represents a contract between the seller and
the buyer which contains the right, but not the ob-
ligation, of the buyer to buy or sell a financial in-
strument at a certain period of time or on a specific
date in the future, at a price specified at the time of
the conclusion of the contract. [3]

The subject of the contract which is contained
in the option is called the underlying asset. The
subjects of the contact may be:

1. Commodities — agricultural products such
as wheat, oil, wood, various metals
Currencies
Stocks or equities
Futures contracts
Stock indices.

Dok v

The contract price, which is determined at the
time of the conclusion of the contract, i.e. the price
at which the asset, which is the subject of the op-
tional contract, can be bought or sold, is called the
strike price or the exercise price. The strike price
or the exercise price of those options which are
most actively traded with is usually very close to
the current price of the asset which is the subject
of the option contract, except in cases of excep-
tional growth or decline in prices. This happens
precisely because the stock market determines the
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strike prices on the basis of various analyses of
the current market. The options available in sev-
eral assets above or below the current price (spot
price) are the underlying investments. For exam-
ple, the prices of the shares which are under $ 25
per share usually have strike price in the range 2
Y. The strike price of shares above $ 50 is usu-
ally in range of $ 5. As for stock options, they are
not available for each share. There are about 2,200
companies whose options are available for trade.

The options are traded on the stock markets
around the world such as: LIFFE (London Interna-
tional Financial Futures and Options Exchange) -
London, CBOE - Chicago, EUA -European Stock
Market Options, MONEP - France, DTB - Germa-
ny, SOFFEX - Switzerland and so on. Apart from
the possibility to use the option until its maturity
date, or not to do so, the buyer of the option has the
right to annul the option (offset). Offsetting is a
procedure reversed to the original transaction with
a goal to leave the store. In case of the purchase of
the call option, the call option needs to be sold at
the same strike price and the same maturity date.
If someone sells a call option, they buy a call at the
same strike price and the same maturity date. The
same goes for put options. In case of the purchase
of the put option, the put option needs to be sold at
the same strike price and the same maturity date.
Analogously, if someone sells a put option, they
buy a put option at the same strike price and the
same maturity date. [6]

There is a division on the European, American
and Asian options. Asian, American and Europe-
an styles should not be related to the geographi-
cal locality, although majority of options on the
US stock exchanges are the American options. In
the European option, the right of the option can
be used only on the maturity date of the option,
and if the right of the option can be implemented
throughout the whole period of maturity, then we
are talking about the American option. The Euro-
pean options are rarely used in practice. The Asian
options are, also, rarely used, but their trade began
in 1994 at CBOE. The Asian options include the
right, but not the obligation, of the buyer to buy or
sell the contracted asset at the market price which
is derived as the average of its spot prices at the
agreed interval. The Asian options are related to
oil, metals and a specific group of currencies. All
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options of the same type (call or put) which have
the same basic investment are called class options.
For example, all call options on IBM constitute
class options. All options that belong to the same
class and have the same strike price are called
option series. For example, all IBM call options
with the strike price of 130 (and different maturity
dates) consist a series.

There are two types of the option contracts.
The contract which contains the right of the op-
tion buyer to buy the appropriate asset at the strike
price until the expiration date is called the call op-
tion. Another type of the option is related to the
contract that gives the right to the option buyer
to sell the basic investment of the contract at the
strike price until the expiration date. Such an op-
tion is called the put option. The rights that contain
both the call and the put option imply the exis-
tence of the other contracting party which accepts
to fulfill the obligation of the contract in order for
the rights to be realized.

That other party of the contract is called option
vendor or seller. If the seller of the call option is
in question, or the seller of the right to buy “some-
thing”, than we can talk about the contract party
who sells the right for a set premium, in order to
buy the subject of the option contract at the execu-
tion cost. The seller commits to the request of the
buyer of the right that it will be realized and that
the subject of the contract will be delivered in a
precisely defined period. If the seller of the put op-
tion is in question, or the seller of the right to sell
“something”, then we talk about the contract party
who sells the right for a set premium, who will be
sold the subject of the contract at the execution
cost and who commits to the request of the op-
tion buyer that the right will be realized and that
the subject of the contract will be bought at the
already — appointed date. [1]

1.1 Option elements — definitions and
terminology

Strike price [10]:

Strike price — the specified price at which the
option holder, whether the call option or the put
option, can use his/her right of buying or selling
the basic material which is the basis of the option,
i.e. transition to the forward contract (the commo-
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dity price at which the transaction will be executed
if it comes to that).

Intrinsic value:

Intrinsic value — the actual value of the option
is determined by the difference between the strike
price of the option and the current market price of
the material.

This means that the call option has the real val-
ue only if the strike price is lower than the current
price on the futures market for the given material.
For example, the call option of the corn lot with
the price of 0,25 DIN/kg, in the case when the cur-
rent price is 0,29 DIN/kg, means that the option
has the real value of 0,04 DIN/kg. In accordance
to this, the put option has the real value if the strike
price of the option is higher than the current fu-
tures price for a given material.

The option — the option right — is not worth us-
ing if the option does not have the real value.

In the money option — in the market terminol-
ogy this means that the option has the real value (it
makes sense to use the option right).

Out of the money option — in the market ter-
minology this means that the option does not have
the real value (it does not make sense to use the
option right).

At the money option — in the market terminol-
ogy it means that the strike price of the option is
equal to the price of the asset (it does not make
sense to use the option right).

Time value:

Time value — it is expressed in the value — or the
price which the buyers are ready to pay for a given
option but which is over its real value — because
they expect, within the period of the option vali-
dity, the corresponding forward price to fluctuate
in the direction which will increase its real value.
Since both the buyers and the sellers are present
in the market, the premium, which consists of the

sum of the time and the real value, also determines
the price at which the sellers are ready to accept
the sale of the option right.

Option premium — is, actually, the price of the
option. The height of the premium — the option
price — is freely formed at the option market, by
confronting the supply and demand. The reached
premium is the one the buyer of the option will
pay to the seller for the right which the first one
acquires and the second one gives away.

Terminology[10]:

Bear — (literally means bear — an animal) — is
the one who believes that the market prices are go-
ing to fall;

Bid — the desire to propose to buy the certain
commodities at a certain price, opposite of “offer”;

Broker - the neutral or the legal person who
executes the orders for futures and options in the
name of the financial and trade institutions and/or
public in general,;

Bull - (literally means bull — an animal) — is the
one who believes that the market prices are going
to rise;

Call Option — the option which gives the buyer
the right, but which does not oblige the buyer, to buy
the underlying futures contract at the strike price, at
the maturity date or before the expiry of the due date;

Clearing — the procedure according to which
the clearing house performs the balancing and
the alignment of the accounts of its members and
takes care of all the obligations that come out of
the futures and options contracts;

Closing price - the last price paid for a specific
commodity in one work day;

Convergence - the mutual rapprochement
between the price at the spot market and the futures
price, in case when the futures is close to maturity;

Dealer - a neutral or a legal person who tra-
des with securities more often as a principal rather
than an agent, earning the difference in the price;

Table 1. Tabular spreadsheet on the example of corn

Forward price Strike price Classification
(DIN/kg) (DIN/kg) Call option Put option
0,29 0,25 In the money Out of the money
0,29 0,29 At the money At the money
0,29 0,34 Out of the money In the money
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Delta - Index — the indicator of the change in
the value of the option premium which is obtained
by dividing the change per unit with the futures
price;

Gamma - Index - the indicator of the speed of
the change of Delta Index;

Hedger - the participant at the stock market
who is interested solely in commodities, in terms
of reducing the risk of possible changes in prices,
more correctly commodities in the future;

Leverage — investing smaller amounts in the
investments of much higher value;

Limit order — the order in which the order ma-
ker determines the upper or the lower level of pri-
ces and/or the time of maturity in which the tran-
saction is to be executed;

Linkage — the ability to buy (sell) the futures
on the one stock exchange, and later to buy (sell)
the same futures on the other stock exchange;

Margin call - the call addressed to a member
of a clearing by a clearing house to pay the deposit
to the required minimum level;

Offer — the desire to sell certain commodities
at a specified price, opposite of “bid”;

Option - the right to buy or sell a certain asset
at a predetermined price at a fixed time limit;

Put option — the option which gives the buyer
the right, but which does not oblige him, to sell the
basic futures at the strike price at the maturity date
or before the expiry of the due date;

Ring - the space for trading (usually a smaller
place for the trading of certain commodities) wit-
hin the stock market hall for trading;

Scalper — a short — term trader who wants to
quickly invest in order to achieve a small profit;

Speculator — the participant on the stock ex-
change who trades exclusively for profit;

Spot - the way of trading at the stock exchange
by paying the full price in cash — the spot trade;

Spread — the difference in the price between
the two respective markets or commodities;

Strike price - the predetermined price which
represents the amount to be paid or received if the
transaction is executed;

Stock option is a contract which gives the own-
er the right to buy off a specific amount of stocks,
or to sell them at a certain time for a certain price
during the emission. That is a frequent method of
stimulation, or rewarding the “top managers” for

“achievements”, as well as a way to motivate the
“quality” of personnel.

Hedge fund is an investment fund which ap-
plies a hedging strategy. Hedging is a process
which means the protection against the risk of
the price movements in the future. Hedgers are
people who want to protect themselves from the
negative impact of the future prices (the exchange
rate), and thus, they undertake certain activities.
The classic hedging is the purchasing of a certain
forward contract which indicates the delivery of
commodities on a specified date in the future.

On the maturity date the difference between
the spot price and the price of the contract is an-
nulled in such a way that the buyer (seller) cannot
be at loss. Hedging is carried out through the pur-
chase of the futures, options, forwards and swaps.
Hedging is used in foreign currencies, financial
and commodity markets. An example of the for-
eign exchange market would be entering the coun-
ter positions because of the currency fluctuations
(when it comes to dollars, the counter position
would be taking a loan in dollars). In this way the
interest rate affects both sides, so if the interest
rate reflects badly on one side, the positive effect
on the other side would neutralize the loss.

1.2 Option types

Options are classified according to several crite-
ria [6]: according to the occupied investment posi-
tion, the possibility of execution, the character of
the underlying assets, the coverage of the underly-
ing assets and the duration. From the point of view
of the investment position, there are the call and
the put options. The call option gives its buyer, in
exchange for a premium, the right to buy from the
seller, or the maker of the option, a contracted un-
derlying assets at the strike price fixed on a specific
date or over a certain period of time until the expira-
tion of its return. Therefore, they are called the call
options. The put option is the right of the maker of
the option to sell the underlying assets at a guaran-
teed price on a date of its maturity, or through the
time of its duration. Therefore, it is called the put
option. Depending on which method can be used to
implement the right from the option till the moment
of its expiration, there are different types of options.
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The basic types are the European and the Ameri-
can options. The European options can be executed
solely on their maturity date. The American options
can be executed any time up to their maturity date.
As a special type of options there are the Asian op-
tions as well in which the time until the expiration
return determines their strike price.

According to the character of the underlying
assets, options are divided into commodity and fi-
nancial options. In commodity options the subject
is the commodity, real assets, while in financial
options the subject is the financial assets, i.e. se-
curities (shares and bonds), as well as other de-
rivatives (e.g. options on futures of share indices,
options on futures of interest rates, options on fu-
tures of currencies and so on) or indices of shares.
According to the coverage, there are covered op-
tions and uncovered or naked options. Covered
options are made when the underlying assets are
owned, and uncovered options are made when
there is no ownership over the underlying assets.
According to the duration, there are short — term
options, options are generally short — term finan-
cial instruments which expire within up to nine
months, and long — term options such as the leaps
options (Long — Term Equity Anticipation Securi-
ties), which expire in a period of two to five years.

1.3 Trading with options

The options are traded in the same way as the
forward contracts, the futures, the only difference
being the necessary insurance. The buyer of the
option pays immediately the full amount of the
premium to the seller of the option. He does not
claim any insurance, nor is he subject to a call of
the clearing house to provide security. The seller
of the option, on the contrary, needs to put cer-
tain insurance and is constantly subjected to adjust
the height of insurance at the call of the clearing
house, at the same time as this mechanism func-
tions at the futures market in accordance with the
movements of the price of the basic materials. This
means that the seller of the option is constantly ex-
posed to the possibility that the option right will be
activated against him, so that his margin account
with the clearing house needs to cover the height
of the possible loss per option. The adjustment is
done on a daily basis.

1.4 Call option

Call option is a financial contract between two
parties, i.e. the buyer and the seller of that option.
The buyer of the option has the right to buy an
agreed amount of the certain financial instrument
up to a specific maturity date and at a predetermi-
ned strike price. The buyer has the right to buy, but
he does not have to. On the other side, the seller
is obliged to sell the financial instrument if and
when the buyer requests him to. For the buyer to
have this possibility he needs to pay the premium,
so called option price, for that right. The buyer
of the call option wants the price of the financial
instrument to grow so that he can buy a specific
instrument at a lower price, i.e. at the price he has
contracted to buy. The seller of the call option, on
the other side, receives the premium in advance,
but he also risks the loss if the price of the opti-
on grows more than the premium he has received.
There are differences between:

— The American call option, in which the
buyer can buy the option any time until the
expiration date of the option,

— The European call option, in which the buyer
can buy the option solely on its expiration date.

One can use the call options to buy many finan-
cial instruments. The option price is the premium
that the buyer needs to pay to have the right to buy
a financial instrument until its maturity date when
he considers that it is the best time to do so.
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Hllustration 3. Buying of the call option — this is
a diagram interpretation of the gain and profit
of the call option, the way it is understood by the
buyer of the call option. The higher price means
the higher profit. The final price can be sufficient
to pay off the share price.
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The examples of the call option:

The investor buys the call option at the price of
50 on September, 16™ 2006 and pays the premium
of 5 units for the purchase. The current price of the
option is, for example, 40.

Suppose that the share price has grown to 60.
The buyer can now decide to use the option and to
buy the share at the strike price of 50. As soon as
he buys the share, the buyer can sell it on the open
market at 60 units and, thus, earn 10 units. Having
paid the premium of 5 units, his net gain is 5 units.

If the share price never exceeds 50 until the
maturity date, the buyer will not buy such a share,
so the call option will expire as worthless and the
buyer of the option will have a loss of 5 units.

The buyer of the option can lose the highest
premium, 5 units, but he has the possibility of un-
limited earning.

If the share price rises to 55, the buyer will buy
the stock at the strike price of 50. His gain will be
5, but since he has paid the premium of 5, his net
profit will be 0.

Payoff line
= = Profit line

Strike
price

Share price at
maturity

Lllustration 4: Selling of the call option — this is a
diagram interpretation of the gain and profit (net
income) the way it is understood by the seller of

the call option. The profit is maximized when the

strike price is above the price of the correspond-

ing financial instrument. Then the call option ex-
pires as worthless, so the seller of the option will
keep the premium.

The picture shows the option price as the initial
loss of the buyer if the share price is below the stri-
ke price. When the share price rises above the stri-
ke price, the buyer will buy the share at the strike
price, which is then lower than the real share price.
The buyer will have a certain profit, but his net in-

come is the income minus the price of the option.
The buyer of the option will have net income only
when the share price > strike price + option price.

Conclusion

In the modern conditions, when choosing
(using) a certain payment instrument, the risk fac-
tor makes an important impact. It is natural that
business partners want the maximum safety when
it comes to fulfilling their mutual contractual obli-
gations. That safety is threatened by the distance
of the parties and (in)ability of realistic assessment
of the creditworthiness of the business partners. In
the international trade there are more additional
factors which have a hidden danger, namely: the
diversity of the legal systems, diverging of the tra-
de customs, pre unforeseeable state criterions, cu-
rrency instability and so on. In such circumstances
it is important to choose a payment method that
provides the highest security to the business par-
tners, thus minimizing the effects of the risk fac-
tors. That is the reason why today the payment in-
struments that, besides the payment function, also
have the function of providing claims, are gaining
even greater significance. Also, it is evident that
there is the creation of the special funds which can
secure the claims, highlighting the role of banks
(bank guarantee). The lack of cash payments, as
well as a number of other reasons of practical na-
ture, stress the importance of non — cash payment
and credit function of the payment instruments.
Therefore, a check, a bill of exchange and a cre-
dit card are more and more in use today. Today
a check has, in the international trade, become a
security of a high circulation capacity and has as
such largely suppressed cash.

It is, also, essential to emphasize the role of
banks in the modern payment operations because
the most payment takes place across the bank as a
special subject of the international payment ope-
rations. The function of the bank as a guarantor
is particularly important. The state intervention in
the domain of the international payment operati-
ons is nowadays especially pronounced because
the payment system on the international level is
vital to the economy of every country. The econo-
mic policy measures of are all the more rigorous
if the balance of payments of one country with the
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foreign countries is more deficient and the forei-
gn exchange reserves are fewer. The international
payment operations are regulated by mandatory
law, the norms that regulate not only the way, but
also the extent of the payment. In addition, bila-
teral and multilateral international agreements are
created between the contracting states and they
deal with the modes of payment that are required
for mutual payments between the legal subjects of
these countries. The payments that our companies,
as partners in contracts, carry out abroad are regu-
lated on one side by the forced foreign exchange
regulations and the international agreements, and
on the other side they are determined by the ban-
king payment techniques whose rules have the
international character. It is this issue of the inter-
national payment and the instruments of the inter-
national payment system that are dealt with in this
scientific paper. Considering the fact that this is a
very interesting, but a very detailed legal and eco-
nomic issue, the emphasis is put on the concep-
tual definition of the instruments of the payment
system, their function, role and their importance
in the international payments.

In the international payment operations, as
opposed to the payment operations that take place
within one country, there is no universal legal ten-
der which is accepted in all countries. Performing,
realization and the specificity of the international
payment operations is aided by the payment in-
struments and the payment insurances. The Inter-
national Chamber of Commerce has contributed
to the unification of the payment instruments.

The performance of the international payment
operations, due to the development of the world
market, the international economic relations,
different residences, participants in the internatio-
nal payment operations and many other factors, is
characterized by volatility and uncertainty.
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Abstract

Financial capital, through its large companies,
influence the development of small and medium
enterprises in two ways. Those small and medium
enterprises, which are important competitors for
them, are marginalized and eliminated from the
market. The other companies, which integrate into
its operation, receive support for their technologi-
cal and market advances.

Key words: Financial capital, Small and me-
dium enterprises, Development, Multinational
corporations, Development impacts.

1. Introduction

In literature, and in practice, the long established
view exists that entrepreneurial business, indepen-
dent of volume - large, medium or small - cannot
successfully develop without the support of finan-
cial capital. In order to start almost any business a
bigger or smaller sum of money, or other resources,
is needed. Certainly, different businesses need vari-
ous amounts of capital in order to be successfully
implemented. However, there is only a minority of
businesses, whose successful start and successful
execution, is not conditional on possession or sup-
port of a certain amount of financial capital. Need-
less to say that the biggest businesses are executed
with the most financial capital given in the form of
cash, material and / or any other form.

From the standpoint of our topic, it is interesting
to consider what the role of financial capital is in
the development of small and medium businesses
in the context of the current economic and social
situation in Serbia. This situation is characterized
by a long and painful transition from an economic
system of socialist self-management to the neolib-
eral capitalist economic system. The topic is even
more interesting due to the fact that in all the plans
and programs of transition countries, including
Serbia, small and medium business should take a

key role in revitalizing the stalled economy. For a
better understanding of the role of financial capi-
tal in the development of small and medium busi-
nesses, it is good to remind ourselves what finan-
cial capital is, how it has developed and how it in-
creases. It is also important to analyse the goals of
investors. In the context of the above information,
it will be easier to understand what the chances are
for developing small and medium businesses in all
Balkan countries, including Serbia.

2. Financial capital - basic definitions

Economic literature that deals with finances
clearly points out that financial capital represents
the capital of manufacturing, trading, banking and
other monopolistic corporations as well as other
enterprises, which are interconnected through busi-
ness and institutional interests. Connections that
are established in this manner grow quantitatively
greater into a qualitatively new and unique form of
capital. When we look from the present position,
it can be concluded that connections between the
various types and forms of capital have initiated the
process of forming mega multinational and trans-
national corporations, which act simultaneously in
different business and on a global level and hold
key economic, technological and financial powers
in many key sectors of any economy. [1]

The whole process of the formation of financial
capital is well known in the literature and is rela-
tively simple. By purchasing shares of joint-stock
companies, banks become their co-owners, and in
the same way industrialists and traders co-owners
of banks - this time buying their shares. After buy-
ing shares, equity owners participate in the man-
agement and control of banks, as well as industrial
and commercial enterprises, which are connected
in the context of a business - financial symbiosis.
In this manner, a financial oligarchy develops,
which in the further course of things establishes
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new joint stock companies in which governments
can retain control thanks to the possession of a
controlling package or a golden share. Expand-
ing the network of its influence, this oligarchy, in
a wide network of different companies in differ-
ent industries and in different countries, controls
most of the global financial and other capital. The
process of this expansion seems to be unstoppable
and is manifested by the destruction of national
economies and enormous social stratification of
the population, which takes place in almost all
countries of the world. [2]

It is financial capital, which is transformed
into different forms, and which forms the basis of
global economic power of the financial oligarchy
that additionally to economic, completely mo-
nopolises political and every other type of power,
both nationally and internationally. Needless to
say how big the impact of the financial oligarchy
and financial capital is to economic life and eco-
nomic policies of governments, especially those
that have a problem with high unemployment, and
which also have problems witch a lack of capital,
technology and markets. In order to enter the mar-
kets of certain developing and transitional coun-
tries, the financial oligarchy demand various types
of institutional concessions and financial benefits,
which the governments of financially vulnerable
countries willingly or unwillingly accept, in order
to, at least partially, solve the economic, social
and political problems they face. Thus, the global
policy of the three major world financial police of-
ficers (World Bank, IMF and World Trade Organi-
zation), is fully adapted to the interests of financial
capital. Regional mega financial institutions - such
as the European Central Bank and other financial
institutions of the European Union - also act in the
same direction as the World Bank, IMF and WTO.

The financial oligarchy, that dominates the
world’s financial and other markets, knows very
well that the available financial capital forms the
basis of its economic, technological, market and
political power, and the power of its impact on eco-
nomic and social life of dependent countries. All
attempts carried out so far in order to remove or at
least to decrease significantly the monopoly of the
global financial oligarchy have ended in failure
up to now. Here we have to keep in mind that the
financial oligarchy decreases in number, but ac-

cording to the available capital has become more
powerful and dominant. Recently published data
shows that the 100 richest families in the world
own more capital the 3.5 billion poorest people
on the planet, clearly indicating that things have
become out of control and it clearly shows the di-
rection to which humanity is going in its booming
economic, social, demographic and every other
development. [3]

We have to point out to the fact that the forma-
tion of financial capital is the result of high con-
centration and centralisation of different forms of
capital, because large global and national projects
cannot be carried out without much capital. This
amount of capital was accumulated by govern-
ments via public finance in the past, but nowadays
necessary huge amounts of financial capital is
provided by private investors. Here, it is benefi-
cial to separate between the capital of function and
equity capital. This means that each (managers of
different levels, usually in the status of well-paid
professional wage workers) manage operational
business processes, and that capital owners - who
are usually behind the shadows (i.e. they are less
known to the public), manage the strategic devel-
opment of business entities through a variety of
supervisory boards.[3]

We have already pointed out to the fact that
the creation and functioning of financial capital
deleted the duplication of capital into banking,
industrial, commercial or other - which was the
dominant feature of the economic structure of the
world in the 18" and 19" century. The creation and
accumulation of financial capital, the world has
practically stepped into a new civilization, which
is characterized by the domination of capital over
all processes and subjects of power.

The rise and dominance of financial capital
contributes directly to the intensive development
of financial markets, where the turnover of securi-
ties of different types and character (stocks, bonds,
various financial derivatives, etc.) transfer huge
sums of money from one activity to another, from
one country into another.

The economic life of every country is heavily
influenced by large multinational and transnation-
al companies, which in certain areas monopolise
supply and demand, and also the available com-
mercial space. In this area, next to them, business
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has to be conducted by small and medium domes-
tic enterprises. In fact, this relationship between
large and small - superior and inferior, basically
defines the conditions in which exist small and
medium enterprises, both from strategic and op-
erational aspects, as well as in the sense of fate. [4]

3. Various business conditions for small
and medium enterprises

When it comes to the development of small
and medium businesses in science, and also in
the current policy, it is commonly argued that the
development of this type of business is primarily
affected by the inventiveness and ingenuity of en-
trepreneurs to discover certain prosperous niche
areas whose skilful utilization can make a profit-
able business. In this sense, marketing theory, for
example, has developed a number of sectoral dis-
ciplines to educate entrepreneurs: how to explore
a particular market (subject: market research), in
order to meet potential customers - consumers
(subject: consumer research), how to interest cus-
tomers - consumers in their offer (subject: promo-
tion of the offer) and other disciplines, whose ac-
quaintance and knowledge guarantee a successful
entrepreneurial business.

The failure and bankruptcy of many small and
medium enterprises in theory, and also in official
policy, is explained by the argument that competi-
tive entrepreneurs, who have experienced a business
breakdown, have not well learned basic lessons of
management and marketing. Although these theses
are to some extent true, basic failures of many SMEs
are caused by other factors. The question arises un-
der which financial, technological and market con-
ditions, and in what institutional framework the ex-
isting operating SMEs have operated before bank-
ruptcy. So, we have to analyse whether these con-
ditions - as seen from the above-mentioned aspects
- were favourable for the development of SMEs. A
large number of bankruptcies and difficulties for
small and medium businesses - not only in develop-
ing countries but also in most developed countries
- indicate that small and medium businesses are only
formally promoted by media and official policy and
they do not really receive any substantial institution-
al, financial and other support and practical help. A
big surprise in the public has caused the data pre-

sented in the books of the popular theorists of small
and medium businesses Robert Kiyosaki who noted
that, in the American practice, of 10 newly estab-
lished SMEs, only one company will survive until
the fifth year of existence, while the other nine will
go bankrupt. Then, of the 10 surviving companies,
in the next five years again nine companies will go
bankrupt, and only one will remain and survive on
the market as winner. [5]

This data, and the data of our reality, point to
the fact that despite all the political proclama-
tions and sporadic financial assistance provided to
small and medium-sized businesses through loans,
still difficult things are occurring. The reasons
for many failures and “stillbirths™, in the field of
small and medium businesses are many - depend-
ing on the type of business and certainly depend-
ing on the context and environment in which a
certain business is carried out. In some cases, the
reason is lack of knowledge, or incompetence to
manage a certain business. But there are also some
more serious - systemic reasons. We do not claim
to show all the limits and constraints under which
operate many small and medium entrepreneurs,
but we want to point out to some of them, which
are specifically related to the established relations
between small and medium businesses, on the one
hand, and big business, on the other. Certainly,
there are inevitable questions with regard to the
above functional and financial links and flows,
which are in practice established between the both
types and forms of businesses. [6]

In the following we will show some external
factors that directly affect the performance of a
specific (concrete) small or medium business.
Thus, we will set out the factors contributing to
the success of small and medium enterprises and
models of entrepreneurship.

4. Factors of success and failure of small
and medium enterprises

Analysing the factors that contribute to the suc-
cess and prosperity of certain small and medium
enterprises - at the global and national level, we
have concluded that there are three groups of fac-
tors, which are separate types, but which some-
times can manifest a synergy by multiplying the
form of manifestation.
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The first factor is a monopoly at disposal of a
certain successful small or medium company. [4]
This monopoly may be different in character and
cover: the market, space, technology, institution,
finance or other. Monopoly means that the com-
pany is concretely protected from unpleasant “in-
trusion” of other market participants, i.e. potential
or actual competitors in its market area in which it
operates. This space can be on the side of the pro-
curement of necessary inputs for their business or
at the sales side of output. The existence of certain
monopolies is usually a sign that a concretely priv-
ileged monopoly company, collects through its an
appropriate rent (part of income realized without
adequate investment of labour and capital), which
enables the company and its owners to success-
fully conduct a business and live comfortably.

Here are some examples of monopolies or
rents, which in the practice of small and medium
businesses appear and are manifested in numerous
ways: [4]

— if a small hotel is located on the coast
with a beautiful beach, with a good traffic
access and a neighbourhood with rich social
amenities, which attract tourists, who are
willing to pay more to stay in it, it is quite
sure that the hotel owners have a valuable
and lucrative monopoly, which will enable
them to achieve a certain tourist rent;

— if a small agricultural farm possesses
exceptional fertile soil, where they manage
a particularly valuable culture, with a
convenient traffic access, and if it is still
located near the centre of a large consumer,
there is no doubt that the owners of the
property, own a certain land monopoly,
which puts them in certain superior position
in relation to the land of inferior competitors;

— if'asmall store, based on franchising, has the
exclusive license to sell products of a large
and reputable company in a big city with
a lot of interested buyers, it is clear that its
business will be successful, as it has a certain
type of monopoly. A similar monopoly has a
well-stocked shop, which only operates in a
large and rich village with a high purchasing
power of villagers, who - whether they like
it or not - can only buy products in this store.

Another factor that can ensure a successful
business in the field of small and medium busi-
nesses are successful innovations. Innovations
can be accomplished in the area of procurement,
production, sales, promotion, finance and other ar-
eas of creative entrepreneurial business. [1]

The third factor is inclusion in clusters of large
and well-known domestic and multinational com-
panies, i.e. being part of a powerful system of or-
ganized financial capital. In this system, a small or
medium-sized company, as an independent legal
entity, performs part of delegated tasks, for a spe-
cific customer and market. [6]

Bearing in mind that the number of monopo-
lies, which are at disposal for small and medium
enterprises, is relatively limited, it is obvious that
with this base, it is impossible to achieve a very
large number of success stories. Furthermore, the
number of imaginative innovations that small and
medium entrepreneurs can discover and keep a
monopoly at it, is very limited, because in every
field of business - if a certain innovation proves to
be successful - many competitors will imitate this
innovation.

Practice has shown that successful and promis-
ing business achieved by SMEs, which are based
on the third above factor, are associated in some
way with some production, transport or service
centres of the powerful financial capital. The
shape of that connection can be of different types,
i.e. small or medium companies can operate in a
chain of franchising, clusters or other business co-
operation. By operating under the “umbrella” of a
large and powerful company, i.e. its branch office
or a type of financial capital, entrepreneurs, small
and medium businesses, which operate in such a
system, will have stability and security for their
business over the long term.

The factors of failure in small and medium-
sized businesses are contrary to the mentioned fac-
tors of success. Small and medium entrepreneurs,
who operate in the open market in the conditions
of competition, and are not provided with any
of the three factors of success, have little chance
for a successful entrepreneurial business. If their
job goes well, it will immediately draw attention
of other market participants, who operate in the
same field of business and want to achieve simi-
lar success. Increased supply of certain goods and

Volume 10 / Number 2 / 2015

265



technics technologies education management

services, at the same level of demand, generates
negative effects of business for all participants.

For small and medium enterprises, in all sec-
tors, especially in the retail sector, a devastating
situation exists if they are in close proximity where
products and services are offered by large retail
markets. It is well known that small and medium
traders, whose stores are located close to major
retailers such as: Tempo, Maxi, Metro and others
in Serbia, or Wal-Mart, Lidl and similar abroad,
are not able to withstand the bidding, pricing, ser-
vice and other competition of these systems and
quickly close their facilities, and then usually try-
ing to achieve their personal income as employees
at these retailers.

Conclusion

It 1s obvious that the time of successful, inde-
pendent small and medium enterprises has been be-
coming a historical relic of the past. The above does
not mean the end for small and medium businesses,
but it is the beginning of the end of independent free
small and medium businesses, which under condi-
tions of free non-monopolistic competition try to
find and to keep “their place under the sun”.

Prosperous conditions of their business have
mostly small and medium enterprises, which are
protected by a kind of monopoly or are in sym-
biosis within some branch of the large financial
capital. This symbiosis is in most cases achieved
in the form of large and reputable multinational
corporations, that have their business interests,
more or less, in all countries.

To conclude; the future of small and medium
enterprises lies in the form of license or business
in the relationship with some form of the large fi-
nancial capital. Independent business “uprisings”
in the ambience of completely free competition
will be less and less tolerated.
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Abstract

The main aim of this study is therefore to estab-
lish the impact of the leadership on occupational
health and safety and on top managements’ atti-
tudes towards occupational health and safety in
large enterprises. To research this relationship and
the critical factors that affect it, and consequently
the impact of these factors on occupational health
and safety, we implemented the self-assessment
method by using self-assessment questionnaire.
The questionnaires were sent to the census of 351
top managers of large Slovenian enterprises. 62
responses were received and analysed by employ-
ing a statistical software programme (SPSS). The
results showed that leadership oriented towards
occupational health and safety in large enterprises
has a significant impact on the state of health in
the organization and on the attitudes towards oc-
cupational health and safety. We can conclude that
top management’s leadership oriented towards oc-
cupational health and safety has a significant posi-
tive impact on occupational health and safety in
enterprises. This study partially fills up the defined
gap in the area of empirical data processing related
to the safety leadership of top managers in ensur-
ing occupational health and safety as well as to
their attitude towards this issue.

Key words: executive managers, large enter-
prises, leadership, occupational health and safety

1. Introduction

In the past few decades organizations all over
the world have been searching for the elements
that constitute continuous organizational success in
all fields of its activity [1]. Today safe and healthy
working environment, as an essential element of
work quality and therefore organizational success,

268

represents one of the most important advanced
fields in organizations [2]. However, it is leadership
that presents the crucial success element for the use
of quality health and safety system in organizations
[3, 4, 5]. The importance of leadership for effective
safety management has been the focus of research
attention in industry for a number of years, espe-
cially in energy and manufacturing sectors [6]. Se-
nior management’s commitment is crucial to a posi-
tive health and safety culture [7, 8]. Similar findings
have been highlighted in other investigations across
arange of industries [9, 10, 11, 12]. [13] established
that the safety climate mediated the leadership-in-
jury relationship in work groups. All these results
indicate that the leadership commitment to safety
is recognized as a fundamental component of an
organization’s safety culture [14] and safety perfor-
mance [15]. Occupational health and safety-orient-
ed leadership has become not merely a fashionable
trend, but a necessary, integral part of the strategic
planning for the sustained development and success
of the organization.

2. Literature review

2.1. Defining the concepts of leadership and
occupational health and safety

1. Leadership is defined as the activity of top
executives who display high levels of persistence,
overcome significant obstacles, attract dedicated
people, influence groups of people towards the
achievement of goals, and play key roles in guid-
ing their companies through crucial episodes in
their history [4]. Leadership is the ability to in-
fluence people to attain goals. According to [16],
leadership is reciprocal as leaders are involved
with other people in the achievement of goals.
Leadership is the lifting of man’s vision to high-
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er sights, the raising of a man’s performance to a
higher standard, the building of a man’ personal-
ity beyond its normal limitations [17]. Comparing
leaders with managers, we can say that managers
do things right while leaders do the right things.
The clear implication is that “managing” is not
only different from, but maybe even the opposite
of “leading”; moreover, it is more useful to “lead”
than to “manage” [18].

2. Occupational health and safety is a cross-
disciplinary area concerned with protecting the
safety, health and welfare of people engaged in
work or employment [19]. Awareness of occupa-
tional health and safety grew in the early years of
the 20™ century, along with larger concerns about
the wages and living conditions of workers [20].
The main focus in occupational health and safety
is on three different objectives:

— the maintenance and promotion of workers’

health and working capacity;

— the improvement of working environment
and work to become conducive to safety and
health and

— development of work organizations and
working cultures in a direction which supports
occupational health and safety and in doing
so also promotes a positive social climate
and smooth operation, and may enhance
productivity of the undertakings [21].

There are numerous problems with the ap-
proach to developing a valid measure (indicators)
of occupational health and safety [22].

What is needed to enhance safety in the long-
term is a measurement approach that focuses on
the proximal causes of safety incidents. For in-
stance, measuring management practices that in-
crease employees’ levels of trust in management
and perceived safety climate would be beneficial
to the extent that these factors predict subsequent
safety performance [23]. However, organizations
need to be aware of what hazards or stressors may
be present in the workplace of the future and to take
preventive measures not only to protect employee
well-being but also to cover themselves against
any potential legal action from injured employees
[24]. Dangerous and hazardous factors in general
can be classified into six categories according to
the direct cause of the incident and occupational

hazard: physical factors, chemical factors, biolog-
ical factors, psychological and physiological fac-
tors, behavioral factors and other dangerous and
hazardous factors [25]. Focusing on risks to health
is key to preventing disease and injury. The most
emotive and tangible images concerning health
are of people suffering from disease. However,
preventing disease and injury requires systematic
assessment and reduction of their causes. Much
scientific effort and most health resources are di-
rected towards treating disease — the “rule of res-
cue” still dominates [26].

Given this limitation, regarding the defining
valid indicators measuring occupational health
and safety in organizations, we used an occupa-
tional injury and absence due to occupational dis-
eases as indicators of a health and safety statement
in enterprises. We used the indicator of occupa-
tional health and safety according to [27]. These
indicators are numerous occupational injuries and
lost days due to occupational diseases. [28, 29]
described safety performance of organizations as
well as occupational injuries. Below we offer a
definition of the chosen indicators of occupational
health and safety:

— Occupational injuries are defined as »all
events that happen during the practice of
work directly or indirectly causing physical
lesion, functional disturbance or illness, and
resulting in death or loss of the capacity to
work, whether total or partial, temporary or
permanent [30]. Occupational injuries are
measured by total number of days lost due
to occupational injuries [27].

— Absence due to occupational diseases is
stated as time lost due to the employee’s
occupational diseases. The rate of absence is
calculated as the number of registered days
of absence due to occupational disease as
a percentage of the total number of normal
working days in one year, not including
holidays [27].

In Section 2.2, we will discuss the relationship
between senior leadership and occupational health
and safety, and in Section 2.3, the leadership safe-
ty model will be examined.
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2.2. Relationship between senior (top man-
agement) leadership and occupational
health and safety

The quality of leadership may influence orga-
nizational climate, which can have a significant
impact on organizational performance. Safety per-
formance is considered to be a subsystem of orga-
nizational performance [31]. Senior managers have
a prime influence on the organization’s safety per-
formance. They need to continuously demonstrate
a visible commitment to safety, best indicated by
the time they devote to safety matters [7].

Considering the fact that the principal mission
of top management in for-profit organizations is to
make profit, the knowledge of financial and other
data related to occupational health and safety can
positively influence the top management in terms
of noticing occupational health and safety issues in
organizations and influencing their decisions related
to the management of organizations [32, 33]. Levels
of management have distinct roles and are perceived
differently by the workforce [34]. While senior
managers undoubtedly set the tone and tempo for
organizational atmosphere, establish priorities and
allocate resources, there is very little evidence that
unravels how this actually works in practice [35].

In general, leadership research has focused on
outcomes such as productivity, profit, turnover
and worker satisfaction as the criteria to measure
leadership effectiveness, whilst few studies have
considered occupational health and safety as an
important criterion for measuring leadership ef-
fectiveness [36].

Although many studies purport to investigate
leadership’s relation to occupational health and
safety, most of them actually focus on the super-
visory level, and very few of them examine the
impact of more senior level managers on occupa-
tional safety outcomes. With a few notable excep-
tions [31, 37, 38, 39, 40, 41, 42], there is very little
research regarding the process by which senior
level managers can achieve a strong safety culture
in their organizations. The results of these studies
in general showed that leadership behavior could
affect the efficiency of safety performance. There-
fore, leadership dimensions could be possible de-
terminants for facilitating positive occupational
health and safety environment.
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In creating a quality health and safety environ-
ment, a leadership style is of utmost importance.
[42] Showed that a leadership style had a signif-
icant impact on health and safety at work. The
participative leadership style was the best practice
for developing safety culture and safety policy in
organizations. It also led workers to accept the re-
sponsibility and ownership for safety [36].

2.3. The leadership health and safety models

There are numerous business organization
models for occupational health and safety leader-
ship in the world. The largest differences among
these models are in the number of factors (ele-
ments) influencing the state of occupational health
and safety. [43] defined the Safety Excellence
Model consisting of culture, elements of safety,
organization and an individual. According to [44],
safety excellence consists of seven elements: edu-
cation, implementation, engineering, behavior, or-
ganization, leadership and culture. [45] designed a
model called People-Based Safety, founded on the
following elements: behavior, work methods and
motivation management, a positive and systemic
approach to improvements, information collec-
tion and communication. The Successful Health
and Safety Model (by [46]) contains three groups/
clusters of fundamental elements: governance and
management (leadership and commitments, com-
munication and documentation, assessment and
reviews, and training and education), technical-
operational / technical/operational elements (risk
identification, assessment, supervision, engineer-
ing and operational safety and medical programs),
and »soft« elements - culture and behavior (in-
volving employees in decision-making in the field
of health and safety, motivation, behavior, prac-
tices and employee education and training). [47]
Proposed the Three dimensional Model for occu-
pational health and safety management containing
three dimensions operating simultaneously: self-
confidence, credibility and developing organiza-
tional competences. The model is based on five
steps: insight, direction, focus, ability and account-
ability. He established that lack of trust/confidence
and credibility is the most common obstacle to
enhancing safety culture. Another model - Lead-
ership Diamond - the model designed by [48] is
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founded on five basic dimensions or relationship
clusters relating to leadership activities: greatness,
courage, vision, ethics and reality.

Considering the above mentioned organization-
al models for occupational health and safety leader-
ship and their dimensions or elements, we can con-
clude that no model contains equivalent elements.
In some models, the so called »soft« factors (e. g.
culture, organization, leadership, behavior, motiva-
tion, communication, trust/confidence, credibility,
courage, vision, ethics, cooperation, responsibil-
ity) prevail, while with other models, the so called
»hard« factors (e. g. engineering, supervision, sys-
tems approach, technics and technology) prevail.
For the purpose of our research, we decided to fo-
cus on [49] model Leading with Safety, containing
the leadership self-assessment, due to its elements
which are exclusively »soft« and related to leader-
ship, as well as due to the fact that the research re-
sults would enable us to compare and generalize the
results directly with the studies conducted in other
countries. In the discussed model, the author propa-
gates the significance of occupational health and
safety leadership. According to the author, the criti-
cal elements in human resource leadership in terms
of ensuring health and safety are: vision, credibility,
action orientation, cooperation, communication,
recognition, feedback and accountability. Vision,
as the way of seeing a larger perspective in terms
of occupational health and safety, means acting in
a way to demonstrate a high personal standard in
relation to health and safety at all times. The vision
of occupational health and safety policy should be
»no injuries, no health damages and no disabilities«
[50]. An important aspect or quality of visionary
and effective safety leaders is possessing high levels
of credibility. Visionary and effective safety leaders
also need to be perceived as willing to take action
on behalf of safety issues when it is appropriate.
Another important quality of visionary and effec-
tive safety leaders and their leadership is collabora-
tion, which is critical to effective safety leadership,
at all levels [49]. Furthermore, communication is
another vitally important aspect which contributes
to effective safety leadership. The hazard commu-
nication standard of the Occupational Safety and
Health Administration (OSHA) provides an excel-
lent example of the value of a stand-alone imple-
mentation study [51].

And finally, the factor with the greatest positive
perception by employees is management account-
ability to safety [52].

The main aim of this study is to examine wheth-
er leadership could be related to negative occupa-
tional health and safety events (injuries, absence
due to occupational diseases). The study aims to
establish the impact of the leadership of Slovene
top managers on occupational health and safety
and on top managements’ attitudes towards occu-
pational health and safety in large organizations.

We assume that top management should give
occupational health and safety a high status within
the organization’s business objectives, and orien-
tation towards good occupational health and safe-
ty should be prioritized in all situations.

The hypotheses formed on the basis of the re-
viewed literature and the questionnaire:

— HI1: Leadership oriented towards occupa-
tional health and safety in large Slovene
organizations has a statistically significant
impact on the state of health in the enterprise
(according to the number of the recorded
occupational injuries).

— H2: Leadership oriented towards occupa-
tional health and safety in large Slovene
enterprises has a statistically significant
impact on the state of health in the enterprise
(according to absences from work due to
occupational diseases).

— H3: Leadership oriented towards occupati-
onal health and safety in large Slovene
enterprises has a statistically significant
impact on attitudes towards occupational
health and safety (understanding of legisla-
tive requirements, attitudes towards
investments and education in the field of
occupational health and safety, OHSAS
18001 standard [53], occupational health
and safety as an enterprises’ priority field
and risk management in enterprise).

3. Methodology

In our research, we included all large enterprises
in the Republic of Slovenia, with more than 250
employees, listed in the public business register
[54] as active business entities. We decided to in-
clude large enterprises due to their well-developed
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occupational health and safety system, which also
enabled us to acquire the necessary research data.
The register contained 351 large enterprises (with
more than 250 employees), in accordance with the
Standard Classification of Activities, which were
used as a sample for our research. The question-
naires answered by the top managers in Slovene
large enterprises (we received 78 questionnaires out
of 351 and used 62) enabled us to acquire and ex-
amine information on the situation in most branch-
es of Slovenian industry. We could have employed
a qualitative research method (interview), however,
interviews usually last up to several hours; conse-
quently it would be difficult for us to acquire infor-
mation in such a way. Interviews also focus on the
use of open-ended questions allowing the respon-
dent to answer freely. It is the respondent’s answer
that leads the interview. As a result, the interview
questions are not standardized [55].

For the above mentioned reasons we gathered
the data and information by means of a question-
naire designed for Slovene top managers. The ques-
tionnaire measurement characteristics were verified.
Reliability (internal consistency) was estimated via
the split-half reliability index, the alpha coefficient
[56]. The alpha coefficient reliable number was
0.76, which showed a good inter-rater reliability for
the items. A face content validity examination indi-
cated that the items included were adequate for the
purpose of the assessment, and the time consump-
tion for the assessment was acceptable [57].

The questionnaire was developed and designed
on the basis of the reviewed literature and question-
naires used in similar studies conducted previously
in an international affiliated group, and was divided
into 5 parts. A pilot study (30 participants — manag-
ers and supervisors — were included) related to the
strategic activities of the enterprise aimed at achiev-
ing quality results in the area of occupational health
and safety, was conducted to test the questionnaire.
According to the results of the testing, we applied
several corrections targeting to eliminate inappro-
priate and ambiguous terminology. The testing also
helped us to estimate the time required for the com-
pletion of the questionnaire.

In the first part of the questionnaire, which in-
cluded the questions on the branch of industry and
the length of the enterprise’s existence, we aimed
at acquiring the data which would enable us to

classify the enterprises according to their branch
of industry (Standard Classification of Activities)
and to determine the length of their existence. In
the second part of the questionnaire, we acquired
the demographic data of the participants: sex, age,
total length of service, position in the enterprise
and completed level of education. In the third part
of the questionnaire, we investigated the state of
health in the enterprise according to the number
of the recorded occupational injuries and absenc-
es from work due to disease for the period be-
tween 2001 and 2006, which coincides with the
last national programme on occupational health
and safety in Slovenia. In the fourth part of the
questionnaire, we acquired information on atti-
tudes towards occupational health and safety. The
questions were related to understanding of legisla-
tive requirements, attitudes towards investments
and education, and the knowledge of the OHSAS
18001 standard and risk management. In the fifth
part, we investigated the self-assessment of the
Slovene managers in large enterprises concerning
their leadership style in view of the selected eval-
uation criteria: vision, credibility, cooperation,
feedback, accountability, communication and ac-
tion orientation.

The questionnaire, therefore, focused mainly on
the top management’s interpretation of their role in
the field of occupational health and safety, leader-
ship and attitudes towards occupational health and
safety and the state of health in the enterprise.

The questionnaires and the covering letters
were sent to the participants in electronic form.
We expected approximately the same response as
if our questionnaires had been sent to the partici-
pants via ordinary mail.

In the covering letter, we expressed our aware-
ness of the time constraints the participants were
exposed to and highlighted the benefits of answer-
ing the questionnaire related to the reflection on
their own leadership.

In the introductory part of the questionnaire,
we thanked the participants for their involvement
in the research. Furthermore, we provided brief in-
structions for the completion of the questionnaire,
determined the approximate time required for the
completion of the questionnaire, assured them that
the results would not be presented individually
and that there were no wrong answers. For any
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questions regarding the questionnaire or research,
the name of a contact person was included.

The empirical part of the research included 62
top managers from the enterprises that returned
the completed questionnaires. By means of the
equation for the finite population correction, we
were able to acquire an accurate evaluation of the
population characteristics [58].

Statistical data processing was carried out by
the weighting of answers to the items in the ques-
tionnaire, namely by means of the Excel Software
and SPSS (Statistical Package for the Social Sci-
ences). Firstly, the general data was statistically
processed. This was followed by processing the
data by means of factor analysis, regression analy-
sis and multiple regression analysis. All the hy-
potheses were tested at a significance level less
than 5 % (P=0.05). The results are presented in a
descriptive way and as tables.

4. Results

The studied sample included 62 large Slovene
enterprises, each employing more than 250 people.
In the first part of the questionnaire, we acquired
basic information on the enterprises related to the
branch of industry the enterprises operated in and
the length of their existence on the market. The
largest number of the completed questionnaires
was received from the enterprises operating in the
area of production activities. They are followed by
health care, social security, public administration
and defense, compulsory and social security, con-
struction, electricity supply industry, gas supply in-
dustry, steam supply industry, catering, finance and
insurance, transport and warehousing. The partici-
pating enterprises have been in operation for a lon-
ger period of time, most of them for over 40 years.
Most of those enterprises which have been in op-
eration from 10 to 20 years were established at the
time of Slovenia’s declaration of independence and
are mostly state-owned. The data acquired through
the questionnaires represent the operating systems,
namely the enterprises that have tradition and are
well-established in a competitive market.

On the basis of the reviewed literature and the
sources used in the theoretical part of this paper,
we designed three hypotheses related to the top
management’s leadership and occupational health

and safety state in Slovene large enterprises (mea-
sured by the number of the recorded occupational
injuries, absences from work due to occupational
diseases and attitudes towards occupational health
and safety - understanding of legislative require-
ments, attitudes towards investments and educa-
tion in the field of occupational health and safety,
OHSAS 18001 standard, occupational health and
safety as the enterprise’s priority field and risk
management in the enterprise).

Prior to verification of our research hypoth-
eses, we tested the questionnaire’s validity and
reliability (if it contained a statistically signifi-
cant cluster of items assessing or establishing oc-
cupational health and safety-oriented leadership
performance). By means of the exploratory factor
analysis it was established that there was a factor
which could be labeled as the occupational health
and safety-oriented leadership (items that indicate
such leadership are shown in the table below — Ta-
ble 1) by which we can explain 40.5 % variance
of managers self-estimate of leadership in terms
of critical factors defined according to Inc. BST®
and Leading with Safety™. Establishing the previ-
ously mentioned factor was important to proceed
with the testing of the set hypotheses.

The first hypothesis tested is as follows: H1:
Leadership oriented towards occupational health
and safety in large Slovene enterprises has a statis-
tically significant impact on the state of health in
the enterprise (according to the number of the re-
corded occupational injuries). The hypothesis was
tested by simple linear regression. The variable
“occupational health and safety-oriented leader-
ship” was used as an independent variable and
“the state of health in the enterprise (according to
the number of the recorded occupational injuries)”
as a dependent variable. The basic hypothesis: The
Pearson product-moment correlation coefficient,
a measure of the linear dependence between two
variables, equals 0. If the coefficient turns out to be
different from 0, we reject the hypothesis and ac-
cept the hypothesis on the correlation of two vari-
ables. We normally do this at a 5 % significance
level. To test the correlation between the variables,
we used simple regression analysis model, which
is shown in Table 2.
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Table 1. Statistical analysis of the factor “occupational health and safety-oriented leadership”

Variable - number Variable - description F.L. M SD
F1: Occupational health and safety-oriented leadership (40.50 % var.; KMO = 0.82; a.= 0.82)
Vision - 1 I demonstrate a high personal standard in terms of H&S. 090 | 2.25 | 0.62
. I help others start thinking independently about their own
Vision -2 standards in terms of H&S. 073 | 1931 047
Vision - 6 I encourage other employees to take on challenges in the area of 086 | 189 | 1.06
values relating to H&S.
Cooperation - 1 I promote cooperation in attitudes towards H&S. 0.71 | 2.16 | 0.82
Cooperation - 2 I discuss and encourage propositions for the improvement in the 080 | 188 | 091
area of H&S.
Cooperation - 3 I help other employees solve their problems related to H&S 062 | 205 | 025
independently.
Feedback - 2 I recognize and award those who contributed to H&S 076 | 202 | 051
Improvement.
Feedback - 6 We celebrate the achieved success in the area of H&S. 0.77 | 1.78 | 0.43
Responsibility - 3 I define responsibilities related to H&S tasks. 071 | 1.96 | 0.32
o I analyse the achieved results periodically, on the basis of the 0.25
Responsibility - 5 defined standards in H&S. 0.62 | 2.05
Communication -1 I keep informing all employees about the activities in the area 076 | 232 | 081
of H&S.
Action orientation - 1 | I act uncompromisingly in responding to H&S challenges. 0.77 | 1.78 | 0.33
Action orientation - 2 | I actively support resolving H&S challenges. 0,72 | 2.10 | 0.38
Action orientation - 3 | I act creatively and innovatively in resolving H&S challenges. 0,79 | 2.50 | 0.49

Notes. KMO (Keiser-Meyer-Olkin Measure of Sampling Adequacy), o- alpha coefficient; var.-variance; F.L.- Factor Loadings;

M- Mean,; SD- standard deviation.

Table 2. Regression model

Model**

Model R

R Square Adjusted R Square

1 0.36*

0.12 0.11

Notes. * Predictor: occupational health and safety-oriented leadership. ** Dependent variable: state of health in the enterprise

(according to the number of the recorded occupational injuries).

Table 3. ANOVA

ANOQVA**
Model Sum of Squares Degrees of freedom Mean Square F Sig.
Regression 18.07 1 18.07 19.98 0.000*
1 Residual 13291 61 0.90
Total 150.98 62

R? represents the adjusted coefficient of the ex-
plained variance, which is, in our case, 11.4 %.
The proportion of the explained variance in our
model is 11 %, which means that the dependent
variable is well explained with the selected inde-
pendent variables.

By using F statistics, we tested the full regres-
sion model. We measured the purpose and mean-

ing of the overall model. This is shown in Table 3.
We obtained F = 19.98. We assess this as a good
model, which provides efficient data accommoda-
tion and is statistically significant.

Standard regression coefficient (Beta) for the
factor “occupational health and safety-oriented
leadership” is estimated to 0.35 and is statistically
significant. This coefficient is shown in Table 4.
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Table 4. Regression model

Coefficients*

Non-standard coefficients

Standard coefficients

Model Beta Standard error Beta t Sig.
Constant 1.09 041 2.67 0.009
1 Occupational health and safety- 0.52 0.12 035 447 0.000

oriented leadership

Notes. Constant — constant represents a parameter evaluation — value of the regression function constant equals the value of
the regression function at the independent variable s value 0. Beta — beta coefficient measures the amount of variation, i.e. the
number of units the dependent variable is changed by on average if the independent variable increases by one unit, provided
that all other variables remain unchanged. Sig. — sig. represents statistical significance or risk — the hypothesis is rejected at the
statistical significance that is lower than 5 %.

Table 5. Regression model

Model**

Model R R Square Adjusted R Square
1 0.40* 0.16 0.16

Notes. * Predictor: occupational health and safety-oriented leadership. ** Dependent variable: state of health in the enterprise
(according to absences from work due to occupational diseases).

Table 6. ANOVA

ANOVA**
Model Sum of Squares | Degrees of freedom Mean Square F Sig.
Regression 24.16 1 24.16 28.05 0.000%*
1 Residual 126.78 61 0.86
Total 150.98 62
Table 7. Regression model
Coefficients™
Non-standard coefficients Standard coefficients
Model Beta Standard error Beta t Sig.
Constant 0.75 0.41 2.94 0.050
b | Occupational health and safety- | 5 0.11 040 530 | 0.000
oriented leadership

Notes. Constant — constant represents a parameter evaluation, Beta — beta coefficient, Sig. — sig. represents statistical

significance or risk.

This result shows that the factor “occupational
health and safety-oriented leadership” has a sta-
tistically significant impact on the state of health
in the enterprise (according to the number of the
recorded occupational injuries). The hypothesis is
thus supported.

The second hypothesis tested is as follows: H2:
“Occupational health and safety-oriented leader-
ship” in large Slovene enterprises has a statisti-
cally significant impact on the state of health in
the enterprise (according to absences from work
due to occupational diseases). The hypothesis was
tested by simple linear regression, which is shown

in Table 5. The variable “occupational health and
safety-oriented leadership” was used as an inde-
pendent variable and “the state of health in the en-
terprise (according to absences from work due to
occupational diseases)” as a dependent variable.

R? represents the adjusted coefficient of the ex-
plained variance, which is, in our case, 16.2 %.
The proportion of the explained variance in our
model is 16 %, which means that the dependent
variable is well explained with the selected inde-
pendent variables.

By using F statistics, we tested the full regres-
sion model. We measured the purpose and mean-
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ing of the overall model. This is shown in Table 6.
We obtained F = 28.05. We assess this as a good
model, which provides efficient data accommoda-
tion and is statistically significant.

Standard regression coefficient (Beta) for this
factor is shown in Table 7. The impact of the inde-
pendent variable is statically significant.

We can conclude that occupational health and
safety-oriented leadership in large Slovene enter-
prises has a statistically significant impact on the
state of health in the enterprise (according to ab-
sences from work due to occupational diseases).

The third hypothesis tested is as follows: H3:
Occupational health and safety-oriented leader-
ship in large Slovene enterprises has a statistically
significant impact on attitudes towards occupa-
tional health and safety (understanding of legisla-
tive requirements, attitudes towards investments
and education in the field of occupational health

Table 8. Regression model

and safety, OHSAS 18001 standard, occupational
health and safety as an enterprises’ priority field and
risk management in the enterprise). For testing this
hypothesis we used the “enter” method as a method
of multiple regression analysis, which are shown in
Table 8, Table 9 and Table 10, and includes all the
variables and evaluates the regression coefficients
for all independent variables simultaneously [59].

The impact of all independent variables is stati-
cally significant, and the standardized regression
coefficients reveal that attitudes towards occupa-
tional health and safety (understanding of legisla-
tive requirements, attitudes towards investments
and education in the field of occupational health
and safety, OHSAS 18001 standard, occupational
health and safety as the enterprises’ priority field
and risk management in enterprise) are consider-
ably affected by the occupational health and safe-
ty-oriented leadership.

Model**
Model R R Square Adjusted R Square
1 0.56* 0.31 0.29

Notes. * Predictor: occupational health and safety-oriented leadership. ** Dependent variables: top managers’ attitudes towards

occupational health and safety.

Table 9. ANOVA

ANOVA**
Model Sum of Squares Degrees of freedom Mean Square F Sig.
Regression 19.62 491 16.15 0.001*
1 Residual 43.74 61 0.30
Total 63.36 62
Table 10. Regression model
Coefficients™
Non-standard coefficients | Standard coefficients
Model 1 Beta Standard error Beta t Sig.
Constant 1.54 0.28 5.47 0.00
Undersif;‘ﬁgfg;isgISIa“VC 0.53 0.10 0.55 522 | 0.00
Attitudes to”;gi‘isaii‘fmems and |0 49 0.12 036 447 | 0.00
OHSAS 18001 standard 0.39 0.08 0.41 5.28 0.00
Occupational.hea,lth .anfl safety as the 038 0.08 0.40 517 0.00
enterprises’ priority field
Risk management in the enterprise 0.36 0.07 0.38 5.12 0.00

Notes. Constant — constant represents a parameter evaluation; Beta — beta coefficient; Sig. — sig. represents statistical signifi-

cance or risk.
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5. Discussion and conclusion

Nowadays, sustainable development has be-
come one of the most important issues in modern
societies, and concern for employees’ health and
safety is closely related to it. According to [60],
the top-down support of top managers is the key
factor to achieve quality outcomes in the area of
occupational health and safety in an organization.

Top managers’ attitudes towards occupational
health and safety in organizations and their will-
ingness to improve the present situation and the
style of leadership — in terms of critical factors
defined according to Inc. BST® and Leading with
Safety™ — are the key data by which we can influ-
ence the trends in the field of occupational health
and safety. Managers are believed not to consider
the care for occupational health and safety as a
legal burden but as a great opportunity for boost-
ing the competence and outcomes of their enter-
prises [48, 61]. The benefits that can arise from a
good occupational health and safety practice can
be reflected in lower costs, lower risk, lower rate
of absences, fewer accidents, fewer lawsuits and
penalties, better relationships between the par-
ticipants in the business chain, better enterprise’s
reputation in their working environment and bet-
ter reputation with their customers and investors
as well as a higher level of employee satisfaction.
Consequently, this results in a higher productiv-
ity and innovativeness as well as competitiveness
and the pertaining business outcomes [49, 61, 62].
Each organization has its formal and informal
side. Both of them are significant for achieving
the required outcomes which are related to ensur-
ing occupational health and safety, and, indirectly,
also to achieving favorable business results [63].
The formal side of organizational structures refers
to management systems or the use of mechanisms,
while its informal side refers to leadership (lead-
er’s informal management practices) or the use of
culture, i.e. the use of vision, credibility, coopera-
tion, feedback, acknowledgement, accountability,
communication and direction to action [64].

Occupational health and safety in enterprises
is not exclusively regulated by the legislation and
its requirements. This issue can be regulated also
in other ways, especially by being aware of the
fact that even by using state-of-the-art machin-

ery, appropriate amount of capital, developmental
knowledge, available markets, etc., it is not pos-
sible to achieve sustainable business and other
type of results without healthy, properly qualified
and satisfied employees, »speaking the same lan-
guage« and sharing the same goals. It is the top
management’s responsibility to adopt a proper at-
titude towards occupational health and safety and
to implement safety leadership.

This study partially fills up the defined gap re-
sulted from a lack of research dealing with the at-
titude of senior management towards occupational
health and safety in the area of empirical data pro-
cessing related to the safety leadership of top man-
agers in ensuring occupational health and safety
as well as to their attitude towards this issue. The
research allows us to gain an insight into this issue
by the self-assessment of the Slovene’s managers’
leadership towards occupational health and safety.
As this is the first attempt in the Republic of Slo-
venia (according to the information we could ob-
tain) that deals with this issue in such a way, the
collected data will be helpful to other researchers
in their studies of the top management and occu-
pational health and safety in Slovenia. The em-
pirical contribution of this study will be helpful to
policy makers in the area of occupational health
and safety in Slovenia (professionals, law makers
and employers) as well as to top managers in their
everyday work in Slovenia and outside its borders.

The research findings’ contributions are theo-
retical as well as empirical. The theoretical contri-
bution relates to gaining information on new find-
ings related to top managers’ leadership towards
occupational health and safety.

The structure of our research enabled us to
compare our research with a similar one conduct-
ed in other cultural environment. This comparison
allows us to provide a clearer picture and under-
standing of top managers’ behavior in a global
competition and the issues related to managing
occupational health and safety.

The research findings can be useful for top man-
agers as well as for policy makers in the area of oc-
cupational health and safety, as we established that
occupational health and safety-oriented leadership
is related to occupational health and safety indica-
tors (work injuries and absence due to occupational
diseases). Other researchers [31, 37, 38, 39, 40,
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42] also showed the relationship between leader-
ship and safety performance, but for other health
and safety indicators. We also established that the
top management’s awareness of the importance of
occupational health and safety and their leadership
oriented towards it has a positive impact on the sys-
tems approach and the established behavior or at-
titude towards occupational safety. Our results are
in accordance with those of the previous studies,
which also showed a positive relationship between
leadership and attitudes towards occupational
health and safety [31, 32, 62, 65, 66].

We should also emphasize that the results of
this study are not definite or finite. They expose
many relevant topics in terms of the relationship
between occupational health and safety and lead-
ership, however, the research leaves open several
questions for future research. Such research could
include an analysis of other indicators of occupa-
tional health and safety, taking into account psy-
chological and physical working environment.

It would be also of great importance to iden-
tify the factors that create the need for and turn
attention to occupational health and safety in top
managers. Among external factors influencing the
work of top managers, it would be essential to ex-
amine what form of legislation acts as an incentive
for top managers in terms of occupational health
and safety. Good results, related to occupational
health and safety, cannot be achieved in a short
term as ensuring occupational health and safety
presents a long-term investment into an organi-
zation. It would be essential to establish how to
motivate top managers to face the fact that only
healthy and satisfied employees are able to con-
tribute to a long-term business success.
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Abstract

The fundamental purpose of this article is to use
theoretical and empirical results to show the diffe-
rent relationships between several concepts: sick-
ness absence, job satisfaction, emotional exhaus-
tion and fluctuation. We analysed the results of
an extensive survey questionnaire developed as
part of the INODEL project. The sample consis-
ted of 942 respondents from the target population
of employees of Slovenian businesses. Correla-
tions between the concepts analysed are for the
most part very weak, yet statistically significant.
The correlation between sickness absence and job
satisfaction is negligible and negative, while the
correlation between emotional exhaustion and
sickness absence is negligible and positive. Both
correlations are statistically significant. There is
no significant correlation between fluctuation and
sickness absence. In terms of the overall impact of
the above factors on the rate of sickness absence,
ordinal regression only showed a significant im-
pact in the case of job satisfaction.

Key words Absenteeism, sickness absence, job
satisfaction, emotional exhaustion, fluctuation.

1. Introduction

In every working process a variety of activities
are carried out every day whose performance is lin-
ked to a range of problems, the intensity of which
can have various impacts on the working process.
Organisations in the private and public sectors are
not immune either to the problems of employees
being absent from work or failing to perform pre-
viously agreed tasks. Employees can be absent
from the workplace because of holidays, their own
health problems, health problems of family mem-
bers, education and training, etc. This shows that
absence from work is a complex and multidimen-

sional area that needs to be dealt with carefully and
correctly. Although there are different kinds of ab-
sence from work, practice shows that organisations
devote most attention to the absence of employees
due to sickness, either of employees themselves or
of their family members. Such absence from work
is referred to in the literature as absence from work
or sickness absence. Sometimes the expression ab-
senteeism is also used.

Lokke et al. [1] explain absenteeism as an indi-
vidual‘s lack of physical presence at a given loca-
tion and time when there is a social expectation for
him or her to be there. Briner [2] on the other hand
believes that absenteeism is simply non-attendan-
ce at work by an employee, although owing to its
complexity this phenomenon is more difficult to
explain. Briner‘s explanation of absenteeism sug-
gests that it is a complex social and organisational
phenomenon that has different dimensions.

The importance of distinguishing between di-
fferent conceptions of absenteeism is explained by
Van der Merwe and Miller [3], who divide the ge-
neral concept of ,,absenteeism* into three catego-
ries, which help us understand the multidimensio-
nal nature of absenteeism. They classify or divide
absenteeism into three categories as follows [1]:

— sickness absence (absence of employees for

health reasons);

— authorised absence/absence with permission

(holiday, education and training, etc.);
— unexcused absence/absence without leave
(arriving late for work, leaving work early).

Exact definitions of the concept of absenteeism
are also important for understanding of absence
from work in the present article. In this article we
in fact only focus on those absences from work
that are related to sickness, and ignore those re-
lated to education, holidays, etc. With this as our
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starting point, we therefore place in the foreground
absence from work or sickness absence, which we
define as a specific situation related to the non-
attendance at work by employees at a time when
work is available for them or they are expected to
be performing agreed tasks. This therefore means
those times when employees are not working or
are unable to work because of sickness or injury
or because they are caring for a family member,
and such absence has a limited duration.

In Slovenia between 38,000 and 40,000 em-
ployees are absent from work every day, meaning
that approximately 4-5% of all workdays in the
year are lost due to sickness absence. Slovenia has
one of the highest levels of sickness absenteeism
in the EU. Such figures point to a problem that is
also evident in the financial consequences suffered
by employers, the State and employees as a result
of sickness absence. For this reason the State and
employers undertake various activities through
which they attempt to reduce sickness absence. In
the working environment it can be seen that in-
creasing attention is being devoted to improving
working conditions, improving the health and we-
1l-being of employees in the working environment,
etc. More and more studies [4, 5, 6] show that the
causes of sickness absence are connected above
all to factors that shape the working environment
(working conditions, colleagues, managers, etc.).
Lokke et al. [1] also believe that the principal
causes of temporary sickness absence should be
sought above all in the working environment, or
in numerous factors of the working environment
such as management style, the nature of the work,
relations between colleagues, employee satisfac-
tion and well-being, etc. Within the INODEL pro-
ject we have also attempted to identify the correla-
tion between employees* sickness absence and job
satisfaction, fluctuation and emotional exhaustion.

This main aim of the article is to present the
theoretical and empirical results of the INODEL
project and show the relationship between em-
ployees® sickness absence and job satisfaction,
emotional exhaustion and fluctuation.

The following hypotheses were developed
from the aims of the study:

— H1: Employees who have changed employer

in the past year are more frequently sickness
absence than those who have not.

— H2: Job satisfaction is connected to sickness
absence.

— H3: Among employees who have been
absent from work in the last year and those
who have not, there are differences in
emotional exhaustion.

— H4: Fluctuation, job satisfaction and
emotional exhaustion have an impact on
sickness absence.

Analysis of the relationships between the con-
cept is dealt with in this article can also be shown
schematically by means of a diagram (Figure 1).
This graphic representation clearly shows that we
are testing for hypotheses, where the first three in-
volve an analysis of the relationship between sick-
ness absence and fluctuation (H,), job satisfaction
(H,) and emotional exhaustion (H,), while the
fourth involves the overall impact of these va-
riables on sickness absence (H,).

Absenteeism

H, H, H,

Fluctuation Job satisfaction Emotional exhaustion

\/

H,

Absenteeism

Figure 1. Relationships between concepts, which
we analysed by testing four hypotheses

2. Sickness absence, emotional exhaustion,
job satisfaction and fluctuation

2.1 Sickness absence and job satisfaction

The role of employees in an organisation is
unquestionably important, and it is therefore logi-
cal to dedicate attention not only to the external
public, but also to employees. Employees need to
be treated with respect and a relationship needs to
be established where employees perceive the im-
portance of doing their job (in other words why
performing tasks is important and what the result
is). Job satisfaction can be defined as an employ-
ee‘s satisfaction with the individual factors that

282

Volume 10 / Number 2 / 2015



technics technologies education management

make up the job, in other words: tasks, colleagues,
managers, working conditions, opportunities for
education/training and promotion, working hours,
pay, bonuses and additional benefits, etc. Mathis
and Jackson [7] explain that employees® job sat-
isfaction is tied up with a positive emotional state
that is the result of their experiences at work. Dis-
satisfaction at work occurs when employees‘ ex-
pectations are not met.

The literature includes studies that confirm a
correlation between employee job satisfaction and
absence from work, or the impact of the former
on the latter, and also studies that do not confirm
such a correlation. The latter group includes a
study carried out by Goldberg and Waldman [8§]
among hospital employees in the United States of
America, the results of which showed that no cor-
relation exists between sickness absence and job
satisfaction. On the other hand a study by Zabin
(in Abu Sheikha and Younis, [9]) confirms that job
dissatisfaction is one of the main reasons for sick-
ness absence. The analyses of Dionne and Dostie
[10] and Brown and Sessions [ 11] confirm that job
dissatisfaction increases sickness absence.

A study carried out by Kristensen et al. [12] in
the Danish banking sector shows that higher job
satisfaction among bank employees has the effect
reducing sickness absence. The factors identified
by the authors of the study as having an influence
on employee satisfaction included pay, benefits
or bonuses, and participation in the organisation.
The results of the survey showed that the most im-
portant factor influencing job satisfaction is par-
ticipation in the organisation: the greater the satis-
faction with participation in the organisation, the
less absence from work. A study by Ybema et al.
[13] shows that a correlation exists between em-
ployee satisfaction and temporary absence from
work. This study took as its starting point the hy-
pothesis that if employees are frequently absent
or are absent for a long time, this will be mani-
fested through an increase in job dissatisfaction.
The results of their study confirm the hypothesis
that the impact of employee job satisfaction and
absence from work is reciprocal. Employees who
are frequently absent from work will be less satis-
fied, and employees who are dissatisfied at work
are more likely to be absent more frequently in
the future. Tharenou [14] also demonstrates that

sickness absence (above all brief absences) affects
job satisfaction in subsequent years, although the
study was not able to confirm the reverse effect.

Not with standing the fact that many studies
focus on the search for a correlation of the factors
of job satisfaction and mental health at work with
sickness absence, Ybema et al. [13] believe that it
is still not entirely clear whether we can treat these
factors as consequences or causes of sickness ab-
sence. The fact is, the majority of studies have
shown that job satisfaction and sickness absence
are negatively correlated. This means that (1) dis-
satisfaction in the workplace leads to an increase
in absence from work and that (2) greater absence
from work leads to the dissatisfaction of employ-
ees in the workplace.

2.2 Sickness absence and emotional exhaustion

Employees perceive numerous organisational
factors in the working environment at the emo-
tional level, and even in interpersonal relations the
emotions play an important role. In the opinion
of Musek [15] they can be defined as a complex
mental phenomenon that has multiple aspects. In
addition to observable behaviour, the emotions are
also accompanied by numerous less noticeable and
imperceptible physiological reactions, among the
most common of which are physiological changes,
changes in cardiac activity, in the functioning of
the cardiovascular system, in respiration, etc. Also
closely connected with the emotions is the aspect
of emotional exhaustion, which appears in corre-
lation with burnout syndrome. Emotional exhaus-
tion is manifested above all as a lack of energy
and through the feeling that one has drained one‘s
emotional reserves. Such depersonalisation or de-
humanisation is expressed above all in relations
with other people and can be seen in the fact that the
individual behaves towards people as though they
were objects (cold attitude). In cases where burnout
appears in employees, along with the related aspect
of emotional exhaustion, the latter can also have the
effect of rendering employees incapable of work-
ing, in other words it can lead to sickness absence.
The results of a study by Karatepe and Choubtarash
[16] also show that the emotional dissonance repre-
sented by the mismatch between emotion displayed
and emotion felt can lead to emotional exhaustion,
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which in turn exacerbates turnover intentions and
absenteeism. Employees trying to manage their
emotions by displaying controlled facial and physi-
cal expressions that are organisationally desired are
emotionally exhausted. Such employees in turn ex-
hibit negative job outcomes such as turnover inten-
tions and sickness absence (Karatepe and Choubta-
rash, 2014).

2.3 Sickness absence and fluctuation

Fluctuation occurs as the consequence of vari-
ous processes taking place both inside and outside
the organisation. We use this term to denote the
dynamic movement of employees that is reflected
in the outflow (i.e. departure) of employees from
a company. We distinguish between various types
of fluctuation — but in this article we focus on ,,un-
desired fluctuation, which relates to the depar-
ture of individuals who have a positive influence
on the achievement of results. Such employees
are necessary from the operational point of view
and must therefore be replaced when they depart.
This can have numerous consequences that have a
significant impact on the future effectiveness and
performance of the organisation [17]. Chiboiwa et
al. [18] point out that studies have identified vari-
ous causes affecting fluctuation, where those par-
ticularly highlighted include the reward system,
the management style, poor working relations, a
lack of recognition (praise), poor prospects of pro-
motion, a lack of interesting work, etc.

3. Research

3.1 Methodology

The INODEL project included two studies that
researched several areas (stress and burnout in the
workplace, sickness absence, emotional exhaus-
tion, fluctuation and coordination of professional
and family life, and in this paper we present some
of the results of the second study. The target group
of the study consisted of employees of organisa-
tions in Slovenia.

Data were collected using a combination of
CAWI (computer-assisted web interview) and pen
and pencil methods. Data collection was carried
out from March to April 2012. The final sample

consisted of n =942 respondents. Employees from
various companies and the public sector were in-
vited to participate in the study. The criteria for
selection of participants were their working status
(they had to be employed) and their age (at least
18 years old).

The data were collected in two ways:

— T.LM. randomly selected people included
in their panel that met inclusion criteria and
invited them to participate in the study (n =
577 responded to the invitation).

— Students of the Faculty of Administration
at the University of Ljubljana were asked
to give questionnaires to relatives or friends
who met the inclusion criteria (n = 365
questionnaires were returned).

The paper covers the relationships between four
concepts: sickness absence, fluctuation, job sat-
isfaction and emotional exhaustion. The first two
concepts are directly measurable, while for the oth-
er two we measured a number of aspects. In order
to measure fluctuation we used the survey question
,Have you ever changed jobs of your own voli-
tion?*, where the possible answers were Yes (fluc-
tuation is present) and No (fluctuation not present).

We measured sickness absence using the sur-
vey question ,,How many DAYS (in total) were
you absent from work in the last 12 months for
health reasons (e.g. sickness, injury)?*, where
respondents chose one of ten ranked possibilities.
The coded value 1 meant that employees had not
been absent from work in the past year, 2 meant
that they had been absent less than three days, and
so on. The greater the value, the longer the absen-
ce, while the highest value of 10 included all em-
ployees who had been absent from work for more
than 30 days. We can already talk about absentee-
ism in cases where a respondent gives a reply that
is greater than 1, but our further analysis will con-
sider the original answers, since these offer more
information about the rate of absenteeism.

To measure job satisfaction we used a set of eight
questions, which measured agreement with specific
statements on a 5-point scale (aspects of job sati-
sfaction: communication between management and
employees, clarity of tasks, pay, frequency of finan-
cial rewards, meaningfulness of work, enjoyment
of the job, attitude of superiors, prospects of pro-
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motion). Two questions in the basic questionnaire
were for inverted test purposes, such that a value of
5 represented the lowest level of satisfaction and a
value of 1 the highest. In our subsequent analysis
we inverted the scale in these two cases and took
the average of the eighth statements as the rate of
satisfaction. The higher the average values, the gre-
ater the job satisfaction of employees. Emotional
exhaustion is measured in a similar manner to job
satisfaction, taking the average of 10 statements
measured, in this case, on a 7-point scale where a
value of 0 means that the respondent never encoun-
ters the given situation and a value of 6 means that
the respondent encounters the situation every day.
Individual situations are taken from the Maslach
Burnout Inventory (MBI)) and include exhaustion,
feeling used up, fatigue, an unfeeling and imperso-
nal response towards clients, finding work burden-
some, burnout, insensitivity towards other people,
impact on the lives of others, and effective discus-
sion with clients.

3.2 Results

In this section we will begin by offering some
basic data regarding our sample, i.e. descriptive
statistics of demographic variables. We will then
test all four hypotheses. In the case of the first three
will present the analysed attitudes in graphic form,
and then carry out the relevant statistical test.

Our study included 942 respondents, of whom
63% were women and 37% were men. The mean
age was 38.7 years with a standard deviation of
10.5 years. The majority (55%) of employees had
completed some form of tertiary education, 43%
held a secondary qualification and 2% held an ele-
mentary qualification or lower. The majority of re-
spondents were from the Central Slovenia region
(48%), followed by the Gorenjska region (13%),
the Pomurska region (8%) and the Podravska re-
gion (7%). The average length of employment of
respondents was 16.1 years, with a standard devia-
tion of 11.7 years.

HI1: Employees who have changed employer
in the past year are more frequently absent from
work than those who have not.

Hypothesis H1 talks about a correlation be-
tween fluctuation and sickness absence and states

that the values of the variable that measures absen-
teeism, in the group of those employees who had
already changed employer, are more displaced
towards higher values. We will test it against the
null hypothesis, which states that the distributions
of absenteeism are the same in both groups. Since
we are comparing two groups of units (two inde-
pendent samples) with regard to the value of mul-
tiple variable, use of the Mann-Whitney statistical
test is appropriate. Table 1 shows the picture in
the sample. In the group of those who had already
changed job (employer) in the past, the average
rank of the variable “absenteeism” is in fact great-
er (315.22) than for those who had not changed
job (employer) (297.61), but according to Table 2,
this difference is not statistically significant at a
5% risk level (two-tail p-value Sig=0.208, one-tail
0.104). This means that in statistical terms we can-
not claim that employees who have changed em-
ployer in the past year are more frequently absent
from work than those who have not.

Table 1. Correlation of absenteeism with chan-
ging jobs (employer) in the past

) Mean | Sum of
Fluctuation | N Rank | Ranks
Fluctuation = 291 [ 315,22 |91729,50
Yes
Absenteeism | Fluctuation 3201 297,61 |95236,50
=No
Total 611

Table 2. Correlation of absenteeism with chan-
ging jobs (employer) in the past

Absenteeism
Mann-Whitney U 43876,500
Wilcoxon W 95236,500
Z -1,260
Asymp. Sig. (2-tailed) ,208

H2: Job satisfaction is connected to sickness
absence (absenteeism)

In the second hypothesis we test whether a cor-
relation exists between job satisfaction and absen-
teeism and how strong it is. In order to measure
the strength of the correlation between the two
variables, which are ordinal in nature, we will cal-
culate the Spearman‘s rank correlation coefficient
and test the hypothesis of whether its value is equ-
al to or different from 0. In statistical terms we
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Table 3. Correlation of absenteeism with job satisfaction
AB JB
Absenteeism Correl.ation Cgeﬂicient 1.000 -.147"
(AB) Sig. (2-tailed) . .000
Spearman’s N 619 614
rho Tob satisfaction Correlation Coefficient -.147" 1.000
(s) Sig. (2-tailed) .000 .
N 614 843
**_Correlation is significant at the 0.01 level (2-tailed).
Table 4. Correlation of absenteeism with emotional exhaustion
AB EE
Absenteeism Corre%ation C(?efﬁcient 1.000 .109™
(AB) Sig. (2-tailed) . .007
Spearman’s N 619 600
rtho Emotional Correlation Coefficient .109™ 1.000
exhaustion Sig. (2-tailed) .007 .
(EE) N 600 815

** Correlation is significant at the 0.01 level (2-tailed).

Table 5. Correlation of absenteeism with fluctuation, job satisfaction and emotional exhaustion

Model Fitting Information

Model -2 Log Likelihood Chi-Square df Sig.
Intercept Only 2111.671
Final 2095.541 16.130 3 .001

Link function: Logit.

will place the null hypothesis HO:p=0 against the
alternative H1:p #0. The calculated sample value
of -0.147 implies a very weak negative correlation
which, however, is statistically significant (Table
3: p-value Sig<0.001). At a 5% risk level we thus
confirm our second hypothesis, namely that a very
weak but significant negative correlation exists
between job satisfaction and absenteeism.

H3: Among employees who have been absent
from work in the last year and those who have not,
there are differences in emotional exhaustion

From the statistical point of view hypothe-
sis number 3 is similar to hypothesis number 2,
except that in this case we analyse the relation-
ship between another two variables. In order to
measure the strength of the correlation between
absenteeism and emotional exhaustion, we again
use Spearman‘s rank correlation coefficient. The
results are shown in Table 4. The calculated va-
lue of 0.109 again implies a negligible positive yet
statistically significant (p=0.007) correlation. At a

5% risk level we thus confirm our third hypothes-
is, namely that a very weak but significant negati-
ve correlation exists between job satisfaction and
absence from work.

HA4: Fluctuation, job satisfaction and emotio-
nal exhaustion have an impact on sickness absen-
ce (absenteeism)

In our last hypothesis we analyse whether we
can explain the values of the response variable ,,ab-
senteeism* with fluctuation, job satisfaction and
emotional exhaustion. Given the ordinal nature of
the response variable, the problem is suitable for
ordinal regression, where in view of the type of va-
riables we treat fluctuation as a factor and emotio-
nal exhaustion and job satisfaction as covariates.

The results of ordinal regression showed that
its predictions are typically better (p=0.001) than
the predictions that would be given by prediction
using the free term alone (Table 5 ,,Model Fitting
Information*), which means that independent va-
riables have a significant impact on the values of
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the dependent variable. Our results shows that
at a 5% risk level there is a significant impact of
job satisfaction (p-value Sig=0.013), while the
influence of the other two variables is non-signi-
ficant (emotional exhaustion: Sig=0.072, fluctua-
tion Sig=0.298).

Table 6 (,,Goodness of Fit*) indicates that our
data are suitable for the model (p-value Sig=0.601),
although all the values of the pseudo R-square
show that the impact is very weak (Table 7 ,,Pseu-
do R-Square®). We can therefore conclude that the
analysed factors of fluctuation, job satisfaction and
emotional exhaustion have a very weak impact on
absenteeism, but that in the case of job satisfaction
the latter is statistically significant.

Table 6. Correlation of absenteeism with fluctu-
ation, job satisfaction and emotional exhaustion

Goodness of Fit
Chi-Square df Sig.
Pearson 4364.480 4389 .601
Deviance 1972.786 4389 1.000

Table 7. Correlation of absenteeism with fluctu-
ation, job satisfaction and emotional exhaustion

Pseudo R-Square

Cox and Snell .027
Nagelkerke .027
McFadden .007

3. Discussion

Statistical analysis of the study showed that there
is no significant correlation between fluctuation and
absenteeism (Mann-Whitney test: p=0.208). This
means that we cannot claim that those employ-
ees who have changed employers in the past have
a greater propensity for absence from work than
those who have not changed employers. The lat-
ter result shows that changing jobs in the past does
not represent a cause, in the sense of being able to
conclude that those employees who have changed
jobs in the past have a greater propensity to be more
or less absent from work in comparison with those
who have not changed jobs.

Analysis of the correlation between absentee-
ism and job satisfaction revealed a very weak neg-
ative correlation (Spearman’s rho=-0.147) which,
however, because of the large sample is statisti-

cally significant (p<0.001), while analysis of the
correlation between emotional exhaustion and ab-
senteeism showed a negligible positive but statis-
tically significant impact (Spearman’s rho=-0.109,
p=0.007). The weak correlation between absen-
teeism and job satisfaction in a way indicates and
shows something that has already been established
in numerous international studies, namely that the
higher the level of job satisfaction, the lower the
rate of absence from work.

In our analysis of the overall impact of fluctua-
tion, job satisfaction and emotional exhaustion on
absenteeism, we used ordinal regression to identify
a negligible (low pseudo R-square values) but sta-
tistically significant overall impact (p=0.001). Of
the individual factors within the model, the impacts
of fluctuation and emotional exhaustion are non-
significant (p=0.298 and p=0.072), while the effect
of job satisfaction is significant (p=0.013). On the
basis of these results, we can state that employees’
satisfaction with their job has the most marked im-
pact on their absence from work, which is no sur-
prise. We did however expect a greater impact on
absence from work to also be shown in the case of
emotional exhaustion. We expect the latter above all
because of the numerous observed pressures in the
working environment and other external circum-
stances which employees have to cope with and
which have an impact on their emotional system.

4. Conclusion

Sickness absenteeism in organisations appears
as the consequence of numerous factors and is also
influenced by the interweaving of organisational
factors that can then, as an interconnected whole,
impact on employees in such a way that sickness ab-
senteeism occurs. This phenomenon is increasingly
becoming the object of study, because of the numer-
ous negative consequences that it causes for em-
ployers, the State and also employees themselves. It
clearly makes sense to view the occurrence of sick-
ness absenteeism from the points of view of knowl-
edge of the working environment of the organisation
in which it occurs, the personality characteristics of
employees and their related needs, and the moral
and ethical norms of employees. At the same time it
is essential not to overlook the normative regulation
of sickness absenteeism in the country.
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In the context of the INODEL project we verified
the existence of correlations between sickness ab-
senteeism and employee job satisfaction, emotional
exhaustion and fluctuation. The results of the study
showed that except in the case of one variable, we
are unable to confirm a correlation with sickness
absenteeism. Only in the case of the variable “job
satisfaction” are we able to confirm, with a risk lev-
el of 5%, that a very weak but significant negative
correlation exists between job satisfaction and ab-
sence from work. Following from this, we can state
in principle that the satisfaction or dissatisfaction of
employees in the workplace at those organisations
in Slovenia included in the study is connected to ab-
sence of employees from work.

The emotional perception of some factors that
are important to employees in the working envi-
ronment is seen as a result of satisfaction or dis-
satisfaction of employees in the workplace. Also
linked to emotions is the aspect of emotional ex-
haustion, which appears in correlation with em-
ployee burnout. Our study also aimed to establish
whether a connection exists between emotional
exhaustion and absence from work. The results
showed that although such a statistical connec-
tion (negligible positive) does exist, the impact
of emotional exhaustion is non-significant in the
analysis of overall impact. The latter surprised us,
since we expected that it would be possible to con-
firm its impact in the analysis of the overall impact
of all three variables on absence from work. We
expected this result above all because the study
was carried out at a time of financial and economic
crisis in Slovenia. We therefore expected a high
incidence of stress, burnout, job security worries,
etc. among employees. All these factors are close-
ly linked to aspects of emotional exhaustion. We
also failed to detect a correlation between absen-
teeism and fluctuation.
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Abstract

The construction sector is a key driver for eco-
nomic growth in any nation and public procure-
ment is one of its pillars — hence the importance of
the study and investigation of its mechanisms, es-
pecially tendering criteria. Price is the main decid-
ing factor for most tenders and projects must have
an appropriate base price relative to market price to
avoid problems during the execution of the project.

Most research on price criteria has been devel-
oped from the point of view of bidders and has
discussed the development of tools and method-
ologies for determining the optimal bid price.

In this paper we propose a methodology for
public procurement procedures from the point of
view of the administration. The methodology en-
ables setting all aspects of the price criterion based
on the size of the project budget, the nature of the
work, and the number of bidders.

Key words: public procurement, tendering,
contracting authority, scoring system, public
works, selecting contractors

1. Introduction

The construction sector is a key driver for
economic growth in every nation [1] and public
procurement is one of its pillars [2-4]. The pub-
lic procurement of construction projects differs in
practice from the private sector [2, 5] and is more
complex [6-8]. Research on the characteristics of
public procurement has focused on the selection
of tendering criteria and the development of tools
to assist bidders make decisions.

Research on tendering criteria has tradition-
ally focused on developing optimal bidding price
prediction models or bidding strategies [9-12] and
less attention has been paid to the analysis of other
criteria or attributes [13-18].
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The decision about whether to participate in
a tender is complex, and the decision factors and
their relative importance vary between businesses
[7,19-24]. Models have been developed that assist
decision making based on: neural networks [25-
28]; AHP-ANP techniques [29-30]; game theory
[31]; DEA techniques [32-33]; or a combination
of several techniques [34].

Other researchers have developed mathemati-
cal models that assist in making decisions as to
whether or not to tender, and if so, determine the
optimum value based on several criteria includ-
ing risks for bidders [18, 35-36]. Other research-
ers have taken into account only price criteria and
have developed prediction models based on the
historic time series of auctions and tenders in a
given public body [3, 37].

Many of these investigations have been devel-
oped from the point of view of bidders, regard-
less of the fact that the state administrations and
governing legislation evolve slowly, and that each
public agency (national, regional or local) has cer-
tain preferences (sometimes non-explicit) when
selecting criteria for public tenders [38].

The aim of this work is to develop a method-
ology that enables the contracting authority to set
the price criterion during the preparation of a tender
(i.e., select the weighting of price against other cri-
teria such as abnormal pricing and scoring formu-
lae) depending on the characteristics of the contract.

2. Background

Directive 2004/18/EC [39] regulates public
procurement in the European Union. The directive
describes two tendering procedures, the first of
which is used when only the price criterion is ap-
plied. The second procedure is used when several
criteria are applied — including price
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The evaluation criteria used can be divided into
two groups: criteria evaluated using formulae; and
criteria evaluated by value judgments. For the first
group, various predetermined formulae can be em-
ployed that include aspects such as price, delivery
time, etc. However, scores for criteria evaluated
using value judgment will always contain some
subjective bias that reflects on the individual who
performs the evaluation.

Directive 2004/18/EC requires that criteria as-
sessable by value judgment are evaluated before
the criteria for evaluation by formula are known
— so lessening the possibility of fraud. Both best
practice and the directive specify that criteria eval-
uated by formula must be given greater weight
than criteria evaluated by value judgment.

Administrative and technical bid terms define
the weight of each of the evaluation criteria and
the scoring formula for each criterion (for the price
criterion as known economic scoring formulae,
ESF). Any abnormally low bid criteria (ALBC)
must also be stated.

There are previous works on ESF [17, 38, 40-
42] analyzing tender operation and offering guide-
lines or recommendations for use. Abnormally low
bid criteria have been less studied, although interest
has increased in recent years as these criteria pro-
vide the first filter for detecting inadequate bids or a
bids that could endanger the project [4, 43-47].

3. Basic Definitions

This study will primarily use terms and con-
cepts used in the European and Spanish construc-
tion industries. To help improve understanding
some concepts as described below.

The economic value of the tender is the con-
tract execution budget (CEB) plus value added tax
(VAT). CEB reflects the investment required to
implement a project and is composed of the mate-
rial execution budget (MEB), overheads (OH) and
profit (P).

MEB reflects the cost of implementing the
various units that make up the project, while OH
reflects a percentage of between 13% and 17% of
the MEB that covers the structural, financial, tax,
and other costs that fall on the contractor. The con-
tractor’s profit is seen as a percentage of MEB —
and is usually 6%.

Volume 10 / Number 2 / 2015

The cost or price of each of the project work
units consists of direct costs (DC) and indirect
costs (IC). DC includes the labour (LAB) directly
involved in the execution of the work unit, ma-
terials on site (MAT), as well as the staff costs,
fuel and energy used operating machinery and
equipment, and depreciation and maintenance of
equipment and facilities (MACH). These costs are
reflected formally in the budget document known
as the simple pricing table (labour, materials and
equipment). Additionally, all units of work usually
include a small percentage called supplementary
direct costs (SDC) that includes small items of
equipment or tools that are difficult to quantify.

Some work units may include other simple
work units called ancillary prices: such as mortar
and cement. These are defined in the budget docu-
ment in the simple pricing tables and in the present
study are termed AP.

IC includes installation costs for on-site offic-
es, communications, construction of warehouses,
workshops, temporary building for staff, laborato-
ries, costs of technical and administrative staff as-
signed exclusively to the work, and contingencies.
IC is usually computed as a constant percentage
of DC for all project work units — depending on
the nature of the work, the total budget, and the
expected project completion time.

In short, we can calculate that the material ex-
ecution budget (MEB) is equal to:

MEB = MACH + LAB + MAT + AP + SDC + IC
(1)

4. Proposed methodology

The proposed methodology represents a con-
trol and price justification tool for public contrac-
tors and helps officials make safer, more objective,
and less arbitrary decisions regarding weighting
criteria, possible cases of abnormal pricing and
scoring formulae.

The methodology should be applied from the
beginning of the tendering process and is divided
into four phases:

A. Economic study of the construction project

B. Determination of the weighting of the price
criterion

C. Selection of abnormally low bid criteria
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D. Selection scoring formula for price criteria

4.1. Phase A: Economic study of a construction
project

The first phase involves an economic review of
the project (Figure 1). From the project budget the
following indices are calculated:

— Percentage of the amount of equipment
used in the project compared to the material
budget — here in after referred to as %
MACH.

— Percentage of the amount of labour emplo-
yed in the project compared to the material
budget — here in after referred to as % LAB.

— Percentage of the amount of materials used
in the project compared to the material
budget — here in after referred to as % MAT.

ﬁSE A: ECONOMIC STUDY OF PROJECT EXECUT@

Analysis of Budget Document

s Material Execution Budget (MEB).

*  Simple price tables.

« Determination of the percentage of machinery with respect to MEB
(%MACH).

« Determination of the percentage of labour with respect to MEB (%LAB).

s Determination of the percentage of materials with respect to MEB
(%MAT).

& Indirect Costs (%).

Type of
construction:
CIVIL ENG or

BUILDINGS

I |

CIVILENG.
%MACH € [17,23 ]

BUILDINGS:
%LAB € [20,25]

A
A4

ompare simplée
prices with database
prices

\ o

Figure 1. Phase A: Economic study of the project

The calculated values enable the following equa-
tion to be completed in terms of percentages (1):

MEB (100%) = %MACH + %LAB + %MAT +
%AP + %SDC + %IC oo )

An analysis of a sample of 100 construction
tenders [4, 38] showed the following equation to
be fulfilled in 70% of the projects studied:

%MACH + %LAB + %MAT > 85% .........

If this requirement is not met then the project
should be referred to the project oversight office of
the contracting body (or a departmental specialist)
for a review of the project and budget.

Secondly, after fulfilling (3) a distinction is
made between civil engineering and buildings
projects. According to the analysis of the sample,
the following conclusions can be made for defin-
ing the parameters and ranges of each type of proj-
ect (Table 1):

— Materials are generally the largest part of
the budget both in civil engineering and
building projects.

— The percentage of labour with respect to
building project budgets is generally around
20% to 25%.

— The percentage of labour with respect
to civil engineering budgets is generally
between 10% and 20%.

— The percentage of the machinery budget in
civil engineering budgets is usually between
5% and 25% with major fluctuations that can
mean the machinery budget can sometimes
exceed the materials budget.

Table 1. Labour and machinery ranges

Project Type Parameter Range
Buildings Labour (%LAB) 20-25
Civil Eng. Machinery (%MACH) 17-23

Certain types of civil engineering and building
projects can produce changes in these percentages
— for example, the construction of a tunnel using
a boring machine would mean that the machinery
component would have greater weight than is usu-
ally found in civil engineering projects. Another
example is the construction of a precast structure
in which the labour component would have excep-
tionally little weight. In any case, out of range val-
ues reflect the uniqueness of a construction pro-
cess, or the project itself, and this information may
help the contracting authority validate or reject the
material execution budget for the project.

The last step of this first phase consists in veri-
fying the total project price according to market
prices — and this is achieved by checking the basic
prices included in the project with the basic data-
base prices for the geographical area.
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The last step is divided into several tasks:

T1. Selection of basic prices of the materials,
labour, and machinery with the greatest economic
weight in the project.

Prices are selected from basic price tables us-
ing a total of ten units from each category (labour,
machinery and materials).

T2. Check basic prices of materials, labour, and
machinery on the reference database.

The sample of selected prices is considered val-
id when at least 20 basic prices (of the 30 selected)
from the project are compared with 20 basic prices
from the reference database.

The acceptance criterion for basic prices is that
there is no more than a 15% difference above or
below database prices.

T3. Project qualification from the price stand-
point.

A project is considered valid from the price
point of view when at least 70% of basic prices
(namely, 14 items) have been accepted after com-
parison with the reference prices.

If a project is deemed valid, then the contracting
authority will consider that the cost of the project
matches market prices and so the project will be ad-
vanced to Phase B of the methodology. If a project
is considered invalid, the project will be returned
to the project team for an analysis of the proposed
solution with respect to market prices (including
materials used and construction process).

Projects involving implementation processes,
organisational processes, technologies, materi-
als, or locations that are unusual may be regarded
as special projects and the contracting authority,
having submitted the project to the corresponding
economic analysis described above, must decide
on the viability of the project. If the project is de-
clared invalid economically but the contracting
authority decides to make it viable because of its
special characteristics, then this decision must be
appropriately justified with an explanatory docu-
ment placed in the project file.

4.2. Phase B: Determination of the weighting
of the price criterion

In the second phase (Figure 2) the weighting
of the price criterion is selected. Firstly, we must
distinguish between an auction (where price is the
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sole criterion) and tendering (various criteria em-
ployed). In auctions the price weighting is 100%.

PHASE B: DETERMINATION OF ECONOMIC
WEIGHTING CRITERIA

ONE or VARIOUS
CRITERIA

A

VARIOUS CRITERIA
- MEB
- TECHLEV = %MACH/%LAB

|

\jLE 1 (MEB/TECHLEV) /

Figure 2. Phase B: Determination of price
weighting

SINGLE CRITERION:
PRICE (100%)

If the tendering process involves several crite-
ria then the technological level (TECHLEV) of the
project is now determined, meaning the need for
machinery or equipment to execute the project is
compared with the amount of labour needed. The
technological level can be expressed as the ratio be-
tween the percentage of machinery (% MACH) and
the amount of labour (% LAB) used in the project.

WMACH @
%L AB

TECHLEV =

The technology level is expressed as one, and
the range of possible values is then defined:

— Construction, TECHLEV ¢ [4 - 0].

The maximum value of 4 corresponds to the as-
sumption that the value of % MACH is equal to 80
and the value of %LAB is equal to 20, a situation
that corresponds to the unlikely situation of a proj-
ect that does not require any material (% MAT = 0).

The minimum value of O corresponds to the as-
sumption that the value of % MACH equals 0 and
that the value of % LAB equals 25 (or any math-
ematical value), a situation that corresponds to the
unlikely situation of a project that does not need
any machinery (% MACH = 0) and only requires
labour and materials.

— Civil engineering TECHLEV €[2.88 - 2.13].

The maximum value of 2.88 corresponds to the
assumption that the value of %MACH equals 23%
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(maximum range value of Phase A of verification)
and the %LAB is 8% (10% is the average value
obtained from the analysis of the sample of pro-
curement specifications corrected with a 0.8 safety
factor for possible deviations below this value).

The minimum value of 2.13 corresponds to
the assumption that the value of %MACH equals
17% (minimum verification range value of Phase
A) and the value of %LAB is equal to 8% (10%
is the average value obtained from the analysis of
the sample of procurement specifications correct-
ed with a 0.8 safety factor for possible deviations
below this value).

Once the technological level and the material
execution budget are determined, a weighting ta-
ble is used (Tables 2 and 3) to calculate the price
criteria within a competitive tender.

The weighting table is applied in the following
manner:

— A high level of technology (for example,

a very high percentage of machinery in
comparison with the labour force employed)
together with a small execution budget (in
this case, less than €500,000) characterises
a simple project with little coordination
needed. Accordingly, the weight of the price
criteria within the set of objective criteria is
high (meaning the procedure resembles an
auction).

— A high level of technology and a large
budget (in this case more than €5 million)
characterises a highly complex project with
specific technologies (such as dredgers,
retaining walls, and tunnelling equipment)
with a high level of organisation and
coordination needed. This would result
in a low price criterion weighting — given
that the description and organisation of the
construction process (which will eventually
lead to quality results) means that quality,
price, and delivery time are together more
important than just the price.

— A low level of technology combined
with a small budget supposes a relatively
simple project with low or medium levels
of organisation and coordination needed —
resulting in a low price criterion weighting.

— A low level of technology with a large
budget (in this case, more than €5 million)
is a simple project with a high level of
organisational and coordination needs —
meaning a very low price criteria because
the organisation and coordination of
the process, labour force, and technical
equipment is more important than the price
and construction process.

The numerical ranges associated with each of the
results in the weighting table are shown in Table 4.

Table 2. Weighting table for determining price weighting for building tenders

TECH LEVEL
[4.00 —3.01] |[3.00—2.01] | [2.00-1.01] | [1.00—0.00]
MATERIAL MEB < 500.000 HIGH MEDIUM LOW
EXECUTION | 500.000 < MEB <2.000.000 HIGH HIGH MEDIUM MEDIUM
BUDGET | 2.000.0000 < MEB <5.000.000 | MEDIUM MEDIUM LOW LOW
(euros) MEB > 5.000.000 LOW MEDIUM LOW
Table 3. Weighting table for determining price weighting for civil engineering tenders
TECH LEVEL
[2.88-2.74] |[2.73-2.53]| [2.52-232] | [2.31-2.13]
MATERIAL MEB < 500.000 HIGH MEDIUM LOW
EXECUTION | 500.000< MEB <2.000.000 HIGH HIGH MEDIUM MEDIUM
BUDGET 2.000.0000 < MEB <5.000.000 | MEDIUM MEDIUM LOW LOW
(euros) MEB >5.000.000 LOW MEDIUM LOW
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Table 4. Summary of price weighting criteria

PRICE WEIGHTING

Value Numerical value (%) Situation

High technological level

66-70 Small budget

High technological level

(615t 61-65 Small/medium budget
High technological level and medium/large budget.
WLETD >1-60 Medium technological level and medium budget
Low technological level and small budget.
LOW 46-50 Medium/high technological level and medium/large budget
Technological level medium/low and medium/large budget
Low technological level

4.3. Phase C - Selection of abnormally low
bid criteria

In this section the criteria to evaluate abnormal-
ly low offers are selected. These criteria should
only be used with bids and not with rejected of-
fers. The limits of abnormality should not be based
on the tender price [4] and the contracting body
should be aware of the possibility of price rigging
by bidders [42].

This phase, regardless of the type of project,
will depend on the number of bidders and the ma-
terial execution budgets. We have set two tests for
abnormality, the first is based on the calculation of
the average of the bids submitted (B, ) and is to be
used when the number of bidders (N) is less than
or equal to 10; and the second test is based on the
calculation of a reference base rate based (B, ) on
the arithmetic average and standard deviation of
the bids submitted. This second test is used when
the number of bidders exceeds 10.

The first test considers an offer as abnormal
when it is less than an ‘X’ percentage of the arith-
metic average of the bids submitted; while the
second test considers an offer abnormal when it is
less than an ‘X’ percentage of the reference base
rate. Both methods behave very similarly for a low
number ‘N’ of bidders, so the first test is chosen
in cases when there are fewer than 10 bidders be-
cause it is quicker and easier to apply. For a larger
number ‘N’ of bidders, the calculation of the refer-
ence base rate enables a more precise evaluation.

It will not be known which method will be ap-
plied until the envelope containing the criteria for

evaluation by formulae is opened. However, the
contracting authority will have determined the ‘X’
differential with respect to the bid average or ref-
erence base rate during the preparation of the ad-
ministrative and technical bid terms and published
this figure in the tender document. The value of
‘X’ 1s selected on the basis of the margin that bid-
ders will have as determined by the material ex-
ecution budget (Table 5).

Table 5. Table for selecting the ‘X’ percentage

D)'¢ (% )
MEB < 500.000 5
MATERIAL 500.000 < MEB < ;
EXECUTION 2.000.000
BUDGET 2.000.0000 < MEB < 10
(euros) 5.000.000
MEB > 5.000.000 15

The criteria selected to determine abnormal of-
fers are further specified below:

For N<10:

The average of the bids (B,) is calculated ac-
cording to:

Depending on the ‘X’ differential selected, the
price limit (P ) that determines the initial feasibil-
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ity of the bids is calculated according to the fol-
lowing expression:

P, =B,-(100-X)

All of the bids are collated. Offers above the
price limit calculated are considered acceptable,
and those below the limit are considered abnor-
mally low and the contracting body should seek an
explanation from the bidder.

where:

B, is the Bid (expressed in monetary values)

B, is the Mean Bid (expressed in monetary
value)

n is the Number of bidders

P, is the price limit (expressed in monetary val-
ues)

X is the percentage according to Table 5

For N >10:

The average of the bids (B, ) is calculated ac-
cording to:

The standard deviation of the bids is calculated
according to:

To calculate the reference base rate (B,), those
bids n’ that meet the following condition will be
taken into account:

The reference base rate is calculated using the
following formula and taking account the bids that
have met the previous condition.

296

Depending on the ‘X’ differential selected, the
price limit that determines the initial viability is
calculated according to the following expression:

P, =By (100=X) oo, (11)

All of the bids are collated. Offers above the
price limit calculated are considered acceptable,
and those below the limit are considered abnor-
mally low and the contracting body should seek an
explanation from the bidder.

where:

B, is the Bid (expressed in monetary values)

B_ is the Mean Bid (expressed in monetary
value)

B, is the base rate (expressed in monetary val-
ue)

B, is the bid that satisfies condition (9) (ex-
pressed in monetary value)

n is the Number of bidders

n’ is the number of bidders that satisfies condi-
tion (9)

P, is the price limit (expressed in monetary val-
ues)

o is the Standar deviation

4.4. Phase D - Selection scoring formula for
price criteria

In this final phase, the scoring formula is se-
lected according to the principle of proportionality
of bids and with a moderate to high score gradi-
ent, so that the weighting of the price criteria is the
target weight specified in the administrative and
technical bid terms and not less [38, 48].

The price score formula is selected, both for
civil engineering and construction projects, de-
pending on the weighting of the price criteria (Ta-
ble 6).
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Table 6. Table for selecting the formula for price
scoring

SCORING
FORMULA
VERY HIGH I
PRICE HIGH I
CRITERIA MEDIUM I
WEIGHTING LOW I
VERY LOW 11

The scoring formula or criterion termed ‘I’ in

this methodology consists of:

— The maximum score for the lowest normal
bid.

— The minimum score (0 points) for all bids
that have made an offer at base price, that is,
bids that are not lower than the tender price.

— Bids between the lowest bid and the base
price scored according to Figure 3.

A

100% WEIGHT

62,5% WEIGHT|.

SCORE {(points>

12,5% WEIGHT

LOWEST BID Bhin+0,25CBI-Brin) Brin+0,75(B-Brin)  TENDER PRICE
Bnin Pt

OFFERS <(euros?

Figure 3. Chart for scoring offers according to
scoring Formula 1.

The first section of the curve is between the
maximum score and 62.5% of the weighting of
price criteria (determined in phase B of the meth-
odology) and corresponds to bids between the
lowest bid (B, ) and the lowest bid plus 25% of
the difference between the tender price (P) and
the lowest bid [B_. +0.25:(B.-B_. )].This zone is
defined as the HIGH scoring zone (i.e. those bids
with the largest reductions in the base price are
scored highest).

The second section of curve is between 12.5%
and 62.5% of the weighting of the price criteria
and corresponds to bids between the lowest bid
plus 25% of the difference between the tender
price and the lowest bid [B_. +0.25-(B-B_. )] and
the lowest bid plus 75% of the difference between

the tender price and the lowest bid [B_. +0.75-(B -
B, )].This section is defined as the MEDIUM
scoring zone (i.e. those bids that deviate from the
base price are given lower scores).

The final section is between 12.5% of the
weighting of the price criteria and a zero score
corresponding to bids between the lowest bid plus
75% of the difference between the tender price and
lowest bid: i.e. [B,+ 0.75-(B.-B_. )] and the tender
price (P).This section is defined as the LOW scor-
ing zone (i.e. those bids that are near to the base
price are valued with a low score).

Scoring criteria under Formula II in this meth-
odology can be summarised as:

— The maximum score is for the lowest normal

bid.

— The minimum score (0 points) is awarded
to all bids that have made an offer at base
price.

— The bids between the lowest bid and base
price, are awarded a proportional score
according to the following formula:

P-B.
Y e e (12)
}3 _-l;min

where:

B, is the bid (expressed in monetary values)

B_. is the minimum bid (expressed in mon-
etary value)

P is the Tender price (expressed in monetary
values)

S. is the scoring of the bidder i (expressed in
points)

W is the weighting given to price criteria, as
determined in phase B

5. Results and discussion

The proposed methodology was applied to a
sample of 39 projects in which data was available
regarding bids. These 39 projects were part of an
initial sample of 100 projects that were the subject
of a study on criteria for scoring formulae and ab-
normally low bids [4, 38].

In the study sample (39 projects), only 21 (or
53.85%) showed a breakdown in the budget for the
basic prices of materials, labour, and machinery.
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Of the projects with a breakdown in the materi-
al budget, only 12 satisfied the condition % MACH
+ %LAB + %MAT > 85% (3), meaning 57.14% of
the projects with a financial breakdown, or 30.77%
of the overall simple.

Of the 12 projects that satisfy (3) a compari-
son was made of ten main prices of machinery,
labour, and materials. In only 8 of the 12 projects
(66.67%) was the sample of compared prices con-
sidered valid (20.5% of the overall sample). There
were two main factors explaining the result: firstly,
these projects include some very specialist works
(such as improving the outer harbour and docks at
a port in Malaga, whose prices were not reflected
in traditional construction databases); and second-
ly, the non-use of building material databases that
were developed and checked by local agencies
— so that comparison became difficult and some-
times impossible because of differences in coding,
measurement units, and concept description.

Of the eight samples of valid prices we then
checked those basic prices that differed from the
basic database price (above or below) by 15% or
less. We needed to find at least 14 prices to vali-
date the project from the price standpoint. Only
one sample satisfied this condition, representing
12.5% of the valid samples and 2.56% of the over-
all sample — meaning just one of the 39 submit-
ted projects complied with Phase A. The remain-
ing projects should be returned to the bidders and,
where appropriate, to the offices of the administra-
tion supervising the projects for a formal review,
and if necessary, a review of the solutions adopted
in order to make the project financially viable ac-
cording to market prices.

One of the conditions for applying Phase B is
that is that the project achieved validation in Phase
A. In this case, Phase B could only be applied to
one sample project. To further validate the meth-
odology and study the overall behaviour of abnor-
mally low bidding criteria and scoring formulae,
we selected all the projects that were not given
a low price weighting in Phase A, in accordance
with Table 4 (with a score of 50 out of a total of
100). For the single project that satisfied Phase A,
a high weighting criteria was applied with a score
of 65 points.

In Phase C, the most frequently selected X dif-
ferential was 7% (18 of 39) followed by a 15%
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differential (12 of 39) and a 10% differential (8
of 39).The X differential = 5% was only selected
once. Finally, in phase D, and in accordance with
the weighting of the price criteria, the single of-
fer that satisfied Phase A was evaluated using For-
mula I and the remaining projects were evaluated
using Formula II.

Once bids are available, the contracting author-
ity should initially assess for abnormally low of-
fers and then score the bids in accordance with the
formulae previously selected. In the study sample,
the ‘B’ criterion of abnormality was used in 37 of
the 39 cases because there were more than ten bid-
ders. In the present study, all the bids considered
abnormal according to the criteria applied were
excluded from the scoring phase.

Performing an overall economic balance with
the proposed methodology produced a positive
balance of €274,775.85 for the contracting admin-
istrations. When an analysis was made according
to project size: for projects with budgets above €2
million the positive balance for the administration
was €1,158,004.61; while for smaller projects un-
der €2 million, the negative balance for the admin-
istration was €883,228.75.

A comparison was made of the positions held
by the bidders with the highest score on price cri-
terion when applying the methodology — with the
positions these same bidders held under the origi-
nal administrative and technical bid terms. There
are three possible results: winning bids that were
previously deemed abnormal; winning bids that
were previously also winning bids; and finally,
winning bids that did not win under the previous
terms. The percentage of winning bids that were
not previously winners (41%) is greater than the
other two possible results: some 31% were in the
same position as previously; while 28% were pre-
viously deemed abnormally low.

In projects with budgets above €2 million eu-
ros, the proposed methodology produced the high-
est score for 40% of bids that previously were pre-
viously deemed abnormal; and for 35% of the pre-
viously winning bids. In projects below €2 million
euros: the proposed methodology produced the
highest score for 26% of bids that were previously
successful and 58% of bids that were previously
ranked in lower positions.
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6. Conclusions

The presented methodology has been defined
for application in public procurement procedures
by administrations and enables the determination
of all aspects of price criterion.

A project budget should be appropriate for mar-
ket prices. It can be concluded from the sample
that more care should be given to budget by both
bidders and the supervisory offices of the contract-
ing administrations.

Tenders below market prices generate problems
during implementation, such as delays, claims, con-
tradictory pricings, complementary projects, and
even paralysis and non-completion of projects.

The weighting of price criteria depends on both
the project budget and the level of technology,
which means the relationship between machin-
ery and labour provides a qualitative index of the
technological difficulty and organisational needs
for project implementation.

The abnormally low bid differential criteria
were selected on the basis of the economic cost
of the project. By using abnormality criteria and
scoring formulae, the suggested methodology en-
ables riskier bids to be presented for projects with
budgets over €2 million. However, the methodol-
ogy behaves more conservatively for projects with
smaller budgets.
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