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Improvement of the QoS for WiMAX Service 
Classes 

 

Kire Jakimoski 1, Toni Janevski 2 
1Faculty of Information and Communication Technology, FON University, Skopje, Republic of Macedonia 

2Faculty of Electrical Engineering and Information Technologies, Ss. Cyril and Methodius University, Republic of 
Macedonia 

  
Abstract – Mobile users connected to the WiMAX 

technology can use five different service classes 
according to their different needs. In this paper we 
propose priority based uplink scheduling scheme for 
IEEE 802.16 standard that improves the QoS 
performances of the WiMAX service classes, especially 
when the number of connections gets higher. Essential 
QoS parameters like throughput, delay and jitter have 
been calculated using the ns-2 simulation tool and 
changing the number of the ertPS connections. 
Obtained results prove that our proposed uplink 
scheduling algorithm gives better results compared 
with so far known uplink scheduling mechanism. 

Keywords – delay, jitter, service class, throughput, 
uplink scheduling scheme, WiMAX. 
 
 
1. Introduction 

 
Initially, WiMAX/802.16, the broadband wireless 

access (BWA) system designed for wireless 
metropolitan area networks, was designed for small 
business and residential fixed access users (IEEE 
802.16-2004). But soon, in order to support the 
wireless mobility of the subscriber stations, the 
Mobile Wimax, known as IEEE 802.16e arrived on 
the market. IEEE 802.16e offers five service classes 
to response to the various demands of the users. 
Three of them are real-time services, Unsolicited 
Grant Service (UGS), extended real-time Polling 
Service (ertPS) and real-time Polling Service (rtPS). 
Non-real-time service classes are nrtPS (non-real-
time Polling Service) and BE (best effort). The 
newest service class is ertPS. It has similar grant 
mechanism like UGS service class. The rtPS service 
class guarantees minimum traffic rate and latency 
bound. The nrtPS service class offers periodic unicast 
bandwidth request opportunities with more spaced 
intervals than rtPS and minimum traffic rate 
guarantee. BE service class shares with the nrtPS 
contention bandwidth request opportunities. 

The quality of service (QoS) in WiMAX can be 
described by many parameters known as QoS 
parameters that can affect the performance of the 
WiMAX network. Main QoS parameters that are 
used to measure the performances of the WiMAX are 
throughput, delay, jitter, packet loss, packet delivery 
ratio. Each QoS parameter has different importance 

for each of the service classes. Per example, jitter is 
important as a QoS parameter for UGS and ertPS, but 
that is not the case with nrtPS and BE. Packet 
scheduling in the uplink direction at the base station 
(BS) takes into account all QoS parameters defined 
by the standard and it doesn’t have direct access to 
the connections queues. It is very important part of 
the resourse management in WiMAX. It is more 
challenging than scheduling at the downlink 
direction, because it is more complex.     

There are many proposals in the literature for 
different versions of uplink scheduling schemes and 
many authors have worked on the various QoS 
parameters for the WiMAX service classes. The 
uplink scheduler presented in [1] does not provide 
maximum latency guarantees. The one proposed in 
[2] suggests a priority value computed by the 
subscriber stations (SSs) in order to provide latency 
and rate guarantees. Authors in [3] present an uplink 
scheduler that is standard-compliant scheduling 
solution for the uplink traffic in IEEE 802.16. It uses 
three queues, low, intermediate and high priority 
queue and it supports minimum traffic rate, 
maximum sustained traffic rate, maximum latency 
and maximum traffic burst requirements. A fair 
uplink scheduler is proposed in [4] and it is based on 
the values of TCP timeout and congestion window 
and on the channel conditions. Authors in [5] present 
a cross-layer scheduler that dynamically adjusts the 
size of the uplink and downlink subframes according 
to the network conditions. The scheduling scheme 
presented in [6] classifies packets in 4 classes in 
order to guarantee latency requirements for real time 
applications. In [7] authors present an uplink 
scheduling algorithm that assigns priority values to 
the connections on the basis of the service class 
priority, the delay of the packets, the status of the 
queue and the quality of the channel. 

The work presented in this paper extends the 
uplink scheduler solution proposed in [3], so that we 
introduce five levels of priority from 1 to 5 (1 is the 
highest and 5 is the lowest priority value) that are 
applied respectively to the five service classes ertPS, 
UGS, rtPS, nrtPS and BE. In this way bandwidth 
allocation decisions, besides the level of priority of 
the three queues proposed in [3], also take into 
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account the level of priority of each service class 
according to our proposed scheme. In [8] the authors 
analyzed various QoS parameters like packet loss, 
throughput, average delay and average jitter for VoIP 
and video traffic using the ns-2 simulator. In [9] 
authors carried out analysis of a location based 
performance scenario taking in account delay and 
throughput. Statistical analysis of the QoS 
parameters, jitter and end-to-end delay in mobile 
WiMAX is done in [10]. 

Simulation results obtained in this paper using the 
ns-2 simulation tool and WiMAX simulator prove 
that our proposed uplink scheduling algorithm 
improves the QoS parameters of the WiMAX service 
classes. We have calculated the average throughput, 
average delay and average jitter from the simulations 
using different scenarios and compared them with the 
results that can be obtained using the uplink 
scheduling mechanism proposed in [3]. Our solution 
especially obtains better QoS performances when the 
number of the connections gets higher. 

The rest of this paper is organized as follows. 
Section 2 presents the uplink scheduling process in 
mobile WiMAX. Section 3 describes the proposed 
uplink scheduling algorithm. Section 4 explains the 
simulation scenario used to evaluate the proposed 
uplink scheduling algorithm and presents the 
simulation results. Section 5 concludes the paper.  
 
 
2. Uplink Scheduling Process in Mobile WiMAX 

 
In the point-to-multipoint mode in Mobile 

WiMAX technology the base station (BS) 
communicates with several subscriber stations 
(SS) in the WiMAX cell. Connections that are 
made between the BS and the SS are identified by 
a CID (Connection Identifier) and are structured in 
frames. One CID can present one application or a 
group of applications. When the transmission of 
the traffic is from the SSs to the BS, it is called 
uplink transmission (UL). When the transmission 
is in the opposite direction from the BS to the SSs, 
it is called downlink (DL) transmission. The 
admission of the new connection is performed by 
the BS on the basis of the current situation with the 
available resources. If the QoS requirement of the 
requested bandwidth is supported the BS will 
generate CID and Service Flow Identifier and will 
notify the SS. The admission control algorithm 
will accept a new connection when this condition 
will be fulfilled: 
 service

reserved iC TR C+ ≤  (1) 
TRi

service is the traffic rate of the new connection i 
of one of the WiMAX service types denoted with 
service. In (1) the already reserved capacity is 
denoted with Creserved and it is equal to: 

 
1

n
service

reserved i
i

C TR
=

=∑  (2) 

The whole capacity that is available for the 
uplink scheduler is denoted with C. It is the 
amount of uplink bandwidth that can be allocated 
by the uplink scheduler for transmission and 
unicast polling. 

The scheduling schemes in the MAC layer in 
Mobile WiMAX are designed to deliver 
successfully different service classes to the users 
over the wireless channel. The set of QoS 
parameters of the five scheduling types at MAC 
layer (UGS, rtPS, ertPS, nrtPS, BE) are presented 
in Table 1. 
 

WiMAX service 
class Applications QoS Specification 

UGS 
Unsolicited Grant 

Service 
VoIP 

Maximum Sustained 
Rate 

Maximum Latency 
Tolerance 

Jitter Tolerance 

rtPS 
Real-Time Polling 

Service 

Streaming 
Audio or 

Video 

Minimum Reserved 
Rate 

Maximum Sustained 
Rate 

Maximum Latency 
Tolerance 

Traffic Priority 

ertPS 
Extended Real-
Time Polling 

Service 

Voice with 
Activity 

Detection 
(VoIP) 

Minimum Reserved 
Rate 

Maximum Sustained 
Rate 

Maximum Latency 
Tolerance 

Traffic Priority 

nrtPS 
Non-Real-Time 
Polling Service 

File Transfer 
Protocol 

(FTP) 

Minimum Reserved 
Rate 

Maximum Sustained 
Rate 

Traffic Priority 

BE 
Best-Effort Service 

Data Transfer, 
Web 

Browsing 

Maximum Sustained 
Rate 

Traffic Priority 

 

Table 1. Mobile WiMAX service classes and QoS. 
 
There are three different scheduling categories in 

the Mobile WiMAX networks. Two of them are 
located at the WiMAX base stations and one at the 
subscriber stations. DL-BS and UL-BS are the first 
two scheduling processes that are located at the BS 
and the third is used for uplink located at the SSs 
after receiving grants from the UL-BS scheduler. The 
UL-BS scheduling process is the most complicated 
because when the WiMAX base station makes 
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scheduling decisions it has no updated information 
about the current queue status at the SSs. Due to this, 
the WiMAX BS estimates the current queue status on 
the basis of the bandwidth requests received from the 
SSs. The DL-BS scheduling process is much easier 
because the base station has the current information 
about the queue status of all downlink connections. 

During the uplink transmission of the data, packets 
are queued at the SSs. In this position the uplink 
scheduler operates on a request-grant basis. Each SS 
sends a message with a bandwidth request to the base 
station. After receiving the bandwidth request 
messages, they are classified according to the QoS 
parameters and service classes in the scheduler and 
bandwidth allocation process starts. In the UL-MAP 
an Information Element (IE) is responsible for the 
new resource assignments and control region that 
SSs should transmit. The UL-MAP is located in each 
frame at the beginning of its DL subframe. Each SS 
identifies CID of the broadcast MAP message and 
then decodes the IE of the UL-MAP. After this, the 
packets are sent according to the allocated slots. 

The newest class of the WiMAX standard - ertPS 
combines the efficiency of the UGS and rtPS classes. 
The allocation of slots is similar to the rtPS class: 

 

 
min max

1, 0,

, 0,

|

i

i i i
i

i

i

R
N N T R

S FPS

i C ertPS

=
= =   > 
 

∀ =

 (3) 

  
Ni stands for the number of slots within each frame, 
Ri is the request size, Ti stands for bandwidth 
requirement of the ith connection, Si stands for the 
slot size, FPS stands for the number of frames the 
WiMAX BS sends per one second, i.e. the number of 
bytes a connection can send in one slot, and Ci stands 
for the ith connection class.  

It is interesting to note that the ertPS connection 
can also send the bandwidth requests during the 
contention period. Bandwidth requests can be 
updated with a minimum delay. The requested 
bandwidth should be: 

 
 [ ], _max( , /ertPS req BW REQ i MAC voice pT T n T T T=  (4) 
 
seconds per MAC frame, where ni is the total 
number of active connections at the time of 
making the bandwidth request, TBW-REQ is the time 
for transmitting one bandwidth request message, 
TMAC is the duration of one MAC frame, Tvoice is 
the voice packetization time and Tp is the 
transmission time required for each voice packet. 
The amount of granted bandwidth is equal to 
min(TertPS,req, TertPS,max) seconds per MAC frame, 

where TertPS,max is the maximum amount of time 
available for the SS in an uplink subframe. 

For the ertPS service, the maximum amount of 
time that each SS is allowed to transmit is given 
by: 

 _
,max

MAC UP overhead
ertPS

S

T T
T

N
−

=  (5) 

Ns is the number of connections associated to 
subscriber stations (SSs) i, i=1,2,…Ns, TMAC_UP is 
the duration of one MAC frame in uplink, Toverhead 
is initial ranging period duration. 

Packet transmission performance using the ertPS 
service strongly depends on the MAC frame size. 
With a short MAC frame duration, using the ertPS 
service we achieve approximately as good packet 
transmission performance as using the UGS service. 
As the frame size increases, the packet transmission 
performance using the ertPS service degrades. 

 
 

3. Proposed Uplink Scheduling Algorithm 
 

During the implementation of our proposed 
priority scheduling scheme we assumed that each SS 
carries single service flow. In this way the 
interpretation of the uplink scheduler at the BS is 
eased. Our proposed solution for the uplink 
scheduling at the SSs is based on a strict priority 
scheduling as it is shown in Figure 1. 

 

High Priority 
Queue

Intermediate 
Priority Queue

Low Priority 
Queue

SS1

SS2

SSn

ertPS-priority 1 
UGS- priority 2

SS1

SS2

SSn

rtPS-priority 3 
nrtPS-priority 4

SS1

SS2

SSn

BE-priority 5

UL-MAP

Figure 1. The architecture of the proposed uplink 
scheduler. 

 
According the proposal ertPS service class has the 

highest priority and is served first. The proposed 
solution for uplink scheduling at the SSs is 
implemented on the basis of the scheduling 
mechanism explained in [3].  

The scheduling mechanism in [3] uses three 
queues, high priority, intermediate priority and low 
priority queue. The queue with low priority is used 
for the BE bandwidth requests, the intermediate 
queue is reserved for storing the bandwidth request 
sent by rtPS and nrtPS service classes and the high 
priority queue is reserved for UGS and ertPS 
service classes. Bandwidth requests sent by both 
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rtPS and nrtPS connections can migrate to the high 
priority queue to meet their QoS requirements. 
After upgrading the scheduling mechanism in [3] 
that uses queues divided into three categories with 
our proposed priority-based uplink scheduling, we 
compared our proposed solution with the solution 
in [3]. 

Our proposed uplink scheduler is based on the 
class’ priority level with respect to other classes. 
Each service class is assigned with the priority as it is 
shown in Table 2. We use values from 1 to 5 for the 
class priority level according the ns-2 classification 
where priority 1 is the highest priority. The priority 
levels were set as follows: 1 for the ertPS service 
class, 2 for the UGS service, 3 for the rtPS service, 4 
for the nrtPS service and 5 for the BE service. 
Although ertPS and UGS services are in the same 
high priority queue, with our added priority when 
ertPS and UGS are active services in the same time, 
ertPS traffic will have higher priority for uplink 
scheduling than UGS. Priority values of 3 and 4 are 
set for rtPS and nrtPS service connections, 
respectively, that are in the intermediate queue. This 
means that rtPS service class has higher priority in 
uplink scheduling than nrtPS service class, although 
they are in the same intermediate priority queue. We 
set higher priority for rtPS service class because it is 
delay sensitive service. Finally, BE service class that 
is in the low priority queue has priority value of 5 
and is last in the uplink scheduling scheme. Our 
proposed solution is compared with the performances 
of the scheduling mechanism presented in [3] in 
terms of average throughput, average delay and 
average jitter in different scenarios with different 
loads of the network. As we can see from the next 
section our results are better. 

The steps that the proposed uplink scheduling 
algorithm is executing are as follows: 

- Insert in the gueue with high priority unicast 
request opportunities and the periodic data grants that 
must be scheduled in the next frame; 

- Check if rtPS and nrtPS requests can migrate 
from the queue with intermediate priority to the 
queue with high priority with the procedures “check 
the deadline” and “check the minimum bandwidth”. 
In both cases the class priority level of rtPS and 
nrtPS service classes (3 and 4) remains the same, i.e. 
they are served after ertPS and UGS service classes 
with class priority levels of 1 and 2; 

- Uplink scheduler distributes among the BE 
connections the non-allocated bandwidth. BE service 
class has the last class priority level, that is 5. 

- Finally, the uplink scheduler serves all the 
requests at the queue with high priority firstly and the 
service class with the highest priority level, that is 
ertPS. 

 
 

4. Simulation Scenario and Results 
 
4.1 Simulation Scenario 
 

In the research community one of the most popular 
tools is the Network Simulator (ns-2). For simulation 
of IEEE 802.16-based networks using ns-2 several 
modules were proposed. One of them is implemented 
by NIST - National Institute of Standards and 
Technology, but it fails to implements MAC QoS 
support. Another simulation module for IEEE 802.16 
that is presented in [11] provides packet 
fragmentation and packing, but users cannot 
configure QoS requirements. There is also a group 
that developed an 802.16-based simulator for the 
OPNET tool, but it is a private domain simulator. We 
have evaluated that the most adequate simulator for 
WiMAX service classes is the module designed by 
the group of the University of Campinas [12]. This 
module is focused on the MAC layer and its 
mechanisms for bandwidth allocation and QoS 
support. 

The topology of the simulated network for the 
simulation scenarios done in this paper consists of a 
BS located at the center of a 250 X 250 meter area, 
with the SSs uniformly distributed around it. We 
enabled random motion to the SSs by setting the 
random-motion to 1 in ns-2, in which case random 
destinations are assigned to the nodes. Each SS has 
one uplink flow and one downlink flow, which are 
mapped to the same service type. Five types of traffic 
are used: voice, voice with silence suppression, 
video, FTP, and WEB, which are associated with 
UGS, ertPS, rtPS, nrtPS, and BE services, 
respectively. Each of the SSs has only one service 
flow in order to eliminate the impact of the packet 
scheduling at the SSs on uplink scheduling.  

We used as a voice model for UGS service class an 
exponential model with mean duration of 1.2 seconds 
of the “on period” and 1.8 seconds of the “off 
period”, respectively. For UGS service class 
according this model packets of 66 bytes are 
generated every 20 milliseconds. For simulating 
ertPS service class we used in the simulator EVRC – 
Enhanced Variable Rate Codec as a model of voice 
with silence suppression [13]. In our scenarios rtPS 
service class was simulated using 10 different real 
MPEG traces. nrtPS service class in the simulator 
that we use is generated with FTP traffic using an 
exponential distribution with a mean of 512 KBytes. 
BE service class is simulated with WEB traffic that is 
modeled in the simulator by a hybrid 
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Lognormal/Pareto distribution with the body of the 
distribution modeled by a Lognormal distribution 
with a mean of 7247 bytes and the tail modeled by a 
Pareto Distribution with mean of 10558 bytes. 

UGS and ertPS service classes have unsolicited 
grant interval of 20 milliseconds. rtPS has unsolicited 
polling interval of 20 ms and nrtPS of 1 second. BE 
service class doesn’t have any QoS requirement. The 
number of UGS, rtPS, nrtPS and BE connections is 
equal to 10 in all of the simulated scenarios. We only 
change the number of ertPS connections from 5 to 30 
in order to analyze the QoS parameters in various 
traffic load situations. The duration of each 
simulation scenario is 200 seconds. Each simulation 
scenario is repeated 50 times changing the seeds in 
the ns-2 simulator. We have done 50 iterations of the 
scenarios in order to have more reliable results. In the 
figures we show the mean values and the 95% 
confidence intervals.  

The free space model and the two-ray model in 
ns-2 predict the received power as a deterministic 
function of distance. They both denote the 
communication range as an ideal circle. But, in the 
reality, the received power at some distance is a 
random variable due to multipath propagation 
effects, known as fading effects. The free space 
model and the two-ray model predict the mean 
received power at distance d. Widely-used model 
that is more general is called the shadowing 
model. All of the simulated scenarios in our work 
are using the Shadowing propagation model. This 
model consists of two parts. The first part is the 
path loss model. It predicts the mean received 
power at some distance d, denoted by ( )rP d . Close-
in distance d0 is used as a reference. ( )rP d  is 
computed relative to 0( )rP d  as follows: 

 0

0

( )
( )

r

r

P d d
dP d

β
 

=  
 

 (6) 

β is denoted as path loss exponent which is usually 
determined empirically by measurements on the 
field.  The value of the path loss exponent is 2 in 
all of the simulated scenarios. It is typical value for 
free space propagation. Because the path loss 
exponent is measured in dB in most cases, from 
(6) we have: 

 
0 0

( ) 10 log
( )

r

r dB

P d d
P d d

β
   

= −   
  

 (7) 

The second part of this model used in our 
simulations reflects the variation of the received 
power and it can be presented by the following 
equation: 

 
0 0

( ) 10 log
( )

r
dB

r dB

P d d X
P d d

β
   

= − +  
  

 (8) 

dBX  is Gaussian random variable with zero mean 

at standard deviation denoted with dBδ . This 

standard deviation dBδ  is sometimes called the 
shadowing deviation. This value is also obtained 
empirically by measurements. In our simulations 
this value was set to 4. 

In order to analyze the performances of the 
proposed uplink scheduling algorithm changing the 
number of ertPS connections without changing the 
number of connections of the other four services, we 
varied the number of ertPS connections from 5 to 30 
with a step of 5 connections. In this way we also 
analyze the impact of the number of ertPS 
connections on the other four service classes. So, we 
made 6 scenarios where each of the other 4 service 
classes had 10 connections, while the number of 
ertPS connections was 5, 10, 15, 20, 25 and 30. The 
results are shown in average throughput, average 
delay and average jitter for all five service classes. 
We haven’t presented the average delay and average 
jitter of nrtPS and BE service classes, because they 
are non-real-time services, so delay and jitter are not 
affecting them. 

 
4.2 Simulation Results 
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Figure 2. Average throughput of 10 UGS connections and 

5 to 30 ertPS connections.  
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Figure 3. Average throughput of 10 rtPS connections 

changing the number of ertPS connections. 
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Figure 4. Average throughput of 10 nrtPS and 10 BE 
connections changing the number of ertPS connections. 
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Figure 5. Average delay of 10 UGS connections and 

average delay of 5 to 30 ertPS connections. 
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Figure 6. Average delay of 10 rtPS connections under 

different load of ertPS connections. 
 
   Figure 2. presents the average throughput results 

of 10 UGS connections when the number of the 
ertPS connections varies from 5 to 30. Results of the 
average throughput of the variable ertPS connections 
are also shown on the same graph. The number of 
rtPS, nrtPS and BE connections is 10 in all cases. 
UGS-default and ertPS-default in Fig. 2 denote the 
results obtained with the scheduling mechanism in 
[3], while UGS-new and ertPS-new denote the results 
obtained with our modified scheduling scheme. 

Results show that our solution gives better average 
throughput results for UGS and ertPS service classes 
fo all six different traffic loads with ertPS. We can 
also conclude from the results in Fig. 2 that our 
proposed uplink scheduling algorithm especially 
gives better results compared with the one in [3] 
when the number of ertPS connections gets higher. 
This is also the case for the average throughput 
results of rtPS, nrtPS and BE service classes in Fig. 3 
and 4.  

Furthermore, besides comparing the average 
results of 10 rtPS connections of our proposed uplink 
scheduling scheme with other scheme in Fig. 3, we 
verify in Fig. 3 the minimum and the maximum 
traffic rate requirements as specified by the standard. 
In all of the simulated scenarios, the minimum rate 
requirement of 300 kbps for the average throughput 
results of rtPS connections and the maximum rate 
requirement of 500 kbps were in the range regardless 
of the network load with ertPS connections. 

The concluding remarks for Fig. 3 and 4 are also 
the same as in Fig. 2, for the presented average 
throughput results of 10 rtPS, 10 nrtPS and 10 BE 
connections under different number of ertPS 
connections. Comparing the impact of the increasing 
the number of ertPS connections on the other four 
service classes, we can conclude that the increase of 
the number of the ertPS connections has the lowest 
impact on the UGS service class. This situation can 
be explained by the fact that UGS service class is 
also in the high priority queue as ertPS service class 
and packets from this service class has more priority 
than packets from rtPS, nrtPS and BE service classes.    

 Fig. 5 presents the average delay results for UGS 
and ertPS service classes. Fig. 6 shows the average 
delay results of the rtPS service class. After applying 
our priority based scheme, results for the ertPS 
service class are obviously better. In the same time 
average delay of 10 UGS connections is not much 
degraded when increasing the number of ertPS 
connections in both cases, before and after the 
implementation of our proposed scheduling scheme. 
We explained the reason for this situation in the 
analysis of the Fig. 2. Average delay of the rtPS 
service class in Fig. 6 increases when the number of 
ertPS connections increase in both cases. Reason for 
this is the fact that the rtPS service class is in 
intermediate queue and has less priority than ertPS 
and UGS service classes.  

Fig. 7 shows the average jitter results for UGS and 
ertPS service classes. Similarly to average delay 
results, average jitter results for ertPS service class 
are better using the proposed scheduling algorithm 
compared to the scheduling mechanism in [3]. 
Average jitter results for UGS service class are in 
both cases not affected by the increase of the ertPS 
connections, because this class is in the high priority 
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queue and has class priority 2 according our 
proposed scheduling order. Their values are around 6 
ms in all of the simulated scenarios in both cases. 
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Figure 7. Average jitter for 10 UGS and 5 to 30 ertPS 

connections. 

0

10

20

30

40

50

60

70

80

90

5 10 15 20 25 30
Number of ertPS connections

Av
er

ag
e 

jit
te

r [
m

s]

default-rtPS

new-rtPS

 
Figure 8. Average jitter for 10 rtPS connections changing 

the number of ertPS connections. 
 

Fig. 8 presents the average jitter results for 10 rtPS 
connections changing the number of ertPS 
connections from 5 to 30 comparing the uplink 
scheduling mechanism (denoted with rtPS-default) in 
[3] with our proposed scheduling order (denoted with 
rtPS-new). Compared results prove that our proposed 
scheduling algorithm gives better results, especially 
when the number of ertPS connections gets very 
high. Hence, we can conclude that the impact of the 
increase of the number of ertPS connections on 
degrading the rtPS average jitter is lower when we 
use our proposed uplink scheduling order. 

 
 

5. Conclusion 
 

In this paper we have proposed priority based 
uplink scheduling algorithm for WiMAX service 
classes. It is implemented using the ns-2 simulator 
and the WiMAX patch that was developed in [12]. 
After the modification of the simulator with our 
added priority based uplink scheduling order in ns-2, 
we have analyzed the QoS parameters changing the 

number of ertPS connections from 5 to 30, while 
keeping the other four service classes with 10 
connections. Obtained results are then compared to 
the already presented effective uplink scheduling 
mechanism in [3]. Results that are showed in Section 
4 prove that the proposed priority based scheduling 
mechanism gives better results measured in average 
throughput, average delay and average jitter 
compared with the uplink scheduling mechanism in 
[3]. 
Furthermore, because we have changed the number 
of ertPS connections from 5 to 30, we have analyzed 
the impact of the number of ertPS connections on the 
other four service classes. The impact of the increase 
of the ertPS traffic load on the UGS service class is 
negligible in both compared cases, especially for 
average delay and jitter, because UGS service class is 
in the high priority queue together with ertPS and has 
class priority value of 2 according our proposed 
scheme. The impact on other service classes is 
noticeable in both compared cases, but our proposed 
uplink scheduling scheme gives better results for 
average throughput, delay and jitter, especially when 
the number of ertPS connections is higher. Hence, 
using our proposed scheduling order, we decreased 
the negative impact of the increasing the number of 
ertPS connections on rtPS, nrtPS and BE service 
classes. 
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Abstract – Cardiovascular atherosclerotic diseases 

represent the significant cause of death worldwide 
during the past few decades. Obesity is recognized as 
an independent factor for the development of the 
cardiovascular diseases. There is a strong correlation 
between the central (abdominal) type of obesity and the 
cardiovascular and metabolic diseases. Among a 
variety of anthropometric measurements of the 
abdominal fat size, sagittal abdominal diameter (SAD) 
has been proposed as the valid measurement of the 
visceral fat mass and cardiometabolic risk level. This 
paper presents a solution based on artificial neural 
networks (ANN) for estimating SAD low-limits for the 
adverse metabolic profile. ANN inputs are: gender, age, 
body mass index, systolic and diastolic blood pressures, 
HDL-, LDL- and total cholesterol, triglycerides, 
glycemia, fibrinogen and uric acid. ANN output is SAD. 
ANN training and testing are done by dataset that 
includes 1341 persons. 

 
Keywords – Artificial Neural Networks, Adverse 

Metabolic Profile, Obesity, Sagittal 
Abdominal Diameter. 

 
 
1. Introduction 

 
It is well known that the risk of cardiovascular and 

metabolic abnormalities is determined by specific 
distribution of the adipose tissue. Abdominal 
(central) obesity is associated with dyslipidemia, 
impaired fasting glucose, insulin resistance and 
hypertension, which result in increased risk of 
cardio- and cerebrovascular diseases, and 
consequently premature death [1]. Adverse effects of 
the abdominal obesity have been supported by many 
studies of the metabolism and endocrine activity of 
adipocytes from different regions of the abdominal 
adipose tissue. Abdominal fat includes two 
morphologically and functionally different depots: 
subcutaneous (superficial) and deep, visceral 
(intraabdominal). The latter is located in the 
abdominal cavity and includes intraperitoneal 
(omental and mesenterial) adipose tissue, which 
makes 80% of the intraabdominal fat mass, and 
retroperitoneal adipose tissue, which makes 20% of 

the intraabdominal fat mass [2]. Visceral adipose 
tissue function plays a crucial role in the 
development of metabolic abnormalities and insulin 
resistance, mainly due to the direct access of 
intraperitoneal adipose tissue to the liver through the 
portal circulation [3, 4]. 

Body mass index (BMI) has been widely accepted 
as a simple and the most practical measure of fatness 
in clinical and epidemiological surveys, eventhough 
it does not distinguish fat from lean body mass. The 
values BMI ≥ 25 kg/m2 correspond to the overweight, 
and values BMI ≥ 30 kg/m2 correspond to obesity and 
indicate increased risk of obesity-related adverse 
health outcomes [5]. In Serbia 54.4% of adult suffers 
from excessive body mass, while 36.2% of the 
population is obese [6]. The highest prevalence of 
overweight and obesity is observed in the region of 
Vojvodina and is as high as 58.5% [7]. BMI does not 
provide sufficient information about fat mass. 
Therefore, body composition assessment is necessary 
for the diagnosis of obesity and prediction of its 
comorbidities. 

Several anthropometric indicators of abdominal 
obesity have been developed to measure abdominal 
adipose tissue mass. Sagittal abdominal diameter 
(SAD), or abdominal height was first demonstrated in 
1988 by Kvist et al. to be a good correlate of visceral 
adipose tissue volume, observed by CT [8]. In 1994, 
Sjöstrom et al. proposed the use of sagittal abdominal 
diameter in the assessment of visceral fat mass [9]. 
Soon after, Richelsen and Pedersen confirmed its 
value in assessing the abdominal fatness and 
prediction of the metabolic risk profile [10]. 

In this paper, the multilayer feed-forward ANN 
with back-propagation as the training algorithm has 
been applied to estimating low-limits of the sagittal 
abdominal diameter SAD for the adverse metabolic 
profile. Our idea is to train ANN to predict SAD 
based on gender (GEN), age (AGE), body mass index 
(BMI), systolic blood pressure (SBP), diastolic blood 
pressure (DBP), total cholesterol (TCH), HDL-
cholesterol (HDL), LDL-cholesterol (LDL), 
triglycerides (TG), glycemia (GLY), fibrinogen 
(FIBR) and uric acid (UAC). We will test various 
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ANN architectures in MATLAB (Neural Network 
Toolbox) and select an optimal. The SAD low-limits 
for the adverse metabolic profile will be estimated by 
using optimal ANN architecture. 
 
 
2. Measurements 

 
The group inquired consisted of 1341 respondents 

(637 women and 704 men) aged 18 to 67 years, with 
BMI values between 16.60 and 63.00 kg/m2. In the 
Table 1 are shown the minimal, average and maximal 
values. 

 
 Minimum Average Maximum 
    

AGE 18 43.50 67 
BMI 16.60 30.64 63 
SBP 100 134.05 200 
DBP 60 86.52 130 
TCH 3 5.99 12.60 
LDL 2.20 3.79 9.65 
HDL 0.46 1.13 2.02 
TG 0.38 2.14 26 

GLY 3 5.19 13.10 
FIBR 1.25 3.46 8.50 
UAC 107 310.12 715 

    
Table 1. Characteristics of dataset. 

 
  All respondents were from the north part of 

Serbia. The study was conducted in accordance with 
the Declaration of Helsinki. The respondents 
volunteered in the study. All the inquires were taken 
during the morning hours (after the fasted overnight) 
at the Department of Endocrinology, Diabetes and 
Metabolic Disorders of the Clinical Centre of 
Vojvodina in Novi Sad (Serbia). 

   Body height (BH) was measured using 
Harpenden anthropometer with the precision of 0.1 
cm and body mass (BM) was measured using 
balanced beam scale with the precision of 0.1 kg. 
BMI is calculated as the ration of body mass (BM) 
and the square of body height (BH): 

 

[ ] [ ]
[ ]( )2

2

mBH
kgBMmkgBMI =  . 

 
Waist circumference (WC) was measured using 
flexible tape with precision 0.1 cm, at the level of 
middle distance between the lowest point on the 
costal arch and the highest point on the iliac crest. 
WHtR is calculated as the ration of waist 
circumference (WC) and body height (BH): 
 

[ ]
[ ]mBH
mWCWHtR =  . 

    Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured in the morning hours, 
after 10–15 minutes of rest, by the standard 
procedure and using sphygmomanometer after Riva-
Rocci. According to recommendations of European 
Society of Hypertension and American Heart 
Association, the values SBP ≥ 140 mmHg and DBP ≥ 
90 mmHg are regarded as high [11, 12, 13]. 
    Levels of cholesterol and triglycerides were 
determined by the standard enzyme procedure. The 
values of HDL-cholesterol were determined by 
precipitation procedure with sodium-phospho-
wolframate, and the values of LDL-cholesterol were 
calculated using Friedewald’s formula [14]. For the 
estimation of lipid and lipoprotein levels the 
following reference values were used: TCH ≥ 4.50 
mmol/l, TG ≥ 1.71 mmol/l, LDL ≥ 2.50 mmol/l, HDL 
< 1.29 mmol/l for women and HDL < 1.03 mmol/l for 
men [13, 15, 16]. 
    Concentration of the fibrinogen in plasma in our 
patients was determined by the turbidimetric method, 
and the value in plasma FIBR ≥ 3.50 g/l was taken as 
predictive with respect to development of 
cardiovascular diseases [17]. 
    The level of uric acid in the blood was determined 
using modified PAP method, and the following 
reference values were used: UAC ≥ 420 µmol/l in 
women and UAC ≥ 360 µmol/l in men [18]. 

Fasting glucose levels were determined by Dialab 
glucose GOD-PAP method, with a limit of GLY ≥ 7 
mmol/l [13, 15, 16]. 
 
 
3. ANN system, results and discussion 

 
Cardiometabolic risk encompasses a number of 

factors that precipitate the development of 
cardiovascular diseases [19]. Apart from the 
traditional signs of metabolic syndrome (insulin 
resistance, abdominal obesity, hypertension and 
dyslipidemia), it incorporates other factors such as 
pro-inflammatory and prothrombotic state, smoker 
status, physical inactivity, improper diet, psychoso-
cial characteristics of a person, age, gender, race and 
genetic predisposition [19, 20]. 

Previous results showed significantly higher values 
of SAD in obese women who displayed lipid and 
lipoprotein disturbances and hyperinsulinemia, 
comparing to healthy normal-weight women [21, 22]. 
In the large longitudinal study, Iribarren et al. 
confirmed utility of SAD in prediction of 
cardiovascular risk, independently of body mass 
index [23]. Reed et al. found association between 
SAD and carotid artery intima-media thickness [24]. 
Empana et al. established that age-adjusted risk of 
sudden death increases linearly with SAD 
increasement in both, normal-weight and overweight 



TEM Journal – Volume 2 / Number 2/ 2013.                                                                                                                               117 
www.temjournal.com 

men [25]. SAD has been shown to be an independent 
risk factor for death and morbidity in patients in the 
intensive care unit [26]. 

Artificial neural network (ANN) is a well-known 
method of artificial intelligence that has been used to 
simulate the human brain’s own problem-solving 
process. ANN has proven to be a better predictive 
tool than classical statistical methods in numerous 
clinical fields (eg. prediction of the heart attack, easy 
and low-cost identification of metabolic syndrome, 
primary estimation of the cardiometabolic risk, 
determination of WHtR limit for predicting 
hyperglycemia [20, 27, 28]). 

This section presents our solution – ANN system 
for determining SAD low-limits for predicting 
adverse metabolic profile. The ANN input values are 
vectors: 
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while the output values are: 
 

( ) ( )iSADiY = , 
 
where 1341...,,2,1=i . 

The optimal number of hidden neurons can be 
determined using various approaches, but we have 
used repeated random subsampling validation. The 
dataset is randomly divided into two parts with the 
proportion 90:10. The ANN training set is the first 
part (1207 persons) and the ANN testing set is the 
second part (134 persons). In the test phase, ANN 
estimates SAD based on given GEN, AGE, BMI, SBP, 
DBP, TCH, HDL, LDL, TG, GLY, FIBR and UAC 
and the estimation accuracy is: 
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where SAD is the exact value and SAD* is the value 
estimated by ANN. Various architectures with one 
hidden layer and 1-15 hidden neurons were trained 
and tested 100 times. The average accuracy AC and 
standard deviation SD were calculated. The trained 
ANN was tested first on the known data (training set) 
and the obtained results are given in Table 2. 

 
Nh ACTR SDTR 

   
1 88.9135 0.0294 
2 88.8916 0.1438 
3 89.5994 0.0068 
4 89.5946 0.0407 
5 89.8698 0.0072 
6 90.2554 0.0026 
7 90.2669 0.0028 
8 90.2634 0.0050 
9 90.4363 0.0085 

10 90.5152 0.0030 
11 90.5457 0.0066 
12 90.7006 0.0055 
13 90.6066 0.0070 
14 90.7260 0.0045 
15 90.8749 0.0041 

   
Table 2. The average accuracy ACTR and standard 

deviation SDTR on the training set. 
 
After that, trained ANN was tested on the unknown 
data (testing set) and the obtained results are given in 
Table 3. 

 
Nh ACTS SDTS 

   
1 88.6541 0.1659 
2 88.8055 0.2884 
3 89.4039 0.0617 
4 89.4760 0.0759 
5 89.1513 0.0318 
6 89.0225 0.0445 
7 88.9284 0.0625 
8 89.4008 0.0487 
9 88.6030 0.0370 

10 88.9596 0.0332 
11 88.6450 0.0523 
12 88.9875 0.0378 
13 89.1885 0.0392 
14 88.8073 0.0377 
15 88.8522 0.0264 

   
Table 3. The average accuracy ACTS and standard 

deviation SDTS on the testing set. 
 
After every testing, given ANN architecture was 
asked to estimate SAD value for the inputs: 
 

• AGE = 40, 
• BMI = 30 kg/m2, 
• SBP = 140 mmHg, 
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• DBP = 90 mmHg, 
• TCH = 4.50 mmol/l, 
• LDL = 2.50 mmol/l, 
• HDL = 1.29 mmol/l for women and HDL = 

1.03 mmol/l for men, 
• TG = 1.71 mmol/l, 
• GLY = 7 mmol/l, 
• FIBR = 3.50 g/l, 
• UAC = 420 µmol/l in women and UAC = 360 

µmol/l in men, 
 

    The average estimated SAD values are given in the 
Table 4. 

 
Nh Women Men 

   
1 23.0227 24.3730 
2 23.3362 24.8505 
3 23.2764 25.1590 
4 23.4255 25.4680 
5 23.2698 25.5885 
6 23.2915 25.7968 
7 23.3922 25.5725 
8 23.4315 25.9148 
9 23.9311 25.7852 

10 23.2331 25.7575 
11 23.2027 25.8702 
12 23.0447 25.7870 
13 22.9033 25.7799 
14 22.7848 26.1893 
15 23.1706 25.5934 

   
 

Table 4. The average estimated SAD values for women and 
men. 

 
Comparing results from Table 3, we conclude that 

the single-layered ANN architecture with 4 hidden 
neurons provides the best results (maximal average 
accuracy with standard deviation as small as 
possible), so it is accepted as the optimum. From 
Table 4, the values 23.4255 cm and 25.4680 cm are 
SAD limits respectively for women and men. This 
result is in accordance with [29]. 
 
 
4. Conclusion 

 
     In this paper, we have presented an ANN solution 
for estimating SAD low-limits for the adverse 
metabolic profile. Based on our results, if an woman 
has SAD ≥ 23.4255 cm and if an man has SAD ≥ 
25.4680 cm then they will be classified as adverse 
metabolic profiles. This approach could be a useful 
tool in both, individual and public health prevention 
since it can select persons with increased 
cardiometabolic risk in an easy, non-invasive and 
cheap way. 
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Abstract: Teaching principles are the subject of 
research in light of didactic polyform principle and 
their positive correlative links, which they 
contribute to breaking of formalism in Mathematics 
Teaching for realization of the most important 
teaching goals, i.e. making the process more active 
and more dynamic and adopting deductive methods 
as the most significant way of thinking, complete 
acquisition proficiency and its applying to various 
mathematical and other situations. 
     This work concerned with the Mathematics 
Teaching and especially the principle of  polyform, 
introduced with geometrical-arithmetical-algebraic 
interpretation in function of dynamic teaching 
process with tendency of continuous offering of 
occasions to pupils for original and creative thinking 
in addition to development of habits of independent 
polyform thinking, critical evaluation and 
reasonable generalization.   
Keywords: Principle of polyformism,        
geometrical polyformism, combine polyformism,   
methodological innovations, breaking of formalism.  
 

1.     Didactic principles of evidence and   
polyformism 

     The principle of evidence is one of the most 
commonly mentioned didactic principles in the 
history of teaching. Its basic demand consists of 
the fact that teaching is designed in such a way 
that students make clear notions based on the 
direct, live perception of the studied phenomena or 
subjects, that is the appearances of the objective 
world and their immediate polyform presentation 
[2]. 

     Ian Comenius`s golden rule of teaching – the 
principle of evidence was treated as more 
important than any other foundamental principle of 
teaching in the early phase of  development of  
didactics. 

     Modern didactics, unlike those first notions of 
Comenius, Rousseau, Pestalozzi, Disterweg, 
Ushinski and others who relied upon the 
sensualistic gnoseology of Bacon and Locke, bases 
the principle of evidence on the modern 
knowledge of contemporary psychology -  that  
perceptions of the outer world are an important 
source of knowledge and that vivid observation 
relies upon abstract thinking. It is also based on the 
fact that practice is the basic criteria of truthfulness 
of knowledge [4]. What should be particularly 
emphasized is that the principle of evidence is not 
its own purpose, that means that the introduction 
of concrete objects presents only the starting 
thread in the process of learning - as a starting 
point on the way of acquiring knowledge. It would 
be wrong to assume that the evidence is only the 
way from concrete to abstract thinking, even 
though it is only an important link in the chain of 
learning, in which the important generalizations 
come in the end. This conclusion is derived from 
Arnchaim`s proofs  that abstract opinion is formed  
even on the level of  perception. 

     In  modern teaching of Mathematics the 
principle of evidence occupies a significant place 
with its main point of support in the psychological 
law of acquiring knowledge, which states that 
there is nothing in the mind that hasn`t previously 
been in the senses in some way [3] . 

     Didactic principle of polyformism, according to 
what I have managed to see in thirty years of 
teaching mathematics in high schools, cannot be 
found in the literature of mathematics teaching as a  
didactic particularity and, even if it has been 
applied somewhere than it was done intuitively, 
and occasionally in mathematics teaching in 
primary and secondary schools [7]. 
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     The essence of this significant didactic 
principle consists in the permanent insisting on  
the integral insight into diverse approaches of 
understanding and notions of the taught 
phenomena. Its  exploitation in practice requires 
from the teacher an excellent  knowledge and the 
skill of application of the most versatile expertise 
in methodological possibilities and it  induces an 
intensive brain activity of the students expressed 
through their hard and devoted work and higher 
motivation. 

     The efficiency of the principle of polyformism 
is based on the evident psychological fact that the 
changes and diversity in teaching make it fresh and 
interesting, whereas  monotony induces weaker 
interest and thus passivity and boredom as well. 
This is the reason why the principle of 
polyformism should play a universal role in  
teaching of mathematics which could be seen 
through the enrichment of teaching with different 
contents, means, procedures and methods. When it 
comes to the contents then it is referred to the 
choice of such tasks which enable a larger number 
of different approaches  while solving them and 
the use of the evident means.  

         However, the organization of such classes 
demands the adequate application of polyform 
methodological forms and methodological 
particularities of teaching, that is its variations 
during the same lesson. Methodological forms and 
particularities planned and applied by the teacher 
during the process of teaching are based on the 
pulsing of didactic principles done in the right 
timing, which can be seen in their simultaneous 
polyform-cohesive acting, that is  integral, 
dialectic unity. 

     It is unimaginable to talk about any segment of 
modern dialectics without leaning about  the 
results and facts achieved by  modern  psychology 
and didactics. For this reason it is very worrying 
why the principle of polyformism does not occupy 
a dominant position in methodology of teaching 
mathematics, not disputed by the psychological 
and didactical theories. I would said that these two 
sciences, in certain, though implicit, way, leave the 
possibility for such a multiplex principle, which 
will, through the presentation of complementary 
opposed groupings, thoroughly and didactically 

unite these didactic principles of modern teaching 
of mathematics. In view of the above 
particularities, the principle of polyforism 
represents a universal didactic principle, whose 
gnoseological basis is identical to the principle of 
permanence, the law of negation of negation, by 
which the principle of polyformism acquires the 
features of  a dialectical law. Since the principle of 
polyformism covers all didactic principles, it raises 
this principle to the throne of  universality. 

     According to the analyses of  the R. Ainhaim`s 
views about the visual thinking and the studies of 
ideas of L.Vigotski on the relationship of thinking 
and speaking observed in the sense of  integrality 
of M. Marjanovic`s synthesis on the three-
component notion, along with rich personal 
experience in direct teaching of mathematics in 
high schools and modern didactic tendencies, 
based on the laws of dialectics, I have come to a 
conclusion that                       the combination of 
the verbal - textual                       and  illustrative - 
demonstrative method  provides  incredible 
possibilities for the effective application of the 
method of polyformism. 

     This should be particularly emphasized when it 
comes to its application as content components of 
teaching, or more precisely to the geometrical 
polyform of “the Shariginovsky type”[5]. 

     The answer to the question: ”Why is it so?” lies 
in the above stated facts, as well as in the fact that 
the visual thinking (thinking in pictures) has the 
quality of  general  meaning, that is  the integrality 
that causes the known effects of  “got it” 
experience, which are boosted by different 
demonstrations of the same example with the 
appropriate methodological particularities of the 
illustrative-demonstrative method  in combination 
with the particularities of the verbally-textual 
teaching method. This is the simplest way of 
presenting the given tasks and problems, for 
example with pictogram writing, which creates 
easier formation of  Ideogram  notions  of mental 
images related to the symbolism and examples, I 
would say with “got it” perception of the three-
component structure of the notion, the types of 
polyform principles  of evidence [6]. 
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     Complete methodology of mathematics 
teaching observed in the light of the principle of  
polyform is based on the fact which can be 
considered as a didactic axiom, that  picturesque  
interpretations of the teachers are given as multiple 
evidence, which offers a new dimension to the 
teaching of mathematics. In that way, even the 
didactic method of evidence appears here as a  
polyform character, which is reflected student`s 
diversified perception of the same objects, 
phenomena, or their images, under, the teacher`s 
systematic guidance in tracking the route of the 
direct acquiring of  mathematical knowledge.  

     For all of these reasons it is my opinion that the 
polyform application of the principle of evidence, 
included in the principle of diversity, presents 
exactly a didactic-dialectic law, or the principle 
universalis, for which all the great pedagogues like 
Comenius, Pestalozzi, Disterweg, Ushinski, 
Tolstoy and many others searched for. 

2.     Some rarity examples of the principle of 
polyformism with the supplement of the 
innovative, historically-reconstructive 
elements 

     Here are two well-known problems which can 
be solved in different ways, but with the simple 
use of power they can be solved more elegantly as 
two unusual polyform reconstructive stories in the 
development of mathematical ideas .            

     1. Given two segments a and b, construct the 

segment bax ⋅=     [8]. 

The problem can be solved in several ways: 

a)  If we take that the segment x is the altitude 
of the rectangular triangle, then  a  and  b are 
normal projections of their cathouses on the 
hypotenuse. Trivial construction, proof and 
discussion follow from this. 

b) We can take that the sought segment x is 
the cathetus of the rectangular triangle, then bigger 
than the given segments (it can be segment a) 
hypotenuse, and the smaller segment b is the 
normal projection of the sought cathetus x on the 
hypotenuse.  Even in this case construction, proof 
and the discussion are trivial. 

        However, the sought geometric mean of the 
segments a and b can be constructed on the third 
way by using the power of point  in relation to the 
circuit. 

c) In the arbitrary circuit K(O,r) let us draw a 
cutting line in such a way that the chord on it is               
AB =a–b and  transfer the segment AP = b (picture 
1). Tangent segment PT = x is the sought segment. 
From the property of the point P in relation to the 
circum ference K(O,r) it follows that PA∙PB=PT2, 

i.e. b⋅a=x2, that is: bax ⋅= . 

 

      This means that the problem is reduced to the 

construction of the tangent segment PT = x on the 
circuit K(O,r), which is trivial.  The problem is 

possible if 
2

bar −
≥ .  

d)   In case a)  the proof is usually obtained on the 
basis of similarities of the rectangular triangles 

ABD∆  and BDC∆  (picture2). However, the 
proof can be performed by using trigonometry. 

As (
a

DBtg =α   and  (
DB
btg =α ) ⇒

baDB ⋅=2  ⇒  baDB ⋅= . 

2) In the given segment AB = a  perform  the 
golden section  (sectio aurea)  [8]. 
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Analyses:  To divide the segment on the golden 
section, means to divide it on two parts, in such a 
way that its bigger part stands in relation to its  
smaller part in the same ratio as the whole segment 
to its bigger part x. If the bigger part is x,  then the 
smaller part is a–x and we have the proportion 
x:(a–x)=a:x, or x2 = a∙(a–x), which can be written 
as x∙(x+a) = a2. So the construction can be done  
with the help of similarity, that is the power point 
in relation to the circumference.   

Construction:   From any terminal point of the 
segment AB, for example point B raise the normal 

n (picture 3). Transfer to it the segment 
2
aBO =  

and draw the circumference K 







2
a,O , then draw 

the straight line (AO), and we will get the segment  
AM =x, because from the power point A in 
relation to that constructed circle x∙(x+a)= a2, that 
is the imposed condition is fulfilled. Proof follows 
from the construction, that is AM∙AN=AB2 ⇒                         
⇒ x∙(x+a)=a2 .   

Discussion: The problem has one solution. Here is 
the construction of the golden section of the 

segment AB  which can be done in a more general 
way, which I haven`t seen in the methodological 
literature and therefore can consider it as new. 

Analyses is completely identical to the previous 
one. 

Construction: 

From any the two terminal points of the segment 
AB,  for example point B we raise the normal n 
(picture 4), choose a point on it O and draw the 

circumference K(O,r), where r >
2
a .  We construct 

the circumrerence K1(O,q) which is the 
geometrical place of the chord middle with the 
length a  of the circumference K(O,r).  From point 
A construct the chord t on the circumference 
K1(O,q). It cuts the circumference K(O,r) at 
points M and N, whereby  MN = a. The sought 
point C is obtained at the intersection of the 
circumference K2(A,AM) and segment AB. Proof 
follows from the construction, that is:      AM∙AN 
= AB2       ⇒       x∙(x+a) = a2 . 

    When dealing with the problem in which is 
required to perform the golden section, then it   is a 
right opportunity to tell the story from the history                    
of mathematics teaching, about Pithagoreans and 
their teaching. The trade mark of Pithagoreans  
was a regular five-arms star, which is generated 
with diagonals of the regular  pentagon. Here the 
students sould be reminded of the properties of the 
diagonals of the regular pentagon, i.e. that they are 
cut by the golden section. The students, especially 
the high-school ones, can worke out the task of 
proving that a side of the regular decagon and 
radius of the circumference drawn around it stand 
in the ratio  r:a = a:(r–a)  of the golden section. If 
one bears this in mind then it is quite clear that the 
previous problem can be solved in different ways, 
but the one suggested in a) would be the simplest 
one. 

 

 

 

 

 

 

 

 

 

 In modern geometry textbooks, that is 
mathematics for primary and secondary schools, 
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pentagon is presented, with the given radius of the 
circumscribed, circumference, and usually without 
proof.  

      Pithagoreans did not accidentally take regular 
star with five arms, generated by diagonals of the 
regular pentagon as a sign of their own recognition. 
It is evident that they did so because a person 
needed to have solid mathematical knowledge in 
order to be able to construct it. Before doing the 
construction of the regular pentagon  with a given 
side a here`s one elementary problem of proving.  

     Prove that each  of the five diagonals  of the 
regular pentagon which form  Pithagorean star 
five-arm star  (picture5) divides the other diagonals 
by cutting them according to the golden section. 

Proof: From the similarity  

 

 

 

 

 

 

 

CEG∆ ~ CJH∆ follows  CE:CJ=CG:CH. 

As CH=JE=CI=x, a CG=CJ=IE=a+x, then 
CE:CJ=CJ:JE that is  (JE+CJ):CJ=CJ:JE. So, the 
segment AD divides the segment CE by the golden 
section. In an analogous way proof is performed 
for the other diagonals of the pentagon. From the 
previous proofts it is easy to notice that:  

(JE+CJ):CJ=CJ:JE ⇒
JE
EI

CJ
CJJE

=
+

⇒  ⇒

⇒−=−
+
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=   ⇒     
JE
JI

CJ
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= , i.e. 

EJ
JI

EI
EJ

= ,  so x:(a+x)=a:x,                                                       

rpresents the analyses of the problem which 
demands the construction of a regular pentagon  if 
one of its sides is given. 

Construction: If a side a  of the regular pentagon 
is given it is easy to construct, by using  the 
previous analyses and picture 5, a diagonal of the 
regular pentagon ABCDE with the length xa ⋅+ 2
, that is the segment whose measurable number has 
the length, and in the same way the wanted 
pentagon too.  First on the arbitrary segment AB 
we will construct point C which divides it on the 
golden section (picture 6). It is easy to see that a <
x  and n<m and see that the relation  is valid 

 

 
m
n

x
a
= . As ma,  i n  are three measurable 

numbers  with the lengths of the given segments, 
the fourth segment, whose measurable number has 
the length x, can be easily constructed with the use 
of the Talos`s theorem. On the arbitrary straight 
lines p i q which intersect in the point S we apply 
the lengths of the segments n, m  and  a, as in the 
picture 7. The segment AX  is obtained when  
through point N a straight line is constructed which 
is parallel to the straight line MA and which 
intersects the straight line q in the point X. Now 
it`s easy to construct a wanted pentagon IHGFJ. 
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Since the segments  with the length a, are given x 
∆DJI along with the apexes F, H and G (see picture 
8). Since we construct ∆DJI  

 

 

 

 

 

 

 

 

 

 

on the straight lines DJ and DI from those sides 
where there isn`t point D points F and  H are 
determined so that JF=IH=a. The apex G  is 
obtained in the intersection of the circuits K(F,a) 
and K(H,a). Pithagoreans were familiar with the 
construction of the regular pentagon when a side is 
given. Considering the fact that I haven`t seen the 
above mentioned solution in mathematically-
methodological literature, I believe that  the 
inovated version of the  pithagorean solution  of 
construction of the regular pentagon with a given 
side a,  would  be very similar to it . 

Let us see how the young K.F.Gauss collected the 
first 100 integers. While the teacher is expected 
that students add up the order of the first hundred 
numbers on a mission to solve the following way 
[1]. 

 

 

Previous example we can use to start a 
conversation with students about other possibilities 
of solving the same task. Specifically, students 
should be asked whether the task can be solved in 
a more efficient manner. If students cannot 
discover new heuristics, they need to set up an 
auxiliary question: What would happen if the 

union of pairs of numbers to make the sum of 100? 
Then some of them could easily be another 
solution. In any case, we should insist on the 
Confucian wisdom to the students through their 
thinking and work and find other solutions. 

Of course, this is not the end of the story, because 

the task can be solved in the following manner: 

           This typical example of motivation gives us 

the opportunity to introduce students to the 
historical story of the results of the school of 
Pythagoras, the Greek mathematics. Pythagoreans 
emphasized that enhance math above commercial 
basis. This is evidenced by the following examples 
of their knowledge of arithmetic and the evidence 
that was used in 
geometry. 

1.    This is how 
they found out to 
what is the sum of 
the first n  natural 
number s equal to     

S = 1+2+3+...+n. 
Using the 
knowledge  of the 
area of  rectangle and picture  9.  they stated that:     

 2∙S = n∙(n+1),  from 
where it follows that: 

2
)1( +⋅

=
nnS     [8]. 

2.  In the similar way 
they obtained the 
formula  for the sum of 
the first n odd natural  
numbers: 

X = 1+3+5+...+2n–1. 
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They simply noted that the sum of  gnomons  
1,3,5,...,2n–1 make the square picture 10. Then 
after  calculating that are they stated that: X = n2.  

To the sum of the first n even numbers they came 
by using pure arithmetic and the result of the first 
problem.  

Y=2+4+6+...+2∙n=2∙(1+2+3+...+n)=2∙S =n∙(n+1). 

Using the previous result Pithagoreans found out 
in a different way that the sum  of the first n odd 
numbers is equal to n2. 

1+3+5+...+2n–1 = (2⋅1–1)+(2⋅2–1)+(2⋅3–1)+...+ 
+2n–1=2∙(1+2+3+...+n)–n=n∙(n+1)–n=n2. 

It is necessary to point out  to students here,   the  
historical development of the ideas, from these 
Pithagoreans  solutions  all the way to Blez 
Pascal`s recurrent formulas, observed through the  
prism of  geometrical interpretations. The name of 
Nikomah from  Geras can`t be avoided  on that 
way (about 100. years). He groups the even 
numbers in the following way:  

Pnnnnn =−+⋅+++⋅−+⋅+
+++++++++++

)1)1(...12)1((
...)19171513()1197()53(1

 

It is noted that  the sum in every  bracket  is equal 
to the third degree of its members. It is easy to 

calculate  that the number of  these elements in 
brackets is:  

2
)1n(nn...321 +

=++++ , that is  that there are 

that many even numbers in all brackets,so:  

P=1+(3+5) + (7+9+11) +... = .
2

)1( 2





 +nn

 

  The same result was found by the Arabian 
mathematician Alkharhi in the 11. century. This is 
how he did that nice geometrical interpretation 
with the use of calculation of the sum of the area s 
of disjunctive  gnomons. 

P = 13 + 23 + 33 +...+ n3 

     It is easy to see that the area of the n  gnomon 
(marked in  picture 11) is equal: 

32

2
)1(2 nnnnn =−

+⋅
⋅⋅ , so the surface of the 

square P  is equal to  the sum of the cubes of the 

first n  numbers: 

.
2

)1( 2





 +⋅

=
nnP  

Here`s another example similar to the previous 
one, which is the achievement of the  Arabic 
neopithagoreans from the 11th  century.  

Find: S = 1⋅2 + 2⋅3 + 3⋅4+...+ +n⋅(n+1). This is the 
discovery they  reached with the application of 
geometry and the calculation of surfaces. They 
previously  transformed the above expression:              
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Mark the surface of the rectangle ABCD with P 
(picture 12). It`s easy to see that:         

n

.

.

.

3

2
1 1

23

33

1 2 3 . . . n

...
n(n+1)

2

Picture 11.

Picture 12.

+

.
6

)12()1()...321(

)1(...433221...321 2222
1

+⋅+⋅
=++++−

−+⋅++⋅+⋅+⋅=++++=

nnnn

nnnS



 

  TEM Journal – Volume 2 / Number 2/ 2013.                                                                                                                                127   
  www.temjournal.com 

:,
2

)...21(...

)21(1)1(...3221.......

asandSSn

nnPPP FCDDEFBAAE

+=+++++

+++++⋅++⋅+⋅=+=
  

.
3

)2)(1(

,
2

3
2

)2)(1()2(
2

)1(

++
=

=
++

=+⋅
+

=

nnnSisit

SnnnnnnP
 

    Using the previous formula they also calculated 
the sum  of the squares of the first n natural 
numbers: 12 + 22 + 32+...+ n2 = S1. With the 
following transforming and summing they found 
out:       12 = 1 ⋅ (1+1) –1 = 1 ⋅ 2 –1 

22 = 2 ⋅ (2+1) –2 = 2 ⋅ 3 –2 

32 = 3 ⋅ (3+1) –3 = 3 ⋅ 4 –3 

  …………………………. 

n2 = n ⋅ (n+1) –n = n (n+1) –n 
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        Six centuries later Blez Paskal (1623 – 
1662.g) as a seventeen years old, discovered  the 
famous recurrent formula for the calculation of all 
the sums [1] , 
[6]: 

 

 

 

 

And he used the knowledge of his ingenious 
predecessors. The story about Pascal and the 
recurrent formulas is a story about algebra, but it is 
also evident that we can hardy separate what 
belongs to algebra and what to geometry, through 
the historical story about the quest for methods  
and heuristic in mathematics, particularly if we 
know that mathematics has had a  geometry  frame  
ever since Newtn.  During  practice and revision  
lessons in the II grade of the Gymnasium 
(Scientific department) and some high schools 

where mathematics is taught with the program of 
four lesson a week or on the lessons of the extra-
curriculum teaching, the follow-up of this  lecture 
could be completed with the presentation of  
Pascal`s formulas and thus giving the  subject a 
combined, polyform  shape: 
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    Here is the methodological version of  my  
reconstruction of that derivation: To determine the 
sum of the first n  natural numbers 1S  Pascal uses 

the formula 22 )1(12 +=+⋅+ qqq taking 

successively ),.....,3,2,1( nq = and getting the 
equations: 

 

 

 

 

 

With whose addition he gets: 
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To determine the sum of the squares of the first n  
natural numbers 2S  he uses the formula 

323 )1(133 +=+⋅+⋅+ qqqq  taking 

successively for ),.....,3,2,1( nq =  and gets the 
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By addition of the left and right sides of all of this n 
equation Pascal forms the following equation: 
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     To determine the sum of cubes of the first n 
natural numbers 3S   the famous Frenchman used 
the formula 

4234 )1(1464 +=+⋅+⋅+⋅+ qqqqq  taking 

successively for ),.....,3,2,1( nq = and he got the 
equations: 

 

By addition of the left and right sides of all of these 
n equations he gets: 
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     This procedure can be continued ant the you can 
reach the sum mS using Pascal`s procedure that is 
binomial formula: 

 taking successively ),.....,3,2,1( nq =  getting the 
equation: 
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By addition of the left and right sides of all of these 
n equations Pascal forms the following equation: 

 

which is equivalent to the expression:  

by which the heuristic of Pascal`s formula is finally 
reconstructed  [8]. 

   Combined polyform geometrical and non 
geometrical interpretations, given „in the light” of 
these or similar reconstructions and innovations, 
have positive influence on the understanding and  
cognition of  different mathematical and many 
non-mathematical phenomena. Such application of 
the principle of polyform, given as an integral 
dialectic unity of all the variations of similarities 
or opposites, and even paradoxical non standard 
things, of teaching contents and their didactic 
transpositions, always produces dynamism and 
activation of a teaching process and implies 
additional motivational effects for students.     
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Abstract – Computational fluid Dynamics (CFD) has 
been widely used to simulate the experimental studies, 
which cost a lot of time and need to be repeated many 
times, in different fields of the industry with sufficient 
accuracy results. Therewithal, the energy conservation 
and controlled use of energy is very important for the 
more clean and habitable world. Therefore, refrigerant 
gases used in cooling systems should not affect global 
warming and damage to the ozone layer. Regarding 
that, in this study the ejector performance was mapped 
in Computational Fluid Dynamics (CFD) software 
using R600a (isobutene) refrigerant gas that the 
hydrocarbon-based, non-ODP (Ozone Depletion 
Potential) and has less effect of GWP (Global Warming 
Potential). 
 

Keywords- Ejector, CFD, R600a, Cooling, Modelling 
 

 
1. Introduction 

     In recent years, the Computational Fluid 
Dynamics (CFD) simulation technique is 
considerably developed and extended its scope of 
application and began to provide more accurate 
results. In the modern applications with CFD gives 
sufficiently accurate results even in the strong shocks 
and the optimization of the gas ejectors [1],[2],[3].  

 
     The ejector is a device that transfers momentum 
from a high velocity primary jet flow to a secondary 
flow. It is geometrically simple since it consists of 
four main components namely, nozzle, suction 
chamber, mixing throat and diffuser as schematically 
shown in Figure 1. Ejectors has pivotal advantages 
such as easy to install, being economic usage, lack of 
moving parts, bearing components, lubrication 
sealing problems, etc.. Therefore, the ejectors are 
used in a reliable way to transports for gases, liquids 
and solid components in many engineering and 
industrial applications. 
 
     Ejectors can be used in the heating and cooling 
systems using the solar energy. Regarding that, there 
are a lot of numerical and experimental studies in the 
literature [4-10]. Additionally, many studies are 
available on the modelling of constant field and 

constant-pressure suction chambers on the ejectors 
[11], [12]. Keenan et. al [13] expressed to obtained 
better performances where the mixing takes place in 
constant pressure suction chamber. The various 
refrigerants were used in studies on the ejectors [14-
17]. Presently, refrigerant gases that have less GWP 
effect and non-ODP have been studied [18],[19]. In 
this study, R600a refrigerant gas which has less 
GWP effect and non-ODP was selected.  

2.  CFD modelling 

     The turbulence flow model in the simulations 
which R600a is selected as primary and secondary 
(entrained) fluid was used the realizable k-ε 
turbulence model. Because, the model has been 
validated extensively for a wide range of flows, 
including free flows, jets, mixing layer, channel, 
boundary layer flows and separated flows. 
Especially, it predicts more accurately the spreading 
rate for axisymmetric (round) jets, [20]. Flow within 
a gas is a combination of such flows in which the 
underlying physics is very complex. In analyzing the 
gas ejector by CFD the following assumptions are 
done:(i) flow within ejector is steady and 
compressible, (ii) heat transfer between gas and 
surroundings doesn't exist, (iii) surface roughness is 
taken as zero, (iv) effect of buoyancy is neglected. 
Based on these assumptions, continuity, momentum 
and energy equations can be written as: 
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The transport equations for the realizable k-ε 
Turbulence model become as follows: 

    (5) 

 (4) 

  (6) 

 (5) 
Where the production of turbulence  kinetic energy 
Gk is modelled as: 
 

                                                              (7) 
 
Other terms: , ,   

and
                  (8) 

The model constants for this case; 
 

 
 

These default values were used in the present 
simulations. 
 
     In the realizable k-ε turbulence model suited to 
compute flows within gas ejector, turbulent or eddy 
viscosity, µt, is not constant and it is calculated from 

                                                         (9)                          

 (6) 
Where Cµ varies depending on turbulence fields, the 
mean strain and rotation rates and the angular 
velocity of the system. 
 
     In order to achieve a more accurate definition of 
the turbulent flow the three-dimensional geometry 
model was used in this study. The computational 
domain was reduced by half using a symmetry plane 
to decrease the calculation time and the mesh 
number. To obtain the mesh-independent solution the 
adaptive meshing method was applied and maximum 
number of cells for a half volume of ejector within jet 
pump was around 125045. Results of the grid 
sensitivity analysis for optimum operating conditions 
are given in Table 2.  Pg generator pressure, Tg 
generator temperature  inlet boundary conditions 
were used for the motive and Pe evaporator pressure 
and Te evaporator temperature entrained flows and  
Pc condenser pressure, Tc condenser temperatures 
outlet boundary conditions for the mixed (exit) flow 
were implemented to define the flow domain and 
then the mass flow rates of primary, secondary and 

mixed flows were computed using the coupled 
solution algorithm for pressure-velocity coupling, the 
quick scheme for spatial discretisation and the 
pressure-based solver. The convergence criteria for 
continuity, momentum and transport (model) 
equations were always less than 10-4 and iterations 
were continued until the convergence criteria were 
satisfied. Results of sensitivity analysis of the 
iterative convergence criteria for optimum operating 
conditions are given in Table 2. 

3. Results and discussion 
 

   Figure 1. Schematic diagram of the ejector 
 
 

D1 D2 D3 D4 D5 D6 L1 L2 L3 L4 L5 

8 3.12 4.8 11 9.5 19 30 14 25 36.8 96.5 

Table 1. Ejector dimensions (mm) 

Mesh 
number 

Mr Convergence 
Criteria 

Mr 

40526 0.824 0.001 0.823 
125045 0.821 0.0001 0.839 
226309 0.821 0.00001 0.831 

Table 2. Sensitivity analysis based on the mass flow ratio 

     An additional parameter, affecting the 
performance of the ejector is jet distance that NXP. 
The mass flow rates were plotted by the different jet 
distance according to Tg=100°C, Tc=26°C and 
Te=12°C in Figure 2. As seen in the Figure 2, the 
best performance results between NXP -5mm and 25 
mm is 15 mm.  

 
Figure 2. Flow rate ratio of depending on NXP 
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     At 90°C generator temperature, evaporator 
temperature at 12°C and three different condenser 
temperatures of turbulence intensity are plotted in 
Figure 3. As shown in figure intensity of turbulence 
rises suddenly in the evaporator temperature at 28°C 
in constant pressure region and abruptly decreases at 
the end of this area. Because of these conditions, the 
fluid exchange of energy is not observed between the 
primary flow and secondary flow. The reduction 
intensity of turbulence in the mixing chamber is 
derived the absence of secondary fluid. The 
condenser temperatures at 26°C, the turbulence 
intensity rises towards the end of mixing section so 
exchange of energy is kept between the motive fluid 
and suction fluid. When the temperature of condenser 
is 22°C, the mixture of energy exchange continues 
till the first part of the diffuser. This also proves us 
that the suction process is carried out exactly. 

Figure 3. Turbulence intensity values of different Tc 

     In Figure 4, the static pressure distribution was 
plotted along the axis from the jet exit. The 
fluctuation was observed in the ejector mixing 
section at NXP distance in different values of static 
pressure. The static pressure fluctuations do not 
appear inside the mixing section at optimum 
NXP=15 mm value. At NXP=15 mm, the amount of 
secondary fluid rises in the mixing section and two-
fluid enters the diffuser in equilibrium case by 
exchanging energy. The early fluctuation of static 
pressure at other nozzle positions shows the non- 
equilibrium between primary and secondary flow.  

 

 

 

 

      In this case, the ejector performance is affected.      
The turbulence in the mixing section shows that the 
shock was occurred at the inlet of the mixing section. 
The energy exchanges of these shocks were not 
completed exactly. As a result of that, the ejector 
performance reduced. 

Figure 4. Pressure distribution from nozzle exit to diffuser 

     In Figure 5 a, b and c, the mass flow rates were 
plotted according to different generator temperatures. 
As can be seen in the figure, flow rate remains 
constant until condenser temperature reaches a 
critical Tcr temperature in a constant fixed primary 
flow. When the temperature exceeds Tcr temperature, 
the mass flow rate suddenly decreases. The reason of 
remain constant flow rate at low Tc temperatures is 
choking of the primary, secondary flow. The first 
choking occurs in the primary nozzle. The second 
choking, at the entrance of mixing section, the 
primary flow brings the secondary flow velocity to 
speed of sound in this region. Therefore, the mass 
flow rate does not change. Ejector mass flow rate is 
inversely proportional to condenser pressure. If the 
condenser pressure is lower than critical pressure, 
two choking occurs in the system and the mass flow 
rate doesn’t change. Also as shown in figure 5, the 
mass flow rate decreases with increasing generator 
temperature at constant temperature of secondary 
flow. Thus, the primary flow temperature and 
pressure should be selected according to the 
condenser temperature for best performance of the 
ejector.  
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Otherwise a part of the energy will be wasted. 

 
(a) 

 
(b) 

 
(c) 

 
Figure 5. Flow rate ratio change at the different 

evaporator temperatures  

     In figure 6, according to different condenser 
temperatures at 22°C, 26°C, 28°C and 30°C, 
contours velocity were plotted. As can be seen in the 
figure the flow over sound speed, contour length 
shortens with the condenser temperature and pressure 
rises. In Figure 6 a, the formation of shock along to 
end of the mixing section does not prevent the 
exchange of energy between two fluids because of 
lower condenser temperature Tc than the critical Tcr 
temperature. In addition, as shown in figure choking 
of secondary flow was observed at first part of 
mixing section due to unchanged the mass flow 
profiles. During condenser temperature approaches 
the critical temperature, the shock wave moves 
forward in mixing section and it prevents to choke of 
secondary flow and then mass flow rate begins to 
decrease. If the condenser pressure is increased 
furthermore, the reverse flow consists on system as 
shown in Figure 6-d. 

 

a) Tg= 90°C, Te=12°C, Tc=22°C 

 
b) Tg= 90°C, Te=12°C, Tc=26°C 

 c )Tg= 90°C, Te=12°C, Tc=28°C 
 

d) Tg= 90°C, Te=12°C, Tc=30°C 

 

Figure 6. Velocity contours at various Tc condenser 
temperatures with constant Tg and Te 
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     In figure 7, according to different condenser 
temperatures at 22°C, 26°C 28°C and 30°C, Mach 
number were plotted. As the figure shows during 
condenser temperature raises, the Mach number 
decreases at other condenser temperatures except for 
22°C after exit of the jet. The mach number remains 
approximately horizontal as shown in the figure 
beginning from the jet exit to end of the mixing 
section at Tc = 22°C. The shock develops at the end 
of mixing section due to the condenser pressure is 
lower than the critical pressure so it doesn’t affected 
the mixture fluid. At the same time this explains us 
choking the suction fluid. Due to the condenser 
temperature, the Mach number begins to decrease if 
condenser pressure is increased in the mixing section, 
so shock occurs towards the entrance of mixing 
section. This shows us that is not a good mixture in 
this region. If the condenser temperature continues to 
increase, reverse flow occurs. This is indicated by the 
values of  Tc =30°C. Mach number reduced sharply 
at the entrance of mixing chamber. 

 

Figure 7. Mach number changes along the ejector 

     In the figure 8, the ejector operation mapped for 
R600a at distance of NXP 15 mm. In this section, at 
the generator temperature (Tg) from 90°C to 110°C, 
at evaporator temperature (Te) between 4°C and 
12°C and  at condenser temperature (Tc) between 
20°C and 35°C temperatures show varies. As shown 
in the figure with increasing Tg temperature, the 
critical condenser temperature increases at the same 
Te temperature but the mass flow rate decrease. Also 
as increasing Te temperature at fixed temperature of 
Tg, the flow rate and critical temperature of the 
condenser increase. 

 

Figure 8. The map of ejector performances 

 
4. Conclusion  

     In this study, the ejector operating was 
investigated with Computational Fluid Dynamics 
(CFD) using various generator, evaporator and 
condenser temperatures, with R600a gas, throat 
diameter of 3.12 mm, suction chamber diameter of 
9.5 mm. The results of the study following comments 
were presented; 
 
•    The Ejector performance is affected by NXP 

and the condenser temperature values. NXP value 
becomes smaller, the suction does not take place 
completely and the shock waves are composed in 
regions close to the entrance of mixing chamber. 
These conditions affect the performance of the 
ejector. 
 

•    At the same generator temperature and till 
critical condenser temperatures the amount of the 
mass flow rate (Mr) does not change. However, if 
temperature of the diffuser out port exceeds the 
critique of condenser temperature, mass flow rate 
(Mr) decreases. 
 

•    Up to the critical temperature, Mach number 
remains at about the same level in mixing 
chamber. If The critical temperature is continued 
to increase, it consists a sudden decrease in Mach 
number because of reverse flows. 
 

•    Increasing temperature of Tc at the fixed 
temperatures of Tg and Te, turbulence intensity 
increases. In this case there are no sufficient 
energy exchange between the primary flow and 
secondary flow.  
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Abstract -  The purpose of this paper is to analyze 
the productivity or efficiency of the new European 
Union (EU) states, with emphasis on Estonia; and to 
compare them on the EU level. Industry, construction, 
trade and transport in Estonia have been viewed 
separately. Labour market problems in Eastern 
European countries have become more and more 
important. When the EU labour markets opened, some 
EU countries were forced to face the problem of partial 
workforce drain to richer countries with higher wages. 
In addition, on the one hand, East European countries 
have quite high unemployment rates, and on the other, 
many vacant jobs – there is a lack of qualified 
workforce. Low salaries, among other reasons, force 
many people to go to work in rich countries, where 
wages are several times higher. A number of proposals 
to increase labour productivity for both workers and 
entrepreneurs have been listed in the summary. 

 Keywords - East European countries, Estonia, 
workforce, working efficiency, labour productivity, 
suggestions. 
 
1. Introduction 

 
Working efficiency in ten East European countries 

(Bulgaria, the Czech Republic, Estonia, Ireland, 
Latvia, Lithuania, Hungary, Poland, Romania, 
Slovenia and Slovakia) has been analysed. Former 
post-communist countries were selected for 
observation; new EU member states, Malta and 
Cyprus, have been excluded.  

The main branches of the Estonian national 
economy in connection to the economic crisis have 
been analysed. Four major sectors of the economy 
with the greatest gross domestic product and largest 
number of employees will be observed: industry, 
construction, trade and transportation. The situations 
before the crisis, during the crisis and after the crisis 
will be viewed.  

The growth of the entire economy, measured using 
gross domestic product (GDP), will be viewed as 
background. The main emphasis, however, is still on 
the three Baltic States, and on Estonian business in 
more detail. 

 
2. Methodology  
 

The techniques and labour market survey 
definitions used by the authors have been specified in 

OECD [1] and Eurostat (Methodological Notes. EU-
LFS) [2]. 

Labour productivity is defined as GDP per hour 
worked. The measures of labour productivity are 
presented as indices and as rates of change [1]. 

Labour productivity per hour worked is calculated 
as real output (deflated GDP measured in chain-linked 
volumes, reference year 2005) per unit of labour input 
(measured by the total number of hours worked). 
Measuring labour productivity per hour worked 
provides a better picture of productivity developments 
in the economy than labour productivity per person 
employed, as it eliminates differences in the full 
time/part time composition of the workforce across 
countries and years [3]. 
 
Formulas of productivity measures in EU: [4]. 
 
Productivity measures by net sales: 
  
   Productivity of labour (thousand euros): 

     net sales + subsidies  
number of persons employed 

 
   Productivity per hour (euros):  

           net sales + subsidies  
number of hours worked by employees 

 
Productivity measures by value added: 
 
   Productivity of labour (thousand euros): 

     value added    
number of persons employed 

 
   Productivity per hour (euros): 

            value added   
number of hours worked by employees 

 
Labour productivity per person employed (on the 

basis of value added) – indicates how much value 
added is generated on average per person employed (is 
calculated as value added divided by the number of 
persons employed)  [4]. 

Workforce productivity is the amount of goods and 
services that a worker produces in a given amount of 
time. It is one of several types of productivity that 
economists measure. Workforce productivity can be 
measured for a firm, a process, an industry, or a 
country.  

http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://en.wikipedia.org/wiki/Goods
http://en.wikipedia.org/wiki/Service_(economics)
http://en.wikipedia.org/wiki/Worker
http://en.wikipedia.org/wiki/Productivity
http://en.wikipedia.org/wiki/Economics
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The OECD defines it as "the ratio of a volume 
measure of output to a volume measure of input" [1]. 
Volume measures of output are normally GDP or 
gross value added, expressed at constant prices i.e. 
adjusted for inflation. The three most commonly used 
measures of input are: hours worked; workforce jobs; 
and number of people in employment. 

Workforce productivity can be measured in 
physical terms or in price terms. 
 The intensity of labour-effort, and the quality 

of labour effort generally. 
 The creative activity involved in producing 

technical innovations. 
 The relative efficiency gains resulting from 

different systems of management, 
organization, co-ordination or engineering. 

 The productive effects of some forms of 
labour on other forms of labour. 

These aspects of productivity refer to the 
qualitative dimensions of labour input. If an 
organization is using labour much more intensely, one 
can assume it's due to greater labour productivity, 
since the output per labour-effort may be the same. 
This insight becomes particularly important when a 
large part of what is produced in an economy consists 
of services. Management may be very preoccupied 
with the productivity of employees, but the 
productivity gains of management itself is very 
difficult to prove. While labour productivity growth 
has been seen as a useful barometer of the U.S. 
economy’s performance, recent research has examined 
why U.S. labour productivity rose during the recent 
downturn of 2008–2009, when U.S. gross domestic 
product plummeted [5].   

The validity of international comparisons of labour 
productivity can be limited by a number of 
measurement issues. The comparability of output 
measures can be negatively affected by the use of 
different valuations, which define the inclusion of 
taxes, margins, and costs, or different deflation 
indexes, which turn current output into constant output 
[6]. Labour input can be biased by different methods 
used to estimate average hours [7], or different 
methodologies used to estimate employed persons [8]. 
In addition, for level comparisons of labour 
productivity, output needs to be converted into a 
common currency. The preferred conversion factors 
are Purchasing Power Parities, but their accuracy can 
be negatively influenced by the limited 
representativeness of the goods and services compared 
and different aggregation methods [9].  

 “The factors affecting labour productivity or the 
performance of individual work roles are of broadly 
the same type as those that affect the performance of 
manufacturing firms as a whole. They include: (1) 
physical-organic, location, and technological factors; 
(2) cultural belief-value and individual attitudinal, 
motivational and behavioural factors; (3) international 
influences – e.g. levels of innovativeness and 

efficiency on the part of the owners and managers of 
inward investing foreign companies; (4) managerial-
organizational and wider economic and political-legal 
environments; (5) levels of flexibility in internal 
labour markets and the organization of work activities 
– e.g. the presence or absence of traditional craft 
demarcation lines and barriers to occupational entry; 
and (6) individual rewards and payment systems, and 
the effectiveness of personnel managers and others in 
recruiting, training, communicating with, and 
performance-motivating employees on the basis of 
pay and other incentives. The emergence of computers 
has been noted as a significant factor in increasing 
labor productivity in the late 1990s, by some, and as 
an insignificant factor by others, such as R.J. Gordon. 
Although computers have existed for most of the 20th 
century, some economic researchers have noted a lag 
in productivity growth caused by computers that didn't 
come until the late 1990s.”  [10]. 

GDP is an indicator for a nation´s economic 
situation and a measure of the economic activity. It 
reflects the total value of all goods and services 
produced. Expressing GDP in PPS (purchasing power 
standards) eliminates differences in price levels 
between countries, and calculations on a per head 
basis allows for the comparison of economies 
significantly different in absolute size [11]. 

Economic growth is defined as a production 
increase of an output of a production process. In order 
to calculate GDP growth rate in constant prices, GDP 
in current prices is converted to the prices of the 
previous year and changes in volume are determined 
based on the level of the reference year. The 
calculation of the annual growth rate of GDP volume 
is intended to allow comparisons of the dynamics of 
economic development both over time and between 
economies of different sizes. For measuring the 
growth rate of GDP in terms of volumes, the GDP at 
current prices are valued in the prices of the previous 
year and the thus computed volume changes are 
imposed on the level of a reference year. Price 
changes therefore do not affect the growth rate of 
GDP. Accordingly, price movements will not inflate 
the growth rate [12].  

GDP per capita in constant prices is found and the 
ratio of the average population. Often used in constant 
prices GDP as an indicator of the wealth of nations, as 
it reflects the average real income in this country. 
However, the tool does not provide a complete 
overview of economic well-being. For example, GDP 
does not reflect much of the unpaid work in 
households, nor does it take into account negative 
effects of economic activities, such as damage to the 
environment. GDP per capita in constant prices is 
based on rounded figures [13].  

GDP per person employed is intended to give an 
overall impression of the productivity of national 
economies expressed in relation to the EU-27 average. 
The volume index of GDP per capita in PPS is 

http://en.wikipedia.org/wiki/OECD
http://en.wikipedia.org/wiki/Labor_productivity#cite_note-1#cite_note-1
http://en.wikipedia.org/wiki/Gross_value_added
http://en.wikipedia.org/wiki/Inflation
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://en.wikipedia.org/wiki/Purchasing_Power_Parity
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://books.google.co.uk/books?id=z_xxhBtL8uAC&dq=isbn:0906321301
http://en.wikipedia.org/wiki/Economic_growth
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expressed in relation to the EU-27 average set to equal 
100. If the index of a country is higher than 100, this 
country's level of GDP per head is higher than the EU 
average and vice versa. Basic figures are expressed in 
PPS, i.e. a common currency that eliminates the 
differences in price levels between countries allowing 
meaningful volume comparisons of GDP between 
countries. The index, calculated from PPS figures and 
expressed with respect to EU27 = 100, is intended for 
cross-country comparisons rather than for temporal 
comparisons." [14].  
 
3. Analysis 
 

Figure 1. Real GDP growth rate – volume. Percentage 
change during the previous year  [12]. 

 
Figure shows the decline in GDP 2009th and 

economic growth in the coming years, particularly in 
the case of Sweden. 
 

 

Figure 2. Real GDP growth rate – volume. Percentage 
change during the previous year  [12]. 

Source: authors illustration 
 

 

The trend line shows the cyclical development of 
the Estonian economy (GDP). In addition to the 
economic decline during the years 2008 – 2009, there 
was also a decline in 1999. If an annual real GDP 
increment of more than 10% can be considered 
excellent, then the result in 2009 (14.1%) was one of 
the largest in the world. 

The development of the Estonian economy before 
and after the crisis was one of the fastest in the EC. 
Yet, the crisis led to a very deep recession, which was 

one of the greatest in the world, as well as in the EC, 
and lasted for nine quarters. Thus, the country covered 
two extremes. On the other hand, it also shows that the 
reforms carried out in the past were successful and 
established a base that enabled exiting the crisis 
successfully. In particular, this meant creating 
favourable conditions for business. Again, GDP 
growth in 2011 and also 2012 are highest in the EC. 

GDP per capita (PPP) is an important indicator of a 
state’s standard of living, which takes into account 
price level differences. The figure shows that the 
economy was the highest during the years 2007 - 
2008. A larger or smaller recession took place in 2009, 
which is called the crisis year. In the following years 
economy grew. In 2011, the U.S., as well as the EU 27 
as a whole, including Germany, Sweden, Latvia and 
Lithuania, reached a record level per capita. Finland 
and Estonia were short of the 2007 - 2008 level. 
 

 
Figure 3. Real GDP per capita, EUR per inhabitant, 1995 – 

2011 [13]. 
Source: authors illustration 
 
For generalization, GDP growth per capita in constant 
prices in all the considered countries was remarkable. 
It grew most in Finland and least in Japan. Also, 
growth in all of EU-27 was almost rectilinear. 
Between 1995 and 2007, GDP per capita in constant 
prices increased by 1.41 times in Sweden, 1.53 in 
Finland and 1.20 Germany. The economic crisis 
brought the levels down and in 2011, the U.S. and 
Germany alone managed to exceed pre-crisis levels. 
While the U.S. was best before the crisis, in 2007 - 
2008 the levels of the U.S. and Sweden became more 
even, and after the crisis Sweden was firmly ahead. 
However, the level of Germany is now lower than 
those of Sweden and Finland. 
 

 
Figure 4. Real GDP per capita, EUR per inhabitant, 1995 – 

2011 [13]. 
Source: authors illustration 
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Between 1995 and 2007, GDP per capita in 

constant prices in Estonia increased by 2.48 times, by 
2.31 times in Lithuania and 2.67 in Latvia. The 
economic crisis significantly brought down the levels 
and in 2011, Lithuania was the only country that 
managed to exceed pre-crisis levels, in fact, Estonia 
and Latvia were also short of the level of the year 
2006. 

 
 1995 1999 2002 2005 2008 2009 2010 2011 

Bulgaria  31.4 29.3 34.0 35.8 39.6 40.1 41.3 43.5 
Czech  64.4 65.0 67.7 73.1 74.1 75.9 73.8 74.1 
Estonia  34.1 43.5 51.3 60.8 65.8 65.5 69.3 67.6 
Latvia  33.4 38.3 42.8 47.8 51.6 52.8 54.8 62.7 
Lithuania  36.2 40.6 48.6 55.0 62.1 57.6 62.5 64.9 
Hungary  55.0 56.4 64.8 67.7 70.7 71.8 70.1 70.8 
Poland  46.0 54.3 59.0 61.8 62.4 65.6 66.8 68.8 
Romania  .. 23.4 29.4 36.1 49.2 49.2 48.9 51.1 
Slovenia  66.7 77.0 77.6 83.3 83.8 81.5 80.5 81.8 
Slovakia  50.2 56.9 62.9 68.8 79.8 79.7 81.5 80.3 

Table 1. Labour productivity per employed person. Index 
(EU-27 = 100) [15]. 
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Figure 5. States with higher productivity > EL=100, 2011 
[15]. 

Source: authors illustration 
 

Luxembourg has highest productivity within the 
EU and also globally; Norway has the highest 
productivity outside the EU. 

Figure 6. States with lower productivity < EL=100, 2011 
[15]. 

Source: authors illustration   
 

        Post-socialist countries have lower productivity; 
however the levels of Malta and Cyprus are somewhat 
higher. The EU-15 state Portugal has somewhat higher 
productivity than Estonia. EU post-socialist states 
Slovenia, Slovakia, Hungary and the Czech Republic 
have even higher productivity. Of the EU candidate 
states, Estonia is exceeded by Croatia, while Turkey 
remains at the same level. 
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Figure 7. Productivity growth in Estonia (EU=100), 1995-

2011 [15],[16]. 
Source: authors illustration   
 

In Estonia yield per worker, i.e. productivity grew 
2.0 times during the period under examination; 
however, it came to a pause during the economic 
crisis.  

In contrast, in 2010 in Latvia, yield per one worker 
was 54.6% and 62.3% in Lithuania, similar to the EU-
27 average. The indicator was highest among EU 
member states in Luxembourg (169.9), Ireland (136.9) 
and France (115.8) and lowest in Bulgaria (41.3) and 
Romania (48.8). Productivity was 1.5 times higher 
than the EU average in Norway (150.7) and the USA 
(143.5).  

One working hour productivity displays a similar 
trend, having been highest in Luxembourg 187.1. 
Productivity in Estonia only amounts to 61.0%.  

However, the prevailing trend is that regardless of 
growth in productivity elsewhere, the indicator rises 
noticeably quicker in Estonia and also other new EU 
accessions, than in veteran and wealthy EU-15 
countries. 

When analysing productivity in EU-27 (added 
value produced by one worker) by sectors of the 
economy and the size of companies, one cannot draw 
an equipollent (equal in force or effect) conclusion 
regarding productivity and the number of workers 
engaged in the company. It is conditioned by the 
particular sector of the economy. For instance, 
productivity among energy and water management 
companies is highest in small firms with up to 9 
persons on payroll. On the other hand, for companies 
active in the lease of movable property, 
accommodation (housing) companies, and among all 
the sectors of the economy taken together as an entity, 
productivity is highest in big firms that employ 250 or 
more workers. Highest productivity among textile and 
habiliment (articles of clothing) firms can be noted in 
companies with 10 - 49 workers; the same can be said 
for timber companies with 50 – 249 workers. [17].  
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A more detailed analysis of the productivity 
indicators of Estonian companies and the labour 
expenses in current prices, i.e. the predominant share 
constituted by salaries, is brought below.  

In Estonia, productivity differs little for companies 
in the size of up to 249 workers. In 2003 and 2007 
firms with 50 –99 workers boasted the largest 
productivity; in 2005 it was companies with up to 9 
workers and for the rest of the surveyed period, 
companies with 100 – 249 workers dominated. 
Invariably, large companies with smaller productivity 
had 250 and more workers. This can be accounted for 
by the fact that smaller companies have larger 
flexibility in management, a smaller number of 
ancillary personnel and also because the workers of 
small companies are more likely to be “jacks of all 
trades” than in big companies. In big firms 
productivity is sapped, as a general rule, by large 
overheads. 

Estonian labour productivity growth in 2010 was 
4.6% and -1.7% in 2011. 
 
 1995 1998 2000 2002 2004 2006 2007 2008 2009 2010 2011 
Bulgaria  2.9 2.9 3.4 3.6 3.9 4.1 4.3 4.4 4.3 4.5 4.8 
Czech Rep 8.2 8.6 9.3 10.1 11.1 12.4 13.0 13.0 12.8 13.0 13.1 
Estonia  : : 7.0 7.7 8.7 9.7 10.3 10.0 10.3 10.9 10.8 
Latvia  : : 4.2  4.7  5.5  6.3 6.7 6.7 6.6 6.9 7.8 
Lithuania  4.5 5.3 5.6 6.5 7.5 8.2 8.7 8.8 8.3 8.7 9.2 
Hungary  7.8 8.1 8.4 9.2 10.2 11.1 11.1 11.3 11.0 11.1 11.2 
Poland  5.2 6.0 6.9 7.5 8.2 8.6 8.8 8.9 9.1 9.5 9.8 
Romania  : : 3.0 3.8 4.4 4.9 5.2 5.6 5.3 5.3 : 
Slovenia  : : 15.4 16.0 17.0 19.3 20.1 20.1 18.9 19.5 20.2 
Slovakia  6.6 7.7 8.2 9.2 10.1 11.0 11.8 12.1 11.8 12.3 12.6 
            

Table 2. Labour productivity.  Euro per hour worked. [3]. 
 

      In Norway, the indicator for euro per hour worked 
has grown from 49.3 thousand to 68.9 thousand during 
the years 1990 – 2011, from 29.8 to 44.4 in Sweden, 
from 25.7 to 40.0 in Finland, from 37.4 to 48.9 in 
Denmark, from 33.4 to 45.4 in France, from 31.2 to 
42.3 in Germany, from 29.5 to 41.5 in the United 
States; and during the period from 1995 – 2011 from 
25.3 to 31.9 in the EU (27 countries). 
 

Figure 8. States with higher productivity, Euro per hour 
worked,  2011 [3]. 

Source: authors illustration 
   
Norway and Luxembourg have highest productivity in 
Europe and also globally. 

 
Figure 9. States with lower productivity, Euro per hour 

worked,  < EL=100, 2011 [3]. 
 

 2006 2007 2008 2009 2010 2011 
EU (27)  102.1 103.6 103.1 101.7 103.9 105.3 
Bulgaria  103.4 106.6 110.2 107.0 112.8 119.9 
Czech Rep  106.7 111.4 111.8 110.1 111.9 112.5 
Estonia  105.0 112.1 108.9 111.7 118.2 116.9 
Ireland  101.2 103.8 103.8 109.0 113.2 117.3 
Latvia  106.9 114.6 114.7 111.9 117.3 133.6 
Lithuania  106.7 112.8 115.0 107.5 113.9 119.8 
Hungary  103.7 104.0 106.2 102.8 104.2 104.6 
Poland  102.9 105.3 106.8 109.1 113.1 117.3 
Romania  106.2 112.0 120.2 114.1 114.6 : 
Slovenia  106.1 110.6 110.5 103.7 106.9 111.1 
Slovakia  105.8 113.5 116.1 113.4 118.4 121.1 

 
Table 3. Labour productivity per hour worked. Index, 2005=100 

[16]. 
 

Compared to 2005, labour productivity per hour in 
all 10 of the new post-socialist EU countries has 
increased at a more rapid pace than the EU 27 
average. Ireland had the greatest increase of the old 
EU member states (117.3) and Latvia among the new 
members (133.6). Hungary had the smallest growth 
(104.6) among new members, which was even lower 
than the EU 27 average. The level of Estonia among 
the new member states was average. 

   
 2001 2003 2005 2007 2008 2009 2010 2011 
EU (27)  1.8  1.5  1.2  1.4  -0.5  -1.4  2.1  1.4  
Bulgaria  4.2  3.1  3.9  3.1  3.4  -2.9  5.4  6.2  
Czech Rep  7.8  5.2  4.6  4.4  0.4  -1.5  1.6  0.6  
Estonia  5.9  6.1  6.0  6.8  -2.8  2.5  5.8  -1.1  
Latvia  6.5  6.2  6.6  7.2  0.1  -2.4  4.8  13.8  
Lithuania  11.8  8.9  1.7  5.7  1.9  -6.5  5.9  5.2  
Hungary  5.9  5.2  4.3  0.3  2.2  -3.2  1.3  0.4  
Poland  3.4  4.8  1.7  2.3  1.4  2.2  3.6  3.8  
Romania  6.8  7.0  5.4  5.4  7.3  -5.1  -0.1  ..  
Slovenia  3.2  3.0  6.9  4.3  -0.1  -6.1  3.1  3.9  
Slovakia  3.7  7.1  3.3  7.2  2.3  -2.3  4.4  2.2  

 

Table 4. Labour productivity per hour worked. Percentage 
change over previous year [3]. 

 
Labour productivity grew for all countries until 

2008. In 2008 some countries, including Estonia (-
2.8), experienced a decline. In 2009, all countries, 
except Estonia and Poland were experiencing a 
decline. In 2011 hourly labour productivity only 
decreased in Estonia compared to the previous year. 

 
Labour productivity in Estonia will be viewed in 

more detail below.  
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Labour productivity per person employed on the basis of net sales, 
thousand euro 
 2001 2004 2006 2007 2008 2009 2010 2011 2012 
I Q 10.8 13.6 17.6 20.6 21.2 18.5 20.8 25.2 27.1 
II Q 12.2 15.2 20.2 23.4 23.4 20.4 24.0 27.6 29.3 
III Q 12.3 15.4 21.0 23.6 24.0 20.8 25.2 28.1 29.7 
IV Q 13.4 16.6 22.0 24.4 22.0 21.7 26,8 29.3  
 
Labour productivity per person employed on the basis of value added, 
thousand euro 
 2002 2004 2006 2007 2008 2009 2010 2011 2012 
I Q 2.1 2.5 3.4 4.0 4.2 3.2 3.5 4.3 4.7 
II Q 2.5 2.8 3.9 4.7 4.6 3.7 4.1 5.0 5.4 
III Q 2.5 2.8 4.2 4.7 4.6 3.5 4.4 5.0 5.4 
IV Q 2.6 2.9 4.5 4.7 4.0 3.8 4.7 5.1  

 

Table 5. Productivity indicators of Estonian companies in 
current prices, 2001-2012 [18]. 

 
From the second half of 2006, productivity per 

employed person in reference to sales revenues was 
over 20 thousand euros. A dramatic decline occurred 
in QI of 2009, which was followed by a slow growth, 
whereas QIII and QIV of 2010 were record-breakers. 
Admittedly, Estonia has made its exit from the 
economic crisis mainly along the intensive road, i.e. 
on account of productivity growth.  

 

Productivity per employed person in reference to 
added net value has changed due to other regularities. 
As late as in QIV of 2010, Estonia reached the level of 
the three successful pre-crisis quarters of 2007. 
Whereas in QIV of 2010, the level was already 1.5 
times higher than productivity in the deepest slump of 
the crisis in QI of 2009.  

 

After the crisis, productivity recovered quicker in 
reference to sales revenue than in reference to added 
value, which is an indicator of the runaway selling 
prices after the crisis. 

 

While the above analysis by quarters supports the 
assumption that during the period of the economic 
crisis changes take place extremely rapidly, as a 
consequence, an analysis with one year precision will 
not provide a correct picture of upcoming changes. 

 
 2005 2006 2007 2008 2009 2010 
By reference to 
sales revenue  

72.1 81.2 92.2 93.6 81.2 95,6 

By reference to 
value added 

14.7 17.4 19.3 18.7 17.4 16,7 

 

Table 6. Productivity per employed person for Estonian 
companies (thousand euros), 2005 – 2010  [19]. 

 
Sales revenue per employed person was 44.3 

thousand euros in the first quarter of 2010, which is 
more than in the previous year but still falls short of 
the average of 2007 and 2008.  

 

The productivity of the business sector in reference 
to added net value increased by 18% in 2010, while 
the companies’ average labour expenses per employed 
persons remained at the level of 2009.  

 

Based on sales revenue, labour productivity per 
employed person grew steadily for all companies until 

2008, as did hourly productivity based on sales 
revenue, then a great decline of 13.2% and 10.0% 
respectively followed, which, on the other hand, is 
much smaller than the decline of total business output 
or real GDP. However, already in 2010, both 
indicators reached record levels. 

 

The new Employment Contracts Act, which made 
labour relations more flexible, and the more effective 
unemployment insurance system also had great 
influence. 
 
Economic activities total 2005 2006 2007 2008 2009 2010 
Labour productivity per person  
employed on the basis of  
net sales, thousand euros 

72.1 81.2 92.2 93.6 81.2 95.4 

Hour productivity on the  
basis of net sales, euros 

42.8 48.2 55.5 56.2 50.5 59.1 

Labour productivity per person 
 employed on the basis of  
value added, thousand euros 

14.7 17.4 19.3 18.7 17.4 19.6 

Hour productivity on the  
basis of value added, euros 

8.7 10.3 11.6 11.2 10.8 12.1 

 

Table 7. The enterprises’ added value and productivity 
measures, by indicator and economic activity of Estonia 

[19]. 
 
 

 
 

Figure 10. Labour productivity per employed person and 
hourly productivity based on net sales, 2005 – 2010 [19]. 

 
 

 
 

Figure 11. Labour productivity per employed person and 
hourly productivity based on added value of Estonia, 2005 

– 2010 [19]. 
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A similar comment also holds for labour 
productivity and hourly productivity based on added 
value.  

Still, in 2010 labour productivity per employed 
person based on sales revenue in smaller firms 
remained below the labour productivity of the pre-
crisis years. However, growth was strong in large 
companies with 250 or more employees, where it grew 
to 103,500 euros (in comparison, the same indicator 
was only 64,600 euros in 2005). This also led to the 
sum of all companies achieving the greatest labour 
productivity in 2010. 

 Hourly productivity based on sales revenue in 
2010 still remained low for companies with up to 20 
employees, while larger companies already reached 
record levels. Again, large companies with 250 and 
more workers experienced a particularly large 
increase, where it grew to 61,150 euros (in 
comparison, the same indicator was 37,350 euros for 
such companies in 2005), amounting to an annual 
growth of 18.1%. 

 As a whole, labour productivity and hourly 
productivity based on added value reached record 
levels for all companies in 2010. SME still remained 
below the 2007 level and for companies with 10 to 19 
employees, below the 2008 level. On the other hand, 
companies with more than 20 employees already 
reached record levels in 2010. 

 
 Labour productivity per per-

son employed on the basis of 
net sales, thousand euros 

Hour productivity on the 
basis of net sales, euros 

 IQ IIQ IIIQ IVQ IQ IIQ IIIQ IVQ 
2001 10.8 12.2 12.3 13.4 24.28 27.54 28.67 30.16 
2002 11.1 12.9 12.8 13.6 25.88 29.72 30.49 31.00 
2003 12.3 13.4 14.0 15.0 28.50 31.12 33.36 34.06 
2004 13.6 15.2 15.4 16.6 31.25 35.15 36.56 36.94 
2005 15.2 17.3 18.2 19.7 35.41 39.94 43.01 44.61 
2006 17.6 20.2 21.0 22.0 40.39 47.17 49.47 50.43 
2007 20.6 23.4 23.6 24.4 47.81 54.26 56.50 56.50 
2008 21.2 23.4 24.0 22.0 49.40 55.16 57.52 52.02 
2009 18.5 20.4 20.8 21.7 44.65 50.14 50.78 51.14 
2010 20.8 24.0 25.2 26.8 50.26 57.97 61.41 62.54 
2011 25.2 27.6 28.1 29.3 60.06 66.22 67.65 68.64 
2012 27.0 29.2 .. .. 63.56 69.08 .. .. 
 
 Labour productivity per 

person employed on the 
basis of value added, 

thousand euros 

Hour productivity on the 
basis of value added, euros 

 IQ IIQ IIIQ IVQ IQ IIQ IIIQ IVQ 
2002 2.1 2.5 2.5 2.6 4.92 5.69 5.94 5.82 
2003 2.4 2.6 2.7 2.7 5.62 6.14 6.52 6.33 
2004 2.5 2.8 2.8 2.9 5.75 6.52 6.71 6.33 
2005 2.7 3.3 3.4 3.6 6.39 7.61 7.93 8.18 
2006 3.4 3.9 4.2 4.5 7.73 9.08 9.91 10.35 
2007 4.0 4.7 4.7 4.7 9.40 10.99 11.18 10.93 
2008 4.2 4.6 4.6 4.0 9.84 10.93 11.06 9.52 
2009 3.2 3.7 3.5 3.8 7.66 9.03 8.50 8.90 
2010 3.5 4.1 4.4 4.7 8.52 9.81 10.81 10.89 
2011 4.3 5.0 5.0 5.1 10.21 11.97 12.00 11.91 
2012 4.7 5.3 .. .. 10.97 12.64 .. .. 

 
Table 8. Areas of economic activity in total of Estonia. [18] 

 
 
 

 
 Manufacturing Construction 
 IQ IIQ IIIQ IVQ IQ IIQ IIIQ IVQ 

2002 4.60 5.56 5.82 5.18 3.90 4.79 5.75 6.20 
2003 4.86 6.01 6.14 5.62 3.83 5.50 7.80 5.94 
2004 4.79 6.20 6.33 5.69 5.18 6.46 7.73 8.56 
2005 5.43 7.16 7.22 6.84 6.26 8.56 9.97 10.16 
2006 6.26 7.99 7.93 8.05 7.41 11.12 13.42 13.42 
2007 7.86 10.03 9.78 9.65 9.52 13.80 14.83 14.12 
2008 8.95 10.35 10.23 8.18 8.63 11.95 11.38 10.03 
2009 6.66 8.04 8.90 8.36 6.22 8.29 6.87 6.24 
2010 8.85 10.44 11.22 11.61 4.51 6.86 9.34 8.12 
2011 11.12 13.52 11.75 11.47 5.73 9.05 11.47 11.63 
2012 10.75 13.08 .. .. 8.52 11.51 .. .. 

 
 Transportation and storage Wholesale and retail trade 
 IQ IIQ IIIQ IVQ IQ IIQ IIIQ IVQ 

2002 6.07 7.35 8.18 5.69 4.67 5.43 5.30 5.75 
2003 8.31 7.67 7.86 6.84 4.86 5.62 5.82 6.07 
2004 7.22 7.16 6.97 4.28 5.11 6.46 6.52 6.14 
2005 5.94 7.35 7.67 7.16 6.26 7.73 8.24 8.24 
2006 6.71 7.35 9.52 10.29 7.48 9.71 10.61 10.93 
2007 7.61 9.65 10.86 7.29 9.78 11.63 11.38 10.86 
2008 9.33 9.91 13.10 8.50 9.71 10.99 10.99 7.86 
2009 6.31 9.12 7.01 6.13 5.83 8.35 7.19 7.16 
2010 6.14 8.54 12.66 10.09 6.53 9.25 9.16 9.02 
2011 8.62 12.88 12.92 8.59 8.61 11.33 10.88 11.29 
2012 9.88 13.44 .. .. 9.41 12.37 .. .. 

 
Table 9. Hourly productivity based on added value of 

Estonia, euros [18]. 
 

 
 

Figure 12. Labour productivity per employed person in 
transportation based on net sales of Estonia, thousand 

euros [18]. 
 
      There have been two periods of significant 
increase in labour productivity in the past 10 years. 
The first was until the year 2006, when it increased up 
to 2.5 times. Stagnation and even a small decline 
followed. From 2009 onwards there has, however, 
been a great, nearly 1.5 time increase in labour 
productivity. If we compare QI of 2001 and QI of 
2012, a 2.7 time increase in labour productivity can be 
noted. A similar comment also holds for hourly 
productivity based on sales revenue. During the period 
from QII of 2001 to QII of 2012, it also increased 2.7 
times, raising the QII of 2012 to 81.62 euros. 
Basically, the same applies for labour productivity per 
employed person and hourly productivity based on net 
added value, but with smaller increments. Labour 
productivity per employed person increased during the 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

I Q 10,9 12,5 15,2 16,2 16,9 20,8 22,2 21,7 20,9 24,6 30,3 33,7

II Q 13,6 15,6 15,6 17,6 19,6 24,1 24,4 23,7 23,1 28,7 33,6 36,2

III Q 13,3 13,2 16,3 18,1 20,3 24,7 24,4 23,8 25,1 30,7 32,8 0

IV Q 13,2 13 16,7 17,9 21,2 24 24 23,1 24,8 29,6 31,3 0
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period from QII of 2002 to QII of 2012 by 1.8 times, 
raising QII of 2012 to 6,000 euros. At the same time, 
hourly productivity based on added value increased 
1.8 times, raising the QII of 2012 to 13,440 euros. 
This once again confirms that transportation 
companies managed to skilfully organize their work 
during the economic crisis and come out of it more 
successfully than other sectors of the economy. 
 

 Total Manufac-  
turing 

Const-  
ruction 

Transportation 
and storage 

Wholesale and 
retail trade 

2002 5,69 5,56 4,79 7,35 5,43 
2003 6,14 6,01 5,50 7,67 5,62 
2004 6,52 6,20 6,46 7,16 6,46 
2005 7,61 7,16 8,56 7,35 7,73 
2006 9,08 7,99 11,12 7,35 9,71 
2007 10,99 10,03 13,80 9,65 11,63 
2008 10,93 10,35 11,95 9,91 10,99 
2009 9,03 8,04 8,29 9,12 8,35 
2010 9,81 10,44 6,86 8,54 9,25 
2011 11,97 13,52 9,05 12,88 11,33 
2012 12,64 13,08 11,51 13,44 12,37 

 
Table 10. Areas of economic activity in total (QII)   [18]. 

 

 
Figure 13. Hourly productivity based on added value of 

Estonia, QII of 2002-2012, euros [18]. 
 

During the years 2002 – 2004, hourly productivity 
based on net added value in transportation was better 
than the Estonian average. The construction boom 
began and in 2008 raised hourly productivity in 
construction to a higher level than the state’s average; 
the difference was especially great in 2007. The 
following crisis, on the other hand brought the 
productivity of builders sharply below the average. 
Although the builders’ productivity grew significantly 
in 2011 and 2012, it remained lower than in other 
economic sectors. 

While productivity in the processing industry 
remained lower than the average both before and 
during the crisis, it was the highest in 2010 and 2011. 
In 2012 however, productivity in transport slightly 
exceeded industry. Both one and the other were better 
by specific quarters in recent years, thus they were 
equal. 

Productivity in the retail and wholesale trade 
during the years 2005 – 2008 was higher than the 
average and lower after the crisis. 

As a rule, there were no significant differences in the 
productivity of different sectors of the economy before 
or after the crisis, excl. construction. 

Taking into account this publication and the 
previous work of the authors [20], [21], [22], [23], 
have made the following conclusions and suggestions. 
 
3.  Conclusion 
 

1. Companies came out of the economic crisis by a 
surge of hiring professionals, engineers and customer 
service staff. 
2. Companies were brought out of the economic crisis 
by the growth of labour productivity.  
3. The importance of large companies, especially 
those with 250 and more employees, was decisive. 
4. The new (supplemented) Employment Contracts 
Act also had a positive effect.  
 
To increase labour productivity the following should be 
taken into account: 
 
1. By the employee. 
 

1.1 Objective factors (different innate abilities, 
talents, working and living conditions),  
1.2 Subjective factors (self-realization, motivation, 
commitment, a desire to work better, ambition, 
education, qualification, a variety of mental and 
physical abilities, laziness, negligence, drunks, the 
courage to set high goals and the desire to strive for 
them).  
 

2. By the employer (the company). 
 

2.1. Objective factors [better organization of work, 
using more efficient machinery and equipment, 
innovation, improving working conditions (lighting, 
noise, humidity, temperature, air composition, etc.), 
natural conditions, material possibilities],  
2.2. Subjective factors [moral (cheering, 
encouragement, etc.) and material incentives (salary, 
bonuses, bonus payments, etc.), creating conditions 
for up-skilling and re-training, the work 
environment (working collective, i.e. co-workers, 
etc.), not overly demanding, behaviour with the staff 
(guaranteeing human integrity, name-calling, etc.), 
taking internal tensions to the minimum, a desire to 
develop the company and increase its fame, the 
educational level and experiences (information 
capital) of the management leadership, the ambition 
of the company’s management]. 
 

3. Several of the factors for raising mental and 
physical work productivity are different. Typically, an 
increase in the company’s productivity depends more 
on the employees that do mental work (engineers, 
economists, etc.). It is important to establish an 
optimal relationship between the groups. The excellent 
drawings for a machine designed by an engineer will 
still usually be finished in metal by workers. 
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4. Each company, sector of the economy and region 
has its peculiarities, and taking these into account 
would increase labour efficiency. 
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Abstract – Web applications and particularly Web 

based Information Systems are very popular due to 
several reasons. The main reason is the ability to 
update and maintain them without distributing and 
installing software on thousand of client computers. 
This paper describes the main stages of the 
development process and mainly requirement analysis 
and database design.  Such kind of system will provide 
students with the opportunity to choose among more 
projects, to work with different specialists in other 
conditions, in international teams, in different 
environments and to have more opportunities for their 
future professional realization. 

Keywords –database design, web based information 
systems, design phases 
 
1. Introduction 

 
Nowadays a lot of information is collected 

and stored for different aspects of the everyday life 
and particularly in the education and in the 
universities. The database is the only professional 
structure for organizing, manipulating and retrieving 
deferent information structures and huge amount of 
data. [4, 7, 8]. Using database management systems 
(DBMS) brings several advantages, like quick 
access, high security, integrity, durability, automated 
reports and statistics, multiuser access etc. Some of 
these advantages are provided by the DBMS, but it is 
not easy for non-specialist users to work directly with 
DBMS interface and it is not safe to have data access 
in this level, and it is necessary to design and develop 
a specialized information system (IS). IS projects 
sometimes are initiated to improve the accuracy of 
the processing data or ensure that a procedure 
prescribing how to do specific task is always 
followed [4, 11, 12, 13]. The Web brings database 
information to the world and more and more IS, so-
called Web-based Information Systems (WIS), are 
accessible on Internet. These WIS address various 
application domains such as e-business, education, 
geography, etc. As any other IS, WIS are designed to 
manage very large sets of data and to offer 
specialized services. Moreover, in the context of the 
Web, they are supposed to offer navigation facilities 

(through hyperlinks and/or dynamic web pages) 
generally embedded into a multimedia presentation 
of information [6, 10, 11, 13]. All these 
characteristics make these systems attractive and 
popular.  
 
2. Motivation 

 
Future young professionals have solved 

problems of different research areas by developing 
various types of projects during their education at 
university. These projects can be set both by 
professors at the universities and from real 
businesses or in combination - as a result of 
collaboration between business companies and 
universities. These projects can be classified in 
different types, depending on the degree of the 
students and also the period of the development – 
they can be teamwork or individual projects during 
the training and education, and graduation projects 
for bachelor and master degrees. 

The presence of such an application would 
allow the opportunity for students to choose among 
more project topics not only from their own 
university or country, to work with different 
specialists in other conditions, in international teams, 
in different environments and to have more 
opportunities for their future professional realization. 

Traditionally the students should use the 
following procedure in the process of project 
selection: 

• Professors individually or together with the 
companies with similar interests published their 
topics for students’ projects on their web sites or on 
the Departments website, depends on the practice in 
the university.  

• Students have to check for the new topics in 
their area of interest and to contact the publisher of 
the selected topics and to agree whether the topic is 
still free, what are the requirements and expectations, 
the deadlines, the expected, what is necessary to 
know and to develop. This may be realized in e-mail 
correspondence or they can discus about the project 
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and at the end they agree for the future common 
work or not.   

•  They should then start the procedure of 
development and arrange the administrative 
formalities regarding their work together. 

Usually this process requires a mandatory 
face to face contact and discussion between 
professors or project contractor and students. It is 
therefore difficult student from one university to 
work and develop a project from another university 
and more over from another country. 

 
3. Theoretical Aspects of the Problem 

 
During the past 30 years, software has 

conquered an essential and critical role in our 
society. We increasingly depend on the features and 
services offered through computerized systems. The 
development process for such type of information 
systems is very topical and widely discussed research 
problem. [2, 9]. 

What is needed is a methodology to discover 
the organization’s requirements, define a 
specification, design a database, implement that 
database design, and finally maintain that database. 
Fortunately, there is a methodology; it is known as 
the System Development Life Cycle (SDLC). This 
methodology consists of the following main stages: 
Requirements, Design, Implementation, Verification, 
and Maintenance. Before designing and developing 
any information system it is necessary to clarify the 
objectives that this system should satisfy. The first 
step is to analyze the requirements to the information 
system and to propose the database model according 
them.  

Database design is one of the main topics of 
any introductory database course. The creation of a 
database requires a design process to define types, 
structures and constraints for the data to be stored in 
the computer [1, 3, 4, 5, 7]. This process can be 
summarized in four following main steps: 

• First, the analysis of the requirements of 
the real world situation that has to be 
represented. 

• Second, the definition of the conceptual 
schema that gives a high level description of the 
database and the requirements that data must 
satisfy. The most popular approach for 
conceptual schema designing is the Entity-
Relationship (ER) model [1]. The ER- model 
considers the world as a set of entities and the 
relationships between them. 

• Third, the definition of a logical design, 
which gives a high level schema implementable 
on a database management system. The relational 
model [2, 3] is the most common data model 
used for database management. It represents the 
database as a collection of relations where each 
relation resembles a table of values. To create 
relations with no redundant data, with an 
efficient data organization and that can be 
modified in a consistent and correct manner, a 
normalization process is applied. 

• Fourth, the definition of a physical 
design which represents the internal data storage 
details. 

 
4. Analysis of  the Requirements 

 
According to the main goal of the application 

it will be implemented as a standard application with 
three-tire architecture (presentation, application or 
business logic and data tires) and will be integrated 
with the existing applications and the web site of the 
project and particularly with this part which concerns 
the user registration process. It will use the existing 
user registrations and the part of the database with 
partners and users information.   

Four types of users will work with this 
information system: 

• Administrator – in this application the main 
role of the administrator is to monitor the application 
process and if there are waiting applications for 
topics from the students without decision after the 
deadline he have to remind the partners to review 
their applicants and to make a decision about them. 
Administrator has full access to all different type of 
users and their information. He can see all reports 
and can manage them. 

• Visitors / guests – they only could see the 
information about partners, topics, students – who is 
working on what project. The system will provide an 
appropriate user friendly interface to formulate 
various queries based on a set of criteria, whose 
values can be selected from predefined lists.  

• Partners – these could be organizations, 
universities, companies’ representatives. They can be 
able to: 
- make a registration on the project’s website and 

to use this registration to work with the 
application; 

- public new project details and topics; 
- edit their own data and data about their project’s 

topics; 
- see the list of students (with options to see full 

details) who are applying for their project topics 
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and to decide which application to reject or to 
approve; 

- see the students profiles with their details; 
- see the list of his own topics with statistical 

information about the students and details about 
their applications for the selected topic; 

- see the advisor of the most wanted topic and its 
details; 

- search and see all topics and projects with their 
details; 

When the partner decided which student to 
select for the topic this will be registered in the 
system and all other applications (from other 
students) will be rejected and will be registered as 
rejected in the system. This information about the 
rejected and accepted applications will be used in the 
future for statistical information about the most 
interesting topics, the most popular research areas 
and about the process of finding the most appropriate 
topic for the students and partners.  

• Students – can be able to: 
- make a registration; 
- edit own registration information; 
- search for free topics matching the predefined 

criteria. The application will provide user 
interface for defining the various search criteria 
based on keywords, student’s grade, project type; 

- see the list of all topics with their advisors and 
status (free or not); 

- apply for the free topics – one student can apply 
for more than one topic but not at once; 

- one student can work on more than one project 
during his study but it is not necessary to register 
more than once. 
 

5. Definition of the Conceptual Schema  
 

According to the described above 
functionalities the following entities and attributes 
will be needed in the designed database: 

• Users (Users are lecturers, professors 
or advisors of the students research 
projects and from every partner there is 
one or more registered Users) 

- Email – actual email of the user, which will 
be used from the administrator to contact 
him/her if it is necessary, there are not two 
persons with the same email addresses, this 
attribute identifies Users. This address will not 
be seen by another users except the 
administrator ; 

- User_Name – Name and family ; 

- User_Pass – this attribute will be used for 
the user authentication process and will not be 
seen, only the owner of the registration will be 
able to change it; 

- Org_Name of the user - could be an 
organization, a university, a company, an 
institution which takes part in the project 

- Country of the user; 
• Topics ( Projects’ descriptions and 

attributes) 
- Title partly identifies Topics, because it is 
possible to appear two projects with the same 
titles, but with different advisors and because of 
this is added another attribute of the topics 
User_email; 

- User_email partly identifies Topics, it 
identifies the advisors; 

- Abstract – a few words or sentences  about  
the project; 

- Advisor - It is the same as User_email and it 
is not necessary to be here, but if the advisor is 
someone else from not registered organization or 
if the topic is common research work between 
more than one lecturers/professors; 

- Capabilities – keywords which will be 
selected by the user/advisor from a predefined 
list, this is multi-valued attribute, because more 
than one keyword could be used for one project 
description and the same keywords could be 
used for different project descriptions; 

- Results – what are the expected final results 
after the project;  

- Link – this is a link to the partner’s web site, 
where the same topic is specified too (it is 
optional); 

- Type - final or during the year, Bachelor or 
Master – the number of different types is not 
very big and one project could be only one type, 
so it is not difficult to organize a short list with 
types to make it easier for users to specify and 
describe new projects; 

- Status – Waiting – advisor have to decide 
which student from the waiting list to accept, 
Accepted – the application is accepted, Rejected 
– the student have to apply for another topic. 

• Students (only registered student 
could apply for a project and registered 
students will have a profile) 

- E-mail – could be used as a user name, it 
identifies students; 
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- Student_Name – real names of the student; 
- Student_Pass - Password; 
- University – only students from the partners’ 

universities will be registered ; 
- Country – this attribute depends on the 

University not exactly on the student; 
- Degree - Bachelor or Master; 
- Knowledge – current level of the student’s 

knowledge, areas of interest, which will be 
described with list of keywords, selected 
from predefined list. This is multi-valued 
attribute; 

- Other - information about the student, in a 
few sentences to present themselves and 
what they dealt, very short CV; 

The last two attributes will be used during the 
decision process from the lecturers/professors to 
choose one from the applicants for their project.  As 
it can be seen during the education one student can 
work on more than one project’s topic, and there are 
group project’s (teamwork projects) topics on which 
can work more than one student.  

The UML-OO class diagram is shown in figure 
1. There is additional class Students_Topics 
(association class) which is used to convert the M:N 
relationship to two 1:M relationships and to store the 
information about the selection process. This 
information will be very useful for future statistics 
and reports.  

+Add_Partner()
+Update_Partner()
+Delete_Partner()

-User Id (PK)
-Country
-Org_Name

Partners

+Add_User()
+Update_User()
+Delete_User()

-User_Email (PK)
-User_name
-User_Pass

Users

1...1

0...*

+Add_Student()
+Update_Student()
+Delete_Student()

-User_Name/Email (PK)
-Student_Full_Names
-Student_Pass
-Knowledge/Keywords
-Degree
-Other

Students

0...*

+Add_Topic()
+Update_Topic()
+Delete_Topic()
+Get_Topic()

-Id_Topic (PK)
-Title
-Abstract
-Advisor
-Capabilities/Keywords
-Results
-Link
-Type

Topics
1...1 0...*

0...*

0...*

+Update_Status()
+Update_Date()
+Validate...()
+Apply...()

-Status
-Date_Application
-Date_Decision

Students_Topics

 
 

Figure 1.  UML-Class Diagram  
6. Logical Design  

 
The process of converting the ERD into 

relational database model could be organized into 
following well-known steps [2, 8]: 
1. Create relation schemas for all the entities/classes. 
The entity class will become the name of the relation 
schema. The primary key in the relation will became 
the key attribute from the ERD/CD. 
2. Break down composite attributes into their 
components and add them individually to the relation 
schema. 
3. Break out multi-valued attributes into a new 
relation schema (knowledge and capabilities which 
will be described with keywords in this model, figure 

1). Because the degree of this relationship may be 
many to many, a weak entity between the two 
relation schemas might be required. 
4. Map the cardinality of the relationships 1:1 and 
1:M by adding foreign keys to the appropriate 
relation schema.  

• In a 1:1 relation, the foreign key can go in 
either schema. The designer must logically choose 
the appropriate relation. As an alternative, a 1:1 
relation schema can be condensed into a single 
entity. 

• In a M:M relation add a new table and two 
1:M relationships. 

• In a 1:M relation, the foreign key would go 
in the Many relation schema. 
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5. Map unary relationships. These are recursive 
relationships in a single entity class between 
instances or rows.  
6. Finally, map the inherited attributes (superclass 
entities and subclass entities).  

According to these steps the logical model 
will consist of the following tables: 

• Partners – contains the information about 
project partners, the common part of the attributes for 
users and students; 

• Users – contains the information about 
advisors of the students projects; 

• Students – contains the information about 
the students and their knowledge; 

• Topics – contains information about projects 
and their attributes; 

• KeyWords – contains the keywords which 
will be used for students’ knowledge and topics 
capabilities description. More than one keyword can 
be used for this. 

• KeyWords_Topics_Knowledge – this is an 
additional table to realize the M:M relation between 
Students, Topics and Keywords. 

• Students_Topics – contains the information 
about the process of students’ application for the 
selected topic and decision for the selected 
application and statistical information. This table is 
also needed for the realization the M:N relation 
between Students and Topics. 

 
7. Physical Design 

 
Physical model of the database is usually 

directly related to the choice of database 
management system. At this stage it can not be 
specified in details but the relational database 
management system will be used – Oracle or 
MySQL. 
8. Conclusions and Future Work 

 
The need of managing the information 

electronically is growing rapidly in all areas in our 
life and work. One of these areas, considered to be 
crucial for the country and particularly for the 
university is education and realization of the young 
specialists in computer science. Therefore this WIS 
is very useful and will provide them with the 
necessary information about actual research and 
practical projects and opportunities to work with 
various teams and organizations. The next step is to 
choose the environment for the system development 
and to try to improve it with additional 
functionalities for example for automatic assignment 

between students and projects topics on the base of 
the keywords in topics description and students 
knowledge.  
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Abstract –This paper presents a hand localization 
method. It built using adaptive skin tone segmentation 
and identification of image keypoints specific for a 
hand. Details about skin detector implementations 
provided.Application of different feature detectors and 
descriptors for hand detection is considered. 
Experimental results show the performance of a 
method, and demonstrate promising results for hand 
detection. 
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1. Introduction 
 

Recognition of hand gestures is one of the many 
parts of human–computer interaction (HCI) and it 
attracts the attention of many researches. First widely 
available peripherals designed especially for gesture 
recognition were unveiled in 2012. Generally such 
devices use an infrared projector and camera and a 
special algorithms to track the movement of objects 
in three dimensions. But there is still no robust 
solution based on using of usual color camera only. 

First task of any hand gestures recognition system 
is to determine the region of image where the hand is 
located. Some methods of hand detection are based 
only on detection of skin tone color [1, 2] without 
using any textural features. These assumptions have a 
negative impact on the quality of detection.Usage of 
more complex approaches [3, 4] improves detection 
quality up to 90%. On the other hand these 
sophisticated methods are inapplicable for real time 
applications. 

We propose simple texture analysis method in 
supplement to skin detection that allows increasing 
of the confidence that found piece of skin is really a 
hand. The paper organized as follows. First we 
shortly review several skin detection approaches and 
propose our one in section 2. Also, we provide 
evaluation of our skin detection method and its 
comparison to non-parametric approach. Section 3 
brieflylists some keypoints detection techniques and 
then describes our approach to classification of 
descriptors for detection of hand postures.Also, we 

give descriptions of actual detector construction and 
overall classification framework as well. Comparison 
of different approaches to local feature detection was 
made.In section 4 results that were obtained are 
discussed. Also, results for particular cases are 
represented. 

 
2. Skin colorsegmentation 

 
2.1. Skin color models 

 
There are big amount of skin color modeling 

techniques. This is incomplete list of them[5]: 
 

1. Explicit skin-color space thresholding; 
2. Histogram model with naive Bayes 

classifiers; 
3. Gaussian model classifiers; 
4. Elliptical boundary models; 
5. Multi-layer perceptron (MLP) classifiers; 
6. Others (Maximum entropy classifiers, 

Bayesian network classifiers, boosted 
classifiers, etc.). 

 Explicit thresholding and similar approaches 
typically considers only a few skin types and a few 
possible illumination conditions, thus they are not 
best choice for qualitative classification. Gaussian 
and elliptical color models of skin being trained once 
and later there are no ability to adjust their 
parameters.Such models are not adaptive to 
environment changes, because they do not support 
incremental learning.Also, paper [5] shows that 
Bayesian approach show good performance in skin 
color detection. Typically TPR of the Bayes classifier 
lies within a range [0.88; 0.98] and FPR does not 
exceed 30%. Bayesian classifier might be 
incrementally trained during operational 
process.Thereforethis approach was used as a base 
for our skin detector. 
 
2.2.  Skin classification using Bayesian approach 
 

Let’s consider skin detection as probabilistic task. 
Then for each color c we should to know 
probabilities )|( cskinP and )|( cskinP ¬ . 
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)|( cskinP is a probability of observing skin, 
knowing a concrete color value. )|( cskinP ¬ is the 
same thing for non-skin case. Then therule for the 
skin classifier decision might be written as follows: 







¬

Θ>
¬=

otherwise skin,
)),(|(

)),(|(,
),( yxcskinP

yxcskinPskin
yxI . (1) 

Threshold valueΘ  might be chosen on the stage of 
learning of skin detector to obtainreasonable values 
of TPR and FPR. 

Unfortunately it is difficult to estimate 
)),(|( yxcskinP  and )),(|( yxcskinP ¬ directly. 

Instead, we can evaluate probabilities ratiousing the 
Bayes rule: 

Then the decision rule can be reduced and rewritten 
in the following form: 

And finally constant skin to non-skin prior 
probabilities ratio can be moved to the left part of 
inequality: 

)|(
)|(

)(
)(1

skincP
skincP

skinP
skinP

¬
<

−
×Θ . (5) 

The left part of inequality (5) is constant which 
might be chosen during evaluation of the 
classifier.Also, this shows that the )(skinP prior 
probability does not affect the overall detector 
behavior due to nature of the Bayes model. 

Thus, task of color classification can be reduced to 
estimation of skin likelihood functions and threshold 
value. 
 
2.3. Histogram-based skin classification 

 
To estimate skin and non-skin likelihood we use 

the following scheme. Input frames passed through 
motion detector and rough non-parametric skin 
detector. We use background detector described 
in [6] to extract foreground from frames. And we use 
skin tone detector suggested in [7] which uses 
explicitly defined skin regions.Of course, any other 
skin detector might be used instead. Further we use 
foreground which is marked as skin to update skin 
color model S

tP  of current frame and background 

used to update non-skin color model Bg
tP  of current 

frame.Skin color models are built in HS and CrCb 
color spaces with ignoring illumination component. 
Updates to the histogram bins are made via the 
following model: 

Value α is a scalar between 0 and 1 that allows to 
control the learning speed of concrete color model. 
Since the histograms S

tP  and Bg
tP obtained from a 

single frame, they might be bad sampled. Especially, 
this problem concerns the skin color distribution, 
since skin regions are small in comparison to the 
background. Smoothing of the histogram of skin-
color with Gaussian kernel with )6.0..1.0(=σ  helps 
to solve this issue. 

The last stage of skin color detection is applying of 
decision rule (5). Overall scheme of the process of 
classification is shown on figure 1.The segmentation 
part ofthe method issimple and computationally fast 
as we need only two look-up tables to store the 
probability of the skin.Estimation part of the method 
might be efficiently implemented in parallel program 
threads. Color conversions between different color 
spaces are not shown on the scheme. 
 
2.4. Skin classifier evaluation 

 
To evaluate the performance of our skin detector, 

we got a set of 21 video sequences, which used by 
authors of [8] to perform their experiments. Only 10 

 
Figure 1. Skin segmentation framework. 
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sequences where camera is not moving were used in 
evaluation. Camera should be statically mounted and 
this limitation arises because we use motion 
detector.People of several nationalities with various 
skin tones are represented. Scene contains hands and 

faces. Also there are hand labeled ground truth data 
for performance evaluation. For each frame two 
masks created for skin and non-skin regions 
respectively. 

Performance of skin detector was measured using 
the confusion matrix. Confusion matrix is a table 
layout widely used for binary classifiers evaluation. 
For every hand-labeled frame of the sequence 
confusion matrixwas computed.To obtain aggregate 
measures, confusion matrices for different frames 
were summarized. 

To compare classification characteristics of our 
skin detectors we plot ROC curves with using HS 
and CrCb color spaces as skin/non-skin models. As 
can be seen from the graph in Figure 2, the adaptive 
approach was entirely better than the non-parametric 
Peer method. At the same time our detector shows 
performance slightly better thanthe adaptive 
approach from [8]. 

Proposed method is less dependent on the shape of 
skin locus in color spacebecause illumination 
component is not used for building of skin tone 
model. It takes into account overlap of skin and non-
skin colors. Also, exclusion of the illumination 
component from the classification process helps to 
generalize sparse training data. 
 
3. Characteristic local features and hand detection 

 
3.1. Image local features 
 

Image local feature is a pattern which differs from 
its immediate neighborhood. It is usually associated 
with a change of an image property or several 
properties simultaneously, although it is not 
necessarilylocalized exactly on this change. 
Typically, some measurements are taken from a 
regioncentered on a local feature and computed into 
descriptors. The descriptors can then be used for 
various applications. 

There are a lot of techniques for local features 
detection. Here is anincomplete list of them: 
SURF [9], SIFT [10], ORB [11] and Star [12]. They 
take into account different image feature types such 
as blobs,edges, corners and T-junctions.Types of 
feature detectors and descriptors which are used in 
our experiments summarized in Table 1. 

Hand posture forms a texture which consists of 

   

   

   
(a) (b) (c) 

Figure 4. Comparison between non-parametric Peer skin 
detector and our skin detector on our video. Column (a) 
presents the input images. Images in column (b) were 
processed by non-parametric Peer skin detector. Images in 
column (c) were processed by our skin detector. 

 
Figure 2. ROC curves of proposed skin detector. 

   
   

   

(a) (b) (c) 
Figure 3. Comparison between Peer skin detector and 
our skin detector on frames from [8]. Column (a) shows 
the input frame. Images in column (b) and (c) were 
processed by Peer skin detector and by our skin detector 
respectively. 

Table 1. Combinations of detectors and descriptors which 
are used in experiments and types of features which can be 
detected. Size of the corresponding descriptor listed in the 
last column. 
Detector Extractor Blob Edge Corner T-Jct. Descr. size 

Star SURF •    128 
SIFT SIFT •  • • 128 
SURF SURF •  • • 128 
ORB ORB  • • • 

256 
ORB SURF 128 
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specific to this posture local image patterns. These 
local image patterns might be invariant under hand 
owner. Thus, the task is to find a way to separate 
these specific for hand local patterns from others. 

Robust feature detection method should to localize 
similar keypoints on different hands. Robust feature 
extraction method should to compute descriptors 
which are invariant to image transformations (e.g., 
scaling and rotation). A pair of detector and extractor 
has good joint discriminative abilities if it is possible 
to train a classifier which is able to distinguish local 
features that are placed on the hands from the others. 
In other words, if classifier has good performance 
with some method of feature detection/extraction 
then the last one has good discriminative abilities. 
 
3.2. Descriptors classification framework 
 

First, we prepared dataset, which contains about 70 
photos. А hand that has the fingers curled into the 
palm and the thumb retracted, displaying the 
knuckles shown on the each photo.For each photo we 
created mask of a region where the hand is 
located.Examples of a posture and ground truth mask 
are shown on the Figure 7. 

Further, keypoints placed on hands were extracted 
from each picture and their descriptors were 
computed. We added big amount of examples of 
negative descriptors to the dataset. Negative samples 
collected from random indoor photos. We tuned 
feature detectors parameters so that they able to find 
about 40-50 keypoints on the hand in average.Each 
descriptor’s variable treated as independent and 
values from one variable scaled to range [-1; 1].Data 
randomly partitioned to three subsets for performing 
of cross validation. We set the partition ratio as 65% 
for training subset, 15% of descriptors for validation 
subset and 20% for testing subset. The training 
dataset is used to adjust the weight of theclassifier. 
Validation subset used to minimize overfitting. Since 
we trained several classifiers with different amount 
of neurons in hidden layer we need to choose one 
best from them all. For this purpose separate test 
subset is used. 

Multilayer perceptron (MLP) with one hidden 
layer waschosen as classifier of the descriptors. 
Symmetric sigmoid was used as activation function. 
The steepness of activation function was set to 0.5. 
Initial weights assigned by Widrow-Nguen 
randomization method. MLP was learned through 
backpropagation with learning rate set to 0.7.We 
learned several networks for each type of descriptors. 
Size of the hidden layer varied from 32 up to 512 
neurons. The learning process halted when the mean 
squared error on validation subset was starting 
togrow. 
 
3.3. Performance measurement 

 
Since neural network returns a real value within a 

range from -1 to 1, then ROC and PR curves might 
be plotted to compare performance of obtained 
neural networks. 

PR curve [13], is similar to ROC curve and it 
shows the performance of a binary classifier as its 
discrimination threshold is varied. The Recall 
(horizontal axis) measure is the fraction of positive 
examples that are correctly labeled and it is the same 
as TPR. Precision (vertical axis) measures the 
fraction of examples classified as positive that are 
really true positive. PR curves can expose differences 
between algorithms that are not apparent in ROC 
space. 

It can be seen from the Figures 8 and 9 that MLP 
performs better on descriptors which found and 

 
Figure 5. Learning framework. 

 
Figure 6. Detection of characteristic keypoints. 

 
Figure 8. ROC curves for five types of classifiers of 
descriptors. 

  
Figure 7. Photo of a hand and its mask. 

Table 2. Area under ROC curve (AUC) for different 
combination of detectors and descriptors. 
Det. ORB ORB SIFT STAR SURF 
Ext. ORB SURF SIFT SURF SURF 
AUC 0.89625 0.56456 0.95615 0.9185 0.97158 

Frames Keypoints 
detection 

Descriptors 
classifier 

Descriptors 
extraction 

Skin 
detection 

Characteristic 
keypoints 

Hand 
location 

Learning 
dataset 

Keypoints 
detection 

Classifier 
learning 

Descriptors 
extraction 



 

154                                                                                                                                TEM Journal – Volume 2 / Number 2/ 2013.     
                                                                                                                                       www.temjournal.com                                                                                                                        

extracted by SURF and SIFT methods.The results of 
the “ORB-ORB” and the “STAR-SURF” are less 
stable. Finally, it’s clearly seen that “ORB-SURF” 
combination is completely unsuitable for usage. 

Local features classified as specific for hand using 
different detection approaches shown on the Figure 
10. It can be seen that false detection occurs 
frequently with "ORB-SURF" feature detection 
approach. Local patterns found by “ORB-ORB” 
feature detector classified as positives in very rare 
cases. Other methods show better discriminative 
abilities. Nevertheless false detections happen with 
each type of feature detection, therefore boosting of 
such classifier with using skin tone detector will not 
be superfluous. 
 
3.4. Hand detection 
 

Hand detection is made simply by combination of 
our adaptive skin detection technique with described 

above local image features classifier.MLP classifier 
boosted by skin detector greatly decreases amount of 
false detections.We consider that the skin region is a 
hand if it contains more than 7 characteristic local 
features. This value is enough to discard most of the 
false positive descriptors. 

 
4. Discussion 

 
This study was primarily limited by small amount 

of tested combinations of local feature detectors and 
extractors of the descriptors. Observation of other 
local feature detectors can give higher quality of the 
results.  

Superiority of SIFT and SURF methods can be 
explained by the fact that these detectors able to find 
much more keypoints than the other ones.Similar 
results of SIFT and SURF probably arises from the 
fact that they both use determinant of hessian matrix 
as measure for feature detection. 

Applying Star and ORB detectors on real videos 
gives disappointing results.Perhaps these feature 
detectorsare not intendedfor such type of 
application.On the other hand such result might be 
interesting because these detectors weren't used 
before for purposes of hand detection or description. 

Despite that threshold value for hand detection 
chosen high enough above the mean noise level 
sometimes we get false detections. It is good as first 
sketch but we need to look for more robust measure 
of hand appearance. 

 
 
 

 
Figure 9. PR curves for five types of classifiers of 
descriptors. 

SURF - SURF SIFT - SIFT ORB - ORB ORB - SURF Star - SURF 

     

     

     
Figure 10. Results of classification of keypoints for three different input pictures. The yellow circles shows keypoints which 
were classified as characteristic for a hand. Photos in top row shooted in normal light conditions. Photos in the middle row 
were blurred during exposure. Photos in the bottom row are over-illuminatated. 
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5. Conclusions 
 
From the results it is concluded that it’s possible to 

build hand detection method based on classification 
of local features. It may be noted that SURF and 
SIFT approaches shows good discriminative abilities 
in sense of description of specific for a hands local 
features. 

As a secondary result adaptive skin detection 
method was implemented. And it was shown that 
incrementally learning Bayesian classifier able to 
outperform non parametric skin detector. 
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Abstract - It is generally known that there are 
numerous definitions about the financial systems in 
whole. But, in the literature today, we can separate one 
definition about the finances which is in the function of 
the business decision-making. According to it, the 
finances can be also interpreted as a discipline that has 
to secure informations about the managers-leaders of 
the organization that will help in the process of making 
the adequate business decisions [1]. 
       The contents, above all, are made by the economic 
informations and processes: measuring and 
communicating with the financial inforations. This 
definition means usage of the informations about the 
making of the business decisions and identifying of the 
users of the financial informations.  
        It is out of every suspicion that the understanding 
of this definition encloses, above all, understanding of 
the terms about the economic information. Usually, 
when we make efforts to define the term information, 
we firstly make difference with the term data. The data 
represents a kind of a fact which is characteristic for 
physical phenomenons or business transactions. The 
data can be defined as a group of non-incidentally 
received symbols which represent quantity, events, 
undertaken actions or things. The data can be 
expressed with letters, numbers or symbols.  
       The infrmations are defined as data processed in a 
form which is meaningful or valuable for a specific 
aim. The financial informations represent processed 
data so that they can be used in planning, control and 
making of the business decisions. The data represent a 
raw material which serves for processing-production of 
informations. 
Keywords - data, information, financial, business, 
decision, transactions.  
 

1. Introduction  
 
      We should have in mind that in the financial 
analysis the information has to be relevant, if the 
opposite happens, it will be useless. This is related to 
the nowadays often used watchword, which is 
already a phrase: “Different expenses for different 
purposes” which can also serve as an argument about 
the fact that the information can become a subject for 
further processing. This means that the grouping of 
the expenses can show itself as useless on any 
grounds if it is not posed in the process of a certain  

Having in mind the previously mentioned, 
the term information is connected to the place, the  

 
 
 
 
 
 
 
 
 

role and also the meaning and the importance of the 
financial analysis of the managers, seen as a whole. 
The total concept of the manager’s financial analysis 
should be posed on the most flexible foundation. 
Thus comes the expansion of its usefullness, 
expansion of the area on which it is unfold or with 
one word: non-existance of limits in which frames it 
would move.  
 

 
2. Quality of financial informations 

        The informations which are launched by the 
financial analysis of the management must exceed in 
relevance. The informations gain meaning only in a 
case when they mean something new, unexpected or 
unpredictable. Only in a day or an hour, we receive 
an enormous quantum of informations which 
certainly excess our demands and possibilities for 
perception. But, we only use the ones that are 
considered as relevant. This is equally related to the 
financial observer of the management. His obligation 
is to do the role of a manufacturer and selector of the 
informations which can serve in the process of 
management and guidance. From this, we can clearly 
see that the time when the validity of the financial 
observer was calculated on the basis of the quantum 
of informations has passed. Today, his validity is 
measured with the quality, relevance and potential 
that an information offers.  
          It is being alleged that the relevance represents 
the soul of the financial analysis of the management. 
The information which is not relevant is worthless. 
For example, if for a certain part, construction or 
product the organization has got the same expenses 
in cases of supply and in cases of manufacture, then 
this type of information about the expenditures can 
not be relevant, because it can not cause interest 
about the changing of activity which was previous to 
that type of information. The information wil receive 
a completely different valueas long as it points to the 
advantages of a part, construction or a product to 
better be manufactured then supplied. From this, we 
can clearly see that the financial analysis of the 
management must be in track with the working of the 
organization e.g. with its operative functioning so 
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that it can intervene with informations which will be 
understandable and acceptable for their users.  
         One of the elements that enclose the definition 
about the financial analysis is in a connection with 
the measuring of the results from the working. In the 
literature, the measuring of the results from this type 
is raised on a level of theory.[2] Through the 
measuring of the results from the working we come 
to the grade for the same working e.g. the measuring 
is referred to copying of numbers, things or events 
and the financial analysis does the main part of the 
process of measuring of the results through 
quantification of data. With the quantification of data 
we enlarge their usefullness and the informative 
force.  
         It is understandable that the quantification is 
done in different single measures. But, in the 
accounting, we mostly use the monetary units as 
standards for measuring of the expenses, values and 
of course the net-effects from the expenses and the 
usefullness. The using of money as a standard for 
measuring of the results represents a powerful useful 
instrument which has a general meaning as a mutual 
denominator for many things and many events 
related to the doing of the activities of the 
organization.  
          We have already stated that we can not express 
all the possible decisions in the working with the 
monetary values.Talking about the behaviorist 
aspects of the financial analysis of the management 
there are no monetary measures about the quality of 
the product, the innovations in the manufacturing, the 
moral of the employees, the degree of satisfaction of 
the needs of the organization’s clients etc. When we 
gather all of this, we can once again confirm the 
meaning that the non-financial measures of the 
management have an equal meaning such as the 
financial.  
          When we think of the financial measures, we 
must never forget the fact that the monetary unit of 
one country can be unstable. The fluctuation of the 
monetary value in any case means unstability of the 
financial measure that can lead to receiving a 
completely inaccurate perspective about the true 
results. We are generally known with the fact that we 
are talking about inflatory monetary movements. 
Nowadays, we are using different methods for 
amortization of the effects on the results from the 
inflatory actions.  
 

3. The characteristic of the informations 
 
      When we talk about the contents of the term 
about the information and the informing it is 
necessary to point on the properties of the 
informations.  

       The most important properties of this type are 
the following ones  [3] : 

 
• The informations decrease the incertitude, which 

is otherwise considered as the basic 
characteristic in the informative system;  

• The information can be accurate or inaccurate. If 
the beneficiary of the inaccurate information is 
convinced that the inaccurate information is 
accurate, then that information really leaves an 
impression of an accurate one for him;  

• The information can lead to an additional 
knowledge. Sometimes we can update an 
obsolete information or we can just fulfill the 
existing one;  

• The information can represent a correction of a 
previous inaccurate information;  

• The information may verify an existing 
information. This kind of information has an 
importance because it increases the trust of the 
informations user about its accuracy;  

• The information has a surprising value-the role. 
If the probability that an event is going to 
happen according to the information is greater, 
then the value of that type of information is 
smaller.  

      A meaningful element of the informing 
represents its role as a system of communication. 
Under “system of communication” we understand a 
transfer of messages between the participants of the 
informative system (preparation of informations and 
their users). In the system of communication, the 
ones who prepare informations and the ones who 
receive informations so that they can use them, are 
connected between themselves by the so called 
“channel of communicating”.  
       The data in the communicational system have 
their own internal and external origin and come from 
the everyday working of the organization. The 
invoices and the other documents are numbered and 
prepared, then the data in them are analysed and 
evidented. The successive data are processed through 
a basis of an expert process. Then a comparison is 
made on the basis of the data and the data are 
adjusted so that a certain information can be formed. 
This information is used to prepare a report or 
preview that will afterwards connect the users of 
those informations in the frames of the 
communicational system.  
       On the basis of this short retrospection of the 
system of communication, we can conclude that we 
are talking about a typical system of communication 
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in which frames the financial analysis of the 
management represents only one of the examples.  
         The parts of this system of communication can 
be represented in the following way:  

 
 

 

 
Figure 1. System of communication. 

 
4. Elements of communication  

      A constituent element of the system of 
communication represents the so called “noise”. This 
term is used in the theory of communications to mark 
an influential factor which withdraws the message 
with the user (receiver) to be different than the 
message which is being transferred [4]. 
       A permanent task of the management observer, 
besides the other ones is to analyse and reconsider 
the way of gaining, processing and transmission of 
the informations in each one of the developmental 
phases. Only with that type of endeavours and 
pledges we can increase the efficiency of the 
analyses hat were being conveyed. The inadequate 
transmission of the informations is present in all of 
the informational systems.  

 
5. Inadequate informations and their 

manifestation  
 
      The informations in the financial sub-system 
represent events which are normally documented like 
invoices, received notes, receipts, bank reports, cash 
statements etc. The financial observer acts as a 
mediator in the processing of the economic events 
and on their evidentation, but also on the processing 
of some certain forms of the financial reports.  
      This type of financial reports represent a self-
notable form of the communication channels, 
securing informations about the making of the 
business decisions, the explaining of the planning 
tasks and an estimation of the working. But, the 
twisting of the message done by the financial system 
does not have to be rare because it can also appear 
through the transmission of the information or 
through the analysing of the financial reports. To 
creat a minimizing of that type of twisting of the 
information in the financial system, we have to create 
a multiple control and an observer’s approach on 
each one of the financial reports. 
 

6. Aims of organizational acting  
 
      The organization has several aims. The aim of the 
organization has to be seen in the context of interests 
of different groups (stockholders, employees, clients, 

suppliers, organs of the state etc.). Each one of these 
groups represents a kind of limitation factor for the 
other groups. According to that, the organization has 
to be aware of the stand of all of the groups whose 
interests have to be represented. The organization can 
pose different aims in different times.  

 
7. The role of the financial observer in the 

management process  
 
      In the planning process the financial observer 
helps in the formulation of the future plans by 
securing of informations about the decision: What 
kind of products are supposed to be sold, on which 
market they have to be sold and on what price. He is 
also responsible for the permanent securing of data 
about the working in the past periods which can be of 
a significant value for the orientation of the future 
working.  
        The financial observer is organized on a way 
that he can help in the process of the control. This 
process is secured by preparation of informations 
about the working in which there are comparisons 
between the factual and planned results of the centres 
for responsibility in a certain period of time. Through 
these reports, the manager really previews the 
condition and his action is with a greater intensity.  
         The managing by the application of the method 
liberates the managers from the unnecessary care for 
the things that otherwise are not according to the 
plans. From another point of view, the top 
management has to know about the location of the 
specific operations that are not made by the projected 
plan.  
         In the process of organization of the working 
orientation, the managers have permanent needs for 
financial informations in the routine managing of the 
everyday operations, to enable an effective working.   

 
8. Which factors affect the financial 

condition of the organization? 

       On the financial condition of the organization the 
economic factors are the ones that affect it and it is 
necessary to control them successfully, but also the 
financial structure, the financial liquidity, the 
solvency and the ability of the organization to adjust 
on the changes of the surrounding in which it 
economically acts. The informations about the 
economic resources which are controlled by the 
organization and their previous abilities of 
adjustment on those resources, are useful in the 
predictions of the possibilities of the organization 
and the creation of monetary equivalents or monetary 
assets in the future.  
        The informations on the financial structure are 
useful in the prediction of the future needs for 
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Action 
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satisfaction and for the fact how the future profit and 
the monetary flows will divide themselves on the 
ones that have their part in the organization [5]. 
Likewise, they are useful in the predictions of the 
possible success of the organization in the gathering 
of the future financial assets. The informations on the 
liquidity and the solvency are useful in the prediction 
of the organization’s capability to meet its financial 
obligations the way they get there. The liquidty is 
related to the disposable quantity of monetary assets 
in the future period of time, having in mind the 
financial obligations in the present period.  
        The parts of the financial reports are in a mutual 
relation, because they express different aspects on the 
same transactions or other transactional events. 
Although every report gives informations that are 
differing from the other, not one of them serves for 
one purpose only, nor secures all of the informations 
for certain needs of the users.  
         Besides the basic reports, the positions of the 
balance can be composed of some other additional 
report elements which enclose presentations of the 
risks and the insecurities which affect the 
organization or any other resources and obligations 
which are not acknowledged in the balance of the 
condition.The informations on the segments of the 
acting and the geographical segments, such as the 
effects of the changes in the prices on the 
organization can also be given in the form of 
additional informations.  
 

9. Which are the basic assumptions of the 
financial reports?   

      In order to achieve their aims, the financial 
reports are composed on the basis of the accounting 
principles on the factual happening of the business 
event. According to that, the outputs of the 
transactions and the other financial events are 
acknowledged when they are really happening, 
marking them in the business books and including 
them in the financial reports for the period to which 
they refer to. The financial reports composed on the 
basis of the accounting principle about the creation of 
the business event, inform the users not only about 
the past transactions which include payment and 
acceptance of money, but also for the future 
obligations that have to be payed, irrespective of the 
way of paying. According to that, the financial 
reports enable informations about the past 
transactions and the other events which are the most 
rational about the users, when the economic 
decisions are made [6].  
      The financial reports are composed under the 
assumption that the organization works in continuity 
during the certain period of time. Because of that, we 
assume that the organizaton does not have the 

intention to go in a process of liquidation or 
significantly decrease the size of its working. If this 
kind of intention does exist, then the financial reports 
should be posed on another basis which is being 
published.  
 

10. Conclusion  

      The informations about the success of the 
organization, especially about its profitability are 
necessary because of the assessment of the potential 
changes in the economic resources which the 
organization will probably control in the future. 
Thereto, the informations on the different types of 
success are very important. The informations on the 
success are useful in the prediction of the 
organization’s possibilities to create monetary flows 
from all of its real resources. These data are also 
useful in the assessment of the efficiency with which 
the organization could engage the additional 
resources.  
      The informations which are referring to the 
changes in the financial condition of the organization 
are useful in the assessment of the investment, 
financial and business activities in the reported 
period of time. Those informations are useful 
because they enable the user to make an assessment 
of the organization’s capabilty so it can create 
monetary assets or an equivalent of money, but also 
to successfully use those monetary flows.  
       The informations on the financial condition are 
firstly seen in the balance of the condition. The 
informations on the success are seen in the balance of 
the success, while the informations about the changes 
in the financial condition are seen through a special 
financial report.  
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Abstract – An experimental study was carried out to 

examine eight mixtures made with pumice powder and 
fly ash in order to produce lightweight materials. 
Additionally, textile fiber was utilized to increase 
strength of the lightweight concrete.  It was found that 
28 days compressive strength, thermal conductivity, 
sound transmission speed, water absorption and unit 
weight varied from13.0 to 20.9 MPa, 0.34 to 0.43  
W/mK, 2.52 to 3.11  km/s, 14.3 to 17.5 % and 1.19 to 
1.40 g/cm3, respectively. It was seen form SEM pictures 
of samples that reaction products of cement were 
formed. In all samples, there was no deformation due 
to temperature from 300 to 700°C. However, at 900°C, 
all samples were deformed and showed cracks of 3 mm. 
The compressive strengths of cracks samples were 
obtained from 8.1 to 10.2 MPa. The results showed that 
pumice and fly ash decreased thermal conductivity and 
sound transmission. Also, samples were not 
decomposed at high temperature when pumice and fly 
ash used as admixtures in lightweight concrete.  

 
Keywords – Fly ash, Lightweight concrete, Fire 

resistance, Microstructure, Thermal 
conductivity. 

 
 
1. Introduction 

 
The lightweight aggregate concrete made with 

pumice has low density. This leads to a relative 
weight reduction of structures and foundations and so 
it will reduce the dead load.  This is a significant 
factor for high rise buildings. Lightweight concrete is 
also very attractive material for repairs of the old 
buildings because it does not cause an increase in the 
total load of the structure [1]. Thermal characteristics 
of lightweight aggregate concrete are related to its 
thermal conductivity and density which, in turn, is 
influenced by its porous structure (i.e., the air-void 
system, aggregates and the matrix) carried out an 
experimental study to determine the thermal 
conductivity of light-weight concrete and they 
observed that thermal conductivity of lightweight 
concrete contained pumice was between 0.1378 
W/mK and 0.3099 W/mK [2]. 

An experimental study on fire resistance of 
normal and lightweight concrete was performed by 

Chandra et al [3]. The fire test was carried out on 2.5 
cm thick plates of normal and lightweight concrete, 
5.0 cm thick slab of lightweight aggregate concrete 
and 15 cm thick reinforced lightweight concrete 
beam. Test results showed that the thermal expansion 
coefficient of normal weight concrete was higher 
than lightweight concrete. Residual compressive 
strength showed the same tendency. However, the 
decrease in the strength of the normal weight 
concrete is much higher than lightweight concretes.  

Hossain et al also found out that the strength and 
density of the lightweight concrete is suitable to be 
used in the production of the lightweight building 
members if lightweight concrete is produced with 
volcanic pumice [4]. 

   In this experimental study, properties of 
lightweight paste, which was produced by white 
Portland cement, pumice powder and fly ash from 
Afsin-Elbistan Thermal Power Plant (AEFA) in 
Turkey, were investigated. Annually 4 million tons 
of pumice and about 1 million tons of White Portland 
Cement (WPC) are produced in Turkey. This cement 
is generally used for decorative purposes. Eight 
lightweight concrete samples were prepared and 
tested for 28 days compressive strength, thermal 
conductivity, sound transmission speed, water 
absorption and unit weight. 
 
 
2.  Materials  

 
       In the production of lightweight paste, fine 
pumice was used due to its lightweight and insulation 
characteristics. Pumice is a textural term for a 
volcanic rock that is a solidified frothy lava 
composed of highly micro vesicular glass pyroclastic 
with very thin, translucent bubble walls of extrusive 
igneous rock pumice has sound and heat insulation 
characteristics due to its porous structure. Hardness 
of fine pumice is between 5 and 6 according to Mohs 
scale and unit weight is varying from 600 to 800 
kg/m3. Fine pumice (FP) does not contain any crystal 
water. It has silica up to 75% in its composition. The 
fine pumice of which specific gravity is 2.36 was 
obtained from Kayseri in Turkey and it was grinded 

http://en.wikipedia.org/wiki/Vesicular_texture
http://en.wikipedia.org/wiki/Pyroclastic
http://en.wikipedia.org/wiki/Extrusive
http://en.wikipedia.org/wiki/Igneous_rock
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in cement factory. Its fineness is 0% residue on 250 
μm, 50% residue on 125 μm, 90% residue on 63 μm. 

White Portland cement is a white colored 
hydraulic bonding material produced by grinding of 
white clinker, which is obtained by white clay, 
limestone and calcium sulfate (CaSO4.2H2O).  In 
this study, WPC 42.5 was employed with 
pyrophyllite which was substituted in place of kaolin. 
Chemical and physical properties of WPC were 
given Table 1. 

 Chemical composition of the pyrophyllite, 
which were obtained in Poturge province of Malatya, 
was obtained from as SiO2 (54.5%), Al2O3 (37.9%), 
SO3 (0.1 %), Na2O (0.1%), K2O (0.5 %) with L.I. = 
2.6%, SM=1.4% and other minor compounds [5].  
WPC 42.5 produced in Turkey was classified 
according to level of whiteness and the compressive 
strength of paste prism at 28 days [6]. Chemical and 
physical characteristics of WPC 42.5 were given in 
Table 1. In terms of oxide ratio, WPC 42.5 shows 
similarities with CEM 1 as shown In Table 1. 
Calcium silicate hydrate (CSH) gel, which is main 
component with binding properties, is formed by the 
reaction of calcium silicates (C3S and C2S) with 
water. C3A and C4AF components also affect the 
binding properties of cement to some extent in early 
ages. However, the actual binding property of cement 
is provided by C3S and C2S components [7]. The 
average compressive strength of cement at 3, 7 and 
28 days were found as 37, 51 and 63 MPa, 
respectively.  

In this study, calcareous AEFA (CaO =53.44%)) 
was used and its physical and chemical 
characteristics were shown in Table 1. Chemical 
composition of AEFA is not suitable to ASTM C 618 
Standard criterion [8]. AEFA has high CaO and SO3 
ratio. Due to high SiO2 ratio, pumice was used to 
increase the amount of CaO react with SiO2. Specific 
gravity of AEFA is 2.76. It was obtained from the 
sieve test that the fineness is 10.8% residue on 90 μm 
and   27.7% residue on 45 μm.  City drinking water 
was used in mixtures.Polyester fiber used in mixtures 
was taken from the waste fiber of textile factories. 

 
3. Methods  

 
     Setting time of cement paste and soundness of 

cement + fly ash + pumice powder paste were 
determined according to [9]. Workability of samples 
was determined according to [10]. Microstructure of 
28 days hardened samples were determined by 
electron microscope. Compressive and flexural 
strength of lightweight paste, which produced by 
white cement, pumice powder, fly ash and textile 
fibers, were found according to [11]. Mixture ratios 
for eight different lightweight paste samples were 
given in Table 2 and samples, which were placed into 

mould and immersed cure tank, were shown in 
Figure 1 and 2. 

 

 

Table 1. Chemical and physical properties WPC AE FA 
 

Mix No 
 

Pumic
e 

( g ) 

WPC 
42.5 
( g ) 

AEFA 
( g ) 

Water 
( g ) 

Fiber 
(g) 

Flow 
( % ) 

 A 1  
(ref.) 

1000 500 - 765 0 106 

B 1   1000 250 250 765 0 107 
C 1   1000 400 100 765 0 106 
D 1   1000 300 200 765 0 106 
A 2 1000 500 - 765 5.8 105 
B 2 1000 250 250 765 5.8 106 
C 2 1000 400 100 765 5.8 107 
D 2 1000 300 200 765 5.8 107 

 

Table 2. Mix design of lightweight concrete 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Figure 1. Samples production process 
 

Oxides (%) WPC 
 

AEFA                                   ASTM C 618 
   FV       CW 

L.I.  2.58 2.12 <6 <6 
MgO   1.12 1.75   
SO3    3.19 11.41 <5 <5 
Cl   0.005 0,012   
CaO    66 53.44   
SiO2  22.2 18.27   
Al2O3  4.3 9.16   
Fe2O3  0.2 3.26   
K2O  0.5 0.38   
Na2O  0.2 0.19   
Specific gravity 3.03    
Whiteness (%) 85.6    
S+A+F  30.69 >70 >50 
Free CaO  11.62   
Reac.SiO2  15.4 >25 >25 
Reac.CaO  37.32 <10 >10 
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Figure 2. A group samples in the cure tank 
 
      Three samples were prepared for each age group 
and mixtures in the size of 40 x 40 x 160 mm and 50 
x 90 x 190 mm prism. Water absorption, sound 
transmission speed, thermal conductivity, of the 
samples were obtained according to [12, 13] with 
ultra-sound instrument, [14] with KEM QKTM-500 
instrument, respectively. Fire resistance of the 
samples was obtained by an oven, which can be heat 
up to 1200°C. 
 
 
4. Results and discussions 

 
4.1. Setting time and soundness of cement paste 

 

      It was found that normal consistency 
water/cement ratio of WPC 42.5 paste was 30% and 
soundness was 4 mm. Initial and final of setting time 
were 140 and 165 minute, respectively. This 
indicates that soundness; initial and final of setting 
time are lower than the limit values given in TS 21. 
The soundness values of A1, B1, C1, and D1 mixtures 
1.5, 2.0, 1.5, 1.0 mm that were very small, were 
obtained. 
 
 

4.2. Microstructures of pastes 
 

      SEM images of the hardened samples, which 
were produced by pumice powder, WPC and fly ash 
(A1 and B1), were given Figure 3 and 4. Excess 
hydrates of cement such as calcium silicate, 
hydroxide, ettringite and partially hydrated and 
unhydrated particles were seen in Figure 3 and 4. 
Amount of ettringite was higher in Figure 4 due to 
AEFA. Also, CSH gel in Fig. 4 has more porous 
structure when compared to CSH gel in Figure 3. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

          Figure 3.  Microstructure of sample A1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

       Figure 4. Microstructure of sample B1 
 
 

4.3. Water absorption of samples 
 
     The dry unit weight and water absorption ratio of 
the samples, which were tested according to TS 
3624, were given in Table 3. The minimum dry unit 
weight was determined as 1.19 g/cm3 in sample B1 
and the maximum dry unit weight was determined as 
1.40 g/cm3 in sample A2. Due to FP and AEFA 
substituted in place of cement, dry unit weight of 
lightweight paste is lower. This means that all 
samples produced by FP and fly ash can be 
categorized as lightweight paste. Also, FP and AEFA 
substituted in place of cement caused an increase in 
water absorption capacity. The maximum water 
absorption ratio was determined as 17.5% in sample 
C2 and minimum water absorption ratio was 
determined as 14.3% in sample A1. 
 

Mix. No  Water absorption 
ratio (%) 

Unite weight 
(g/cm3) 

A1  14.3 1.37 
A2  14.6 1.40 
B1 15.7 1.19 
B2  16.6 1.26 
C1  16.4 1.30 
C2  17.5 1.34 
D1  16.2 1.24 
D2  16.6 1.31 

 

Table 3. Water absorption and unite weight 
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4.4. Sound transmission of samples 
 
     The sound transmission time of samples were 
obtained by PUNDIT 6 ultrasonic instrument. The 
length of samples was measured by micrometer. 
Ultra-sound transmission speed of the samples were 
obtained by V=L/T km/s unit. The obtained values 
from samples were summarized in Table 4. A 
relationship as shown in Figure 5 was observed 
between ultra-sound transmission speed and dry unit 
weight of samples.  The minimum ultra-sound 
transmission speed was obtained at the minimum dry 
unit weight B1. The ultra-sound transmission speed 
of sample B1 was determined as 2.52 km/µs. The 
maximum ultra-sound transmission speed was 
obtained in sample A2. The ultra-sound transmission 
speed of sample A2 was 3.11 km/s. These sound 
transmission values of lightweight hardened paste 
were lower than that of normal weight concrete [15]. 
These results showed that lightweight hardened paste 
could absorb ultra-sound compared to normal weight 
concrete. 
 

Mix. No Sound transmission 
speed (km/s) 

A1 3.10 
A2 3.11 
B1 2.52 
B2 2.70 
C1 2.83 
C2 2.89 
D1 2.83 
D2 2.89 

 

Table 4. Ultra-sound transmission speed of the samples 
 
 

 
Figure 5. Unite weight and ultra-sound transmission 

relations 
 
 
 
 
 

4.5. Thermal conductivity of the samples 
 

     The thermal conductivity of lightweight hardened 
lightweight concrete samples was measured KEM 
QKTM-500 instrument. The thermal conductivity of 
lightweight hardened lightweight concrete samples 
was given in Table 5. The thermal conductivity 
values of lightweight hardened lightweight concrete 
samples showed similar behavior with sound 
transmission values shown in previous section. Low 
thermal conductivity values were obtained from the 
samples which have low dry unit weight. The 
minimum thermal conductivity was obtained in 
sample B1 as 0, 34 W/mK. The maximum thermal 
conductivity was obtained in sample A2 as 0.43 
W/mK. When these values compared with the criteria 
in [16], it is can be seen that lightweight hardened 
lightweight concrete samples produced in this study 
can be accepted as insulation material. 
 

Mix. No λ (W/mK) 
A1 0.42 
A2 0.43 
B1 0.34 
B2 0.35 
C1 0.38 
C2 0.41 
D1 0.35 
D2 0.35 

 

Table 5. Thermal conductivity of the samples 
 
 
4.6. Flexural and compressive strength of samples 
 
     The flexural strength of lightweight hardened 
lightweight concrete samples at 28 day was 
determined by taking the average of three 40 x 40 x 
160 mm prism samples. The compressive strength of 
lightweight hardened lightweight concrete was 
determined by taking the average of six samples. The 
flexural and compressive strength of samples were 
depicted Figure 6 and 7. 
 

 
 

Figure 6.  Flexural strength of lightweight concrete 
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Figure 7.  Compressive strength of lightweight concrete 
 
      It was observed that the flexural strengths of all 
samples have low flexural strength values. This was 
caused the fact that the pumice and fly ash are added 
in concrete. The maximum compressive strength was 
obtained in sample C1 at 7 days. The compressive 
strength of hardened lightweight concrete C1 was 
determined as 11.2 MPa at 7 days. As for 28 days the 
maximum compressive strength was obtained in 
sample D1. The compressive strength of sample D1 
was determined as 20.9 MPa at 28 days. Effect of 
fiber could not be determined clearly on the flexural 
and compressive strength of samples. It was 
considered that the reason was that there were no 
coarse aggregates in sample mixtures. 
 
 
4.7. Fire resistance of the samples 
 
    The samples with size of 50 x 90 x 190 mm were 
cured for 28 days and then dried at room 
temperature. Samples were held in oven at 300, 500, 
700 and 900°C for an hour. The sample weights were 
measured before and after the samples were placed in 
oven. Sample surfaces were also examined for 
cracks. The compressive strength of samples held in 
oven at 900°C was determined. A group of samples 
held in oven at 900°C were shown Figure 8. The 
weight loss and compressive strength of samples 
were given Table 6. 
 

 

Table 6. The weight loss % and compressive strength of 
samples 

      No surface cracks were observed for the samples 
held in oven at 700°C. However, surface cracks up to 
3 mm were observed for all samples held in oven at 
900°C as shown in Fig. 8. Weight loss was also 
observed in all samples when the oven temperature 
was increased. The rate of weight loss was occurred 
at 300°C and then rate of weight loss was smaller as 
oven temperature was increased.  This behavior 
could be explained as the crystal water in concrete 
samples vanishes by evaporation before temperature 
reaches 700°C. The highest weight loss was observed 
in sample A2 about 22.6% while the minimum 
weight loss was observed in sample B1 about of 
17%. Despite surface cracks in samples held in oven 
at 900 °C, large weight loss did not observed. Weight 
loss in samples was occurred in form of small flakes 
and powder. When the samples were crashed, the 
textile fiber was not observed in concrete, since it 
was completely incinerated. There was no 
deformation in samples up to temperature of 500°C. 
However, light and heavy deformations were 
observed in samples at temperatures of 700°C and 
900°C, respectively.  
In samples held in oven at 900°C, the highest 
compressive strength was obtained in sample C1 
about 10.2 MPa and the minimum compressive 
strength was obtained in sample D1 about 8.1 MPa. 
During the compressive strength test, samples were 
ruptured shapely without exploding. 
    

        
 

Figure 8. A group of samples held in oven at 900°C 
 
 
 

5. Conclusions 

      Lightweight hardened lightweight concrete 
produced by pumice, WPC 42.5 and fly ash from 
Thermal Power Plant has average compressive 
strength and good heat and sound insulation.  It also 
showed better fire resistance. SEM images also 
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indicate that reaction products were formed and there 
were no materials which are not entering in reaction.  
Moreover, produced lightweight concrete has higher 
compressive strength, better insulation properties 
against sound/heat and better aesthetic view than clay 
bricks. So, lightweight concrete panels could be used 
in walls and slabs. It was also seen that use of fly ash 
from power plants and textile fabrics waste in 
concrete technology can provide environment 
protection. 
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Abstract - The subject of interest of this paper is the 
surface quality of manganese steel sheets. The sheets 
are produced by hot rolling, on an industrial scale, in 
the Makstil AD Steel Mill in Skopje. 
 Several surface defects were detected; however, the 
appearance of edge waves in the hot rolling process 
was especially analyzed. For this purpose, the change 
of the geometrical parameters of manganese steel 
sheets was monitored during the hot rolling process 
and measurements of the sheet flatness were done. 
Furthermore, some of the more important 
technological parameters of the rolling process were 
followed – reduction degree, temperature, velocity and 
rolling force, in each of the passes, in the course of the 
plastic deformation. 
 The knowledge obtained indicates that sheets with 
quality surface and without edge waves are produced 
with higher rolling velocities, higher rolling 
temperatures and lower rolling forces. This finding can 
serve for defining optimal sheet processing conditions, 
at which absence of edge waves and satisfactory 
flatness quality of the steel sheets can be accomplished. 
  
Keywords - Sheet Surface Quality, Edge Waves, 

Manganese Steel Plates, Hot Rolling. 
 
 
1. Introduction 
 
 Today, the quality of steel sheets produced by hot 
rolling is becoming a more and more important 
characteristic, which defines the market 
competitiveness. As a result, a greater commitment 
in the analysis of the parameters influencing the steel 
sheet quality becomes a necessity [1, 2].  Faced with 
the possibility of the appearance of various defects, 
surface and internal, the companies processing steel 
by hot rolling are exploring different ways to 
influence the production of sheets with improved 
quality [3, 4]. Systems capable to detect and locate 
the defects are also developed. Furthermore, the 
influence of separate parameters on the appearance 
of defects are closely studied, in order to reduce the 
defects and increase the quality of the sheets, as well 
as their surface [5]. The most frequent surface 
defects occurring are flatness, longitudinal and 

transverse bending, symmetrical and asymmetrical 
edge wave, laps, rolled-in scale, scabs, tearing, 
longitudinal cracking, buckling, etc. [6-8].  
 In this paper, an analysis of the appearance of a 
special type of defect – edge waves on the steel sheet 
surface was done. Edge waves can be defined as a 
unevenness of the sheet surface, when the thickness 
discrepancy of the sheet is larger than 1,2 mm [9, 
10]. The most important parameters of the process of 
hot rolling in the steel mill Makstil in Skopje were 
followed. The ultimate goal of this analysis is the 
discovering of the causes for the appearance of edge 
waves and their elimination, which would improve 
the flatness of the steel sheet surface and their 
surface quality, in general. 
 
 
2. Experimental 
 

The surface quality of the steel sheets and the 
critical processing parameters of the hot rolling 
production process in Makstil AD were followed: 
chemical composition of the input material, 
geometrical parameters of the input and output 
material, along with the technological parameters of 
the rolling processes. Statistical analysis of 34 rolling 
processes of steel sheets, with identical chemical 
composition, equvalent dimensions before the 
processing and corresponding final thickness of the 
sheets. 

The processed manganese steel slabs, according 
to EN 10025-2, are labeled as S355J2, S355J2G3 and 
S355J0 [11]. The analyzed batches had 
approximately equivalent chemical composition of 
steel. The chemical composition of the steel sheets is 
given in Table 1. 

The values of the carbon equivalent coefficient 
are estimated with the expression [12]: 

 

15
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5
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6
CuNiVMoCrMnCCE +

+
++

++= ,  (1) 

and range from 0,381 to 0,4. 
 

http://www.facebook.com/pages/MAKSTIL-DUFERCO-GROUP/113507465332284?ref=br_rs
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Table 1. Chemical composition of the sheets. 
 
 

The imput materials are steels slabs with the 
following geometrical parameters: thickness – 171 
mm, width – 910 mm and length – 1736 mm. During 
the rolling process, a sheet with thickness of 6,32 
mm is produced. The rolling is done in 14 passes, 
with mixed technological rolling scheme. Thus, the 
final dimensions of the steel sheet are: thickness – 
6,32 mm, width – 2814 mm and length – 15265 mm.  
 
 
3. Results and discusion  
 

The most important parameters of the hot rolling 
process were followed – velocity, temperature and 
rolling force. In all rolling processes observed, the 
rolling velocity vary from 1,4 to 3,5 m/s. At the 
beginning of the process, the velocities are to some 
extent lower – in the range from 1,4 to 1,7 m/s, 
whereas in the second part, the velocities are higher, 
around 3 m/s. The change of the rolling velocity vs. 
the number of passes is presented on Fig. 1. 

 
Figure1. Rolling velocity of steel sheets vs. number of pass 

1 – sheets without and  2 – sheets with edge waves. 

 
The sheets without edge waves are highlighted 

with green and marked with 1, whereas with 2 and 
red – the sheets with edge waves. As can be seen 
from the Fig.1, at higher rolling velocities, most of 
the sheets are with good quality. However, the rolling 
velocity is not a determining factor for the 
appearance of edge waves. 

 
 

From Fig.1 it can be observed that among the 
sheets with edge waves, there are several rolled with 
higher velocities. On the sheets with edge waves, a 
lower rolling velocity in the seventh pass can be 
noted, which coincides with the rotating of the sheet 
for 90o, in accordance with the mixed rolling scheme. 

At the beginning of the rolling process, the slab 
temperature is approximately 1170 oC, with slight 
variations. In the course of the rolling the 
temperature drops and in the final stage, it extends 
from 540 to 740 oC, wirh rare exceptions, when it is 
above 740 oC. The statistical analysis of the 
temperature change during the rolling of sheets with 
discernible edge waves has shown that theses sheets 
were rolled at lower temperatures in the course of the 
entire process. 

In the following section, the temperature of the 
plates during the rolling process are shown. The 
changes of the temperature throughout the rolling 
process, when sheets with edge waves were 
produced, are given on Fig. 2 and, in the case of 
sheets without edge waves – on Fig. 3.  

 
Figure  2. Temperature change during the processing of 

steel sheets with edge waves. 

 
On Fig.3 it can be noticed that all followed 

processes, for example the one with sheet thickness 
of 11 mm, were conducted at temperature lower than 
1000 oC, namely between 950 and 980 oC. On the 
other hand, the comparison of the temperature 
changes data for the process of rolling sheets without 
edge waves (Fig. 3) with equivalent thickness of 11 
mm, reveals rolling temperatures in the range from 
1000 to 1020 oC. The same can be noted for 
thickness of 7 mm – the sheets with edge waves were 
rolled at temperatures in the range from 900 to 925 
oC, whereas the sheets with good quality were rolled 
on temperatures between 925 and 950oC. 

 

800

825

850

875

900

925

950

975

1000

1025

1050

6 6,5 7 7,5 8 8,5 9 9,5 10 10,5 11 11,5 12

Te
m

pe
ra

tu
re

, o
C

Thickness, mm

Chemical composition, % 
C Si Mn P  S Cr 

0,13-
0,16 

0,23-
0,32 

1,22-
1,16 

0,005-
0,011 

0,005-
0,008 

0,028-
0,040 



 

168                                                                                                                                         TEM Journal – Volume 2 / Number 2/ 2013. 
               www.temjournal.com 

 
Figure 3. Temperature change during the rolling of steel 

sheets without edge waves. 

For better comprehension of the data, the 
temperature change in the course of rolling of all 
steel sheets is presented on Fig.4: the sheets without 
edge waves are highlighted with green and the sheets 
with edge waves – with red. 

 
Figure 4. Temperature change during the rolling of all 

steel sheets. 

The data regarding the rolling force are monitored 
in each pass, predicted and realized. The beggining 
of the rolling is characterized with force between 
1500 and 2500 t. After that, the force is increased and 
maintained in the range from 2500 and 3500 t. The 
force values in can, on occasion, be lower than the 
given range and, rarely, slightly above it. In the two 
last passes, the force is reduces, with values below 
2500 t. 
 The rolling forces applyed in the production of 
steel sheet with appearance of edge waves are shown 
od Fig.5. For a specific pass, the rolling force can 
differ for a maximum of 500 t. 

The rolling forces for steel sheets with good 
quality and without edge waves are given on Fig. 6.  

The values of the rolling forces applied on these 
sheets are lower in comparison to the forces observed 
on sheets with appearance of edge waves. 

 
Figure 5. Rolling forces for steel sheets with edge waves.  

 

 
Figure 6. Rolling forces for steel sheets  without edge 

waves. 

It is obvious that the sheets rolled with lower 
velocity have better surface quality. In almost all of 
the analyzed runs, the steel sheets with satisfactory 
surface quality and absence of edge waves were 
rolled at lower forces. In general, the forces are lower 
in all passes. The average difference is around 300 t 
and the maximal is above 400 t. More detailed 
overview of this can be seen on Fig.7. 

 
The careful observation and analysis regarding the 

edge waves has shown that a relation between the 
appearance of edge waves on steel sheets and the 
applied rolling force for their processing can be 
established. During the investigation of 34 processes, 
edge waves have appeared on 20 sheets, produced by 
rolling with higher force. The remaining 14, obtained 
at lower rolling forces, are with good surface quality 
and without appearance of edge waves. 
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Figure 7. Rolling forces for all steel sheets. 

The conducted investigation and analysis on 34 
rolling processes with equivalent chemical 
composition, have shown that edge waves appear 
more frequently on sheets processed with lower 
rolling velocities. The study has also shown that edge 
waves appear on lower rolling temperatures and 
elevated rolling forces. Certainly, for complete 
determining of the causes for appearance of edge 
waves additional analysis of other parameters 
responsible for this defect is necessary, such as the 
condition of the rolls, presence of scales, quality of 
the material, etc. Additional analysis would provide 
more accurate definition of the optimal sheet 
processing conditions. 
 
4. Conclusion 
 
 The hot rolling processes of manganese steels 
with final thickness of 6,32 mm were analyzed. In 
addition, the changes of the most important 
parameters of the rolling process were followed and 
especially, their influence on the appearance of edge 
waves.  
 From the obtained results, the following can be 
concluded: 
 The rolling velocities in the course of the 
observed processes were in the range from 0,93 m/s 
to 3,81 m/s. From the total of 20 steel sheets with 
edge waves, 18 were processed with generally lower 
rolling velocities, i.e. 90%. 
 The rolling temperatures during the followed 
processes were between 1170 oC and 540 oC. Edge 
waves were observed on 19 sheets rolled on lower 
temperatures, which represents 95%, and only on one 
steel sheet rolled on higher temperature. 

 It was noted that the increase of the rolling 
temperature for only 30 oC results in satisfactory 
quality of the sheet. 
 The rolling forces in the course of the processes 
varied from 1160 t to 3560 t. The edge waves appear 
on the sheets when higher rolling forces were 
applied, in 90% of the analyzed runs. 
 

References 
 

[1] V. B. Ginzburg, Steel Rolling Technology - 
Theory and Practice, Marcel Dekker 
Incorporated, 1989.  

[2] S. Timoshenko, S. Woinowsky-Krieger, Theory 
of plates and shells, McGraw–Hill, New York, 
1959. 

[3] G.E. Dieter, Mechanical metallurgy, McGraw-
Hill, New York, 1976.  

[4] H. Yu, K.Tieu, Ch. Lou, G. Deng, X. Liu, Int. J 
Adv. Manuf. Technol., 10, (2012), 4556-4565. 

[5] Handbook of Workability and Process Design, 
edited by G. E. Dieter, H. A. Kuhn and S. L. 
Semiatin, ASM International, Materials Park, 
Ohio, 2003. 

[6] Surface Defects in Hot Rolled Flat Steel 
Products, 2nd Edition, Stahl und Eisen, 
Dusseldorf, 1996. 

[7] P. Lin, J. Wickert, Journal of Manufacturing 
Science and Engineering 125, 4, (2003), 771–
777.  

[8] P. Caleb, M. Steuer, International Conference on 
Knowledge-Based Intelligent  Electronic 
Systems, (2000), Proceedings, 103-108. 

[9] G. Gioia, M. Ortiz, Adv. Appl. Mech. 33, 
(1997), 119–192. 

[10] R. Nandan, R. Rai, R. Jayakanth, S. Moitra, N. 
Chakraborti, A. Mukhopadhyay,  Materials and 
Manufacturing Processes, (2005), 20, 459-478.  

[11] EN 10025-2 – Hot rolled products of structural 
steels - Part 2: Technical delivery conditions for 
non-alloy structural steels, CEN, 2004. 

[12] Structural Steel Selection Considerations, Ed. 
by R. Bjorhovde, M. Engestrom, L. Griffis, L. 
Kloiher, J. Malley, American Society of Civil 
Engineers, 2001.  
 
Corresponding author: Ruzica Manojlovic 
Institution:   Faculty od Technology and Metallurgy,  
                    University „Sts. Cyril and Methodius“, 

Skopje, Republic of Macedonia 
E-mail: ruzica@tmf.ukim.edu.mk

 
 

1200

1600

2000

2400

2800

3200

3600

4000

6 7 8 9 10 11 12 13 14 15

Fo
rc

e,
 t

Thickness, mm

http://www.standardsmedia.com/ASM-International-1078-bp.html
http://www.bookdepository.co.uk/search/advanced?searchAuthor=Reidar+Bjorhovde
http://www.bookdepository.co.uk/search/advanced?searchAuthor=Michael+Engestrom
http://www.bookdepository.co.uk/search/advanced?searchPublisher=American+Society+of+Civil+Engineers
http://www.bookdepository.co.uk/search/advanced?searchPublisher=American+Society+of+Civil+Engineers


 

170                                                                                                                                         TEM Journal – Volume 2 / Number 2/ 2013. 
  www.temjournal.com 

Investigate the Surface Roughness and Bushing 
Shape in Friction Drilling Of A7075-T651 and St 

37 Steel 
 

Cebeli Özek 1, Zülküf Demir 2 

 
1 Firat University, 23190 Elaziğ, Turkey 

2  Batman University, 72060 Batman, Turkey 

  
Abstract – Due to the beneficial of the bushing form, 

the connection length and clamping strength is 
increased in friction drilling of thin-walled cast 
materials. In this experimental study 2400, 3600, and 
4800 rpm spindle speeds, 50, 75, and 100 mm/min feed 
rates, 240, 360, and 480 tool conical angles were selected. 
2, 4, and 6 mm thicknesses of A7075-T651 aluminium 
alloys and St 37 steel materials were drilled with using 
10 mm diameter HSS (High Speed Steel) and WC 
(Tungsten Carbide) rotating conical tools which have 
16 mm cylindrical region length. I was analysed the 
surface roughness, bushing height and bushing sheet 
thickness according to the spindle speed, feed rate, tool 
conical angle, workpiece material thickness, both 
workpiece and tool material types parameters. 
Consequently it was discovered that in friction drilling 
of 2 mm thickness A7075-T651 aluminium alloy, the 
bushing was formed as petal shape, which limited 
providing connection length and clamping strength 
owing to the brittleness of the material. In friction 
drilling of brittle materials, there were a lot of cracks 
generated on the bushing shape. The minimum surface 
roughness values were obtained at 3600 rpm spindle 
speed and 75 mm/min feed rate conditions friction 
drilling of St 37 steel material. The surface roughness 
values of A7075-T651 aluminium alloys were higher 
than St 37 steel materials. In conditions decreasing the 
spindle speeds, tool conical angles, and increasing feed 
rates, the bushing height was increased and bushing 
wall thickness was decreased.  

Keywords – Friction Drilling, Surface Roughness, 
Bushing Height, Bushing Sheet Thickness 

 
 
1. Introduction 

 
Friction drilling is a non-traditional hole drilling 

method that owing to a beneficial of the heat which 
generated as a result of friction between a rotating 
conical tool and the workpiece material. Generally 
friction drilling is applied to thin-walled materials 
owing to increasing connection length and clamping 
strength. The generated frictional heat cause to 
softening workpiece material, increase its ductility 
and providing it to flow, which extruded on to both 
the front and back sides of the holes. The process is 

clean and chipless, which called flow drilling, form 
drilling and friction stir drilling [1-3]. 
  The most important goal of the bushing is 
increased the thickness for threading and available 
clamp load. Friction drilling is suitable apply to 
ductile materials. The petals and cracks formations 
are generated at the bushing which obtained at the 
end of friction drilling of brittle cast metals. Petal 
formation generates a bushing with limited load 
capability for thread fastening. The difference in 
brittle and ductile workpiece can be seen as the 
brittle work-material does not form a bushing with 
desired shape and ductile work-material has a smooth 
cylindrical bushing with sufficient length. The ratio 
of workpiece thickness, t, to diameter, d, is important 
parameter for bushing shape and bushing height in 
friction drilling. A high t/d ratio is provided larger 
portion of material to contribute the bushing form 
[4,5]. 
 The bushing shape, the cylindricality, petal 
formation, bushing wall thickness, and surface 
roughness are made to judge the friction drilled hole 
quality. The ductility of workpiece material, which is 
extruded onto both the front and back sides of the 
material drilled, increases due to the frictional heat. 
The length the threaded section of the hole can 
increases about three to four times because of the 
added height of the bushing shape [6, 7]. The 
bushing shape is to increase thickness to threading 
and available clamp load. The bushing height, which 
generated as a result of friction drilling processes, is 
approximately two to three times of material 
thickness [8]. At high spindle speeds the shape of 
bushing is destroyed, nonetheless increasing spindle 
speed does not affect bushing generation [9]. 
 Slow feed rates are caused to material melting 
temperature, which have different cooling speeds. 
The upper material layer is cool down faster than the 
lower material layer. Thus the drill tool adhere the 
metal chip, and obtain a bad hole surface quality [8]. 
The surface roughness values decrease with 
increasing spindle speed, nevertheless it increases 
with increasing feed rates. At higher feed rates and 
lower tool conical angles owing to the barely 
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adequate temperature, which represents into the 
contact area between conical tool and workpiece 
material, the flow material is plastered to the hole 
surface and it causes to increase surface roughness 
values [10, 11]. 

The aim of this experimental study is investigated 
the friction drilling of both A7075-T651 aluminium 
alloy and St 37steel materials using HSS and WC 
rotating conical tools of which cylindrical diameter is 
10 mm. It was analysed of bushing shape, bushing 
sheet thickness and surface roughness of drilled 
holes. Both bushing height and bushing sheet 
thickness were quite limited studied issues, despite 
the fact that these parameters represented the most 
important goal of friction drilling method. It found 
out the effect of spindle speed, feed rate, and tool 
conical angle, workpiece material thickness, and 
type, tool material type over the hole surface 
roughness, bushing height and bushing sheet 
thickness.  
 
 

2. Nomenclature 
 
d: Hole diameter (mm) 

ØD1: Tool shoulder diameter (mm) 

ØD: Tool shank diameter (mm) 

t: Material thickness (mm) 

ha: Bushing height (mm) 

n: Spindle speed (rpm) 

f: Feed rate (mm/min) 

L: Tool handle region (mm) 

T: Tool shoulder region (mm) 

hl: The length of the tool cylindrical region (mm) 

hn: The length of the tool conical region (mm) 

hc: The length of the tool tip region (mm) 

 β: Tool conical angle (o) 

α: Tool tip angle (o) 

HSS: High Speed Steel 

WC: Tungsten Carbide 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Experimental setup and procedure 
 

      A HESSAP True – Trace C – 360/3D 1095 
Model copy milling machine was used for friction 
drilling experiments of A7075 – T651aluminium 
alloy and St 37 steel materials. Overview of the setup 
in HESSAP True – Trace C – 360/3D 1095 Model 
copy milling machine was shown in Fig. 1. The tool 
was held by a standard tool holder. The diameter of 
the was 10 mm which used in this study, tool 
cylindrical height was 16 mm, the tool tip angle was 
900, tool conical angles were 240, 360, and 480. The 
tool materials were HSS and WC shown in Fig. 2.b 
and c. The selected spindle speeds were 2400, 3600, 
and 4800 rpm, feed rates 50, 75, and 100 mm/min 
respectively. 2, 4, and 6mm thicknesses A7075-T651 
aluminium alloys and St 37 steel materials were 
selected. Surface roughness values were measured by 
using Hobson Surtronik 3+ Surface Roughness 
apparatus at 0.25cm dimension. 
 

  
Figure 1: Experimental setup with tool, and workpiece. 

 
 
 
 
 
 
 
 
 
 

(a) 
 

  
                           (b)                                          (c) 

 
Figure 2: Friction drilling tool key dimensions (a), HSS 

tool image (b), and WC tool image (c) 
 

The mechanical and thermal properties of the 
aluminium spaces which were used in this 
experimental study were denoted on Table 1. 
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4. Results and discussion 
 
4.1. Bushing Shape 

 

     The bushing shapes, which were generated at the 
result of drilled aluminium alloys and St 37 steel 
materials were demonstrated in Fig. 3.  The bushings, 
which symbolized a-l were generated in friction 
drilling A7075-T651aluminium alloys at 2400rpm 
spindle speed and 75mm/min feed rate. In friction 
drilling of a-c bushings HSS tool, and for friction 
drilling of d-f bushings WC tool were used.  The 
bushings, which symbolized g-ı were generated in 
friction drilling St 37 steel material by WC tool. The 
bushing heights were measured with a depth 
micrometer at four different positions, which was 
shown in Fig. 3.ı. as ha, and take into considers the 
greater values. On Fig. 3. j, k, l, the bushing sheet 
thickness measure type was shown. j was drilled to 
A7075-T651 material using HSS tool, k was drilled 
to A7075-T651 material with WC tool, and l was 
drilled to St 37 material with WC tool. All of 
bushings on Fig. J, k, and l were drilled to 4 mm 
thicknesses of A7075-T651 and St 37 steel materials. 
Owing to the HSS tool working temperature is under 
6000C, the St 37 steel material could not frictional 
drilled with HSS tools. 
 

A7075-T651 (HSS) 

                    
(a)               (b)              (c) 

 
A7075-T651 (WC) 

                    
                        (d)               (e)                (f) 

 
 
 
 
 
 
 
 
 
5. Instructions for the authors 

 
 
 
 
 
 
 
 
 
 

       St 37 (WC) 

                         
                              (g)               (h)               (i) 
 
 
 
 
 
 
 

Figure 3: Bushing shapes pictures, (A7075-T651 a-f), 
(St37 g-ı), drilling tools, (a-c) HSS, (d-ı) WC, materials 

thicknesses (a, d, g: 2 mm), (b, e, h: 4 mm), (c, f, ı: 6 mm), 
Bushing sheet thickness (j: A7075-T651 material, HSS, t:4 

mm), (k: A7075-T651 material, WC, t:4 mm), (l: St 37 
material, WC, t:4 mm) 

 
      Owing to the lower t/d ratio there was barely 
adequate flow material, which providing bushing 
shape, in friction drilling 2 mm A7075-T651 
aluminium alloy bushings were generated as petal 
(Fig. 3. a, d). With increasing the t/d ratio the 
bushings were shaped cylindrical, which include less 
cracks (Fig. 3. b, c, e, f). Because of the higher 
elongation percentage of St 37 steel material, the 
bushings were formed more cylindrically and greater 
bushings heights were obtained than A7075-T651 
aluminium alloy in friction drilling. Nonetheless the 
bushing sheet thicknesses of St 37 were smaller than 
the A7075-T651 aluminium alloy. Bushing sheet 
thickness, due to the provided the threading strength, 
it was an important result in friction drilling. 
According to the tools, which were used in this 
experimental study, diameter (10 mm) it was 
threaded with M12. M12 threading teeth height is 
1.07 mm. The more bushing sheet thickness was 
greater than 1.07 mm, the more threading strength 
was gained. 

Workpiece Material Mechanical 
Properties  

Material Type and Thickness (mm) 
A7075 –T6 

(2mm) 
A7075 –T6 

(4mm) 
A7075–T651 

(6mm) 
St 37 

(2mm) 
St 37 

(4 ve 6mm) 
Yield Strenght (N/mm2) 567 580 605 235 

Tensile Strenght (N/mm2) 490 505 550 340 
Shear Strenght (N/mm2) 331 370 

Hardness 150 HB,  53.50 HRA,  175 HV, Mikro 
Sertliği 191 320 HB 

Elongation (%) 13.4 11.7 10.5 21 26 
Modulus of Elasticity (kN/mm2) 71.7 210 

Poisson Rate 0.33 0.3 0.3 
Thermal Conductivity (W/m-K) 130 76 

Melting Temperature (0C) 635 1530 
Density (kg/cm3) 2.81 7,85 

 

Table 1: The properties of experimental materials 

h
a 
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4.2. Surface Roughness 

      The friction heat was coming up with increasing 
spindle speed, decreasing feed rate and tool conical 
angle. At the lower feed rates the frictional heat 
stepping up owing to the high tool cycling at unit 
feed rate. The tool surface and workpiece material 
temperature was going up, with rising spindle speed, 
dropping of feed rate and tool conical angle, which is 
the most important parameters to effect the surface 
roughness.  
       The impression of spindle speed, feed rate, tool 
conical angle, and workpiece material thickness on 
the surface roughness were demonstrated in Fig. 4 – 
6. 
     In friction drilling of A7075-T651 aluminium 
alloy, in case using HSS tools, the surface roughness 
values were rising at elevated feed rates, owing to the 
barely adequate frictional heat which provided 
melting and softening workpiece material. In 
condition elevated spindle speed, because of enough 
frictional heat originated between tool surface and 
workpiece material contact area, therefore workpiece 
material sufficiently melting, softening and flowing, 
finally surface roughness values were dropped off 
and surface quality was developed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The optimum surface roughness values were 
obtained as 0.6 µm in friction drilling conditions that 
selected at 50 mm/min feed rate, 4800 rpm spindle 
speed, 6 mm workpiece thickness, and 480 tool 
conical angle.  
In friction drilling of A7075-T651 aluminium alloy 
with WC tools the optimum surface roughness values 
were achieved at 2400 rpm for 50 mm/min and 240, 
3600 rpm for 75 mm/min and 360, 4800 rpm spindle 
speed for 100 mm/min feed rate and 480 tool conical 
angle. 
      The materials, which observe the lower 
elongation percentage properties, are more 
appropriate for friction drilling operations. Owing to 
elongation percentage of St 37steel material is lower 
thatn A7075-T651 aluminium alloy the surface 
roughness values of St 37 steel material were more 
nominal than A7075-T651 aluminium alloy. The 
lower measured surface roughness values were 
gained as 0.2 µm at 3600 rpm spindle speed, 75 
mm/min feed rate and 360 tool conical angle 
conditions, in friction drilling of St 37 steel material 
with WC tool. 
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Figure 4. Investigate the surface roughness in friction drilling of A7075-T651 with HSS tool 
 
 

 

 

 
 

Figure 5. Investigate the surface roughness in friction drilling of A7075-T651 with WC tool 
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4.3. Bushing Height 
 
     In friction drilling conditions that at higher feed 
rates and tool conical angles, because of gaining 
barely adequate frictional heat, insufficient ductility 
and softening resulting in inappropriate bushing 
formation. With stepping up spindle speeds, owing to 
the higher momentum impression, bushing height 
was dropped off. The materials, which have lower 
elongation percentage, were observed the high 
fracture and petal formation. Bushing height was 
increased orderly with stepping up feed rate, owing 
to softened material was pushed in direction of the 
tool motion. 
     The effect of the spindle speed, feed rate, tool 
conical angle, and workpiece thickness were shown 
in Fig. 7-9. In friction drilling of A7075-T651 
aluminium 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
alloy with HSS tools, it was seen that the greater 
bushing height was gained at 2400 rpm spindle 
speed, 50 mm/min feed rate and 240 tool conical 
angle. It was higher at 3600 rpm spindle speed, 75 
mm/min feed rate and 360 tool conical angle. In 
friction drilling of St 37 steel material, the bigger 
bushing height values were obtained at 75 and 100 
mm/min feed rates, 3600 and 4800 rpm spindle 
speeds. The bushing height values, which were 
gained in friction drilling of St 37 steel material, 
were greater than A7075-T651 aluminium alloy, due 
to the lower elongation percentage of St 37 steel 
material. 
 
 
 
 
 

 

 

 
 

Figure 6. Investigate the surface roughness in friction drilling of St 37 with WC tool 
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Figure 7. Investigate the bushing height in friction drilling of A7075-T651 with HSS tool 
 
 

 
 

 
 

Figure 8. Investigate the bushing height in friction drilling of A7075-T651 with WC tool 
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4.4. Bushing Sheet Thickness 

      The bushing sheet thickness was dropped off 
with raising the spindle speed, because of coming 
into existence the higher momentum impression. It 
was also stepped up at lower feed rates and higher 
tool conical angles, owing to insufficient frictional 
heat. 
      
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The effects of spindle speed, feed rate, tool conical 
angle and workpiece thickness on the bushing sheet 
thickness were seen in Fig. 10-12. In friction drilling 
of A7075-T651 aluminium alloy the bigger bushing 
sheet thicknesses were obtained at 4800 rpm spindle 
speed, 50 mm/min feed rate, and 480 tool conical 
angle. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Figure 9. Investigate the bushing height in friction drilling of St 37 with WC tool 
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Figure 10. Investigate the bushing height in friction drilling of A7075-T651 with HSS tool 
 
 

 
 

 
 

Figure 11. Investigate the bushing height in friction drilling of A7075-T651 with WC tool 
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5. Conclusions 
 
      Surface roughness was dropped off with 
increasing spindle speed, decreasing both feed rate 
and tool conical angle. 
       At higher spindle speeds, the bushing height was 
decreased and bushing sheet thickness was increased, 
owing to the ascending momentum impression.  
       The bushing height was dropped off and the 
bushing sheet thickness was raised with increasing 
feed rate and tool conical angle.  
      Owing to the lower elongation percentage of St 
37 steel material, the lower surface roughness values 
and bushing sheet thicknesses and greater bushing 
heights were gained. In friction drilling of St 37 steel 
material than A7075-T651 aluminium alloy. 
       The St 37 steel material could not friction drilled 
with using HSS tools, because of its thermal working 
temperature is lower than 6000C. 
       Due to the lessen the rate of workpiece material, 
t, to the hole diameter, d, (t/d), in friction drilling of 2 
mm thickness of A7075-T651 aluminium alloy, the 
bushings were formed as petal, which has cracks and 
fractures. 
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Abstract - The aim of this research is to assess the 
elementary school second grade students’ metaphors 
that they develop. The results of the research indicate 
that the students have developed positive images about 
the internet. Internet was expressed as a source of 
application by the primary school students and they 
likened the internet to an object (abascus, bulb, usb, 
book etc.), to a person (clever person, father-mother, 
scholar, philosopher etc), to a source of information 
(clever library, encylopedia, tree of information, the 
salad of information etc), to an animal (to a donkey, to 
a creature that knows everything, the ants etc.), to a 
machine ( machine of information) or to an ocean. 

Keyword: Primary School Second Grade Students, 
Metaphors. 

 

1. Introductıon 

      In our era, the increase in rate of change in  
information and technology transforms the social life 
and bring forward some new concepts.  Such 
concepts as information society, information 
technology, communication technology and 
informatics technology begin to be used rather 
frequently in our life. There is a bi-directional and 
positive relationship between information and 
technology. As the information increases technology 
improves, as the technology improves information 
increases. Thanks to the bi-directional loop between 
the technology and information, all the societies 
pursuing the information are experiencing fast 
change and development. Today, societies expect the 
individuals they educate to be in command of 
information and communication technology and to 
use it effectively in their life. The major change in 
these technologies affects the education environment 
and forces it to change. The individuals who are 
within this environment are required to develop skill 
and attitude as to the information they get. In order to 
make the individuals acquire these attitude changes, 
it becomes a necessity to introduce the information 
and communication technologies, use it in the 
education environment and make the individuals get 
a positive attitude as well for preparing him/her to 
the contemporary life. On the other hand, in today’s 
contemporary education perception they are trying to 
make the students acquire the skill of ‘learning to 

learn’. The students are asked to learn and configure 
the information they need on their own effort. 
Internet which can be called as a huge library is one 
of the sources that students use to reach the 
information they need. Some advantages such as 
limitless communication that internet provides to its 
users in daily life, the ease of the information access, 
exchange of information for the educational 
institutions, entry, taking notes, and updating the 
information have made the internet an essential 
element in educational institutions [6]. Internet, 
which makes the students acquire a whole-life 
learning skills and provide them with the information 
they need, enables the students to gain responsibility 
for accessing the information as well [1]. The 
students need to get some qualifications related to 
information and communication technologies in 
order to gain these responsibilities. One of these 
qualifications is using the Internet. The competence 
of using the internet consists of such basic 
information as sending e-mail or receiving it, 
attaching files to the e-mail, searching for 
information, recognizing the addresses, using the 
web search engines and chatting and subscribing to 
the news list [9]. Use of the internet becomes 
widespread in our country as well as throughout the 
world. As of 2010, use of the internet reaches %37,6 
[10]. In our country where use of the internet is 
gradually increasing, both the environment they are 
within (school, family, internet cafes) and the 
facilities it offers have a great importance for the 
students to get the competency they need. 
Determination of the competence level of the 
elementary students about internet, which is the basic 
source of information in whole-of –life learning and 
effective in daily life can form data for the ways of 
helping them regarding the issue. 
      Kocaeli Metropolitan Municipality, which is 
aware of the benefits that becoming an information 
society will bring, has been distributing netbooks to 
the sixth grade students in Kocaeli formal primary 
schools every year since 2009 under the name of ‘A 
Computer to Every Student’ campaign. Kocaeli 
Metropolitan Municipality, which wants to contribute 
to raising students who have a high computer and 
internet literacy, has distributed over 80.000 
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netbooks since 2011. The Municipality intends to 
have distributed netbooks to 130.000 students after 
the five-year Project. It is thought that this project 
will be beneficial in terms of providing equality of 
opportunity in education and introducing the internet 
and computer to the students who have middle and 
low socio-economical status. The project which is 
ongoing for three years is needed in order to find out 
its effect on students’ internet usage competency and 
the aims of their internet usage. Moreover; the 
students in the primary school second level are asked 
to develop metaphors in order to understand their 
perception about the internet concept. Metaphor is to 
form a common attitude which can be seen in all 
languages and to make comparisons in order to 
strenghten the expressions. This comparison can 
either be direct or the object to be expressed can be 
based on another object and the similarity between 
them [2].  Metaphor is a strong mental tool which 
helps an individual to understand the abstract, 
complex and theoretical facts and to express them. 
As Shuell [7] emphasized, ‘If a picture costs 1000 
words, a metaphor costs 1000 pictures.’ Because a 
picture only presents a static image, but a metaphor 
presents a mental framework in order to think on a 
fact. This study is required to determine the 
metaphors students develop about the internet within 
the scope of ‘A Computer to Every Student’ Project. 
  
 

1.1. The Aim of this Research  
 

      The aim of this research is to determine the 
primary school second grade students’ metaphors 
they develop about the internet. For this purpose, 
answers are inquired to the following questions; 
 

• What are the metaphors the students develop 
for the internet concept? 

• Under which conceptual categories can the 
determined metaphors be collected? 

 

       2. Method 
        2.1. The model of the research  

      A descriptive survey model was used in this 
research to determine the students’ level of internet 
competency and suggest the metaphors they develop 
about the concept. This model tries to describe what 
the events, objects, entities, institutions, groups and 
some other areas are [4].  
       2.2. Population and Sample 

       The participants of this research, which will be 
carried out in survey model, are composed of sixth-
seventh-eighth grade secondary school students from 

61 primary schools in the central province of Kocaeli 
in the second semester of 2011-2012. However the 
sample is composed of the students chosen through 
the ‘proportional cluster sampling’ from the central 
province. In the Proportional Cluster Sampling 
process, the system in itself first branches into sub-
systems that are more similar to each other. Each 
sub-system has the same chance for involving in the 
system. The Proportional Cluster Sampling carried 
out by this way is accepted to form a more 
representational system [5]. For Proportional Cluster 
Sampling, the system was first divided into three 
sub-systems as ‘upper(9 primary school), moderate 
(26 primary school) and the lower part (26 primary 
school according to the ‘socio-economical level’ 
variance which is considered to have important 
effects on the research results. Then 7 (%10) primary 
schools from each sub system were chosen in such a 
way that they reflected the sub-system’s rate in the 
whole. To conduct this process three schools from 
the lower socio-economic level, three from the 
moderate socio-economic level and one from the 
upper socio-economic level were involved in the 
scope of the study. 524 students who are studying in 
these schools attended this research. But, as some 
students’ questionnaires were found to have deficient 
demographic information, only 513 of them were 
evaluated.  

 
       2.3. Data Collection Tool 

     The survey’s data, are gathered the the students’ 
views on the ‘internet’ concept were obtained 
through the metaphors. In order to carry out this 
activity , a sheet on which the following was written 
“Internet resembles to …….;because…” was given 
to the students. Then the students were clarified 
about the metaphors. It was particularly highlighted 
to the students that they should compare the internet 
to something and explain the reasons for this. The 
students were given approximately 20 minutes in 
order to produce metaphors. This time is considered 
enough as it is intented to benefit from the first 
metaphors coming to students’ mind. The 
relationship between the subject and source of the 
metaphor was tried to be determined by the word of 
‘resemble’ . The students were asked to continue the 
sentences with ‘ because’. The conjuction ‘Because’ 
was used to explain the meaning and the reason of 
the metaphor. 

 
       2.4. The Analysis of the Data 

      The students were asked to write a metaphor 
explaining their emotions about the internet concept. 
But %32 of the students didn’t specify a metaphor 
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about this concept. The remaining 481 students’ 
metaphor analysis and interpretation process was 
performed at following stages: 1) Naming stage 2) 
Classification 3) Re-organizing and compiling stage 
4) Developing category stage 5) Transferring the info 
to the computer for quantitative data analysis [8]. 
First Stage - Naming: The metaphors the students 
created were depicted as concepts (for instance, 
‘ödevmatik,’ ‘bilgimatik’, ‘sun’, ‘spider web’ etc.) . 
The metaphors that the students noted down were 
transferred to the Excel programme along with the 
other participants’ information. Then in another 
column the metaphors were arrayed from A to Z. 
Second Stage - Classification: In this stage every 
metaphor was subdivided in parts and the similarities 
and the commonalities between metaphors were 
anlayzed through using techniques of ‘the analysis of 
the metaphor’ and ‘the analysis of the content’ [11]. 
Thus, the metaphors the students created were 
analyzed and the sorting stage was conducted 
depending on the following four criteria: a) The 
papers which include only definition or which don’t 
have any metaphor source b) The papers which don’t 
include any reasons for the metaphor though a 
metaphor is mentioned. c) The metaphors including 
characteristics for more than one category. d) 
‘Illogical’  metaphors or the metaphors which don’ t 
have any contribution to the concept of computer 
ownership [8]. Based on these criterias, 15 forms out 
of 481 were eliminated because of the metaphors that 
don’t have any contribution to the comprehension of 
internet concept. As a result; the interpretations and 
the evaluations were done over 466 forms.  After 
these procedures the metaphors were arrayed from A 
to Z and revised. The personal information about the 
producer of the metaphor was coded in bracket just 
after the metaphor. These are the equivalents of the 
codes: (1) Considering the socio-economic level of 
the schools’ environment;  ‘D’ = low level schools, 
‘O’ = moderate level school and ‘Y’ = the upper 
level school. (2) 6,7,8 numbers represent the the level 
of the students’ class. (3) The ‘G’ and the ‘B’ were 
used to express the sexes of the students( G: girl 
B:boy). Finally, the participants that have the same 
socio-economic level, class level and the sex were 
distinguished by adding a number just after the letter 
that represents the sex. Third Stage: Reorganizing 
and Compiling : After the invalid metaphors had 
been excluded, 138 metaphors were obtained. Then a 
new list was prepared with the valid metaphors. 
Fourth stage: Developing Category: In this stage, the 
metaphors created by the students were examined in 
terms of their common characteristics related to 
internet concept. A metaphor example was chosen 
out of the students’ expressions. Thus; a sample 
metaphor list was formed of each 138 metaphor by 
compiling the students’metaphor images that were 

supposed to have the best representation. During this 
process, the sample metaphor list was used as a base 
and how the metaphor image conceptualizes the 
concept of internet was examined. For this aim, the 
metaphor images that were produced by the students 
were analyzed in terms of (1) the topic of the 
metaphor, (2) the source of metaphor and  (3) and the 
relationship between the topic of the metaphor and its 
source. Then, each metaphor image was associated 
with a specific theme related to the perspective 
possessed about the concept of the internet and nine 
different conceptual categories were formed. 
        In order to provide the reliability of this 
research, the metaphor images which were suggested 
under nine conceptual categories raised in the 
research were given to an expert in order to confirm 
that they represent a conceptual category. For this 
reason, two lists that were prepared by a researcher 
were given to a faculty member : (a) a list of the 138 
sample metaphor images in alphabetical order and 
(b)  A list which includes the names and the 
characteristics of nine conceptual categories.  The 
faculty member was asked to match up the metaphor 
images in the first list and the nine conceptual 
categories in the second list ( by not excluding any 
metaphor  images). Then, the matching that the 
faculty member did was compared with the 
researcher’s own categories. In these comparisons, 
consensus and the discord numbers were ascertained 
and the reliability of the research was calculated by 
using the formula of Miles and Huberman (1994) ( 
reliability=consensus/[consensus+discord] * 100). If 
the reliability calculations goes over .70, the research 
is accepted to be reliable. The compliance between 
the assessments of the faculty member and the 
researcher was found alpha= 0.93. This value showed 
that the desired reliability is secured. Within the 
scope of the reliability study, the faculty member 
matched up the nine metaphor differently from the 
researcher (i.e box of information, bazaar of 
information, machine of information, to the 
philosopher, to a brain, to the world’s brain, to a 
multipurpose good, to eating junk food and to 
eating). In this situation, the reliability was calculated 
as : Reliability =138/129+9=0.93. 
      Transferring the data to the SPSS packet 
programme for the quantitative analysis: After the 
completing the description of 138 metaphors and the 
enhancement of the nine dominant group, all the data 
was transferred to the SPSS statistics programme. 
Following this procedure, the number of the students 
(f) representing each metaphor and each category and 
their rate(%) were calculated according to the level 
of the class.  
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3. Fındıngs and Conclusıon   
 

      In this section the data was analyzed and 
supported with the related results of the research in 
accordance with the survey’s aims and sub-aims. 
The Findings Related to the Demographic Features of 
the Students 

The findings related to the demographic features of 
the students attending the survey can be seen on the 
Table 1. 

 

 

 

      When the above table is analyzed, it is 
understood that %54.8 of the participants are girls. 
When examinig class level, %38.0 is made up of  the 
sixth grade, %35.3 is the seventh grade and %26.7 is 
the eighth grade students. The distribution according 
to socio-economic level of the environment that the 
schools are in  is as follows : %46.4 low, %37.8 
mid,%15.8 the upper.  

 

 

 

 

 

 

 

 

 

 
 

 

What are the metaphors the students develop for the “internet” concept?  
Table 2 indicates the number and percentage of the students representing each metaphor in alphabetical order. 
 

  The number 
of the 

students 
representing 
the metaphor 

  The number 
of the 

students 
representing 
the metaphor 

Code of 
metaphor 

The name of metaphor f % Code of 
metaphor 

The name of metaphor f % 

1 To the Abacus 3 0.64 70 To our vital need 1 0.21 

2 To eating junk food 1 0.21 71 To the box of entertainment 2 0.42 

3 To the page which is opened 1 0.21 72 To a donkey 2 0.42 

4 To a clever person 4 0.85 73 To a window opened  for 
entertainment 

4 0.85 

5 To a clever library 8 1.71 74 To sightseeing a home 1 0.21 

6 To the shopping center 1 0.21 75 To a pet 3 0.85 

7 To the alcoholic drinks 8 1.71 76 To the door of my home 4 0.85 

8 To the mother /father 1 0.21 77 To the most important 
discovery 

1 0.21 

9 To the encylopedia 7 1.50 78 To my palm 6 1.28 

10 To the magical lamp of Alaaddin 1 0.21 79 To a philosopher 9 1.93 

Demographic features    

Gender N % 

Ğirl 281 54.8 

Boy 232 45.2 

Class N % 

6 195 38.0 

7 181 35.3 

8 137 26.7 

The socio-economic level  N % 

Low 238 46.4 

Mid 194 37.8 

High   81 15.8 

Table 1:Findings Related to the Demographic Features of the Students 
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11 To the rescue and search mission 2 0.42 80 To the rainbow 3 0.64 

12 To the bulb 3 0.42 81 To a mysterious world 1 0.21 

13 To the game played with a friend 3 0.21 82 To the reason of the eye 
defectives 

1 0.21 

14 To my friend 9 1.93 83 To the Sun 5 1.07 

15 To be together with my friends 5 1.07 84 To make the daily Works 1 0.21 

16 To the things that made addiction 1 0.21 85 To the door opened for life 5 1.07 

17 To a house 2 0.42 86 To an opportunity 
faciliating the life 

2 0.42 

18 To the bird of letter 4 0.85 87 To a person in the prison 9 1.93 

19 To a monster 7 1.50 88 To a creature who knows 
everything 

2 0.42 

20 To the exchange of information 1 0.21 89 To an eternal energy 1 0.21 

21 To the passion of computer 1 0.21 90 To coming of the light to a 
dark home 

1 0.21 

22 To the tree of information 3 0.64 91 To fill up an empty glass 1 0.21 

23 To the world of information 2 0.42 92 To the ants 4 0.85 

24 To the salad of information 6 1.28 93 To the rope  1 0.21 

25 To the box of information 29 6.22 94 To the world becoming like 
a small village 

3 0.64 

26 To the bazaar of information 1 0.21 95 To the window open for the 
World 

2 0.42 

27 To the machine of information 2 0.42 96 To the chocolate cake 1 0.21 

28 To a scholar 3 0.64 97 To the cat 2 0.42 

29 To a plane/jet 10 2.14 98 To my own fantasy world 1 0.21 

30 To a center of inquiry 5 1.07 99 To my treadmill 1 0.21 

31 To riding a bike 5 1.07 100 To a bad habit 3 0.64 

32 To have twins 7 1.50 101 To the sphere 2 0.42 

33 To a big spider web 9 1.93 102 To the amusement park 1 0.21 

34 To a butterfly 5 1.07 103 To the motorbike 1 0.21 

35 To a city 4 0.85 104 To the fashion house 1 0.21 

36 To a discoverer 1 0.21 105 To a cheerful life 1 0.21 

37 To a packet including information, 
game and char 

1 0.21 106 To the school 2 0.42 

38 To a dream 9 1.93 107 To my game cards 1 0.21 

39 To a scientist 5 1.07 108 To my toy 1 0.21 

40 To a magnet 1 0.21 109 To console of game 1 0.21 

41 To a servant 4 0.85 110 To the game 6 1.28 

42 To a king 2 0.42 111 To the teachers at school 12 2.57 

43 To a brain 3 0.64 112 To Oburix 2 0.42 

44 To an inventor 6 1.28 113 To the game house 1 0.21 

45 To an ocean 2 0.42 114 To freedom 7 2.36 

46 To the millions of people roaming 
in a cable 

 

3 

0.64 115 To ödevmatik and 
bilgimatik 

2 0.42 

47 To a book 14 3.00 116 To a comfortable Tv seat 2 0.42 
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48 To a key  2 0.42 117 To imaginary universe 1 0.21 

49 To life 7 1.50 118 To the chair 1 0.21 

50 To cigarette 2 0.42 119 To a magical mirror 1 0.21 

51 To a big circle 2 0.42 120 To a hollow that has no end 2 0.42 

52 To watch all the World 2 0.42 121 To do sports 1 0.21 

53 To spend free time 1 0.21 122 To surf 2 0.42 

54 To an empty vehicle 1 0.21 123 To the stress ball 2 2.14 

55 To the streets 6 1.28 124 To the magical sphere 7 1.50 

56 To a dull World 9 1.93 125 To the Tv 1 0.21 

57 To a mobile phone 7 1.50 126 To an angel that has all the 
information 

1 0.21 

58 To eating chocolate 2 0.42 127 To sightsee in the bazaar 
alone 

1 0.21 

59 To a multi-purpose device 1 0.21 128 To the flying carpet 3 0.64 

60 To a vehicle, automobile travelling 
around the world 

1 0.21 129 To usb 1 0.21 

61 To meeting with the World 6 1.28 130 To a door opened for the 
space 

1 0.21 

62 To bring out the World 1 0.21 131 To looking to the world 
from the space 

1 0.21 

63 To a tulle covering the World 2 0.42 132 To the remote controller 2 0.42 

64 To go to a world journey 15 3.21 133 To the space 8 1.71 

65 To the brain of the World 4 0.85 134 To vitamin 1 0.21 

66 To the veins of the world  1 0.21 135 To the world I live 24 5.15 

67 To the fastest car of the world  2 0.42 136 To eating 2 0.42 

68 To the light penetrating into World 1 0.21 137 To the mirror of life 1 0.21 

69 To be the judge of the World 2 0.42 138 To the cube of intelligence 2 0.42 

Table 2.The metaphors expressed about being the owner of  a computer and the percentage and number of students 
that represents them (in an alphabetic sequence). 

  

      The students generated totally 138 valid 
metaphors in accordance with the given sentences :  
Internet resembles to…..; because…..(table 2). When 
generally analyzed, internet was likened to “the box 
of information”(n=29,%6.22), “ to the world I live 
in”(n=24,%5.15), “to go to a world 
journey”(n=15,%3.21), “ to a book”(n=14,%0.64), “ 
to the teachers at school” . These were the most used 
comparisons. The sixth grade students generated 84, 
seventh grade students generated 90 and the eighth 
grade students generated 57 metaphors. In order to 
classify these metaphors, nine conceptual categories 
were developed. The classified metaphors named  “ 
as a source of application”(n=119,%25.23), “as a 
source of game and entertainment” (n=42,%9.01), 
“as a source of consumption”(n=15,%3.21), “as a 
source of sightseeing (n=124,%26.60),  “as a source 
of communication”(n=27,%5.79),  “ as a source of 
relief” (n=14,%3.00), “as an abstract 
concept”(n=47,%10.08), “as an indispensable 

source”(n=46,%9.87 and “as a source of negativity” 
(n=37,%7.93). The common metaphors generated by 
all of the students were successively: 1. To a clever 
library(%3.58), 2. To an encylopedia(%1.28), 3. To 
the salad of information(%0.42), 4. To the box of 
information(%6.50), 5. To a book(%0.64) 6. To a 
friend(%5.15) 7. To be together with my 
friends(%0.64) 8. To a pet(%0.85), 9.To a 
plane/jet(%1.50),  10.To a butterfly(%0.42) 11. To a 
dull world(%4.72) 12. To go to a journey of the 
world(%4.93),13. To the window open for the 
world(%4.93),14. To my palm(%1.50), 15. To a 
magical sphere(%2.36), 16. To a life (%0.42) 17. To 
a door open for the world(%1.07) 18. To the 
space(%0.85), 19. To have twin sisters(%2.57),20. 
To the Sun(%1.07), 21. To the world I live(%1.50), 
22. To a person in the prison(%2.14)Nine conceptual 
categories developed in this research are described as 
below. Then, these conceptual categories are 
compared in terms of the class level. 
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Conceptual Categories  

1. As source of application 
 The name of the metaphor  6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To the abacus 1 (0.21) 2 (0.42) - 3 (0.64) 

2 To a clever person 3 (0.64) 1 (0.21) - 4 (0.85) 

3 To a clever library 2 (0.42) 3 (0.64) 3 (0.64) 8 (1.71) 

4 To a bulb  - 1 (0.21) 2 (0.42) 3 (0.64) 

5 To father or mother  1 (0.21) - - 1 (0.21) 

6 To an encylopedia 1 (0.21) 1 (0.21) 5 (1.07) 7 (1.50) 

7 To the magical lamp of Alaaddin 1 (0.21) - - 1 (0.21) 

8 To the exchange of information - 1 (0.21) - 1 (0.21) 

9 To the tree of information 2 (0.42) 1 (0.21) - 3 (0.64) 

10 To the world of information 1 (0.21) 1 (0.21) - 2 (0.42) 

11 To the salad of information 1 (0.21) 4 (0.85) 1 (0.21) 6 (1.28) 

12 To the box of information 18 (3.86) 7 (1.50) 4 (0.85) 29 (6.22) 

13 To the bazaar of information - 1 (0.21) - 1 (0.21) 

14 To the machine of information 1 (0.21) 1 (0.21) - 2 (0.42) 

15 To a scholar 2 (0.42) - 1 (0.21) 3 (0.64) 

16 To a research center 4 (0.85) 1 (0.21) - 5 (1.07) 

17 To a packet including information, 
game and chat 

- 1 (0.21) - 1 (0.21) 

18 To a scientist 1 (0.21) 4 (0.85) - 5 (1.07) 

19 To a brain 2 (0.42) 1 (0.21) - 3 (0.64) 

20 To an inventor 3 (0.64) 3 (0.64) - 6 (1.28) 

21 To a book 5 (1.07) 6 (1.28) 3 (0.64) 14 (3.00) 

22 To an ocean - - 2 (0.42) 2 (0.42) 

23 To a donkey - 2 (0.42) - 2 (0.42) 

24 To a philosopher - 2 (0.42) 7 (1.50) 9 (1.93) 

25 To a creature that knows 
everything 

2 (0.42) - - 2 (0.42) 

26 To the ants 1 (0.21) - 3 (0.64) 4 (0.85) 

27 To school 1 (0.21) 1 (0.21) - 2 (0.42) 

28 To the teachers at school 8 (1.71) 4 (0.85) - 12 (2.57) 

29 To odevmatik(homework machine) 
and bilgimatik (knowledge 
machine) 

- 1 (0.21) 1 (0.21) 2 (0.42) 

30 To an angel that knows everything 1 (0.21) - - 1 (0.21) 

31 To the usb - 1 (0.21) - 1 (0.21) 

32 To the brain of the World 3 (0.64) 1 (0.21) - 4 (0.85) 

33 To the cube of intelligence  - - 2 (0.42) 2 (0.42) 

 Total  

 Student 65 (13.94) 52 (11.15) 34 (7.29) 151 (32.40) 

 Metaphor 23 (16.66) 25 (18.11) 12 (8.69) 33 (23.91) 

Table 3 . The metaphors developed as a source of application 
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     Totally 151 students(%32.40) and 33 
metaphors(%23.91) represented that category.(see 
Table 3).  The dominant five metaphors in this 
category are as follows: Internet resembles 1.To the 
box of information(%6.22), 2. To a book(%3.00), 
3.To the teachers at school(%2.57),4. To a 
philosopher(%1.93),5. To a clever library(%1.71). 
Clever library, encylopedia, the salad of information 
and the book are the common metaphors used by all 
the participants. The basic features of the metaphors 
forming up this category are: 

•  The concept of internet was likened to an 
application source.( to a clever library, to an 
encylopedia, to a packet including information, 
game and chat). 

“Internet resembles to the clever library because 
searching is more comfortable than in a classic 
library. The duration of research is more practical, as 
soon as you write the key words in the search engine , 
it comes up with what your are looking for, no need to 
stand up and try hard.”(Y/7/K) 

“Internet resembles to an encylopedia because it has 
so much information that I do not know”. 

“ Internet resembles to a packet including 
information, game, and chat. I can do whatever I want 
easily.” (D/7/E). 

• Internet resembles to a brainy person.( to a 
clever person, to father or mother, to a scholar). 

“Internet resembles to brainy person as everything 
written pretends to be in a clever person’s brain, 
internet is like a person who knows 
everything.”(Y/6/E). 

“ Internet resembles to a father or mother because 
internet does everything we want  just like our mother 
and father do, you can consult to the computer about 
something just as you can do to your father and 
mother, it leads and informs you.”(D/6/K). 

“Internet resembles to a scholar. It knows whatever 
you ask.(D/6/K). 

 

 

2. As a source of game and entertainment 

 
 The name of metaphor 6.grade 7. grade 8. grade Total 

  f (%) f (%) f (%) f (%) 

1 To the game played with a friend 2 (0.42) 1 (0.21) - 3 (0.64) 

2 To my friend 2 (0.42) 4 (0.85) 3 (0.64) 9 (1.93) 

3 To be together with our friends 3 (0.64) 1 (0.21) 1 (0.21) 5 (1.07) 

4 To diddle - 1 (0.21) - 1 (0.21) 

5 To the box of entertainment - 2 (0.42) - 2 (0.42) 

6 To the window open for the entertainment 2 (0.42) - 2 (0.42) 4 (0.85) 

7 To a pet 1 (0.21) 1 (0.21) 1 (0.21) 3 (0.64) 

8 To a cat - 2 (0.42) - 2 (0.42) 

9 To an entertainment park - - 1 (0.21) 1 (0.21) 

10 To a cheerful life - - 1 (0.21)  1 (0.21) 

11 To the game cards - 1 (0.21) - 1 (0.21) 

12 To my toy - 1 (0.21) - 1 (0.21) 

13 To the game console - 1 (0.21) - 1 (0.21) 

14 To the game 1 (0.21) 5 (1.07) - 6 (1.28) 

15 To the house of game - 1 (0.21) - 1 (0.21) 

16 To do sports - - 1 (0.21) 1 (0.21) 

 Total  

 Student 11 (2.36) 21 (4.50) 10 (2.14) 42 (9.01) 

 Metaphor 6 (4.34) 12 (8.69) 7 (5.07)  16 11.59) 
 

Table 4. The metaphors developed as a source of game and entertainment 

 



TEM Journal – Volume 2 / Number 2/ 2013.                                                                                                                        189 
www.temjournal.com 

      According to the Table 4, the number of the 
students representing the “ internet resembles to the 
game and entertainment source” category is 
42(%9.01).  The dominant five metaphors in this 
category are: Internet resembles 1. To my friend 
(%1.93) 2.To game(%1.28) 3. To be together with 
our friends(%1.07) 4. To the window open for the 
entertainment (%0.85), 5.to the game played with a 
friend(%0.64). The metaphors of being always 
together with our friends and the pet are used 
commonly by all the participants. The basic features 
of the metaphors used in this category are: 

• Internet was likened to a friend and to 
spending time with our friends.( to my friend 
and to be always together with my friend). 

“ Internet resembles to my friend because 
everything I want happens and I can share 
everything with it just like I do with my 
friend”(D/7/E). 

“Internet resembles to be together with our 
friends because we can talk to our friends via 

internet, we can communicate with our friends as 
if we are together even if we are not in the same 
house.”(D/7/E). 

• Internet was likened to the entertainment, 
game and toys. (to the game cards, to the toy, 
to a window open for the entertainment). 

“Internet resembles to the game cards because 
via the internet I can both entertain and learn, I 
have many alternatives suc as game 
cards”.(Y/7/K). 

“Internet resembles to toys because I can play 
any time I want for hours without getting 
bored.”(D/7/K).  

“Internet resembles to window openinig to the 
entertainment because when you open the 
window/internet you won’t get bored. It is always 
colourful and entertaining.  

 

 

1. As a source of consumption 
 

 The name of the metaphor 6.grade 7. grade 8. grade Total 

  f (%) f (%) f (%) f (%) 

1 To eating junk food - 1 (0.21) - 1 (0.21) 

2 To the shopping mall - - 1 (0.21) 1 (0.21) 

3 To a servant 3 (0.64) 1 (0.21) - 4 (0.85) 

4 To eating chocolate - 1 (0.21) 1 (0.21) 2 (0.42) 

5 To a multi-purpose goods - - 1 (0.21) 1 (0.21) 

6 To the chocolate cake - 1 (0.21) - 1 (0.21) 

7 To the fashion house   - 1 (0.21) - 1 (0.21) 

8 To Oburix - 2 (0.42) - 2 (0.42) 

9 To eating - 2 (0.42) - 2 (0.42) 

 Total  

 Student 3 (0.64) 9 (1.93) 3 (0.64) 15 (3.21) 

 Metaphor 1 (0.72) 7 (5.07) 3 (2.17) 9 (6.52) 

 
Table 5. The metaphors developed as the source of consumption 

 

Nine metaphors and 15 students(%3.21) represent this 
category totally (See Table 5). The dominant two 
metaphors in this category are : internet  resembles 1. 
To a servant(%0.85) 2. To eating chocolate (%0.42) 3. 
To Oburix (%0.42) 4. To eating(%0.42). The basic 
features of the metaphors in this category are: 

 Internet was likened to eating something.( to eating 
junk food/ to eating chocolate/to eating chocolate 
cake). 

“ Internet resembles to eating junk food because 
while using the internet he feels happy as much as he 
is when he eats junk food.”(D/7/K) . 
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“Internet resembles to eating chocolate, because 
when you eat chocolate you can’t give up and when 
you begin to surf in internet you can’t stop 
youself.”(D/7/K). 

“Internet resembles to chocolate cake because when 
you sit for eating it you don’t want to stand up, 
internet is also just like this”(D/7/E). 

 

 

2. As a source of roam 

 
 The name of the metaphor 6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To an opened page - 1 (0.21) - 1 (0.21) 

2 To a plane/jet 4 (0.85) 4 (0.85) 2 (0.42) 10 (2.14) 

3 To riding a bike 1 (0.21) 4 (0.85) - 5 (1.07) 

4 To a butterfly 2 (0.42) 1 (0.21) 2 (0.42) 5 (1.07) 

5 To a city 2 (0.42) - 2 (0.42) 4 (0.85) 

6 To a discoverer 1 (0.21) - - 1 (0.21) 

7 To a big circle - 1 (0.21) 1 (0.21) 2 (0.42) 

8 To watching all the World 1 (0.21) 1 (0.21) - 2 (0.42) 

9 To the streets 5 (1.07) - 1 (0.21) 6 (1.28) 

10 To a dull World 3 (0.64) 4 (0.85) 2 (0.42) 9 (1.93) 

11 To a vehicle automobile roaming around the world 1 (0.21) - - 1 (0.21) 

12 To meeting with the World 1 (0.21) - 5 (1.07) 6 (1.28) 

13 To bring out the World - 1 (0.21) - 1 (0.21) 

14 To a tule covering all the World 2 (0.42) - - 2 (0.42) 

15 To go to a world journey 1 (0.21) 6 (1.28) 8 (1.71) 15 (3.21) 

16 To the fastest car of the World 1 (0.21) 1 (0.21) - 2 (0.42) 

17 To be the judge of the World 2 - - 2 (0.42) 

18 To make the world become a small village 1 (0.21) - 2 (0.42) 3 (0.64) 

19 To the window opened for the World 5 (1.07) 7 (1.50) 10 (2.14) 22 (4.72) 

20 To see over a house - - 1 (0.21) 1 (0.21) 

21 To my palm 1 (0.21) 2 (0.42) 3 (0.64) 6 (1.28) 

22 To the mysterious World - - 1 (0.21) 1 (0.21) 

23 To the treadmill - 1 (0.21) - 1 (0.21) 

24 To a sphere 2 (0.42) - - 2 (0.42) 

25 To a motorbike - - 1 (0.21) 1 (0.21) 

26 To surfing - 2 (0.42) - 2 (0.42) 

27 To a magical sphere 2 (0.42) 4 (0.85) 1 (0.21) 7 (1.50) 

28 To roaming in the bazaar alone - 1 (0.21) - 1 (0.21) 

29 To a flying carpet 2 (0.42) - 1 (0.21) 3 (0.64) 

 Total  

 Student 40 (8.58) 41 (8.79) 43 (9.22) 124 (26.60) 

 Metapfor 20 (14.49) 16 (11.59) 16 (11.59) 29 (21.01) 
 

Table 6. The metaphors developed as a source of roam 
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        According to the Table 6, the number students 
representing the category of “internet resembles to 
roaming” is 124(%26.60) and 29 metaphors were 
developed. The five dominant metaphors in this 
category are successively stated as: internet 
resembles 1. To the window opened for the world 
(%4.72), 2. To go to a world journey(%3.21)  3. To a 
plane/jet (%2.14)  4. To a dull world (%1.93), 5. To a 
magical sphere(%1.50).  To the plane/jet , to a 
butterfly, to a dull world, to go to a world journey , to 
a window open for the world, to my palm, to a 
magical sphere were the metaphors used in common 
by all the participants. The basic features of the 
metaphors used in this category are: 

•     Internet was likened to travelling/roaming.( to 
a plane/jet, to go to a world journey, to the 
fastest car of the world ). 

“ Internet resembles to a plane/jet because we can 
go wherever we want in a short time.(D/6/E)”. 

 

 

“Internet resembles to go to a world journey because 
we can go wherever we want with no expense and 
effort but just imaginary”(D/8/K) 

“Internet resembles to the fastest car of the world 
because it finds the information immediately as if a 
fast car went and brought it.(O/6/E). 

• Internet was likened to a place/area.( to a big 
circle, to a city, to a Street, to a dull world). 

“Internet resembles to a big circle, because there is  
everything like entertainment, information in it, we 
can meet a person from any country of world 
easily.(D/7/E).” 

“ Internet resembles to a city, because in each 
address there are different contexts like various 
streets and avenues of a city. (D/8/E). 

“ Internet resembles to a street because as it is in the 
streets, there are so many places to go via 
internet.”(D/8/K). 

“Internet resembles to a dull world, everything is 
imaginary, dull, not real but it is active and cheerful 
just like the real world.”(D/7/E). 

 
3.  As a communication source 

 
 The name of the metaphors 6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To a letter bird 2 (0.42) 1 (0.21) 1 (0.21) 4 (0.85) 

2 To a big spider web 2 (0.42) 1 (0.21) 6 (1.28) 9 (1.93) 

3 To millions of people roaming around a cable 1 (0.21) - 2 (0.42) 3 (0.64) 

4 to  a mobile phone 2 (0.42) 2 (0.42) 3 (0.64) 7 (1.50) 

5 To the veins of the World - 1 (0.21) - 1 (0.21) 

6 To the light penetrating into the world - 1 (0.21) - 1 (0.21) 

7 To the rope stretching to the world - 1 (0.21) - 1 (0.21) 

8 To the Tv 1 (0.21) - - 1 (0.21) 

 Total  

 Student 8 (1.71) 7 (1.50) 12 (2.57) 27 (5.79) 

 Metaphor 5 (3.62) 6 (4.34) 4 (2.89) 8 (5.79) 

 
Table 7. The metaphors developed as a communication source 

 
       According to Table 7, the number of the students 
likening the internet to a source of information is 27 
(%5.79). The students developed 8 metaphors. The 
three dominant metaphors in this category: Internet is 
stated to resemble 1.To a big spider web (%1,93) 2. 
To a mobile phone(%1.50), 3. To a letter 
bird(%0.85). A letter bird, a big spider web and the 
mobile phone are the common metaphors stated by 

all the students. The basic features of the metaphors 
used in this category are: 

•  Internet was likening to an entity.( to a letter 
bird, to a big spider web, to millions of 
people roaming around a cable.) 

“Internet resembles to a letter bird because it 
conveys everything I want to my friends”(Y/7/K). 
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“Internet resembles to a big spider web because it 
has so many webs just like the spider webs”.(D/8/K). 

“ Internet resembles to millions of people roaming 
around a cable, because we can watch them on the 
internet, we can play with them and we don’t get 
bored”(D/6/E). 

• Internet was likened to a good. (mobile   
phone, Tv) 

“ Internet  resembles to a mobile phone because you 
can communicate easily with everybody through the 
internet”.(Y/7/K). 

“Internet resembles to a Tv because we can watch 
whatever we want”(D/6/K). 

•  The world was personilised and the internet 
was resembled to something in the world.( to 
the veins of the world, to the rope stretching 
to the world).  

“ Internet resembles to the veins of the world 
because internet conveys everything around the 
world just like the blood stream in the body of a 
person.”(Y/7/K). 

“ Internet resembles to a rope stretching to the world 
because it connects us to everywhere, the world is 
just at the tip of the rope and we can watch the world 
easily.(D/7/K). 

 

 

6.  As a source of comfort 

 
 The name of the Metaphor 6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To a home 2 (0.42) - - 2 (0.42) 

2 To the door of my house 2 (0.42) 2 (0.42) - 4 (0.85) 

3 To my own fantasy world 1 (0.21) - - 1 (0.21) 

4 To a comfortable Tv 1 (0.21) 1 (0.21) - 2 (0.42) 

5 To a chair 1 (0.21) - - 1 (0.21) 

6 To a ball of stres 1 (0.21) 1 (0.21) - 2 (0.42) 

7 To a remote- controller 1 (0.21) - 1 (0.21) 2 (0.42) 

 Total  

 Student 9 (1.93) 4 (0.85) 1 (0.21) 14 (3.00) 

 Metaphor 7 (5.07) 3 (2.17) 1  (0.72) 7 (5.07) 
 

Table 8. The metaphors developed as a source of comfort 
 

 

      According to the Table 8,  7(%5.07)  metaphors 
were developed as a source of comfort by 14 
students(%3.00). The dominant metaphor in this 
category is “internet resembles to the door of my 
home”(%0.85). There is no common metaphor used 
by the 6-7-8th grade students. The basic features of 
the metaphors used in this category are: 

Internet was likened to an object by the students.( to 
a house, to the stress ball, to the remote controller). 

“ Internet resembles to a home because you can do 
everything easily and comfortably as if you are at 
home.(D/6/K). 

“Internet resembles to the stress ball because when 
we get tired or get angry we can get relaxed owing to 
it”(O/7/E). 

“Internet resembles to a remote-conroller because 
we can do everything where we sit.”(D/6/K) 
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7. As an abstract concept  
 

 
 Metafor adı 6.sınıf 7.sınıf 8.sınıf Toplam 
  f (%) f (%) f (%) f (%) 

1 To a dream 2 (0.42) - 7 (1.50) 9 (1.93) 

2 To a key 1 (0.21) 1 (0.21) - 2 (0.42) 

3 To a life 1 (0.21) 4 (0.85) 2 (0.42) 7 (1.50) 

4 To a rainbow - - 3 (0.64) 3 (0.64) 

5 To a door open for the world 2 (0.42) 2 (0.42) 1 (0.21) 5 (1.07) 

6 To an energy that has no end - 1 (0.21) - 1 (0.21) 

7 To fill up an empty glass 1 (0.21) - - 1 (0.21) 

8 To freedom 4 (0.85) 3 (0.64) - 7 (1.50) 

9 To an imaginary world 1 (0.21) - - 1 (0.21) 

10 To a magical mirror - 1 (0.21) - 1 (0.21) 

11 To a door opened for the space - 1 (0.21) - 1 (0.21) 

12 To looking to the world from the space 1 (0.21) - - 1 (0.21) 

13 To the space 4 (0.85) 1 (0.21) 3 (0.64) 8 (1.71) 

14 To the mirror of life - - 1 (0.21) 1 (0.21) 

 Total  

 Student 17 (3.64) 14 (3.00) 17 (3.64) 48 (10.30) 

 Metaphor 8 (5.79) 8 (5.79) 6 (4.34) 14 (10.14) 
 

Table 9. The metaphors developed as an abstract concept 

 

         According to the table 9, the number of the 
students that likened the internet to an abstract 
concept is 48(%10.30). The students developed 14 
metaphors.(%10.14).  The three dominant metaphors 
in this category are successively: internet resembles 
1. To a dream(%1.93) 2.To space(%1.71) 3. To 
life(%1.50) 4. To freedom(%1.50). The life, the door 
opening to the life and space metaphors are the 
metaphors used by all the students. These are the 
basic features of the metaphors forming up this 
category. 

• Internet was likened to an object. (key, 
magical mirror). 

“Internet resembles to a key because we can enter 
everywhere and everything via it”(Y/7/E). 

“Internet resembles to a magical mirror because I 
can see the people I want to see and I can 
communicate with them.”(O/7/K) 

• Internet was likened to an unreal concept.( to 
a dream/ to freedom to the mirror of the 
world). 

“ Internet resembles to a dream because we go to the 
places that we don’t even imagine without any 
expenses.”(O/8/E). 

“Internet resembles to freedom because we can do 
whatever we want without asking anything to 
anyone.”(D/6/K). 

“Internet resembles to the the mirror of life because 
it reflects us like in a mirror , we can get everything 
off our chest, internet is always ready to do whatever 
you want.(D/8/K). 

• Internet was likened to the things on the 
sky.(to the rainbow/to the space). 

“Internet resembles to a rainbow because it has 
millions of video and information so we don’t get 
bored.”(Y/8/K). 

“ Internet resembles to space because it can host 
everything in it and we can look at the thing we want 
forever.” 
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8. As a an indispensable source 
Table 10. The metaphors developed as an indispensable source 

 The name of the Metaphor  6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To the search-rescue party - - 2 (0.42) 2 (0.42) 

2 To the passion of computer 1 (0.21) - - 1 (0.21) 

3 To our having twin sisters 1 (0.21) 4 (0.85) 2 (0.42) 7 (1.50) 

4 To our most important need - 1 (0.21) - 1 (0.21) 

5 To the most important invention - 1 (0.21) - 1 (0.21) 

6 To the Sun 3 (0.64) 1 (0.21) 1 (0.21) 5 (1.07) 

7 To doing the daily Works - - 1 (0.21) 1 (0.21) 

8 To a life-easening opportunity 2 (0.42) - - 2 (0.42) 

9 To coming of the light to a dark house 1 (0.21) - - 1 (0.21) 

10 To a vitamine 1 (0.21) - - 1 (0.21) 

11 To the world I live 9 (1.93) 9 (1.93) 6 (1.28) 24 (5.15) 

 Total  

 Student 18 (3.86) 16 (3.43) 12 (2.57) 46 (9.87) 

 Metaphor 7 (5.07) 5 (3.62) 5 (3.62) 11(7.97) 

 

According to the table 10, the number of the students 
likening internet to an indispensable source is 46 
(%9.87). The students developed 11 
metaphors.(%7.97). The dominant metaphors used in 
this category are successively stated as: internet 
resembles  

1.  To the world I live(%5.15) 2. To twin 
sisters/siblings (%1.50), 3. To the Sun(%1.07). The 
twin sisters, the Sun and the world we live are the 
metaphors used in common by the participants. The 
basic features of the metaphors used in this category: 

 

 

 

 Internet was likened to an indispensable source.( to 
the passion of computer, to the most important 
discovery, to the Sun) . 

“ Internet resembles to the passion of computer 
because computer without internet is not a 
computer.”(D/6/K). 

“Internet resembles to the most important discovery 
because people would not have done anything 
without the internet.” (D/7/E) 

“Internet resembles to the Sun because it sheds light 
and information to everywhere and it reaches 
everywhere.”  (D/8/K) 

 
9. To a source of negation 

 
 The name of the metaphor 6.grade 7.grade 8.grade Total 

  f (%) f (%) f (%) f (%) 

1 To the alcoholic drinks 2 (0.42) 6 (1.28) - 8 (1.71) 

2 To the things that make addiction 1 (0.21) - - 1 (0.21) 

3 To a monster 2 (0.42) 5 (1.07) - 7 (1.50) 

4 To a King 1 (0.21) 1 (0.21) - 2 (0.42) 

5 To a magnet - 1 (0.21) - 1 (0.21) 

6 To the cigarette - 1 (0.21) 1 (0.21) 2 (0.42) 

7 To an empty vehicle - - 1 (0.21) 1 (0.21) 

8 To the cause of the defect of eyes 1 (0.21) - - 1 (0.21) 

9 To a man in the prison 4 (0.85) 3 (0.64) 2 (0.42) 9 (1.93) 
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10 To a bad habit 2 (0.42) 1 (0.21) - 3 (0.64) 

11 To a hollow that have no end - 2 (0.42) - 2 (0.42) 

 Total  

 Student 13 (2.78) 20 (4.29) 4 (0.85) 37 (7.61) 

 Metafor 7 (5.07) 8 (5.79) 3 (2.17) 11(7.97) 

Table 11. The metaphors developed as a source of negation 

 

       According to the Table 11, 37 students (%7.61) 
developed 11 metaphors about likening the internet 
to a source of drawback. Four metaphors that are 
dominant in this category are successively expressed 
as: internet resembles 1. To a man in the 
prison(%1.93) 2. To alcoholic drinks(%1.71) 3. To a 
monster(%1.50)  and 4. To a bad habit(%0.64). “The 
man in the prison metaphor”was used commonly by 
all the students. The basic metaphors that formed up 
this category are: 

• Internet was likened to harmful habits.( to the 
alcoholic drinks/ to the things that made 
addiction, to a bad habit) 

“Internet resembles to the alcoholic drinks because 
the more you use it the more you will be accustomed 
to, you will be addicted.”(D/7/E). 

“Internet resembles to the things that made 
addiction because it endears itself sneakingly, then it 
makes addiction and brings about bad results, it 
destroys the relationship with your family and the 
result is a total disaster”.(D/6/K) 

“Internet resembles to a cigarette because it makes 
you addicted.”(D/8/K). 

• Internet was likened to an entity or an object.( to 
the monster, to a man in the prison, to the 
hollow that has no end.)  

“Internet resembles to a monster because it takes the 
person captive just like a monster and it gives harm, 
it devastates the person.(Y/7/E). 

“ Internet resembles to a king because we find 
ourselves under his command only after a short time 
and it controls us.”(O/7/E). 

“ Internet resembles to a man in the prison because 
it has people roaming in it but they cannot go out 
even if the want.”(D/6/E). 

“Internet resembles to a hollow that has no end 
because it has everything in it, everything is ready 
but if you fall down you can’t get out.”(D/7/E). 

 

 

 

4. Conclusion 

       The general aim of this study is to determine the 
metaphors developed by the students. One of the 
aims of this research is to put forward the secondary 
school students’ comprehension of the internet 
through creating metaphors. As we didn’t encounter 
the letters in the metaphor study of the students 
related to the concept of internet, the finds obtained 
in this research were discussed along with the finds 
about how the students perceived the internet 
concept. 

       The finds of this research, of which aim is to 
reveal the mental images of the students related to 
the internet concept draw attention to a few important 
points. First of all; in order to explain the internet 
concept as a whole we need a lot of metaphors. For 
instance; when we look at the number of the 
metaphor categories, it is seen that most of the 
students(%32.40) likened the internet to a “source of 
information and application”. The primary school 
students likened the internet that they had expressed 
as a source of application to an object(abascus, bulb, 
usb, book etc.), to a person ( clever person, father-
mother, scholar, philosopher etc), to a source of 
information (clever library, encylopedia, tree of 
information, the salad of information etc), to an 
animal ( to a donkey, to a creature that know 
everything, the ants etc.), to a machine (machine of 
information, ödevmatik, bilgimatik) or to an ocean.  
In the research of Ersoy and Türkan [3], the primary 
school students likened the internet mostly to the 
source of information.(%78.3).  It was found out that 
there were many differences in the sources of 
information that the internet was likened to. For 
instance; while book and teacher metaphors were 
used most, the encylopedia was the least used 
metaphor. 

        In the metaphors developed by the students 
there are both positive and negative perceptions. The 
students who saw the internet as a source of 
negativity, likened it to an alcoholic drink, to the 
addictive things, to a monster and to a king. In this 
case it can be said that the matter of likening the 
internet to can not be completely clarified by only 
one metaphor. But the rate of the students who 
expressed their opinions as a source of negativity is 
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lower (%7.61) .  When generally analyzed, it is seen 
that the five most used metaphors are : 1. To the box 
of information(n=29,%6.22). 2. To the world they 
live(n=24,%5.15) . 3. To go to a journey of the 
world(n=15,%3.21) 4. To a book(n=14,%0.64)  5. To 
the teachers at school (n=12,%2.57). When we 
examined these metaphors, we saw that the internet 
was likened to the source of information, to the world 
they live, to travel around the world. On the other 
hand, when it is considered that the students are in 
adolescence during which period the friendship has 
an important role , it is not surprising that they 
likened the internet to a friend (n=9,%1-93), to the 
game played with a friend (n=3,%0.64), to  be 
together with friends (n=5,%1.07) . 

       As a result, through this research it has been 
tried  to analyze the students’ mental images about 
the internet and it was seen that the students 
developed some positive images. It can be remarked 
that the computer distribution project that Kocaeli 
Metropolitan Municipality started is one of the most 
important steps in preparing the young who are 
today’s students but tomorrow’s adults for the future. 
The metaphors were used as a tool of research in 
determining the mental images that the students have 
for a concept. 

        In this context,  the students of different 
education levels may be asked to develop different 
metaphors about the internet concept. After the 
students analyzed their own metaphor images and 
were aware of the alternative conceptualization that 
the images offered in relation to specific facts, they 
can be introduced some new metaphor images 
enabling new perspectives and different educational 
facts. In future studies, the research may be more 
detailed such as talking to and receiving students’ 
opinions on the concept of internet. The opinions of 
the teacher’s, manager’s and the parents’ can be 
taken about this social responsibility project, as well. 
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Abstract – This paper considers some beginning steps 

in introducing and developing web based e-learning 
resources into seafarers’ education, as additional mode 
of acquiring knowledge, at the Faculty of Maritime 
Studies, which is a part of the University of 
Montenegro. Some numerical and qualitative results of 
the polls realized among a number of involved 
students, teachers, and experts in the field, are 
presented and discussed in order to identify pros and 
cons of the issue, as well as the directions for further 
acting. Finally, some empirically based suggestions 
related to technical support in terms of software 
platform and tools for creating more interesting, 
engaging and inciting e-instructional materials are 
given, as well. 

Keywords – Web based e-learning system (WELS), 
Maritime higher education and training (MHET), 
Distance learning, E-learning tools. 
 
 
1. Introduction 

 
The education and training of seafarers should 

represent very responsible posts, and consequently 
appreciated ones. However, it is evident that in the 
world, at the level of national legislation, there are 
large differences in the interpretation of the STCW 
(Standards of Training, Certification and Watch 
keeping) Convention and its realization through 
teaching programs at MHET (Maritime Higher 
Education and Training) institutions [1], [6]. This 
causes the issuance of a large number of certificates, 
which do not correspond to objectively sufficient 
knowledge, skills and competencies of future 
seamen, that is, of those who may in the perspective 
educate the next generations of seafarers. This is, of 
course, a serious problem that could be overcome 
only by serious top-down approach and far greater 
investment in education and training (speaking here 
in national/regional terms). It is necessary to engage 
and motivate competent teachers in the field of 
theoretical teaching (education) of seafarers (people 
with academic titles and corresponding references), 

as well as, experienced (active) captains and officers 
in the field of practical teaching (training), then to 
establish active cooperation with referential MHETs 
in EU and worldwide, and also with reputable 
shipping companies that should provide students with 
the appropriate training onboard [9].  

All mentioned above is far beyond the scope of 
this chapter in which the authors would like to focus 
on one small segment related to the improvement of 
education of (future) seafarers by the implementation 
of web based e-learning. So, the following sub-
sections contain the discussion about the motives for 
the introduction of blended learning at the Faculty of 
Maritime Studies (FMS), University of Montenegro, 
and the potential benefits that students (including 
active and future sailors among them), then teachers, 
and consequently, the MHETs at which such kind of 
education is (shall be) realized, might have in the 
future. 

2. Background: Some key points 

 The Faculty of Maritime Studies of Kotor (FMS), 
which is a constitutive part of the University of 
Montenegro, has long lasting tradition being founded 
even in the medieval times, when captain Marko 
Martinović has his own nautical school for Russian 
feudal lords (in 17th century) in Perast, a little seaside 
town near Kotor (today Republic of Montenegro). 
Later on, this nautical school continues to exist in 
Kotor, and it still works as FMS, educating students 
and seamen for variety of both ship and port 
vacations.  

Graduated students can find employment in the 
agencies and firms which are focused on different 
maritime affairs. Although the tradition of nautical 
and maritime studies in general is long lasting and 
rich one in Kotor, and along the whole Montenegrin 
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littoral zone, the awareness of existing new and 
demanding requirements of the actual world living 
and working flows is necessary. Above all, this 
awareness is unavoidable since the current situation in 
Montenegro, in the sphere of maritime affairs, is not 
flourishing one. Accordingly, the management of the 
FMS recently came up to the idea of introducing web 
based e-learning environment for the needs of the 
students, especially seamen among them, and all other 
persons being interested in this mode of education 
and knowledge transfer. It is to be mentioned in this 
context that FMS, several years ago, has faced the 
necessity to adapt the curricula to the Bologna 
system, which recommends, among other things, 
presence of students at almost all classes during the 
semester. Though, if students are not present, or if 
they are usually absent from their classes, there is a 
risk that they will not pass the exams! - This is 
particularly case with students who have to sail, i.e. to 
work as seamen to earn their salaries, and to study 
simultaneously [2].  

 During the past few years, there were numerous 
requirements from their side to the FMS’s 
management to organize for them condensed courses 
several times a year, or to develop and offer them e-
learning educational modules. Consequently, the 
FMS’s management, in consultations with colleagues 
from some other height-educational institutions in the 
Region, decided to meet their requirements and in fact 
objective needs, and to develop and implement an 
appropriate study program supported by web based e-
learning system/resources [8],[9]. 

3. Perpetuators: Conducted e-learning projects 

 What caused developing e-learning instructional 
modules at the Faculty of Maritime Studies (FMS), 
University of Montenegro, are the enthusiasm of few 
teachers at the Faculty, including some colleagues 
from other HE institutions (University Mediterran, 
e.g.) and their desire to enrich traditional channels of 
knowledge transfer - are three projects briefly 
presented below. 

 Project 1: The first one is the Tempus project 
(2010-2013): "Enhancing the quality of distance 
learning at Western Balkan higher education 
institutions" (www.dlweb.kg.ac.rs).  The objectives of 
this project are: to improve the quality and relevance 
of distance education at Western Balkan higher 

education institutions and to enable easier inclusion of 
partner country institutions into European Higher 
Education Area. These implies the specific objectives: 
to improve, develop and implement accreditation 
standards, guidelines and procedures for quality 
assurance of distance education study programs 
according to EU practices at national level in Western 
Balkan (WB) beneficiary countries; to establish the 
framework for improving distance learning (DL) 
quality assurance and e-learning methodology on 
higher education (HE) institutional level in WB 
countries; to provide training for relevant members of 
HE educational and public authorities responsible for 
accreditation and evaluation of DL programs and 
trainers involved in DL from each partner country, 
etc. The project leader is University of Kragujevac 
(Serbia). Owing to this large project, University’s of 
Montenegro Center of Information System “set up” 
Moodle (1.9.4) server, what creates the opportunity 
for FMS to use its capacities in preparing and 
realizing web based educational activities. Through 
this project a few teachers and assistants from FMS 
also had opportunities to attend short training courses 
being dedicated to e-learning, several times, and to 
participate in discussion process along with the 
experts from EU in this domain. 

 Project 2: The second is the small project of 
bilateral cooperation realized between FMS and the 
Academy for New Media and Knowledge Transfer – 
ANMKT (University of Graz). This project entitled: 
“Developing an e-learning module at Faculty of 
Maritime Studies (Kotor, Montenegro) for the seamen 
educational needs” had as its main aim: conceiving a 
new web based educational program at FMS devoted 
primarily to the seamen (among the students) needs. 
However, this module should be used by all other 
potential users, besides seamen, who are interesting in 
such kind of acquiring knowledge. The University of 
Graz supported the project by bringing in perennial 
expert knowledge in novel e-based didactical methods 
and techniques. In return developed e-learning 
methods and tools were tested on the basis of a 
concrete case study. Within this project (2011-2013) 
experts from ANMKT transferred very useful 
practical skills on the use of Moodle Management 
Learning System (MLS) in the effective 
implementation of e-learning to the teachers and 
system engineers of FMS throughout several 
trainings.  

http://www.dlweb.kg.ac.rs/


TEM Journal – Volume 2 / Number 2/ 2013.                                                                                                                            199 
www.temjournal.com 

 Project 3: The third important project within this 
context is a follow-up of the previously mentioned 
project of bilateral cooperation between FMS and 
ANMKT. This project entitled: “Distant learning 
implementation at the Faculty of Maritime Studies, 
University of Montenegro, as the additional mode of 
education” aims effective implementing and 
developing of web based e-learning at the FMS as 
additional mode of knowledge transfer, devoted, 
again, primarily to the seamen needs. ANMKT was 
the partner in conceiving this e-based instructional 
module and through this project it will support its 
effective implementation. In the mean time, this e-
learning module has been accredited by the 
Montenegrin National Council for High Education, 
and the study program started officially in September, 
2012. This e-learning module is still implemented by 
Moodle platform, and currently it is available at the 
FMS’s web portal: fzp.moodle.ac.me/login/index.php.  

 The materials for some of the planned courses are 
uploaded at the platform, and they are currently 
available to the certain number of teachers and 
students who can test it on-line and suggest the 
improvements. In this second phase of the project, 
possibilities of enriching on-line resources by 
introducing audio/video/screencapturing records shall 
be considered, as well. The possibilities of extending 
this e-learning aid toward the mobile-learning one, by 
the Windows 7 Phone [12] and some other similar 
applications, for mobile devices like i-Phones, shall 
be considered as well. This project is approved and it 
will be realized within the ongoing two years period 
(2013-2014).  

 These three projects are in fact perpetuators of 
implementing and developing web based e-learning 
system and e learning resources at the FMS.  

4. Indicators: Results of the survey analysis 

From the beginning of the e-learning introducing 
and developing projects implementation at FMS, 
several surveys among the students (here e-learners) 
have been conducted in order to examine in a manner 
how their perceptions of the advantages and 
disadvantages of WELS correspond with the 
creators’ of the project(s) ones. In total, 110 students 
at the postgraduate level have been interviewed. 
Specifically, the students were supposed to identify 
the WELS advantages and disadvantages, according 

to their perceptions, among the offered options 
(Table 1).  

Advantages Disadvantages 
A1: The possibility of 
learning from home 
and working place 
(during the breaks) 
 
A2: Reducing the 
traveling costs and 
time saving 
 
A3: Easier access to 
the instructional 
materials 
 
A4: Possibility of self 
knowledge evaluation 
through on-line tests 
 
A5: Ability to 
communicate via the 
net with teachers and 
other candidates 
 
A6: More effective 
learning 

D1: Lack of direct 
contact with teachers 
 
D2: Inability to put a 
question, and get the 
answer immediately, 
when there is some 
ambiguity in knowledge 
transfer 
 
D3: A nonstandard form 
of learning that requires 
a strong will, self-
discipline, and high 
level of concentration 
 
D4: Some exams are 
taken on-line, which is 
sometimes stressful, due 
to limited time, and 
present fear if the 
technique will/will not 
function properly 

Table 1. WELS’s advantages and disadvantages. 

What is indicative, more than 50% of the 
respondents agreed that the suggested advantages of 
WELS: A1, A2, and A3, are “indeed” benefits of 
WELS, as it was assumed by the creators of the 
system (Fig 1).  

 

Figure 1. Number of e-learners who opted for the offered 
WELS’s advantages. 

On the other side, among the disadvantages of 
WELS, more than 50% of respondents identified 
only predefined disadvantage D2 as “real” 
disadvantage (Fig 2). How the obtained results can 
be interpreted? - Most of the surveyed students are 

http://fzp.moodle.ac.me/login/index.php


200                                                                                                                                         TEM Journal – Volume 2 / Number 2/ 2013. 
      www.temjournal.com 

still not convinced that the possibilities of self-
controlling learning process, learning community 
activities, and more effective learning are the 
advantages of the WELS (A5 and A6 are lower than 
50%). What does it imply? – It implies that students 
should be convinced into these WELS benefits, i.e. 
more intensive communication to the teachers and 
among the students themselves should be enabled, as 
well as more interesting and inciting self evaluation 
tests and educational games, etc. Consequently, the 
learning outcomes and the e-learners’ satisfaction 
level should be greater.  

 

Figure 2. Number of e-learners who opted for the offered 
WELS’s disadvantages. 

If we analyze further the supposed disadvantages 
of WELS, the e-learners do not see as big problems: 
on-line testing, need for a strong self motivation, and 
lack of direct contact to the teachers, otherwise 
offered through the traditional classroom 
teaching/learning. But, what e-learners really need is 
undoubtedly more frequent consultations with the 
teachers, in accordance to one-to-one knowledge 
transfer approach, or more intensive teacher 
(supervisor)-student interaction. The last concluded 
directly corresponds to the previously identified 
disadvantage D2. On the other hand, by achieving the 
greater synergy on this relation, the WELS will give 
better results due to uprising learning effectiveness. 
Since this is only a preliminary study, it is to be 
extended throughout the future research activities 
planed by the authors, with the aim of scanning e-
learners’ satisfaction, and concerning the directions 
toward increasing the overall effects/outcomes of 
WELS based learning process. 

In order to obtain as complete as possible feedback 
in the current moment on the realized WELS, besides 
the surveys among the students of the specialist 
studies at the FMS, one survey is conducted among 
teachers at the FMS and experts in developing new 
IT-supported didactic methods from the ANMKT. 
The poll conducted among the teachers and the 
experts has been based on the well-known and in 
literature extensively used Saaty’s AHP (Analytical 
Hierarchy Process) method and the author’s previous 
research papers [3],[5]. This approach enabled us to 
rank some WELS features, which have been in the 
context of this study identified as important ones 
(Table 2).  

The ranks are determined by the values of 
normalized average weight coefficients being 
previously calculated for each considered criteria [3], 
i.e. WELS feature. Certainly, the readers should not 
be limited by them in the sense that it is here 
underlined the need for further, more extensive and 
rigorous research in this domain. 

Rank Feature 

1 
Availability on-line and high 
quality of all necessary materials 
for preparing the exam in a subject 

2 
Stability and speed of the Internet 
connection (what is not always the 
case at the sea and in some ports) 

3 
The existence of the tests for self 
evaluation of the acquired 
knowledge 

4 
Possibility of regular 
communication with teachers via 
forum, chat and/or e-mail 

5 
Possibilities of doing and 
evaluating tests and final exam on-
line 

6 Conducting regular students’ 
surveys 

Table 2. The rank of the analyzed WELS features by AHP 
approach, on the basis of the survey among experts 

(ANMKT) and teachers (FMS). 

The obtained ranks of in the paper analyzed 
WELS features could be qualified in following 
manner: 

The teachers and the experts involved in this 
research assigned numerically by the largest marks, 
and gave consequently the greatest importance in the 
qualitative sense, to the availability on the web of the 
instructional materials (which implies their 
appropriateness and quality); 
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 In the second place, they positioned stability of 
Internet connection, which is understandable, since 
here examined WELS is devoted mostly to the 
seafarers. Namely, it is often not possible to establish 
Internet connection on the vast sea, or it is usually 
unstable. Another interpretation should be that the 
teachers and the experts consider a stable Internet 
connection fundamental pre-condition for WELS 
establishing; 

 On the third position is the availability of tests for 
students’ (here mostly seafarers’) self-evaluation 
during the process of acquiring knowledge, what is 
also a very important segment of e-learning, which 
indirectly should involve the existence of smart 
educational games, as well; 

 The fourth position is reserved here to the 
possibilities for the students to communicate to 
teachers via forum, chat, e-mail, etc, which is of 
course very important segment of e-learning, but it is 
sometimes difficult to achieve this due to the 
previously mentioned problems with Internet 
connection and its stability at the sea (and sometimes 
in the ports). On the other side, teachers are usually 
too busy, and they are practically sometimes 
physically prevented to devote more time to the 
communication to students; and, 

 At the lowest positions are WELS technical 
possibilities of doing exams on-line, and conducting 
regular on-line (or classical) surveys among the 
students, related to their degree of satisfaction with 
offered e-learning services, respectively. This is 
understandable, since the Internet as an open 
communication channel is not perfect for testing 
students on-line. In addition, even surveys conducted 
among students are very important, in comparison 
with the previously considered components of e-
learning they are for sure slightly less important. 
However, this does not mean at all that they should be 
ignored. 

This conducted survey reflexes profoundly very 
subtle nuances in mutual positions of the analyzed e-
learning features, and it remains us to associate them 
to the high degree of expertise and sensitivity of the 
responders in this domain [3]. 

Further analysis should be directed toward 
evaluating e-learners’ satisfaction with offered WELS 

and this will be realized by multi-criteria evaluation 
technique based on Saaty’s AHP [11],[14],[15]. Since 
the large number of respondents is necessary for 
conducting such analysis, the possibility of involving 
some other institutions that offer WELS shall be 
included. Namely, a large number of responders is a 
kind of guaranty that the survey will be successful 
and reliable, i.e. that the largest number of responds 
will be consistent in accordance to the Saay’s AHP 
method requirements. 

5. Technical components: Choosing right tools 
for creating e-learning resources 
 

On the basis of the above presented rank of the 
analyzed WELS features, it becomes evident that the 
availability and quality of the instructional materials 
are rated as the most important factors by teachers 
and experts in WELS. Undoubtedly, the quality of the 
instructional material is one of the key factors for 
successful implementation of WELS. Since the 
appropriate IS/IT solutions and tools are necessary in 
their creating, in this part of the chapter is given a 
short overview of some available up-to-date software 
tools for creating interesting and engaging 
instructional WELS materials, along with the 
recommendations, based mostly on the authors’ 
experience, which of them is the most appropriate for 
certain application. 

 
Today, there is a quite large offer of different 

proprietary commercial and freeware application 
software which can be used for producing:  
- Audio: Audacity, NCH Wave Pod, Adobe Audition, 

Cubase Steinberg, Logic Studio, Kristal Audio 
Engine, etc.;  

- Video: Windows Movie Maker, Adobe Premiere, 
Avidemux, Magix Video, Video Spin, AVIedit, 
etc.; and, 

- Sreencapturing: Adobe Capticate, Capture Fox, 
Camtasia Studio, Jing, ActivePresenter, BB 
Flashback, BB Flashback Express, ScreenPresso, 
VirtualDub, etc. 
 

Web can be used as a resource for further search 
[16],[17]. Though, there are large number of software 
tools available on the market, proprietary 
commercial, as well as, freeware and shareware. Of 
course, there is also a difference concerning the 
available functions but it is definitely possible to 
produce up to professional results with selected 



202                                                                                                                                         TEM Journal – Volume 2 / Number 2/ 2013. 
      www.temjournal.com 

freeware software. The following recommendations 
can be done according to the authors’ experiences. 

 
 The open source software Audacity is the most 
powerful freeware tool for audio editing. It offers 
various effects and analyzing tools for the signal 
processing, e.g. powerful noise reduction (even 
adaptive noise reduction) and dynamic processing as 
well as equalizing, multi-track editing for 
sophisticated mixes and of course supports recording 
from any microphone or signal source connected to 
the computer. Professional commercial audio editing 
software mainly aims at professionals like sound 
engineers or sound designers. These professional 
tools provide further interfaces to audio hardware 
and various 3rd party plugins for high end audio 
editing; 
 In the field of video editing it is the freeware 
Lightworks that offers the most functions and editing 
tools. Even commercial movies have been cut and 
produced with that software but however it is not 
especially designed for beginners, so it requires time 
to get familiar with the production workflow. A more 
intuitive way and therefore more appropriate for 
beginners is the Windows Movie Maker (last built 
version is No. 12). It does support most of the latest 
video formats and has also build in effects to make 
transitions and/or color effects and animated titles. It 
also supports most picture formats so that the 
producer can combine still and moving pictures in 
the project. Background sound or speech can be 
added and mixed; 
 Screenrecording tools have become very popular 
as it is very easy to make engaging tutorials or 
presentations of what is happening on the monitor. 
The freeware tools Camstudio, Jing and 
AutoScreenrecorder offer the general possibility to 
record the screen but do also include restrictions 
which can be watermarks, a limited time for 
recordings or not supported audio recordings along 
with the screenrecording. Also the choice of output 
formats is limited in freeware tools;  
 Two market leaders offer a professional tool that 
combines the above mentioned types of recording: 
Adobe Captivate, and Camtasia Studio. Camtasia 
Studio lets the user create professional 
screenrecordings, including other media like pictures, 
movies or sound. The footage can be arranged in 
multi track layers, with additional zoom or pan 

effects as well as highlighting options you can 
increase the professional look of the production [4]. 

 
When we talk about to the technical dimensions 

of the issue, it is of course to be noted that the 
implementation of web based e-learning szstem at 
the FMS has been based on Moodle platform (1.9.4). 
Moodle is an open source course management 
system, also known as a learning management 
system or a virtual learning environment. It can be 
relatively easily used by teachers for creating online 
dynamic web sites for students. It is very sound tool 
to manage and promote learning. Some institutions 
use it as the platform to conduct fully online courses 
while some use it simply to augment “face-to-face” 
courses, i.e. as blended learning, what is in fact the 
case of the FMS as a MET institution. In other 
words, Moodle is used to support and combine “face-
to-face” interaction with e-learning, mobile learning 
and other forms of learning [13]. Since the currently 
released version of Moodle is 2.4 it has to be 
explained why at the FMS there is still a rather old 
version of the platform in use. When Moodle was 
installed at the FMS release 1.6 was the current 
version. This version was regularly updated until 
version 1.9.4. Since the program surface of Moodle 
rather changed with the release of Moodle 2.x FMS 
decided to stick to the older version. Mainly this is 
due to two reasons: (a) teachers and students are used 
to the look and feel of the 1.9.x versions and it 
seemed problematical for them to grow accustomed 
to a new surface especially at an early stage of 
working with the platform, (b) and the installation of 
Moodle 2.x demands an enhanced technical 
environment which is not totally available at the 
FMS at the moment [3]. 

 
6. Conclusions 

 
Within this chapter considered efforts over 

introducing/developing e-learning resources at the 
FMS should improve the overall educational quality 
standards at MHETs in the region of Balkans. 
However, the need for greater investment in 
seafarers’ higher education in terms of personnel and 
infrastructure is indisputable. The networking is also 
very important, and not “networking just for 
networking”, but a real one is necessary, being based 
on professional cooperation (on the EU and global 
level) among the MHET institutions, through more 
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intensive exchanges of teachers and students for the 
sake of mutual enrichment of knowledge and 
implementation of joint projects. It is necessary to 
establish permanent connections with the maritime 
industry, e.g. shipping companies interested in 
providing practical training onboard ships, as well. 
The national legislation has to be modernized in the 
sphere of higher education in terms of recognition 
and proper interpretation and implementation of the 
STCW (Standards of Training, Certification and 
Watchkeeping) requirements in terms of faster 
deployment of virtual learning as a supplement to the 
traditional education and training of the seafarers. 
The newest STCW Code amendments concern and 
recommend the introduction of modern training 
methodology including distance learning and web-
based learning in seafarers’ knowledge acquiring and 
upgrading. Within this context, it should not be lost 
the sight of the fact that STCW Convention itself 
(see for more data: “The Manila Amendments”, 
Chapter II, Section B-II/1, Paragraph 14, 2010) calls 
(besides training) for a proper education - as the 
foundation of successful training and acquiring 
competences. 
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    Abstract - This paper presents a pedagogical 
experiment wichh was conducted in three departments 
socio-linguistic direction in which experiment is the 
central part of the topic and realized by IBSE (Ingury-
Based Science Education) method. The first section is 
done was working by IBSE method, the second 
instruction was supported with demonstration 
experiment and multimedia contents, while in the third 
teaching was organized by a classic method. The 
research results are expected and the first department 
showed a statistically significant increase in the 
quantum of knowledge. 

Keywords – IBSE method, Pedagogical experiment 
 
1. Introduction 
 

       For teaching science was created IBSE (Inquiry-
Based Science Education) method, is a method where 
students who are involved in it do not know the 
answer to a question or problem that has been studied 
[1]. It means that students progressively develop the 
key scientific ideas through learning how to explore 
and develop their knowledge and understanding of 
the world around them. At the same time then use the 
skills used by scientists and scientific method [2], ask 
questions, collect data, reason and question the data 
obtained in accord with what is already known, draw 
conclusions and discuss the results. 
Implementation of IBSE methods in teaching physics 
in terms of real class-system of teaching in the school 
caused the authors to design a class that primarily 
needs to be well organized in time. This includes all 
required structural and methodological parts at the 
lesson: repetition, introduction, and the final part of 
the class, with outstanding goals, objectives, methods 
and modalities [3]. The idea of introducing lBSE 
methods in the classroom as an effective learning 
methods in physics, with emphasis on time 
experiment wich is a central part of the content-
themes include the following: first, the organization 
of the lesson focused on the experiment, the second 
the active participation of students in it, and third, the 
motivation of students with modern teaching aids, so 
that the results of the measurements and data 
processing can be seen instantly and discussed in 
class, and finally go back to, discuss and ask; Fourth, 
determine the knowledge through homework; Fifth, 

the selection of a representative experiment for the 
topic sixth, identifying - evaluating whether the 
lesson is through! So that's the plan, which is now 
called the teaching scenario, and before preparing for 
a lesson class. The main disadvantage of scenario is 
that it is intended for processing new materials class 
so that all students can not participate in the 
experiment due to limited time, the number of 
equipment or space. The advantage is that, during tne 
next class, other students wil perform the experiment. 
 
2.  Pedagogical experiment 
 

     The introduction of IBSE method has been 
justified by pedagogical experiment with has been 
determineted with parallel groups. The sample 
consisted of three classes with a total of 90 students 
from the third grade social-linguistic direction of the 
grammar school. Checking of the consistency group 
has been based on grade point average overall and 
achievement in physics. The control group (C) was 
first class. Topic Mathematical pendulum is treated 
classically, in our schools-the most widespread 
method of transmission, where the teacher talk and 
the students listen to the story (the transmission and 
reception of knowledge) and teaching tools are 
blackboard and chalk. [5] In the experimental group 
1 (E1), the second section, the experimental factor 
was teaching at IBSE method implemented in the 
scenario. In the experimental group 2 (E2), the third 
section, experimental factor  is teaching supported 
with demonstration and multimedia experiment [6-9]. 
At the end of the study  final measurement of 
students in all three groups is done. Measuring 
instrument was a test. 
       The aim of this study was to determine whether 
the lnquirer teaching method increases the quantum 
of students' knowledge, on which the tasks are 
defined, was formulated zero  (IBSE method does 
not affect the quantum of student learning groups are 
equal) and alternative (lBSE method increases the 
quantum of knowledge students - There are no 
statistically significant differences between groups) 
hypothesis; and then it was tested. For processing the 
results of research descriptive statistics and its 
parameters. To determine the statistical significance 
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of the test results between groups analysis of 
variance (ANOVA) was used; a as  group and Tukey 
as individual test [10]. 
 
3. Results and Discussion 
 

       Descriptive statistics of the final test showed that 
the quantum of knowledge E1 was the largest, 
followed by E2 and C group. The values of the 
descriptive statistical parameters that indicate this 
fact are given in Table 1: 
 

Group AS SD SE CV Min Max 
Control 17.35 3.15 0.7823 18.16 12.00 26.00 
E 1 24.75 2.68 0.6773 10.83 19.00 30.00 
E 2 22.15 2.88 0.6686 13.00 17.00 28.00 
A - mean, SD - standard deviation, SE - standard error of the 
mean, CV - coefficient of variation and (min, max) - interval of 
variation 

 

Table 1. Descriptive statistical parameters of the final test 
 

       Analysis of the descriptive statistical parameters 
for the final test showed that the value of the points 
E1 was the largest, 24.75 points with a standard 
deviation of 2.68. The minimum number of points in 
group C: 17.35 ± 3.15.  The coefficient of variation 
was 18.16%, which is the highest value of this 
parameter and it is a consequence of the large 
interval of variation (14 points). Coefficients of 
variation of E1 and E2 amounted to 10.83% and 
13.00%, and they are the lowest compared to all 
tested parameters, the data were homogeneous, and 
the intervals of variation in both groups totaled 11 
points. 
      Based on the results of the final test, we can say 
that a high quantum of knowledge was in E1 and E2 
in comparison to the C group of students. E1 
(82.50%) and E2 (73.83%), there is the difference 
between in the quantum of knowledge. Higher 
quantum of knowledge E1 compared to E2 can be 
explained by the fact that it IBSE method was 
introduced. 
 

Graphic knowledge in the% on the final test is shown 
in Figure 1: 

 
Figure 1. Quantum of knowledge of the students AS% of 
final test 

The differences in the groups final test is given in 
Table 2: 
 

Group AS E1 E 2 Control 
E 1 17.35 / 1.60 6.55 * 
E 2 24.75 / / 5.30 * 
Control 22,15 / / / 
* P <0:01 - coefficient significance 

 

Table  2. The differences 
 
      The significance of differences between the 
groups were determined by completely random plan. 
The calculated F value (23.42) implies the existence 
of a significant difference (p ≤ 0.01) between the 
groups. The significance of differences between 
experimental groups was determined individually by 
Tukey test. This test found highly significant 
difference (p ≤ 0.01) between K and E1 (6.55), and K 
and E2 groups (5,30). The assumption of equality of 
E1, E2 and K groups of students can not be accepted, 
which means that the work of the lnquirer method 
has an impact on the learning process of teaching 
contents and quantum of knowledge. Among the 
other groups in the experiment there was no 
significant differences (p ≥ 0.05). 
 
 

4. Conclusion 
 
       We can conclude from the analysis of the 
research results that the alternative hypothesis, IBSE 
method increases the quantum of the students 
knowledge there were statistically confirmed 
significant differences between the groups; it is 
confirmed that the application of IBSE method and 
even when the experiment was a central part of the 
topic - of the content, the quantum increases of the 
students' knowledge as such a method is effective, 
and we recommend to the teachers! 
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1. Introduction 

 
In order to affect high quality of Papers, the 

authors are requested to follow instructions given in 
this sample paper. Regular length of the papers is 5 
to 12 pages.  
 
 
2. Instructions for the authors 

 
Times New Roman 11 point’s font should be used 

for normal text. Manuscript have to be prepared in a 
two column separated by 5 mm. The margins for A4 
(210×297 mm2) paper are given in Table 1. 

 
Paper size A4  
Top margin 20 mm  
Bottom margin 20 mm  
Left margin 20 mm  
Right margin 18 mm  
Column Spacing   5 mm  

Table 1.  Page layout description 
 

     Regular paper may be divided in a number of 
sections. Section titles (including references and 
acknowledgement) should be typed using 11 pt fonts 
with bold option. For numbering use Times New 
Roman number. Sections can be split in subsection, 
which should be typed 10 pt Italic option. Figures 
should be one column wide. If it is impossible to 
place figure in one column, two column wide figures 
is allowed. Each figure must have a caption under the 

figure. For the figure captions 10 pt font should be 
used. 

 
Figure 1.  Text here 

 
3. Conclusion 

 
     Be brief and give most important conclusion from 
your paper. Do not use equations and figures here. 
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