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Selecting parameters for lathe machining: a
multiple objective approach
Helder Gomes Costa
Universidade Federal Fluminense, Escola de Engenharia, Niteroi, RJ, Brazil.

Abstract
The problem of selecting machining parameters is a relevant one. There are some models that
deal with selecting the optimal parameters for machining. A question that arises in this scenario is
that one could wish to take into account multiple
objectives, while searching for an optimal solution. This paper presents a methodology for selecting optimal parameters for lathe machining under
a multiple objective viewpoint. Specifically, the
feed and cutting speed are the parameters selected
as independent variables, and cost and time are the
aspects that compose the multiple objective function. The proposal takes previous optimization
models for minimizing cost or time of production,
and uses an additive aggregation of them, where
these functions are balanced by weights that are
generated trough an AHP multicriteria approach.
Key words: machining, decision support, multiple objective programming
1. Introduction
As reported in authors such as, machining is
one of the most common and relevant manufacturing processes in the industry. The machining
involves decisions about parameters such as feed,
velocity, nose angle, deep of cutting and cutting
tools among others. If these parameters are not
well chosen it can cause problems and generate
damage, delays, rework, waste of time and money
and many other production resources.
Hitomi [1] proposed two objective functions:
for selecting the parameters for machining: one
for minimizing the costs, and the other for minimizing the machining time. However, there are
situations when the decision-maker whishes to
adopt an intermediary solution that encompasses
a combination between the minimization of cost
and the minimization of time.
Volume 9 / Number 2 / 2014

Costa [2] developed an alternative modeling for
the selection of machining parameters, based on a
multiobjective approach. Costa’s model mixed the
concepts of Multicriteria Decision Aid (MCDA)
with a mathematical programming approach, by using the Analytical Hierarchic Process (AHP), proposed by Saaty [3], for the elicitation of weights to
be adopted in the composition of a multiobjective
function to be solved by optimization techniques.
Despite Costa’s model being close to completing 20 years old, it is still relevant. This assumption was checked trough a deep search in
bibliographical and patent databases, carried out
through recognized indexation systems (ISI Web
of Knowledge, Scopus and Engineering Village
and Scielo – that cover an important range of journals published in Spanish or in Portuguese).
In this article, ite is described a synthesis of the
approach developed by [2] for selecting the feed and
the cutting speed, in lathe machining operations.
2. Mathematical modeling in lathe machining
[1] proposed the following mathematical models to be applied to calculate the cost ( u ) and time
( t ) per unit of production, in the context of machining :
u = umc + kl t p + ( kl + km )

l0

sv

+ ( k l t c + ki )

l0 ( 1 n −1) ( 1 m −1)
v
s

C0

0

0

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

t = tp +

l0

sv

+ tc

l0 ( 1 n −1) ( 1 m −1)
v
s

C0

0

0

......................................... (2)
where:
v1 n0 s1 m0 T = C0
kl = kd+ ki
In these equations:
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–– t represents the time for producing a unit, tp
the machine setup time, tc the time of tool
change, and T is the lifetime of each cutting
edge of tool.
–– l0 is an auxiliary variable, D and L represent
respectively the diameter and the length, v,
s e C are respectively, the cutting speed, the
feed and a constant for which the tool would
have a useful life equal to T ; n0 and m0 are
exponents of a modified Taylor equation ,
and p is a constant (p= 3.141596 ) ;
– umc ($/piece) is the unitary cost with
feedstock; kd ($/min) direct labor costs; miles
($/min) indirect costs related exclusively to
the machine ; ki ( S/min) other indirect costs
and, kt ( $/edge ) the cost of a cutting edge
of the tool .

sv ≤ 4500

where k is the specific resistance against cutting and D is the diameter of the work, and h is the
efficiency of the machine.
2.1 Minimum production cost optimization
As reported in [1], equation (1) can be rewritten in the form of equation (6), once one does the
following change of variables:
y1 =

a1 =

The following constraint conditions are applied
to both equations (1) and (2):
a) the feed (s) needs to be smaller than the
largest available on the machine (smax).

b2 =

s ≤ smáx
b) the feed (s) must be such that, after machining
the surface roughness should be lower than
that specified in the design of the part (Rmax).
That is:
s ≤ s p = 8 RRmáx
where R is the nose radius of the tool tip, and
sp is the breakthrough for which we get the roughness R. From (a) and (b) it follows that:
.......................... (3)
c) cutting speed must be below the higher
available in the machine
v < vmax ................................... (4)

d) the power required from the engine must not
exceed the rated or nominal power available in the
machine this (Pnom).
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Pnom
h ........................... (5)
Dk

(k

u

+ km ) l0

l

(k t

(k

l c

l

+ km ) C0

(k t

(k

l p

l

+ ki )

+ mc

)

+ km ) l0 ;

n = 1 n0 − 1 e m = 1 m0 − 1

y1 = b1 +

1
+ a1v n s m ........................ (6)
sv

Therefore, equation (7) shows the model that
minimizes the production costs is:
(min) y1 = b1 +

1
+ a1v n s m ................... (7)
sv

Subject to:
s ≤ min( smáx , sa )
v < vmax
P
sv ≤ 4500 nom h
Dk
One can note that the problem is reduced to
finding out the values of feed (s=s1*) and velocity
(v=v1*) that satisfy the constraints and that minimize
the objective function (y1). These values also minimize the production cost calculated by equation (1).
Volume 9 / Number 2 / 2014
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2.2 Minimum production time optimization
[1] proposes that equation (2) can be rewritten
as equation (8), since it considers the following
changes of variables:

y2 =

a2 =

b2 =

t

l0
tc
C0
tp

l0

n = 1 n0 − 1
m = 1 m0 − 1

y2 = b2 +

1
+ a2 v n s m ........................ (9)
sv

The optimization model that minimizes the
production cost takes the following form:

(min)y2 = b2 +

1
+ a2 v n s m ................. (10)
sv

Subject to:
s ≤ min( smáx , sa )
v < vmax
P
sv ≤ 4500 nom h
Dk
Thus, similarly to the reasoning adopted in the
previous section, the problem is reduced to finding the values of feed (s=s2*) and velocity (v=v2*)
that minimize the function (y2) and satisfy the constraint equations. These values also minimize the
production time (according to equation (2)).
3. Result: a multiple objective approach for
selecting lathe machining parameters
[2] proposed a multiple objective function y0,
where equation (11) should be seen as a weighted
Volume 9 / Number 2 / 2014

balance between the objective functions y1 and y2
shown in equations (8) and (10) respectively.
(min)y0 = l1 y1 + l 2 y2 ......................(11)
Subject to:
s ≤ min( smáx , sa )
v < vmax
P
sv ≤ 4500 nom h
Dk
where l1 and l2 are, respectively, the weight of
the objective functions y1 (minimum the time) and
y2 (minimizes the cost). This weighting is possible
since y1 and y2 have the same dimensional units and
the constraints in models (8) and (10) are the same.
Values of l1 and l2 must meet the decision
maker needs, so that their definition stays in a subjective context. In a seminal way, [2] employed
the AHP for the elicitation of l1 and l2. In that
work, Costa has adopted the following criteria to
generate the weights l1 and l2:
– Client skills;
– Production Scheduling,
– Cash flow;
– Organization’s Image; and,
– Perspectives about the market.
The choice of AHP was because this method
makes possible to evaluate the coherence degree
of the subjective evaluations done by the decision
maker.
It is interesting to observe that in Costa’s proposal the rank reversal, a problem that can occur while using AHP for establishing ranking or
choice, is not possible to occur. This assumption is
because in Costa’s modeling AHP is used only for
eliciting distribution of priorities or the weights of
of l1 and l2, being not used for establishing any
kind of ranking.
It follows the results, in terms of mathematical formulation, for selecting the feed and cutting
speed under the proposed modeling viewpoint.
Optimum feed: Solving the models shown in
equations (8) and (10) one can observe that optimum feed value is independent of the optimization criterion (minimum time or minimum cost),
251
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and is equal to the maximum feed available in the
machine. That is:
s1* = s 2* = S max
Thus, the optimum value for the feed (s*) under a multicriteria viewpoint is independent of the
values of l1 or l2.

s * = s1* = s 2* = S max
Optimum Cutting Speed: combining equations
(8), (10) and (11), we obtain the equation (17), that
express a multiple objective function that ponders
(though the weights l1 and l2) the intentions to
minimize cost (y1) and time (y2).
1
1




y0 = l1b1 + + a1v n sm  + l2 b2 + + a2 v n sm ........ (12)




sv
sv

The following steps should be made in order to
minimize y0:
*
a) Replace s by s in equation (12), yielding
the equation (13)
1
1




y0 = l1b1 + * + a1v nb m  + l2 b2 + * + a2 v nb m  ......... (13)




sv
sv

b) Find out the partial derivate of equation
(13) with respect to the variable v, yielding
equation (14):

∂y0
l +l
m
= − 1 * 2 2 + ( l1a1 + la2 ) n( s* ) v n −1......... (14)
∂v
sv
c) Get the value of v (v3) that turns the equation
(14) equal to zero

∂y 0
l +l
m
= − 1 * 2 2 + (l1 a1 + la 2 )n(s * ) v n −1 = 0
∂v
s v
−

l1 + l2
* 2

sv

l1 + l2
s*

+ ( l1a1 + la2 ) n( s* ) v3n −1 = 0
m

= ( l1a1 + la2 ) n( s
1 ( n +1)

 l +l 
v3 =  *1( m+1) 2 
s
n
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(la

1 1

)

* m

+ la 2 )

v

n +1
3

−1 ( n +1)

=0

.......... (15)

Thus, the optimum value of value of v (v=v* )
is obtained by combining this result with the constraint presented in equation (2). So that:

v * = min( v3 , vmax )
4. Conclusion
The mathematical model described here extends the work of Hitomi (1989)[10] and allows the
decision maker to calculate the optimal values of
feed and cutting speed, under a multiple objective
viewpoint.
Without loss of generality, the paper proposes
the use of AHP for the definition of the values of
l1 and l2.
The choice of AHP increases the capability to
detect incoherencies, that could exist in subjective
judgments, and does not is susceptible to ranking
reversal problem – since it is not used to build a
ranking, but to identify the weights for the multiple objective functions.
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Abstract
This paper presents a five months Action-Research project developed in the context of a lean
production implementation initiative in an elevators company. The project consisted in (i) analysis
and diagnosis of two productive areas of the company’s production system and (ii) development and
implementation of improvement proposals based
on lean production tools and techniques. The sectors involved were the metal-mechanic area and the
final assembly of the elevators doors. Improvement
proposals were developed and implemented, based
on SMED, 5S, Visual Management and Standard
Work. The main results achieved were the reduction
of time spent on setups, work-in-process, defects
and distances travelled by operators, along with the
standardization of some production processes and
the improvement on the production system’s organization. The economic impact of these improvements was a gain of approximately 3,143.39 €/year
for one sector and about 2,475.66 €/year for the
other. These results reinforce the importance of the
company’s lean initiative.
Key words: Action-Research, Lean Production,
SMED, 5S, Visual Management, Standard Work
1. Introduction
With market globalization and customers’ evergrowing demand, companies must become more
competitive and able to rapidly adapt to new and innovative trends. To achieve this, they need more efficient production paradigms. In this context, Lean
Production appears aiming to systematically identify and eliminate all kinds of waste in a continuous
improvement process. This organization model has
its origin in the TPS – Toyota Production System
[1] and allows the creation of value by the manufacture of quality products with minimum lead times,
Volume 9 / Number 2 / 2014

improving the company’s flexibility and competitiveness [2-4]. [5] also add that Lean Production is
evidenced as a model where people assume a role
of thinkers and their involvement promotes the
continuous improvement and gives companies the
agility they need to face the market demands and
environment changes of today and tomorrow. [6]
defined five principles that underpin Lean Production: (i) create value for the customer, (ii) identify
the value stream, (iii) create flow, (iv) produce only
what is pulled by the customer, and (v) pursue perfection by the continuous identification and elimination of waste. When these principles are correctly
applied, they can be considered as the “antidote for
waste”. [1] and [7] identified seven major types of
waste that can occur in a production system: (i)
overproduction, (ii) inventory, (iii) transportation
(materials), (iv) motion (persons), (v) waiting, (vi)
over-processing and (vii) defects.
In terms of practical implementation, the Lean
Production paradigm provides a vast range of tools
and techniques (e.g. Single-Minute Exchange of
Die - SMED, 5S, Visual Management and Standard Work) that can be applied by organizations to
improve their performance. The SMED methodology is a theory and a set of techniques that make
possible the execution of the equipment’s setup
and changeover operations in less than ten minutes
[8]. 5S is a tool that aims to ensure organization
and cleanliness of the workspace in order to create
a healthy environment and increase productivity
[9]. Visual Management is a simple tool where the
language used is accessible and easily understood,
allowing the operators’ autonomy [10] and the assistance of production processes’ control, preventing errors and waste. Standard Work consists of a
set of work procedures that aims to establish the
best methods and work sequences for each process and for each worker [11]. Lean Production is
being successfully implemented in many kinds of
253
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companies from industry and services all over the
world [12-24].
The project described in this paper was developed in an elevators company, that implements
lean since 2010, targeting the mechanical transformation sector and the doors’ final assembly sector.
The main objective for the mechanical transformation sector was the reduction of the setup time of a
press machine by applying the SMED methodology, aiming the reduction of lot size, WIP and planning horizon, as well as the standardization of the
setup process. For the doors’ final assembly sector,
the main objective was to increase productivity and
flexibility by reducing wastes, involving, among
other production organization aspects, the creation
of work standards for the manual workstations, rotation plans for the workers and documentation of
components and tools. SMED, Standard Work, 5S
and Visual Management were the tools applied.
The work developed followed the Action-Research methodology and was undertaken by two
researchers, Industrial Engineering master trainees, each one dedicated to one of the referred production sectors.
2. Research methodology
The project was developed using the ActionResearch methodology, which is characterized by
an active involvement of the investigator [25]. The
Action-Research methodology has six characteristics that distinguish it from the others: future-oriented, collaborative, implies system development,
generates theory based on action, independent and
contextual [26]. It has an iterative five stage-cycle:
(i) diagnosis, (ii) action planning, (iii) action taking, (iv) evaluation and (v) learning specification.
Thus, following the first stage, the diagnosis of
the current status of the production system was

conducted. This involved documents’ analysis, interviews to workers and managers, gemba observation (including identification of the production
flow, operations on each workstation, ergonomic
conditions, etc.) and procedures’ video-recording.
Several tools were used, namely: ABC analysis,
sequence diagram, cause-effect diagram, spaghetti diagram and skills’ matrix. The conducted
analysis led to the identification of problems and
wastes, and, evaluation of important indicators
such as work-in-process (WIP), takt time, cycle
time, setup time, lead time, number of defects,
distances traveled by people and materials, productivity, skills of operators, among others.
In the action planning stage improvement proposals were specified, involving the application of
the lean tools 5S, Standard Work and SMED. An
action plan was created in order to enable the appropriate implementation of each proposal.
In the evaluation stage, the results gathered after the proposals implementations were analyzed
and discussed.
Finally, the last stage, aims to identify the main
lessons learnt with the project and to reflect about
them.
3. Industry application
This section presents a brief characterization of
the company, emphasizing the two productive sectors involved in the project. Then, it describes the
project developed according the Action-Research
methodology (section 2). The company manufactures and assembles standard or customized elevators (approx. 800 elevators/year) and employs 375
workers. An elevator is a complex product composed by more than 10,000 components. The production area occupies two buildings and comprises
nine productive sectors (P01, P02, P03, P04.1,

Figure 1. Company layout of building 2
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P04.2 and P05 on building 2, and, P04.3, P04.4 and
P06 on building 1). After a first lean implementation conducted on building 1, the company has decided to proceed to the sectors of building 2. This
paper refers only to the work developed in building
2, whose layout is represented in Figure 1.
The sectors selected by the company for this
project were the mechanical transformation sector (P01), due to the machines’ high setup times,
and the doors assembly sector (P04.1) due to the
high irregularity of the operations. The first sector
is critical because it supplies components for all
the other sectors.
3.1. Diagnosis
3.1.1. Mechanical transformation sector
The mechanical transformation sector of the
company occupies about 1/3 of the total shop floor
area. It has 24 workers and 14 machines, responsible for multiple processes such as cutting, punching and bending. Figure 2 shows the layout of this
sector and the materials flow in a spaghetti chart.
A detailed study of setup processes was conducted on three machines: press machine, punching machine and bending machine, as they presented the higher setup time, but, due to space

limitations, only one case will be described. The
mechanical press machine (dashed red circle in
Figure 2) was chosen because almost all material
it supplies goes to the doors assembly sector. The
press machine produces small parts and, depending on the type of part, involves different processes
(cutting, drilling, stamping and bending). It works
one shift, with a single operator, and stays inactive during the second shift. The utilized dies, in a
total of 84, are located in nearby shelves and the
operator uses a car with a platform to carry them.
To select the setup process to be analysed, an
ABC analysis was performed. The chosen product was the second in the rank, representing 7% of
the company’s production, because: (i) it is more
complex than the first product in the rank (requires
three setups of the press machine) and (ii) it is produced more frequently (smaller lots – 800 units).
The average setup time was 22 minutes, ranging
from 19 to more than 24 minutes.
The production process of this product starts in
this sector and ends in the doors assembly sector
(Figure 3).
After the process analysis, following the 5M
(Man, Machine, Method, Management and Measurement) technique it was possible to identify
some problems and implicit wastes that affected
the process quality and efficiency (Table 1).

Figure 2. Layout and materials flow of mechanical transformation sector
Volume 9 / Number 2 / 2014
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Figure 3. Production process of the selected product
3.1.2. Doors assembly sector
The doors assembly sector receives products
not only from the mechanical transformation sector, as already referred, but also from welding and
painting sectors, and has 19 workers distributed
along 11 manual assembly workstations. A previous tentative of lean implementation was made
(some signs are visible) but some practices were
not closely adhered to.
This sector assembles two types of doors: landing doors and cabin doors. Each type could have
different models and each model different variants. Every model could be produced with different dimensions and particular features. During the
design stage, the client may customize the doors’
dimensions and opening type. The landing doors
are produced in a higher number than the cabin

doors (each set has only one cabin door and as
many landing doors as the number of floors). The
landing door also demands more different subassemblies (5) and components (334) than the cabin
door (4 subassemblies and 266 components), including the component selected for analysis in the
mechanical transformation sector. So, and due to
the space limitations, this paper will diagnose the
production process of landing doors (layout and
materials flow are represented in Figure 4).
The necessary components come mainly from
P0.1 sector (mechanical transformation) or from
the central warehouse, and are stored in a supermarket (Figure 4) with a two-bin system. The supply of components to the workstations is carried
out by one worker, using small cars.
Production planning is prepared by the respective department that send the orders to each sector.

Table 1. Problems and wastes (mechanical transformation sector)
5M

Consequence
Incorrect registration of setup times
Men
Lack of knowledge about the setup concept
Affects the production planning and control
High quantity of WIP and reduced flexibility
Machine
High setup time
High downtime of machines
Increased setup time
Large number of movements during the setup
Long distances travelled by the operator
High quantity of movements and
Long distance travelled to access setup tools
transportations
Method
Long distance travelled to access the car for parts Time wasted on accessing the car
Time wasted on manual input of the
The dies’ parameters are not recorded in the
parameters
machine
Significant increase in setup time
Setup tools cabinet disorganized
Time wasted on searching for tools
Lack of space to store dies
To access some dies, other dies must be moved
Dies cabinet disorganized and positions
Time wasted on searching for dies
unidentified
Management
Some dies have old identification codes and most
Time wasted on searching for the die code
codes are not placed in a visible location
Lack of space to maneuver the transportation car Time wasted on moving pallets of products
Setup parameters not identified on dies
Time wasted whenever a new die is loaded
Measurement Lack of a standardized setup processes
High fluctuations in setup times
256
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Figure 4. Layout and flow of materials of the doors assembly sector

Figure 5. Cause-effect diagram for the non-conformity of “switched doors”
The sector manager provides the scheduling for
each final product and displays the daily production goals in a board. This also serves to monitor
the production and the quality of the products.

Among the several models of landing doors, the
switched door model was selected (ABC analysis)
to be studied. The corresponding operations in each
workstation throughout the value chain were me-

Table 2. Sequence diagram results
P04.1. Workstations
Activity

Operation
Transport
Control
Waiting
Storage
Total
VA
NVA
Distance
(m)
Time
(min)

01

03

08

00 Access. Access. Access. Access.
02
07 Upper Lower
09
Hanger
Opposite Stopper
toe
toe Aprons
1
2
3
kit
guard guard

17
21
8
1
0
2
0
0
1
1
26
25
65% 84%
35% 16%

12
1
0
2
1
16
75%
25%

5
1
0
0
1
7
71%
29%

5
2
0
0
1
8
63%
38%

5
52
0
0
1
0
0
0
1
1
7
53
71% 98%
29% 2%

4
0
2
0
1
7
57%
43%

5
11
4
0
4
1
1
0
0
0
0
0
1
1
1
7
16
6
71% 69% 67%
29% 31% 33%

5
1
0
0
1
7
71%
29%

8
11
2
4
0
3
0
0
1
1
10
19
80% 58%
20% 42%

38.0

9.1

7.6

0.0

28.0

20.0

49.3

1.5

1.5

7.5

3.0

3.0

6.0

66.8

17.2

3.7

3.0

0.5

1.7

6.5

36.2

5.4

5.2

9.8

2.8

2.6

5.2

12.4
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ticulously analysed. A sequence-material diagram
was developed and its main results are synthetized
in Table 2, namely the quantification of value activities (VA) and non-value activities (NVA).
The long distances travelled by the operators affect several workstations, in particular workstations
00, 02 and 09, due to the frequent motions to pick up
materials in other places or to grab materials in racks
behind the work table (workstation 02). Among other problems identified in the workstations were the
disorganization and absence of identification.
Other aspects analyzed were: (i) operations cycle time, (ii) non-conformity causes (cause-effect
diagram in Figure 5), (iii) workers skills (a skills
matrix was developed) and (iv) workers ergonomic conditions (a questionnaire was applied).
The analysis in this sector allowed the identification of more than 20 problems, which were
classified using the 6M1E (includes the Material
and the Environment). Table 3 summarizes these
problems and wastes.

The main problems in this sector were the variability of the manufacturing processes, the absence of a detailed sequence of work procedures
and the complexity of the sector influenced by the
huge number of components and subassemblies.
3.2. Action planning
3.2.1. Mechanical transformation sector
The action plan for the mechanical transformation sector was to implement SMED in the press
machine, following the nine step methodology
presented in [27], which includes setups’ video recording and dialogue with the operators.
3.2.2. Doors assembly sector
The action plan for the doors assembly sector
followed the 5W2H technique and to each problem (why) a proposal was developed (what), sug-

Table 3. Problems and wastes (doors assembly section)
6M1E
Men
Machine

Method

Material

Management

Measurement
Environment
258

Problem
Lack of polyvalence and rotation plans
Inexistence of self-control (e.g. operators don’t apply 5S)
Inadequate work posture (8h standing and workstations poorly dimensioned)
Inadequate cars for placement of materials
Operators unhappy for failing to reach everything they need without moving
High distances traveled to get materials and during the assembly process
Discrepancy in cycle times – lack of line balancing
High transportation effort (weight of materials and distances traveled)
Quality control is done very late (only happens in the last workstation)
Complaint from Germany due to poor packing of materials
Many non-conformities assigned to the sector (e.g. switched doors)
Components’ racks disorganized and behind the operators
Components for workstation P04.1.01 occupy the shelf of other operator.
Disorganization of the supermarket and supply process
High quantities of WIP
Inexistence of training actions
Production halts due to lack of materials
Poor production planning and control process
Inexistence of documentation (work procedures, components, tools)
Information difficult to understand (preparations and technical drawings)
Standardized time is different from the time stipulated by the company
High idle time for the car doors
Cycle time of the workstation P04.1.02 exceeds the takt time
There is no measuring or monitoring of the various performance measures
Inadequate environmental conditions (temperature, air quality and noise)
Volume 9 / Number 2 / 2014

technics technologies education management

gesting forms to solve the problem (how) and the
person responsible for the implementation (who),
many times the action researcher itself, and the

place to implement (where) and the moment to do
it (when). Table 4 presents this action plan with
the main actions developed.

Table 4. Action plan for the assembly doors sector
5M

What

Rotation plan

Why
Lack of polyvalence
Lack of operators
self-control
Operators forget to
use the 5S
Lack of rotation plans

Reconfiguration of
workstations

Operators unhappy
with the work posture

Reconfiguration of
workstations

Operators fail to reach
everything they need
without moving

Line balancing

Lack of line balancing

Packing
standardization
Improvement of
the workstation
P04.1.00

Complaint due to poor
packing of materials
The “switched doors”
non-conformity is
recurrent

Training actions
Men

Method

Material

Racks with components
Reconfiguration of behind the operators
workstations
Components occupy too

Management

Reorganization of
racks
Reorganization of
the supermarket
Standard
Work-In-Process

High quantities of WIP

Training matrix

Inexistence of training
actions

Document
creation

Inexistence of
documentation of any
kind

Standardized time
Measurement

much space
Racks and shelves
disorganized
Disorganization of the
sector’s supermarket

Line balancing
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Standardized time
different from stipulated
High idle time for
the car doors
Cycle time of the
workstation P04.1.02
exceeds the takt time

How

Where

Lectures and
practical examples

Meeting room
and shop floor

Rotation plan ABAB

Shop floor
Workstations
P04.1.01;
P04.1.06; P04.1.07
Workstations
P04.1.01; 04.1.02;
P04.1.05

New workbench
Remove the racks behind
the operators; design of new
workbenches
Balance the value of each
workstation cycle time
Identification of the best way
to make the packing
Placement of visual
identifications (Visual
Management)
Idealization of a new
workbench
Delimitation of the space
and rack reorganization
Delimitation of the space
and rack reorganization of
Reorganization of boxes;
acquisition of new boxes
Definition of SWIP for
each workstation
Lectures and practical
examples
BOM; documents for
components and tools;
stainless steel catalog;
std work instructions
for each workstation
Calculation of the
standardized time
Balance the value of each
workstation cycle time
Divide operations of the
workstation for 2 operators

Shop floor
Workstation
P04.1.10
Workstation
P04.1.00
Workstations
P04.1.01; P04.1.02;
P04.1.05
Workstation
P04.1.01
Workstation
P04.1.01
Sector´s
supermarket
Sector P04.1
Meeting room and
shopfloor

Shop floor

Shop floor

Shop floor
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3.3. Action taking
3.3.1. Mechanical transformation sector
The SMED implementation involved the use of
other lean tools, namely 5S, Visual Management
and Standard Work, as they were essential to solve
some of the identified problems. In the preliminary
stage, setup periods of 21.65min, 24.17min and
19.10min were observed for setup 1, setup 2 and
setup 3, respectively. It was also realized that all
operations were executed as internal setup, since
they were performed with the machine stopped.
With the separation of the operations into internal
and external setup (SMED stage 1) it was possible
to significantly improve the entire changeover
process. The techniques used were the creation
of a checklist, to indicate the information necessary for the setup execution, and the planning of
the transportation of tools during the external period. In SMED stage 2 it was used the technique
of preparing operating conditions in advance by
duplicating the die’s upper base. With a single
base, the operator was spending time removing
that base from one die to another (with the machine stopped). By using two bases, the machine’s
operator only has to remove the old die and place
the new one in (with the upper base already assembled). To rationalize the various aspects of the
setups analyzed (SMED stage 3), improvements
in internal and external operations were distinguished. The utilization of quick clamps and the
elimination of functional adjustments were used

as techniques for internal improvements. The die’s
positioning was greatly improved with the inclusion of an auxiliary jig (metallic plate) in the machine’s table (Figure 6).
The process of configuring the machine, which
was identified as one of the most critical aspects,
was improved by predefining in the machine’s controller the configuration for each die. Thus, the operator only has to input the die identification in the machine. Visual Management was applied in order to
facilitate dies’ identification (name plates and color
labels were created) and also to avoid physical space
obstruction (yellow lines on the floor were defined).
Regarding the external improvements, a new
rack was introduced, enabling a better organization and identification of the dies as well as a
roller tool cabinet to place the necessary tools for
the operator. The lean technique 5S was applied to
improve the organization of the workstation, allowing to increase the workspace and reduce unnecessary movements.
Finally, a standard work combination sheet was
developed for each one of the three setup processes (section 3.2.1).
3.3.2. Doors assembly sector
The implementation started with the workers
training, by providing a training matrix, a rotation program and the work posture improvement.
The training matrix was posted in the central sector and was based on the skills matrix previously
developed. The rotation program was developed

(a)
Figure 6. Solution for centring dies (a) front view (b)
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(b)
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with twofold objectives: prevent musculoskeletal
injuries and improve motivation. An ABAB rotation program was developed, i.e., the workers rotate between 2 workstations every 2 hours. A new
worktable was proposed to improve work posture.
The line balancing with 4 workers was proposed,
attending to a takt time of 28 minutes and assuming that workers help each other.
Based on the Visual Management concept, new
shelves and a better organization of existing racks
were proposed. Different colours were used to identify the different sets of components which prevents
problems such as picking wrong components and/or
time lost to find the right component. This technique
was again applied to improve the supermarket organization, providing a better division of the positions.
Other proposals were related to the creation
of bills-of-materials (BOM), documentation for
components and tools, material packing standardization and standard manuals. All these documents
were posted in the respective workstation to avoid
errors and confusion.
The last proposal was about Standard Work
implementation, aiming to provide regularity on
the manufacturing processes and a detailed sequence of work procedures. The sequence should
correspond to the best and safest options, and ensure less waste in the production process. It was
defined taking into consideration the opinions of
all stakeholders. The sequence was based on predefined standard time and in an amount of WIP allowing that the downstream operator would have
sufficient material to work with. The purpose was
to achieve a continuous production flow without
excessive stock. Figure 7 represents an example

of a standard operation combination sheet (Figure 7 (a)) created for the product analysed and the
respective work instruction (Figure 7 (b)). Work
instructions were created for each workstation,
mainly based on visual information (photos and
diagrams) so they can transmit the most relevant
information in an effective and immediate way.
Additionally, a standard operations chart was
created for the sector (Figure 8). This chart identifies the locations with Standard Work-In-Process SWIP (blue circle with the corresponding quantity)
and also the quality control locations (lozenge). The
SWIP refers to the WIP between two workstations
and is marked in the downstream workstation.

Figure 8. Standard operations chart
To aggregate all documents created to support
the operators in the execution of their tasks, it was
created a manual for each workstation with the
following information: workstation description;
operations and times description; components and
tools identification; work instructions and standard work combination chart.
3.4. Evaluation
This stage reports the results achieved with the
implemented proposals. For those not implemented, the results were estimated. Some proposals

(a)
(b)
Figure 7. Example of (a) standard operations combination sheet and (b) work instruction
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were implemented after the master dissertations
conclusion and others were not applied due to current budget restrictions.
3.4.1. Mechanical transformation sector
In the press machine, the three setup processes
inherent to the product referred on section 3.2.1
were improved by applying the SMED methodology. The attained results, in terms of setup time
and distances travelled, are indicated for each setup and each SMED stage (Table 5).
In terms of setup time, reductions of 65%, 67%
and 53% were attained for setups 1, 2 and 3, respectively. It is interesting to note that the highest
improvements were always obtained in the third
stage of SMED. Regarding the distance travelled
by the operators, the gains were 78% for setup 1,
55% for setup2 and 45% for setup 3. As some of
the movements occur during the internal setup period, the correspondent improvement had a direct
impact in the reduction of the machine downtime.
Operations related to tools and materials gathering
are executed during the external period by another
operator. The three setup processes were properly
standardized and the workspace is better organized,
namely in terms of materials and tools positioning
and identification. The average reduction of 13.46
min/setup implies a daily gain of 40.38 min (since
there is an average of 3 setups/day) or 162.87 h/year
(since there are 242 working days/year). Considering the hourly costs inherent to the press machine

(approx. 10 €/h) and labour (approx. 9.30 €/h), an
annual saving of 3,143.39 € was attained.
Due to the improved setup processes it was
possible to reduce the lot size by half (from 800
to 400 units). Consequently, the WIP has suffered
a significant reduction (from 12.8 to 6.4 days),
which was one of the major goals of the company.
3.4.2. Doors assembly sector
The implementation of the planned actions,
involving 5S, Visual Management and Standard
Work, brought enormous benefits for the doors’ assembly sector. The training sessions started with 5S
teaching. The rotation program was postponed and
the worktables’ modification was not implemented
due to budget constraints. Also, the line balancing
proposal was not implemented but it would allow a
reduction of idle time in about 92% (from 18 minutes to 1.4 minutes). However, significant gains
were achieved in three workstations in terms of
operations’ duration and distances travelled (Table
6) and also regarding shop floor’s space occupation
(e.g. the capacity of the sector’s supermarket was
increased by 50%). In the workstations 1 and 4 it
was possible to eliminate one operation.
Although not quantified, it was also observed a
reduction of errors and, subsequently, non-conformities and rework operations. Even the number of
complaints has decreased. Most likely, this was a
consequence of the better work environment, more
organized and supported by visual information.

Table 5. Main results of SMED intervention
Setup 1
Stage
Preliminary Stage
Stage 1
Stage 2
Stage 3
Improvement [%]

Time [min]
21.65
17.50
16.28
7.57
65

Setup 2
Distance
[m]
102.0
26.10
26.10
22.50
78

Time
[min]
24.17
18.95
17.13
7.93
67

Setup 3

Distance
[m]
87.30
42.50
42.50
38.90
55

Time
[min]
19.10
17.38
15.45
9.05
53

Distance
[m]
95.40
54.10
54.10
52.30
45

Table 6. Gains in operations’ duration and distances travelled
Workstation
0
1
4
262

Gain on
Operations’ duration [min]
5
1
2.5

Gain on
Distance travelled [m]
0
15
75
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In fact, the BOM, the lists of tools and the assembly guide created for the workstations resulted in
a significant reduction in the number of assistance
requests made by the operators, leading thus to a
noticeable reduction of the non-productive periods.
In the concrete case of workstation 2, the implementation of 5S and Visual Management allowed
a reduction of 66 min/day in the time spent by the
operator to gather the components and tools. As the
cost inherent to an operator is 9.3 €/h, this reduction
represents a saving of 10.23 €/day or 2,475.66 €/
year. Additionally, the workstation was able to produce more 2 products/day, or 484 products/year.
3.5 Learning specification
A key consequence from this project was the
awareness of all stakeholders for the importance
of sustaining the practices implemented. This resulted from the involvement of everyone, including
the top manager who made a speech at the factory
to emphasize the importance of keeping a clean
workspace for the comfort and safety of all. After
this, it was noticeable the difference in the operators’ behaviour. The racks for components used to
be full of dust because they were never cleaned but
now cleaning is done frequently. Furthermore, the
operators had become more careful with waste and
scrap (previously dumped into the floor) and now
they use the containers available in the workplace.
It was also possible to confirm that large improvements can be often achieved through simple
solutions (or apparently simple) without major investments, if those solutions are correctly implemented. The developed proposals followed the
key idea of lean production of “doing more with
less”, so most of them did not require high investment. Essentially, the use of 5S, Visual Management, SMED and Standard Work, resulted in a
relevant performance improvement due to better
organization of factory space, racks, supermarkets
and shelves, and, procedures’ documentation.
Another important lesson learnt was related
to the interpersonal relations in regard to the existence of natural resistance to change. However,
over time and after several explanations about the
work objectives, and benefits it could bring, this
resistance became weaker. Therefore, it was possible to conclude that the successful implementaVolume 9 / Number 2 / 2014

tion of continuous improvement strategies implies
open minds, collaboration and commitment from
everyone involved.
4. Conclusions
The project was carried out in two sectors of an
elevators company (mechanical transformation sector and doors assembly sector), in the context of the
company’s lean production implementation initiative. Action-Research was the research methodology used, allowing the academy/industry collaboration where both parts benefited from learning from
each other. After examining the production system
and identifying areas that needed to be improved,
the lean tools SMED, 5S, Visual Management and
Standard Work were applied. The suggested proposals met the planned objectives.
In the mechanical transformation sector the ninestep methodology to implement SMED (developed
during the project) was successfully applied to the
mechanical press machine, along with 5S, Visual
Management and Standard Work. Important reductions were attained in terms of setup time (53% to
67%), travelled distances (45% to 78%) and WIP
(50%). Setup processes were standardized and the
workspace was reorganized, leading to a more enjoyable work environment. The SMED intervention resulted in an annual saving of 3,143.39 €.
In the doors assembly sector, most of the suggestions target the overall improvement of the sector’s
performance using, mainly, 5S, Visual Management
and Standard Work. The main results obtained were
an increase of 50% in the capacity of the sector’s
supermarket, a total reduction of 8.5 minutes in the
duration of the operations of three workstations and
a reduction of 90 minutes in the distances travelled
by the operators. In a specific workstation it was
possible to save about 2,475.66€ per year and increase 484 products to the annual production.
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Abstract
In this study, a stress analysis on the chassis connections of semi-trailer chassis regions which are
manufactured using the weld-joining method and
subjected to high stresses was carried out. The effect
of residual stresses caused by expansion differences
due to the thermal effect in the welding region, on
the structural properties of the system was determined. A vehicle named “lowbed” and used for carrying heavy-duty vehicles and work machinery was
analyzed under near-real loads and support conditions. The critical region, where the highest stresses
occurred, was determined, and this region was the
focus of a deeper investigation, taking the thermal
effects it was subjected to during manufacturing
into consideration. In this investigation, structural,
thermal and thermo-structural calculations on the
model which constitutes the 3-dimensional model
were carried out. Comparing the results, it was emphasized that the thermal residual stresses should be
taken into consideration in such analyses.
Key words: Residual Stress, Steady State
Thermal Analysis, Lowbed Design.
1. Introduction
The use of semi-trailer type vehicles in transportation has increased as a result of high fuel
costs when driving heavy-duty vehicles and work
machinery on roads and the restrictions imposed
to prevent the damage caused by these vehicles on
roads. It is common to see some structural problems in these vehicles, working under heavy loads
and poor road conditions, after a certain operational period. These problems are generally high
stress concentrations seen in critical regions and
damage which might be caused by such stresses.
Therefore, the investigation of stress and deformation values on chassis frames, and the elimination
Volume 9 / Number 2 / 2014

of potential problems at the designing stage are of
great importance.
It is known that residual stresses in welded
structures result in brittle fractures, and this leads
to reduced material resistance in the welded section. In parallel with recent improvements in computer technology, analyses of such structures have
become possible using the finite elements method.
Our study will take into consideration residual
stresses caused by welding temperature in the regions of a chassis, carrying the heaviest load. Analytical and experimental methods have been used
for years in calculating residual stresses. Recently,
finite elements software has been used in analyzing welded structures.
The region heated by welding process demonstrates a non-uniform contraction behavior
because the transverse contraction in the welded
region generates eccentric forces on this crosssection. The distortions and residual stresses occurring on welded parts affect the fracture behavior of the material. They also increase wear and
corrosion damage. In our study, the critical region,
the point where the most stress occurs on the
chassis construction, is determined by means of
structural analysis. To do this, a common lowbed
model, shown in Figure 1, is used.

Figure 1. A common lowbed model.
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Kihara et al. have studied how welding sequence
affect residual stress build-up J.R. Cho et al.[1-2]
The residual stress distribution after welding and after a post weld heat treatment has been determined
by a finite element transient heat flow analysis in
conjunction with a coupled thermal–mechanical
analysis[3]. There are many methods to evaluate the
residual stress distribution. Experimental methods
include X-ray diffraction, ultrasonic analysis, hole
drilling and sectioning. Numerical methods, which
provide detailed analysis of the residual stresses
due to welding, have developed considerably during the last three decades due to the improvements
in computers and in the numerical techniques [4].
However numerous studies [5-8] were conducted on the effect of residual stress due to the
welding operation.

Figure 2. Illustration of the structure separated
into finite elements

2. Geometry and computational simulation
First, the structure constituting the solid model
was separated into the finite elements, Figure 2.
The structure was loaded in accordance with real
load conditions. The stress distribution on the
structure as a result of the analysis conducted under these load conditions is shown in Figure 3. It
was ascertained that the region which we specify
as goose neck and which is subject to high stresses
should be analyzed locally in detail.

(a)

3. Local modeling of the critical neck
region and analysis under thermal and
structural loads
The critical region was separated from the
structure, as is seen in Figure 4, and the load conditions of the structure were applied to the boundary regions. In the structural analyses, the weldjoints were assumed to be fully diffused into the
part. For this reason, the analysis was carried out
as if the parts are adherent to each other. However,
in the thick parts in particular the adherence occurred in the welding line. The central regions
where the melding did not occur are modeled in a
way that they do not make contact with each other.
Real joining (adherence) is modeled and analyzed
structurally in a way that the parts make contact
with each other and carry load together only on the
welding line (Figure 4).
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(b)
Figure 3(a,b). Analysis performed for determining
the critical areas in structure and stress distribution
As this region is joined by welding, the joining
region of the two welded parts is where welding
penetration is restricted. The stress distribution
occurring after redesigning the parts according to
the above-mentioned criteria and analyzing them
under structural loads is shown in Figure 5.
Volume 9 / Number 2 / 2014
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Additionally, in the second interdependent stage
of the analysis, the effects that will create the inner stress on each node point received from previous analyses are reflected in the part. Following
this operation, normal external loads are applied
over the piece. External loads and inner stresses
are considered in the same analysis. As a result,
the obtained stress values are more realistic. The
realization stages of these two analyses will be detailed in the thermal-structural analysis section.
4. Thermal Analysis
Figure 4. Joint line of the weld-joined parts
All structural loads are transferred by the weld
seam and the region penetrating into the parts. A
structural analysis of this region would mean accepting that they were exposed to no stress in noload situations. However, there are thermal residual
stresses created by rapid cooling as a result of the
welding heat process. The region between the flow
limit and these residual stress values may also carry
structural loads. Therefore, the thermal residual
stresses in this region should be calculated.

Figure 5. Structural analysis of parts connected to
one another by weld seams and weld penetration
(App Max Stress : 75 MPa)
In line with the above evaluations, welded regions should be analyzed under thermal loading.
To this aim, a coupled-field analysis is needed
because residual stress amounts are needed. The
initial stage of the analysis is transient thermal
analysis. Welding heat is applied to the welded region to calculate its distribution on the part; then,
a cooling period is necessary for transient analysis. As a result, inner energies that will result in
residual stresses on the node points are detected.
Volume 9 / Number 2 / 2014

Weld melting heat is given as external load on
the weld seam line in the critical neck region and
it melts down by transient thermal analysis until it
cools down. Thanks to transient-thermal analysis,
the residual stresses on the part are determined after the cooling down procedure.
As required by the coupled-field analysis, the residual stresses are transferred to another load analysis platform as the external load data of the next
structural analysis. While the structural loads apply
pressure to the system, stress values are pre-stressed.
The finite element and the material properties
to be used in thermal analysis should have the algorithm that will support the next structural analysis, as mentioned before. For this reason, Solid87
element type was used (see Figure 6). The most
important reason for choosing this element is that
its structural equivalent is the Solid92 element
type that is preferred in structural analysis. Therefore, in the next structural analysis, the thermal
algorithm of the same element will be replaced
with a structural analysis algorithm, only by the
element switch method without impairing the finite element network. Therefore, structural analysis will be input with less effort, providing a basis
for a safer analysis.
Solid87 is well suited to modeling irregular
meshes (such as produced from various CAD/
CAM systems). The element has one degree of
freedom, temperature, at each node. The element
is applicable to a 3-D, steady-state or transient
thermal analysis. If the model containing this element is also to be analyzed structurally, the element should be replaced by the equivalent structural element (such as Solid92). A 20-node thermal solid element, Solid90 is also available7.
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As weld material, thermodynamic values of the
same material which change depending on temperature are used. These values can be obtained
from Figure 8. Initial temperature conditions before the analysis are taken as 300 °K for the main
metal, and 1723 °K for the weld metal.
The neck region of the structure is meshed using
Solid87. The results obtained at the end of the structural analysis of the neck can be seen in Figure 9.
Figure 6. Solid87 geometry [9]

Figure 8. Meshed neck region of the structure

Figure 7. The mechanical and thermal properties
of 1020 materials [10]
5. Material properties of the part to be
analyzed
The material properties of 1020 steel which we
call structural steel will be used at the neck of the
lowbed to be analyzed under thermal loading. The
mechanical properties of the weld material, which
change depending on thermal increase, are shown
in Figure 7 [10].
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Figure 9. Temperature distribution after 0.05 sec.
6. Effect of mechanical properties on
transient-thermal simulation
The cooling curves after application of 1723 0K
heat on the welding area is seen in Figure 9 and 10.
Residual stresses generated during cooling are calculated separately and recorded to use in structuralthermal analysis. The temperature distribution along
a line according to the time presented in Figure 11.
Volume 9 / Number 2 / 2014
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ery point was analyzed time dependently, and the
part was cooled. All thermal loadings were deleted in the next stage, and the structural materials
including the coefficients of thermal expansion
were defined. Real outer loads were applied and
analyzed when the residual stresses were on the
part; switching the element type from thermal to
structural. The “Von Misses” stress distribution of
the result of the analyses performed according to
the equivalent stress criteria is shown in Figure 12.
Figure 10. Temperature distribution after 5 s

8. Conclusions
As a result of the analysis, the role of the residual stresses generated as a result of the expansion
differences arisen from the thermal effect, which
is targeted in the aim section, is proven.

Figure 11. Thermal distribution and time-dependent change along the X axis

Figure 13. Distance line direction

Figure 12. Stress distribution on neck region
according to thermal structural analysis results
“Von Misses” (joint area)
7. Thermal structural analysis
In the thermal time dependent transitional
“Transient Thermal” analysis that was generated
in the previous stage; thermal distribution at evVolume 9 / Number 2 / 2014

Figure 14. Structural analysis stress distribution
graphics along the distance
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Table 1. Comparison table in which we see the effect that the residual stresses generate
Distance (cm)
10
20
30
40
50
60

270

Structural Stress (kPa)
412
461
478
491
405
261

Thermal-Structural Stress (kPa)
681
853
851
832
810
445
Average Ratio

Ratio
1.65
1.85
1.78
1.69
2
1.7
1.77
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Abstract
A major financial firm in Slovenia is studied in
the paper in order to assess the abilities of employees to become intrapreneurs and take over new retailing units of the company. Out of four key factors
which are of crucial importance for implementation,
human resource factor was chosen to be measured.
In the presented research it was explored which type
of employees express higher level of entrepreneurialism. The hypotheses postulate that employees
from “mobile team” of the studied company would
be more appropriate intrapreneurs than employees
working in the offices, mainly back office, called
“stationary” team/network and that managers would
be more competent intrapreneurs than non-managers. We tested: self-initiativeness and creativity,
leadership motivation, self-efficacy, entrepreneurial
and managerial skills. T-test was utilized to compare
the two groups of employees. Results confirmed
both hypotheses. Therefore it can be concluded that
both employees from “mobile” team and managers
are expected to be more appropriate for taking over
franchise as intrapreneur.
Key words: corporate entrepreneurship, growth
strategy, entrepreneur, financial firm
1. Introduction
Entrepreneurial culture needs to be implemented to existing companies and, is an essential part
of existence or growth on new and changing markets. Modern companies need to stimulate employees with innovative and intrapreneurial skills
and give them an opportunity to realize their ideas
on their workplace. Intrapreneurship is stimulating organizations for learning and is increasing its
human and intellectual capital [1].
A financial service firm operating in several
countries of CE Europe region faces a challenge
of redefining its growth strategy. The main distriVolume 9 / Number 2 / 2014

bution channel is a number of small retail outlets
located mostly in city centres or large shopping
malls. In order to achieve planned growth, an option of franchising these shops is put on forward;
however, a certain level of entrepreneurial spirit
is expected from future franchisees. In order to
recognize entrepreneurial potential from existing sales force, a research project was proposed
to benchmark the individuals against the desired
“prototype corporate entrepreneur” recruited from
the existing sales staff which will be in the future
the carrier of the company growth.
For example, entrepreneurial strategies suggest
ways to revitalize existing organizations and make
them more innovative [2]. Entrepreneurial strategies
allow people to be innovative, creative, and responsible for decisions that they make [3]. By pursuing
entrepreneurial strategies, firms place themselves in
positions to regularly and systematically recognize
and exploit entrepreneurial opportunities.
2. Literature review
In the current literature on corporate entrepreneurship (hereinafter CE) strategies, it is theorized
that organizations exhibit different yet integrated set
of entrepreneurial actions at the senior, middle, and
first-levels of management [4]. At the senior level,
managers act in concert with others throughout the
firm to identify effective means through which new
businesses can be created or existing ones reconfigured. The entrepreneurial actions expected of middle-level managers are framed around the need for
this group to propose and interpret entrepreneurial
opportunities that might create new business for the
firm or increase the firm’s competitiveness in current business domains.
Relationship between managerial support and
entrepreneurial action is more positive for senior
and middle level managers than it is other employ271
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ees [5]. Based on our model and empirical testing,
it appears that middle-level managerial position is
important in understanding CE actions.
In the last decade corporate entrepreneurship has
increasingly been recognized as a possible modern
and effective path to higher levels of company performance [6, 7]. There is a broad belief that managers are an important part of this entrepreneurial
process [5]. However, organizational strategy research has found on several occasions that managers of different levels have different organizational
roles [4] in acting entrepreneurially with which we
refer specifically to the number of new ideas implemented (see also [8]). We propose and find that
managers of different levels have different roles in
implementing entrepreneurial ideas comparing to
employees with no managerial responsibilities. CE
strategies have been applied generally to all management levels. The few studies that have explored
managerial level (primarily conceptual studies)
have emphasized the role of middle-level managers
in a “bottom–up” process of CE [9].
Intrapreneurship is stimulating organizations
for learning and is increasing its human and intellectual capital [1]. Recently there has been a growing interest in the use of corporate entrepreneurship as a means for corporations to enhance the
innovative abilities of their employees and, at the
same time, increase corporate success through the
creation if the new corporate ventures.
2.1 Definition of intrapreneurship
The term ‘intrapreneurship’ was coined by Pinchot, short for intra-corporate entrepreneurship,
which describes the practice of entrepreneurship
within organisations. Intrapreneurship is increasingly becoming a term used in the business world
to describe organisations that are willing to pursue
opportunities, initiate actions, and emphasise new,
innovative products or services [10]. CE is also defined as [11] “the process whereby an individual or a
group of individuals, in association with an existing
organization, create a new organization or instigate
renewal or innovation within that organization.”
Intrapreneur is a person within a large corporation who takes direct responsibility for turning an
idea into a profitable finished product through assertive risk-taking and innovation” [12].
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2.2 Prior work
Several research studies have been conducted
in the past in different sectors, including financial
services with the objective to assess the possibility to implement corporate entrepreneurship as a
strategic orientation [13]. These represent a sound
theoretical base for the design of the present research which is the first research attempt within
the target financial firm.
2.3 Hypothesis development
Taking into account the literature review the
following two hypotheses are provided:
H1. Middle managers of the studied corporation are more appropriate for intrapreneurs as employees with no managerial responsibilities. That
means that they expose higher level of entrepreneurial attitudes, value higher their entrepreneurial skills and abilities [5], posses higher level of
self-initiative and are more opportunity alert than
other employees [4], are more motivated to enter
the independent entrepreneurship path [14].
H2. Mobile team members are more appropriate to become intrapreneurs than employees that
work for stationary team. That means that mobile
team members expose higher level of entrepreneurial attitudes, value higher their own entrepreneurial skills and abilities [8], practice higher
level of self-initiative and nurture higher level of
opportunity alertness than other employees, are
more enthusiastic about to entering the independent entrepreneurship path.
3. Research approach
A questionnaire was designed in order to assess mostly entrepreneurial characteristics [15]
and intentions [16] of the targeted individuals.
About 100 individuals from the current sales
force and from the trainee group were invited to
fill in the questionnaire at a training event where
everybody participate, so almost 100 % response
rate was achieved. Responses were analyzed with
standardized tools of multivariate statistic: t-test,
clustering and factor analyses. The differences between groups will be examined and several characteristics of “prototype entrepreneur” defined.
Volume 9 / Number 2 / 2014
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4. Results
Results generally show that individuals with
more experience in the firm tend to show higher
level of entrepreneurial attitudes than less experienced. Also, people from the front-line appear
to be more entrepreneurial than desktop officers.
Generally, high level of entrepreneurial desire is
revealed in the sample but, much higher among
employees which are directly awarded in correlation with their sales results. The overall opinion
of the respondents tends to be that corporate entrepreneurship as a strategic approach may promise good results in terms of company growth and
more motivation enabled through a performancedependant rewarding system.
In following we are presenting t-test values
for variables, with which we tried to confirm the
two hypotheses with following (1) level of selfinitiative and recognising business opportunities,
(2) level of leadership skills, (3) level of motivation for entrepreneurship and, (4) level of entrepreneurial and managerial skills.
4.1 Managers vs. non managers
Hypothesis H1 postulates that middle managers
of the studied corporation are more appropriate for
intrapreneurs as employees with no managerial responsibilities. As shown in the table 1, managers are
more inclined to goal fulfillment and search for new
approaches. They like to work with customers and
are ready to invest a lot of energy into customers’
relationships. They seek all the time for improvements and use a great deal of innovativeness and
creativity. Managers in all aspects express higher
level of leadership skills, which are expressed in
higher level of respect against co-workers, self-esteem of managerial abilities and opinion of subordinates about their own leadership abilities.
Managers express higher level of appreciation for independency and flexible working hours,
opportunity to be a leader, and they have higher
desire for better earnings and see better options
for their careers development and opportunity to
climb their social ladder than non managers. On
the other side, managers feel less the fear of failure and regard themselves more competent to run
their own business.
Volume 9 / Number 2 / 2014

People on leading positions are more selfconscious regarding the ability to evaluate costs,
preparation of financial plans, collecting information and ability to forecast the quantity of business
activity. Higher as their colleagues, who are not
managers, they evaluate their own abilities to be
successful in managing human resources and marketing, once they will serve in their own company.
All the differences in mean value between
managers and non-managers are statistically significance at 5 % confidence interval which entirely
confirms the hypothesis H1.
4.2 Mobile team vs. stationary team
H2. Mobile team members are more appropriate for intrapreneurs as employees that work for
stationary team.
As shown in the table 2, the employees of the
mobile network wish to take over full responsibility to accomplish all given task and are more
inclined to goal fulfillment that stationary team
members. Mobile team members seek all the time
for improvements, use a great deal of innovativeness and creativity and express a clear interest to
open and lead an outlet of the financial point.
The mobile network employees in all aspects
express higher level of leadership skills, which
are expressed in higher level of respect against coworkers, self-esteem for managerial abilities and
opinion of subordinates about their own leadership abilities and most cases express higher level
of motivation for entrepreneurship. Employees of
the mobile network highly appreciate almost all
self-efficacy elements like their level of energy,
need for achievements, readiness to take risks, creativity and innovativeness, social skills and good
relationships with their co-workers. They are more
self-conscious, competitive, persistent but flexible,
more self conscious regarding the ability to evaluate costs, preparation of financial plans, collecting
information and ability to forecast the quantity of
business activity. Higher as their colleagues from
the stationary network they evaluate their own abilities to be successful in managing human resources
and marketing, once they will serve in their own
company which is evident from Table 2.
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Table 1. Test of self-initiative and recognizing business opportunities
Variable
I can achieve my own and company’s goals even if I don’t
get instructions from managers.
It is better to take an action and fail that not taking action
at all.
I enjoy working on field and in direct marketing
I prefer to work 8 hours on field than working in the office.
I am trying to implement my ideas about improving
company performance.
I have high understanding of products that I am selling.
When talking / advising to client, I always give my best.
I am participating on sufficient number of trainings/
seminars to be able to perform my job well.
My colleagues often ask me for advice as I have a lot of
knowledge.
I have leadership abilities.
My employees estimate me as good leader.
I am willing to start my venture and take responsibilities for
success and failure.
If I get an opportunity to be franchisee and open a Financial
point subsidiary, I would take this opportunity immediately.
Desire for success – higher performance
Authority, power – to be a leader
Money- higher income
Career – better future in own venture
Status, prestige– progressing on social scale
In my home town, there are good possibilities to start a
venture
I am planning to establish my own company in three years.
Fear of failure could stop me from starting a new business,.
I am willing to start my venture and take responsibilities for
success and failure.
I am planning to establish my own company in three years.
Fear of failure could stop me from starting a new business,.
I am good at estimating costs for starting business venture.
I am good at preparing financial plan for starting business
venture.
I am good at collecting information for starting business
venture.
I am good at estimating sales amount for starting business
venture.
As entrepreneur I would perform well in HRM department.
As entrepreneur I would perform well in marketing and
sales department.

Mean
Not leader Leader

t-test

df

Significance

4,16

4,6

-2,745 92,000

0,007**

4,39

4,8

-3,557 42,902

0,001***

4,01
3,66

4,7
4,35

-2,767 92,000
-2,399 91,000

0,007**
0,018**

3,76

4,15

-2,156 92,000

0,034**

4,31
4,49

4,8
4,8

-4,381 39,278
-2,323 32,737

0,000***
0,027**

3,91

4,6

-3,010 92,000

0,003**

3,84

4,6

-3,847 92,000

0,000***

3,92
3,83

4,65
4,68

-3,784 92,000
-5,377 53,942

0,000***
0,000***

4,18

4,9

-5,213 91,162

0,000***

3,58

4,5

-3,290 91,000

0,001***

3,81
3,32
3,99
4,10
3,53

4,35
3,6
4,25
4,3
3,75

-2,291
-0,993
-1,009
-0,744
-0,925

91,000
90,000
92,000
90,000
44,729

0,024**
0,323
0,315
0,459
0,360

3,71

4,45

-3,756 46,686

0,000***

3,49
2,36

4,6
1,65

-5,756 63,070
3,069 44,565

0,000***
0,004**

4,18

4,9

-5,213 91,162

0,000***

3,49
2,36
4,01

4,6
1,65
4,5

-5,756 63,070
3,069 44,565
-2,109 91,000

0,000***
0,004**
0,038**

3,66

3,8

-0,628 92,000

0,531

3,57

3,9

-1,491 92,000

0,139

3,41

3,65

-1,198 92,000

0,234

3,82

4,55

-4,000 92,000

0,000***

3,72

4,55

-4,097 92,000

0,000***

Comment: Statistically significant difference: p < 0,1 (*), p < 0,05 (**), p < 0,01 (***).
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Table 2. Differences in mobile and stationary team in entrepreneurship aspirations
Variable
I can achieve my own and company’s goals even if I don’t get
instructions from managers.
I am always looking for innovative approaches, in order to achieve
goals faster and easier.
It is better to take an action and fail that not taking action at all.
I am willing to start my venture and take responsibilities for success
and failure.
If I get an opportunity to be franchisee and open a Financial point
subsidiary, I would take this opportunity immediately.
I enjoy working on field and in direct marketing.
I prefer to work 8 hours on field than working in the office.
I have many suggestions how to improve company performance
(innovation, etc.)
I am trying to implement my ideas about improving company
performance.
I have high understanding of products that I am selling.
When talking / advising to client, I always give my best.
I am participating on sufficient number of trainings/seminars to be
able to perform my job well.
Company is offering me enough trainings / seminars to be able to
perform my job well
My colleagues often ask me for advice as I have a lot of knowledge.
I have leadership abilities.
My employees estimate me as good leader.
Desire for success – higher performance
Independence – working for yourself
Authority, power – to be a leader
Money - higher income
Career - better future in own venture
Status, prestige– progressing on social scale
Flexible schedule
In my home town, there are good possibilities to start a venture
I am planning to establish my own company in three years.
I have skills and competences to start a business.
Fear of failure could stop me from starting a new business.
Your energy level
Desire for success
Risk taking
Creativity
Need of social life
Money
Uncertainty tolerance
I am good at estimating costs for starting business venture.
I am good at preparing financial plan for starting business venture.
I am good at collecting information for starting business venture.
I am good at estimating sales amount for starting business venture.

Mean
Mobile Station.

t-test

Df

Significance

4,37

3,9

3,534 48,968

0,001***

4,48

3,7

4,504 34,492

0,000***

4,67

4,05

7,593 72,568

0,000***

4,75

3,1

6,373 21,528

0,000***

4,11

2,95

4,236

0,000***

4,54
4,24

3,3
2,8

4,149 21,062
5,887 80

0,000***
0,000***

3,73

3,1

3,586 39,876

0,001***

4,02

3,3

4,117

0,000***

4,51
4,63

4,3
4,3

1,693 34,001
2,358 81

0,100*
0,021**

4,22

3,75

2,06

81

0,043**

4,41

3,9

2,133

81

0,036**

4,10
4,38
4,20
4,16
4,38
3,66
4,29
4,48
4,05
4,48
4,16
4,24
4,44
1,95
4,27
4,51
4,11
4,32
4,41
4,38
3,45
3,83
3,69
3,78
3,62

3,65
3,2
3,42
3,05
3
2,45
3,25
3,1
2,6
3,5
2,95
2,5
3,2
2,95
3,75
3,8
3,37
3,85
3,65
3,55
2,9
3,2
3,05
3,15
2,95

2,087
9,548
3,194
4,935
4,85
4,748
3,126
4,196
5,836
3,091
4,7
7,798
6,174
-4,41
3,369
4,325
3,433
2,585
4,238
4,214
3,083
2,923
2,712
2,957
4,056

81
52,058
60
80
22,93
79
23,133
22,126
81
22,222
27,432
80
80
50,559
43,737
81
80
81
81
81
60,786
81
80
81
39,205

0,040**
0,000***
0,002**
0,000**
0,000***
0,000***
0,005***
0,000***
0,000***
0,005***
0,000***
0,000***
0,000***
0,000***
0,002***
0,000***
0,001***
0,012**
0,000***
0,000***
0,003***
0,004**
0,008**
0,004**
0,000***

80

81

Comment: Statistically significant difference: p < 0,1 (*), p < 0,05 (**), p < 0,01 (***).
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5. Conclusions and implications
The main objective of the study was to examine
which employees of the targeted company seemed
to be more appropriate to take over the management on new, independent and self-standing outlets
(possibly franchises) of the Financial Points. We
defined two criteria, first is their position in management (if they are in management of not) and
second is if they are in mobile or stationary team.
Specifically, (1) the positive relationship between managerial support and entrepreneurial action is more positive for senior and middle level
managers than it is for lower- (first) level managers, and (2) the positive relationship between work
discretion and entrepreneurial action is more positive for senior and middle level managers than it
is for first-level managers. These findings suggest
that managerial level provides a structural ability
to “make more of” organizational factors that support entrepreneurial action.
Results show that individuals with more experience in the firm tend to show higher level of
entrepreneurial attitudes than less experienced.
Also, people from the front-line appear to be more
entrepreneurial than desktop officers from the Financial Points. Generally, high level of entrepreneurial desire is revealed in the sample.
There are two levels of implications. On the first
level, the study will be able to give very concrete
recommendations for the designers of the forthcoming new strategy of the firm. It will draw a picture of
the ideal corporate entrepreneur, a role model with
several characteristics which will be expected from
potential new franchisees – corporate entrepreneurs. On the second level, a tool which would be
possible to adapt for the cases of other firms will be
developed with possible applications for consulting
purposes. On the third level, several needs for specialized training programs in the field of corporate
entrepreneurship will evolve from the study.
Two hypotheses pointed out were that people
working for so called »mobile network« would
come out as more suitable to become leaders and
managers of these new retailing set-ups of the main
company. And that senior and middle managers are
more suitable for intrapreneurs as non managers.
The management of the company should put
more emphasis to the examined entrepreneurial
276

factors once they make decisions to which the
leadership of the new intrapreneurial ventures will
be trusted. Those candidates who seem to be closest match to the profile of so called »ideal prototype of the intrapreneur« should enjoy certain advantage over the other candidates.
From the viewpoint of possible future research
a more in-depth analysis of the intrapreneurship
factors and indicators is possible. There is, however, one main and from several previous pieces
of research known pitfall of such studies: only
entrepreneurial intensions are measured which
would definitely not all come true if a longitudinal
research would be possible in which one would
examine also the ratio of those respondents who
clearly expressed the intention and interest for the
entrepreneurial path within the existing company
and, once formally enabled within the system,
actually fulfil these intentions. One special challenge for the researchers would also be to replicate the research methodology on another sample
of the similar company. Several iterations of such
research would on the long run definitely increase
the reliability of the proposed assessment tool for
future candidates for intrapreneurs in different
companies not only in the financial service sector
but also other industries.
There are two levels of implications. On the first
level, the study will be able to give very concrete
recommendations for the designers of the forthcoming new strategy of the firm. It will draw a picture of
the ideal corporate entrepreneur, a role model with
several characteristics which will be expected from
potential new franchisees – corporate entrepreneurs. On the second level, a tool which would be
possible to adapt for the cases of other firms will be
developed with possible applications for consulting
purposes. On the third level, several needs for specialized training programs in the field of corporate
entrepreneurship will evolve from the study.
The value of the study is at least in two points.
One is that it appears to be one of the first studies
in the country and in the region examining the conditions and possibilities of introducing corporate
entrepreneurship as a strategic approach to growth
ambitions. This will contribute to higher level of
understanding of corporate entrepreneurship in the
country and region and also an innovative approach
to fulfil company’s growth ambitions. A very pracVolume 9 / Number 2 / 2014
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tical value of the study will be the possibility to design an easy-adaptive consulting tool for possible
replication of the introduction of the corporate entrepreneurship process into another company.
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The investigation of the graph-analytical
model’s possible application for the selection
of the process parameters of the arid section
of the paper machine’s
Osman Perviz, Ifet Sisic, Semira Hotic
Biotechnical Faculty, Bihac, Bosnia and Herzegovina

Abstract
The theoretical and experimental investigations
of paper and board drying process have been performed. The date contained process parameters from
six paper machines and nine paper basic weight (45
g/m2 to 213 g/m2). The process kinetics description based on typical drying curve, which represent
moisture / time dependence. The experimental data
has been correlated with one simple graphic – analytical model. Completely measuring data, have
been approximated with graphic – analytical model.
Key Words: contact drying, drying rate, contact coefficient, paper, thermal conductivity
1. Introduction
From a physical point of view, the production
of paper and card board represents an extensive
dehydration process. Suspension of cellulosic fibers in water, having an initial concentration of fibers from 0.2 to 1.5% by weight, is supplied to the
sieve, where the application of vacuum suction removes a significant portion of water. In this part of
the drainage, the concentration of fiber increases
to the value of 18 to 23%.
In the next stage of the drainage of mechanical
pressing in the section of presses, dry weight is
achieved from 33 to 55%.
Thus formed strip is introduced in to the drying
section where the paper tape is heated removing
the remainder of the free water, in order to make
the final product with 6 to 9% moisture. The removal of the last remaining amount of water is extremely expensive and very energy-intensive. The
value of the equilibrium of paper moisture is in the
mentioned limits of the residual moisture, therefore in most cases it is not insisted onits removal.
278

Today in the paper’s manufacture, the greatest
attention is paid to the enhancement of the efficiency of water evaporation, the entire system
of drying including the thermal efficiency of the
dryer and the heating recuperator system, while at
the same time paying attention to high demands
of production, productivity and product’s quality.
Paper is a hygroscopic material. Wet paper
exposed to the atmosphere (environment), that is
not saturated with water vapor, gradually loses its
moisture until it reaches an equilibrium content of
the moisture in a given drying conditions.
Steady dry paper exposed to humid environment
will receive the moisture from the environment and
the more so the higher would bea relative humidity
and ambient temperature. Depending on a state of
the environment, changes in its moisture follow the
function of the hysteresis that is a well-known phenomenon and present in many hygroscopic materials. In the Figure 1, depending on whether the paper is moisturizing or drying, it is shown that at the
proper air humidity in the environmental samples
the sorption behavior of paper sample in its wetting
and drying achieves different moisture of paper.
Up to date, the theoretical explanation of hysteresis is unknown. Luikov suggested two explanations for this phenomenon. One says that
achieving the hydrothermal balance is slow, so
the right balance is not the one that is being discovered. Another hypothesis is that the process of
evaporation and condensation is irreversible. During drying (desorption), completely wet capillary
walls are present. On the other hand, during wetting (sorption) capillary walls are partially covered
with the layer of liquefied vapor, but a meniscus is
not formed up until the adsorbed layer of liquid is
not thick enough to close the pores.
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2. Models of paper drying
The productivity of paper and paperboard machinery, especially those producing high grammage, are primarily limited by the rate at which
water is removed from the wet strips evaporating in
the dry section of the paper machine. Increasing the
speed of machine, drying becomes the most important operation in the production process, affecting
the quality of the finished product, and the efficiency of energy.[1] In terms of large investments in the
cardboard production processes, even a minimal
increase in the speed of the machine represents a
significant economic effect of the profit.
Modern multi-cylinder machines for the manufacture of paper and paperboard, especially their
dry sections of the high degree are optimized considering the use of energy. In contrast, a lower
level of optimization is still present considering
the production capacity and product quality. Increasing production capacity can be achieved by
increasing the temperature of the steam in the dry
cylinders, preheating the paper tape before its entry into the essence of the group, reducing the gap
between the group of dry cylinder sand effective
control of humidity in the dry bags (pockets) or in
dry vessel. All this is showing that is it necessarily
to talk about the need for a comprehensive monitoring, management of drying kinetics, as well as
the application of different models of the same.[2]

The diagram consists of four two-dimensional
fields. The first field gives the ratio of the input
paper dryness and the specific water evaporation,
expressed per weight unit of the product (dry paper) by the output dryness as a parameter.
The second field is linked to a specific evaporation, W (kgH2O/kgp) and mass flow of evaporated water, with the specific production of paper,
as a parameter.
The third section is connected to the evaporated water of the mass flow M (kg/h), a specific
surface evaporation of the water, W (kg/hm2) with
the number of dry rolls (drying area) as parameter.
The diagram refers to the cylinders of 1500 mm
and the angle covering the cylinder shell with the
strip of paper 220 ˚ (≈ 61%).[5]
The fourth field consists of a ratio having a
specific water evaporation surface from the paper
(drying rate) and over pressure steam heating, p
(bar), as well as the mass stem flowing per one
roller, with the paper type as a parameter.

3. Graph-analytical model of the relations
between the most important process’
parameters of the contact drying paper
The process of continuous paper drying (cardboard) on the cylinders heated with saturated steam
of lower pressure, being very complex and depending upon the influence of numerous parameters.
Through their research groups and scientific
analysis, large global companies and paper manufacturers gave an evaluation that it is useful to
present graphically the relation between a number
of important process parameters.[3]
Reviewing the individual access of companies
Johanson, TAPPI-Standard and project’s documentation of the company ESCHER WISS, the
graphical model of mutual relations of the most
important process parameters is carried out.[4]
Volume 9 / Number 2 / 2014
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4. The research results

5. Debate and discussion
Experimenting on a large scale, especially when
you want to implement your own comparison of
results with literature data, often involves significant characteristics of every individual machine.
In addition, although a large number of parameters
are being measured and recorded, in the data processing they are not analyzed in detail. The reason
lies in the fact that some of the internal processes of
transfer are so dominant, so that the process of drying largely depends on them. Furthermore, because
of the extent of the task, it is necessary to limit the
considerations to those relations contributing to the
resolution of the influence of process parameters on
the kinetics and efficiency of the process.
Temperature measurements along the paper
machine (picture of the real situation) show that in
the subsequent section (final drying) two cylinders
are not in use (29 and 32), whether they are turned
off or flooded with the condensation product.
Machines, possessing the section for final drying, are usually limited to this section. When it
happens, as in described case of the paper machine
with two rollers, the speed reduction becomes inevitable. After having opened the steam in these
cylinders, the speed of the machine has started to
increase gradually and after 12 hours it has reached
the normal level of production.
Decreased tension of dry sieves or their blockage
in fiber could be responsible for speed reduction.
Excessive differences in temperature between the
surface of the cylinders and tapes (> 50 ˚ C) indicate very poor heat transfer and are usually caused
by using old dry sieves or felts of very low tension.

Figure 2.

Figure 3.

Evaporation analysis on the paper machine for the production of fluting paper
Factory
Paper machine
Type of paper
Weights
Speed machine
Width of the tape
Production
Output humidity
Total evaporated water
Average speed of vapour
Consumption of vapour
Economy quality of vapour

280

Factory of the fluting paper
PS 1
Fluting
115 g/m2
320 m/min
4,2 m
9,273 t/h
9%
13,964 t/h
28,3 kg/h/m2
21,5 t/h
2,31 kg of stem/kg of paper
1,53 kg of stem/kg of water
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By properly using, the graph-analytical model
that has been presented enables a quick selection
of the process parameters of the paper machine’s
arid section.
4. Findings
1. The study gave a classic analysis of
theoretical basis for the description of the
state and behavior of the process parameters
for contact drying paper.
2. Research suggests the possibility of using
graph-analytical model for the quick
selection of process parameters of the paper
machine’s arid section.
3. Graph-analytical model is offered for quick
selection of process parameters of the paper
machine’s arid section.
4. The idealized temperature distribution is
given along the paper machine to support
the assessment of the parameters state of the
real system.
References
1. Asenssio MC, et al. Comparison of Several Multi
Cylinder Paper Drying Simulation Models, Drying
’94, Proceedings of the 9th International Drying
Symposium (IDS’94) Gold Coast, Australia, Vol. B.,
1994; 1171-1178.
2. Luikov AV. Heat and Mass Transfer in CapillaryPorous Bodies, Pergamon Press, London, 1966.
3. Montgomery AE. Tappi, 1954; 27(1): 1.
4. Nissan AH, Kaye WG. Tappi, 1955; 38(7): 385.
5. Ojala KT, Lampinen MJ. Optical Properties of Wet
Paper and Simulation of the Effect of Autoprofiling of
Gas-fried IR Drying Report, Nordic Gas Technology
Centre, 1991.
Corresponding Author
Osman Perviz,
Biotehnicki fakultet Bihac,
Bihac,
Bosnia and Herzegovina,
E-mail: osmanperviz@yahoo.

Volume 9 / Number 2 / 2014

281

technics technologies education management

Validity of the test in two-hand successive
attack techniques with top karate athletes
Zarko Kostovski1, Branimir Mikic2, Vulnet Ahmeti3, Marko Zelkovic4, Nedeljko Stankovic5
1
University Ss. Cyril and Methodius, Faculty of Physical Culture, Sport and Health, Skopje, Republic of Macedonia,
2
University in Tuzla, Faculty of Physical Education and Sport, Tuzla, Bosnia and Herzegovina,
3
State University, Faculty of Physical Education, Tetovo, Republic of Macedonia,
4
University in Banja Luka, Faculty of Physical Culture, Republic of Serbia,
5
European University in Brcko Distrikt, Bosnia and Herzegovina.

Abstract
Almost in all modern sports, the level of adopted motor movements and specific techniques
is one of the most important and decisive factors
in coping with complex sports tasks and achieving
sports results. Empirically, sports skills and adopted motor movements in specific techniques reach
a high level of performance. Due to this fact, these
movements are rational, precise and efficient in
sports battles. Karate sport consists of numerous
groups of techniques, and hand and leg strikes belong to the most dominant group. The dominance
of these techniques is reflected in the fact that
they are the single scoring techniques, and they
are the only ones to be evaluated in the scoring
balance when deciding on the battle winner. The
topic and goals of this research are based on the
present knowledge and arguments, and they refer
to the newly constructed motor test of situational
motor space with top karate athletes, both juniors
and seniors, and establishment of its measuring
characteristics. The research was conducted with
34 karate athletes, members of the senior national
team of Macedonia. The sample of respondents
was defined as an intended sample drawn from the
population of male karate athletes. The obtained
results are pointing towards the existence of the
tests satisfactory measurement characteristics’, or
factor validity, high level of sensitivity and very
high coefficient of reliability (Cronbach α = .934 I
Spearman-Brown = .935) and also high inter correlation coefficient which are pointing towards the
fact that the eventual error during the measuring
process is very small and insignificant.
Key words: karate, measuring characteristics,
national team members
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1. Introduction
Karate has been developed as a martial art in
Japan, and it has become a very popular sport in
the rest of the world over the last couple of decades. Typical karate training consists of the basics, kata and kumite. Kata are set forms in preestablished sequences of offensive and defensive
techniques and specific movements. Kumite is free
sparring with execution of defensive and offensive
techniques between two athletes, following karate
rules [1]. Modern karate sport includes two groups
of competition disciplines for competitors: kata
and kumite, both in single and team competitions.
The kumite, as one of the divisions in the manner
of performing training and competition processes,
is carried out in two ways such as: 1. With participation of a sparring partner in battle techniques
and 2. Conduction of the sports battle. The sports
battle is performed according to previously defined
rules. Today, both kinds of sparring performances
are used as a part of sports requirements and selfdefense trainings. Any well executed hand or leg
strike in a battle makes a point, and the total number of points after the end of the battle decides the
match winner. Competitive Karate is one of those
high-intensity intermittent activities [2].
Competition matches last 3 continuous minutes for senior men, with intermittent pauses when
fighters commit an offence (e.g. illegal strike),
step out of a marked fighting area, or when an
injury is sustained. Competitive sparring is very
intermittent in nature, divided into periods of very
high intensity activity (when attacking or blocking/parrying an attack) and low intensity activity
when the fighter is preparing for an attack or just
moving around (‘dancing on their toes’).
The very structure of the karate sport imposes
the need for karate athletes to perform high speed
Volume 9 / Number 2 / 2014
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movements. The performance of these movements’
demands previously acquired maximal technical
skills, because only techniques that meet criteria
for winning points are scored as successful points
in the part of a sports battle. This is of particular importance when hand and leg striking techniques are
performed. In accordance with some gained results
from previous similar researches, point scoring can
be interpreted as pointing by attack 52.54%, pointing by counterattack 23.55% and pointing by interception 23.91% [3]. The block performance speed
and equally good and quick strikes with two hands
and legs, are a crucial precondition for achieving
high sports results in matches, in particular when
there is an opponent who is also well trained to
prevent successful strike performance. The strike
performance speed largely depends on the speed of
upper and lower limbs, which is greatly determined
by the morphological and motor capabilities of the
karate athlete.
A relevant study has been obtained and its aim
was to determine the measurement characteristics
of the newly constructed tests. In accordance with
an observations of the explosive power of arms and
shoulder belt in one-arm throw of the handball ball,
for the purposes of the research two simple tests has
been made, according to the authors, to give a good
qualitative description of this ability [4].
Causing the desired change, that is bringing
to an optimal relation the relevant anthropological marks required for certain special activities,
is realized through situational trainings. Special
treatments applied with karate athletes within the
training process always need to tend toward setting
up anthropological dimensions adequate for realization of strictly defined specific sports activities
leading to successful and high quality sports performances. Success of this kind of work requires a
great number of relevant information that will make
the process successful [5]. The perceptions of the
level of developed motor capabilities can be obtained by estimation of various manifestations registered through relevant motor tests, so called measuring instruments. Since human motor capabilities
are measured indirectly, the complete measurement
procedure has to be standardized, and the motor
tests (measuring instruments) need to have satisfactory measurement characteristics such as: validity,
reliability, sensitivity, objectivity etc.
Volume 9 / Number 2 / 2014

Since the application of diagnostics of morphological characteristics and basic motor skills in the
training process of karate trainees is related to an
interdisciplinary approach, where the complexity
of moving structures and anthropological interdisciplinary features of character is high, it is necessary to include as many basic, specific and situational measurement instruments as possible [6].
In this case results obtained from a sample of
respondents in a specific motor capability could
be compared with results established for another
sample of respondents in the same capability [7].
Specific motor capabilities in modern sports might
be a decisive factor for coping with sports tasks
and achieving sports results. Hand and leg strikes
in karate sport are dominant techniques that help
a karate athlete to win points or win a battle [8].
So far researches of modern technical and tactical
indexes in karate battles provide that hand techniques have the grates impact [9].
It is believed that there are five hand-arm techniques in karate combat: giaku tsuki diodan, giaku
tsuki cudan, kizami tsuki, oi tsuki and uraken uchi.
Oi tsuki has become one of the most effective and
performed techniques in a modified technicaltactical form. Hand punches are more natural than
leg kicks, they are quicker, more easily controlled,
and harder to block or avoid, which can easily explain why they are more often used in karate combat than leg kicks [10. 11].
Major development of karate as a sport requires
modern approaches, concepts, forms, activities
and procedures in technology training for karate
athletes, and especially in respect of the structure
of anthropological characteristics, their correlations and specific impacts on athletic performances [12]. In order to acquire the desired effects in a
training and competition process of young karate
trainees, it is essential to begin an early selection
and apply appropriate training technologies that
are based on a pre-constructed model (eg., model
of complexity, sport specificity equation, hierarchical structure of anthropological characteristics)
[13]. In addition, it is necessary to establish diagnosis and validity of instruments used for modeling, diagnosis, planning, programming and monitoring effects of the training process operation
[6]. Starting from this fact, researches have been
initiated for establishing tests for assessment of
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specific and situational motor characteristics with
karate athletes [14, 15, 12, 16]. KSAT is the first
sports specific test to assess the aerobic fitness of
competition Karate athletes. What is noticeable
for this test is the fact that the this test simulates
the actions used in competition Karate [17]
However, for a test to be considered valid and
applicable, it has to be reliable. Being familiar
with specific requirements of karate for assessment of karate atheletes’ level, can help coaches
and athletes to optimize the training program in
the best way [1].
Having in mind the new trends in the karate
sport, amendment of the rules for umpires and
growing increase of the competitors’ technical
level, established a motive for conducting this
kind of research. The research has been realized
in order to establish measurement characteristics
of situational variable Two-hand successive attack
technique with top karate athletes.
2. Method
The subject of this research stems from so far
knowledge and arguments, and it is about the newly
constructed motor test of situational motor space
with top karate athletes, both juniors and seniors.
The purpose of the research was to establish measurements characteristics (reliability, validity and
sensitivity) of the newly constructed situational motor test in two-hand successive attack techniques
kizami-zuki, gyaku-zuki, jodan with top senior karate athletes. The sample of respondents is defined
as an intended sample drawn from the population
of male karate athletes. The research was conducted
with 34 karate athletes, members of the senior national team of Macedonia. The research applied a
newly constructed manifest situational motor variable in the sample of respondents for assessment of
the two-hand attack technique. Two-hand successive attack techniques kizami-zuki, gyaku-zuki, jodan in 10 seconds (KDZG1). The test is conducted
in a way that a respondent stands at the starting line
in upward starting position with hands in front of
him (Heisoku daci). At a given signal by a measurer, the respondent steps forward with his left or right
leg in a combat position (Fudo daci). Opposite of
him, at a certain correct distance stands his sparring
partner who is also in a combat position and defen284

sive guard. At the measurer’s signal the respondent
starts performing a direct attack with his hand forward to the opponent’s head (Kizami zuki) followed
by a back hand strike (Dzako zuki). The strikes are
directed to the region of the head. After each attack
the respondent immediately performs the following
attack with the same guard and technique, all the
way to 10 second expiration. The sparring partner
has a single task, after any applied technique by the
respondent he should make a brief pullback and
keep distance for successful performance of the next
technique applied by the respondent. Time is measured in tenths of seconds starting from the beginning and all the way to the end of the which takes ten
seconds. A well performed technique will be considered only the effort with correctly applied technique
with all 6 criteria for sports combat as prescribed by
the WKF and EKF rules. Only successfully applied
techniques are counted. The time measurer measures the time to the end of 10 seconds, and the examiner closely monitors whether the technique has
been applied correctly and considers successful only
correctly performed efforts.
The results obtained by measurement of the
manifest situational motor test have been processed using adequate statistical methods that are
in function of the established subject and goal
of the research. When processing results of situational motor measurement test, for each composite assessment, the following measures of central
tendency and dispersion have been calculated:
arithmetic mean (X), standard deviation (SD),
minimal and maximal result (Min and Max). According to the distribution symmetry of the result
it was assessed whether the test was an easy or difficult motor task for the respondents (Skew). Also,
according to the completeness and distribution of
results a homogeneity of test results was established (Kurt). Sensitivity as a measurement characteristic was established according to the correlation between the arithmetic mean and standard
deviation. The Pearson correlation coefficient (r)
was calculated In order to determine correlation
between the items. The factor validity of the variable, where the significant principal component
was identified according to the Kaiser-Guttman
criterion, provided: the projections of items of
the first principal component (H), values of isolated characteristic roots (l) and contribution of
Volume 9 / Number 2 / 2014
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the isolated characteristic roots in explanation of
the total variance variability expressed as a percentage (%). The internal item validity was determined according to the item projections of the first
principal component, that is the isolated characteristic root (H). The common measurement item
was established in cases when one characteristic
root was identified (l). For establishing reliability the following items were calculated: the Cronbach index of reliability, calculated according to
the item projections of the first principal component (Cronbach–a), Spearman-Brown coefficient
of reliability – calculated on the basis of average
correlations between composite measurements, as
and internal test correlation (IK).
3. Results and discussion
The Table 1 provides the central and dispersion
parameter of the variable Two-hand successive attack techniques kizami-zuki, gyaku-zuki, jodan. The
values of the arithmetic means of the four applied
items of this variable, indicate that there is an increase in the number of repetitions in a time unit.
In the first item have been achieved the smallest
number of repetitions in a time unit, where a slight
increase appears in the number of repetitions in a
time unit, and the highest value has been achieved
in the fourth item.
The values of the four items reflect the real situation of stability in respect of the test performance,
and the positive insignificant change appearing in
these three items is certainly a result of the athletes’
motivation in the efforts to give their maximum.
The test possesses a relatively good discrimination, which points to the value of the variability,
that is the standard deviations. The test is an easy
motor task for the respondents, arithmetic means
and the four items are in the zone of average results, and the Skew values are around number one
in the scale, which also points to a good symmetry

and distribution of results. The test results homogeneity is good, and no result randomization is noticed, which is evident from the result distribution
curvature (Kurt). From the results provided by the
Kolmogorov –Smirnov method cannot be noticed
that there are not any statistically significant deflections. The results obtained in this way are expected
having in mind that it is about an intended sample
of respondents, with a long training experience and
defined performance technique.
The analysis of the coefficient values of the correlation between the items presented in the Table
2 leads to the following conclusion: The obtained
coefficient results of the correlation between the
items are very high, positive and statistically significant, and their values range from .62 to .90.
Table 2. Inter correlation matrix of test items.
Successive attack techniques – kizami-zuki, gyaku-zuki, jodan
KDZG1
KDZG2
КDZG3
КDZG4

КDZG1 КDZG2 КDZG3 КDZG4
1,00
,83
1,00
,62
,79
1,00
,72
,85
,90
1,00

As for this variable, it has been determined that
the four items have one common measurement
subject and relatively high variable homogeneity,
as indicated by the value of the isolated characteristic root of the first principal component λ=3,359
and explains 83,979 %. of the total variance variability. The reliability coefficients (Cronbach α =
.934 и Spearman-Brown = .935) are very high and
satisfactory values, as well as the internal correlation which is IK= ,801.
Table 3. Hoteling procedure
KDZG1
KDZG2
КDZG3
КDZG4

H
,742
,898
,816
,901

h2
,704
,830
,815
,865

Table 1. Basic statistic parameters of the test. Successive attack techniques – kizami-zuki, gyaku-zuki, jodan
KDZG1
KDZG2
КDZG3
КDZG4

X
10,676
11,441
12,029
12,235
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Min
7,000
7,000
7,000
7,000

Max
18,000
16,000
16,000
18,000

S
2,198
2,002
2,124
2,283

Skew
1,148
,284
-,403
,016

Kurt
2,519
,371
-,178
,639

max D
,130
,154
,146
,135

P
p > .20
p > .20
p > .20
p > .20
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Table 4. Coefficient of reliability
Cronbach α
,934
l
3,359

SB2
,935
%
83,979

IK
,801

4. Conclusion
The research has been conducted with an intended sample of 34 respondents, male top karate
athletes and members of the junior and senior karate national team of Macedonia at the age over
18. For realization of this research a manifest
situational motor variable has been applied with
a sample of respondents, which is a newly constructed composite test, characteristic for the karate sport and Two-hand successive attack techniques kizami-zuki, gyaku-zuki, jodan.
The research has provided results that lead to
the following conclusions in respect of the measurement characteristics of the applied variable,
and primarily of their factor validity, sensitivity
and reliability:
The newly constructed Two-hand successive
attack techniques kizami-zuki, gyaku-zuki, jodan,
has satisfactory measurement
characteristics and is characterized by a factor
validity, high degree sensitivity and high reliability coefficients, which points to the fact that a possible error in the measurement is very small and
insignificant.
Cronbach α = .934 и Spearman-Brown = .935
reliability coefficients have very high and satisfactory values, as well as an internal correlation
of .801. Also, the test is very simple to apply and
easy to explain.
The test assesses the motor dimension defined
as a specific karate frequency of the upper limbs.
Based on the obtained test results, it is recommended that a training technology and selection
of karate athletes are applied in the battery of tests
for the specific karate frequency assessment of upper limbs.
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Abstract
Continuous girders made from precast elements are common system for bridges of small to
medium spans. This type of bridges is known as
‘continuous for live load’ bridges. Time dependant effects should be taken into account in design
of structures built in phases involving changes of
structural system and/or element’s cross section.
Redistribution of sectional forces due to permanent
load takes place in course of time. Calculation of
the restraint moment is essential for the design of
‘continuous for live load’ bridges. Reliable data for
creep and shrinkage properties of concrete and analytical procedures are needed to account for these
effects. There is a number of recommendations
available for predicting creep and shrinkage properties of concrete, such as ACI 209, MC 90, LRFD
or EC2. Besides simplified analytical procedures,
software applications have been developed to account for time-dependent properties of concrete. In
this paper, results obtained by two methods (PCA
analytical method and DIANA step-by-step FEM
numerical procedure) are compared with available
experimental data. Creep and shrinkage recommendations are also compared with respect to compliance of calculated and measured restraint moments.
Key words: construction methods, concrete,
precast beams, creep, shrinkage, nonlinear analysis.
Introduction
Erection of the whole span precast girders is
frequently used building technique for beam
bridges of small to medium spans (20 – 40 m).
Bridge structure is composed of precast beam elements of whole span and cast in situ deck slab.
Link between adjacent spans are provided with
expansion joint, expressing functional difficulties (maintenance problems, driving discomfort).
Creating a continuous structure was imposed to
reduce the maintenance costs and to improve the
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bridge deck surface. Several solutions for creating
continuity were used [1]. Continuity is nowadays
mainly achieved with mild reinforcement embedded in the deck slab over the support region that is
cast together with the continuity diaphragm.
The construction is generally performed in two
phases. During the first phase precast beams are simply supported carrying their own weight, load from
the formwork and cast in-situ concrete of the slab.
In the second phase, after hardening of the in-situ
concrete, structure becomes continuous, but only
for additional dead load and live load. These bridges
are known as ‘continuous for live load’ bridges. The
cross section of continuous girders is composed of
precast concrete element and a cast in-situ slab. For
this type of the structure, redistribution of the internal forces will take place in course of time.
Prediction of the restraint moment in continuity joint under permanent load in course of time
is analyzed in the paper. The continuity moment
caused by superimposed dead load and live load is
not considered in the study. Design of ‘continuous
for live load’ bridges demands a detailed analysis of
the material properties and time-dependent effects.
Redistribution of Sectional Forces
Redistribution of sectional forces should be
taken into account in design of structures built in
phases involving changes of structural system and
elements cross section. The restraint continuity moment develops in course of time, when a continuous
bridge structure is created from a series of simple
spans by casting continuity joints. There are two
main causes: the creep under a load that was applied on simple spans and the differential shrinkage
between parts of a composite cross section.
Effects of creep under dead load and
prestressing
The creep of concrete causes an increase of deflection and corresponding end slope due to self
Volume 9 / Number 2 / 2014
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weight of the girder. When the girder end rotations
are restrained by continuity, a negative restraint
moment develops, Figure 1.

Figure 1. Development of the restraint moment
due to self weight
Prestressing produces an opposite deflection
(camber) and end slope than the self weight, inducing a positive restraint moment at the continuity joint in course of time, Figure 2. Usually, the
total restraint moment resulting from self weight
and prestress is positive.

restraint moment develops at the continuity joint.
Branson [2] concluded that the deflection of the
simple span composite beam caused by differential shrinkage depends on the ratio of slab to girder
stiffness. Consequently, the restraint moment depends on the ratio of slab to girder stiffness.
The creep under dead load and prestressing and
the differential shrinkage may together produce either negative or positive restraint moment. The sign
and the magnitude of the restraint moment depend
on several parameters: material properties, prestressing force, tendon layout, construction schedule, and
ratio of slab to girder stiffness. Usually, a net positive restraining moment would develop. As a result,
an increase of the span moments takes place.
Practical methods for time-dependent
structural analysis
stress-strain relation for concrete in course of
time is described with a Volterra’s integral equation (1).
t

e s (t ) = ∫ J (t ,τ ) d s (τ ) ....................... (1)
0

The kern of the integral equation (1) is two
parametric function known as creep function,
equation (2).
 1
j c e b (t , τ ) 
+
J (t , τ ) = 

Ec (2 8) 
 Ec (τ )
 1
j A C I (t , τ ) 
=
+

Ec (τ ) 
 Ec (τ )

Figure 2. Development of the restraint moment
due to prestressing
Effects of differential shrinkage
Part of the shrinkage of the precast girders occurs
before casting of the deck slab. The shrinkage of slab
concrete exceeds the remaining part of the girder’s
shrinkage, so that differential shrinkage appears.
The composite girder-slab structure deflects
downward due to the differential shrinkage, and,
similar to the effect of the self weight, a negative
Volume 9 / Number 2 / 2014

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

CEB [3] definition of creep coefficient, j(t,t0),
is based on the ratio of creep strain and elastic
strain at the age of 28 days. In American practice
it is defined as the ratio of creep strain and elastic
strain at the time of loading.
Study of the creep function holds a significant
part of concrete rheology. Proposals in various
Codes or recommendations involve many parameters (concrete strength, relative humidity, temperature, size effects). They are usually not suitable for
the solution of Equation (1) in closed form. Methods
for structural analysis, which account for the timedependent properties of concrete, have developed
together with calculation techniques. Simplified
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methods require modification of the creep function
in a more convenient form and approximation concerning homogeneity of the structure.
Appropriate methods for different types of
structures are discussed in CEB Bulletin 142, [4].
A wide range of concrete structures can be approximated as homogeneous, making them suitable for simplified methods.
Simplified methods
A very popular method for estimating effects of
creep and differential shrinkage, especially in the
USA, is the so-called PCA method, [5]. This method, based on the rate of creep, is very effective for
hand calculation. The PCA method is appropriate
for homogeneous structures, with constant sectional properties along the beam element. This assumption is valid for prestressed precast girders.
The PCI Bridge Design Manual [6], proposes
a somewhat more complex procedure based on
AAEM method. The procedure involves sectional
analysis followed by numerical integration of the
change of curvature along the structural elements.
Using an aging coefficient, a cumbersome stepby-step procedure is avoided.
For two spans, the PCA method proposes the
following equation for estimating the restraint moment Mr(t):
3
1 − e −j
M r (t ) =( M p − M g )(1 − e −Dj ) − M sh
2
j

......................................... (3)
where:
Dj = j(t, t0) - j(tC, t0)...................... (4)
j = j(t, tC)............................... (5)
M sh= e sh,diff ⋅ ED ⋅ AD ⋅ eD ..................... (6)

Mp and Mg are bending moments due to prestressing and self weight in a continuous monolithic structure at the support. Msh, Equation (6), is
the moment due to differential shrinkage. Positive
sign denotes sagging moment. t0 denotes age of
the precast girders at time of prestressing. tC refers
to age at time when the continuity is established.
Subscript D refers to the properties of deck slab.
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AD is the area of the slab and ED is corresponding modulus of elasticity. eD is a distance from the
centroid of the slab area to the centroid of the composite section. esh,diff represents difference between
shrinkage of the slab and the remaining shrinkage
of the precast girder.
Nonlinear structural analysis
Common numerical procedure for structural
analysis involving time dependent effects performs step-by-step solution of the integral type
creep law, Equation (1). Modification of the creep
function to the form of a Dirichlet series is also
used in most of the computer applications. Recommended creep functions, usually embedded in
these applications, are already the approximations
of concrete behavior. One must have in mind that
applications approximate the creep function once
again, with suitable mathematical series, for the
purpose of numerical procedures.
In any FE analysis, the structure is discretized
to finite elements. To enable numerical solution
of nonlinear problems a time discretization is also
performed. Since the equations are not linear, iterative procedures combined with incremental analyses are used to trace the structural response along
the structure service life throughout the elastic,
cracked and ultimate load levels.
In this paper DIANA Finite Element System
[7], was used to evaluate impact of predicted material properties of concrete on the results.
Examples and Comparisons
The analysis was performed by two methods
(PCA and DIANA step-by-step). Four models of
concrete creep and shrinkage were applied. Two
experimental test data are analyzed and results are
presented and compared.
PCA tests [8]
Pilot tests of continuous girders were performed in PCA laboratories in the period 19601961. Girders were a true copy of the prototype
(AASHTO type III girder) with a scale factor of
2:1. Detailed description of models may be found
in reference [8]. Models were formed from two
simple span precast prestressed girders of 10.06
m span, spacing 7.6 cm on the intermediate support. Girders were made continuous by casting a
Volume 9 / Number 2 / 2014
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continuity joint together with the slab. Long-term
monitoring was running through 2 years, including survey of the intermediate support reaction.
Change of the support reaction indicated development of the continuity moment. Results of this
research were published in a series of Bulletins
[8], establishing reference values for verification
of design procedures for prediction of the restraint
moment in continuity joint.
Results obtained by two methods (PCA analytical method and DIANA step-by-step FEM
numerical procedure) are compared with PCA
experimental data. Various creep and shrinkage
recommendations for concrete were used: ACI
209 [9], MC90 [3], LRFD [10], and EC2 [11]. The
concrete grade, the constant relative humidity and
the cement type were input parameters.
Comparison of the results is presented in Figure 3. Presented values are ratio of the restraint
moments to the linear elastic support moments of
continuous girder loaded with the same permanent
load. Continues lines show results of nonlinear
phase analysis (DIANA). The PCA method results
are presented in dashed lines. Experimental data
(“measured restraint moment”) indicate development of the final positive continuity moment.

Figure 3. Measured and calculated values of the
restraint moment (% of linear elastic support
moment of continuous structure) for PCA test
girders
It appears that various models for the concrete
creep and shrinkage result in similar behavior regarding the continuity moment. Negative restraint
moment develops immediately after the continuity is established. In approximately one month,
this moment starts to decrease, Figure 3. Negative
Volume 9 / Number 2 / 2014

value of the calculated final restraint moment is
obtained only at DIANA nonlinear phase analysis with ACI209 material model. All other material models and methods finally lead to a positive
value and may be compared with the test results.
Positive final values of the restraint moment for
various creep and shrinkage recommendations
scatter over the wide range. Results for the maximum negative value of moment are more consistent, but it is a transient phase in the initial period.
Precast reinforced girders [12]
An experimental investigation of the long-term
behavior of precast RC girders made continuous
has been performed at the Faculty of Civil Engineering in Belgrade [12]. Two continuous precastcast-in-place specimens were observed for a rather
long period of time (results presented in this paper
cover first 500 days). Elevation of specimens and
load arrangement for long-term observation is
shown in Figure 4.
The top part of the section was cast simultaneously with the continuity joint. To produce similar
stress level as in a real structure, additional permanent load was applied at two points of each span.
Total permanent load was designed so that cracks
due to the bending moments appeared in the precast girders. Other details of this experiment can
be found in reference [12].

Figure 4. Elevation of specimens and load
arrangement for long-term observation11
Results obtained by two methods (PCA analytical method and DIANA step-by-step FEM
numerical procedure) are compared with experimental data. Four material models (ACI 209 [9],
MC90 [3], EC2 [11], and measured data [12]) for
concrete creep and shrinkage were used.
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Comparison of the results is presented in Figure 5. Continues lines show results of nonlinear
phase analysis (DIANA). Since the precast girders
have not been prestressed, both differential shrinkage and creep under dead load induced a negative
restraint moment. The PCA method is developed
for a homogeneous structure and application to
the cracked RC precast girder requires further approximation. Properties of the composite section
are derived using Branson’s approach for effective stiffness of the precast girder [13]. Average
effective moment of inertia for the entire length of
RC girder is applied. Results obtained by the PCA
method are plotted in dashed lines in Figure 5.
Depending on the applied creep and shrinkage
data, value of the final calculated restraint moment is in a range of 40-65% of the linear elastic
support moment, when the step-by-step method is
used. The PCA method gives results in the range
of 35-80%, Figure 5.
When the same creep and shrinkage input data
are used, values of the final restraint moment calculated by two methods differ from 10 - 20%, depending on the input data, Figure 5.
It is apparent from Figure 5 that the best compliance of analytical results with experimental values of the restraint moment is obtained with measured concrete creep and shrinkage properties.

lated values of the restraint moment in ‘continuous
for live load’ bridges. The best compliance with the
experimental data is obtained with measured concrete properties, but recommended material properties are usually used in design. There are differences between the available recommendations for
predicting creep and shrinkage of concrete. None
recommendation covers the variety of test data.
The best compliance of the predicted restraint moment with the analyzed experimental data, among
applied recommendations, is obtained with EC2
model for creep and shrinkage.
Applied calculation methods for the restraint
moment (non-linear analysis, PCA method) are
both accurate to a similar level in comparison with
the measured values. PCA method, with no pretence to great accuracy, is preferred for prediction
of long term restraint moments in ‘continuous for
live load’ bridges, for engineer’s use.
Since the material properties may vary, it is advisable to use several recommendations for creep
and shrinkage, combined with simplified design
methods, to obtain upper and lower limits of results.
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Abstract
E-health includes a wide variety of health and
clinical activities that have traditionally characterized tele-health, tele-medicine, and public health applications which are mainly delivered through the
Internet. Even though, evaluation of e-Health has
been somewhat disillusioning and not yet evaluated
on a large scale. Therefore an assessment required to
evaluate all aspects of performance that are important and significant for health care through standardized process, tools, and credited key performance
indicators (KPIs). The objectives of the current
study are to search for the principle elements of Ehealth and to develop a criteria for developing KPIs
that could be used in their assessment and to draw
a roadmap incorporating KPIs with the E- health
framework (pillars) on quality dimension bases. Review of literatures was conducted for studies published from 1990 to 2009. Search was run for quality management systems and barriers for E-health
success. Criteria of developing KPIs was carried out
to fulfill the principles of specificity, measurability,
achievability and to be realistic. Fundamentals that
were considered in designing included looking forward direction, the level of performance, and the
element to be evaluated as well as the concept of accountability. Additionally, the KPIs were designed
to be generic allowing future customization to suit
diverse health care sectors. Reviewing of literatures
revealed variable organizational factors with key
barriers to E-health long-term success. Accordingly,
there was judgment of four E-health pillars to be assessed including infrastructure, data & knowledge,
standards & policy and people. A roadmap was illustrated integrating these five pillars with KPIs. Ehealth constitutes four main pillars that should be
assessed KPIs to ensure the quality of performance.
Furthermore, electronic audit is an important part
in performance assessment facilitating comparison
and sharing data.
Key words: E-health quality, key performance
indicators, Health Information
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Introduction
E-Health is defined as all forms of electronic
healthcare delivered over the internet, ranging
from informational, educational and commercial
“products” to direct services offered by professionals, non-professionals, businesses or consumers themselves. Further includes a wide range of
health and clinical activities that are computer
(electronic) based, and/or delivered through local
networks or the Internet [1-5]. It is a conceptual
term for an emerging field in the intersection of
health informatics, public health referring to health
services on one hand and information delivered or
enhanced through communication technologies
and computer networks on the other hand [6]. In
addition, the quality of health information on the
internet became a subject of interest to healthcare
professionals, information specialists, and different consumers of health care [7-14]. E-health attracts a growing interest that highlights an apparent need of an appropriate regulatory framework.
A set of organizing principles, systems, standards,
procedures, and policies which is needed to allow
care givers, professionals, and healthcare organizations to concentrate on their efforts of delivering
healthcare services [15-17].
The report of Institute of Medicine (IOM) indicated the necessity of information technology
applications to improve both quality and safety
in healthcare delivery. E-health has the potential
to improve the access of care and access to educational opportunities for health professionals,
and in remote areas it could reduce professional
isolation and thus help in the recruitment as well
as retention of health professionals[18, 19]. Furthermore, E-health should convey access to comprehensive health information instantly for patient
care when and where needed, including both electronic medical records (EMR) and decision support knowledge based on the latest scientific findings and procedures [20]. Implementing home Ehealth systems and services are revealed as one of
Volume 9 / Number 2 / 2014
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the most important challenges to promote quality
of life related to health in the information society
and aging society [21-25].
In a political context of health expense reduction,
enormous expectations for E-health services were
evolved. The online accessible at the point of care
will allow various clinical and health professionals
to judge more effectively for the wellbeing of patients [26-27]. Moreover, the challenges for the 21st
century were and will be to create meaningful, accurate E-health strategies, applications, and websites
for communication interventions that successfully
change behavior and improve health with a pivotal
movement toward consumer education empowerment [28-30]. The growth of collaborative, and multi
organizational medical research in recent years have
extensive and remarkable innovations in E-health;
on the other hand it presents new communication
and quality challenges [31,32]. Increasing demands
for large-scale comparative analysis of E-health
studies has led to a similar demand for consistently
of data that was speculated to be solved through developing standardized coding system [33, 34].
Although, E-health is exciting and shows potential, however, it presents new challenges,
particularly in regard to acceptable and implementable standards, choice of technologies, overcoming traditional jurisdictional boundaries, initial investment as well as data ownership, privacy
and confidentiality [35-40]. E-health performance
measurement is playing an greater role in health
care systems around the globe and in turn many
countries are designing and implementing different aspects of measurement systems to achieve a
range of objectives at organizational and national
levels [41-48]; nevertheless, it is not applied on
a large scale for E-health issues. Pay attention
for performance initiatives is supposed to foster
and reward improvement in health care delivery
in general and help to address areas that require
further attention in order to undertake a successful
E-health scheme [49-54]. Additionally, auditing
framework is an important element to assess performance, and improve quality of care [55]; where
there is a strong argument that interventions delivered online and on distant should also be evaluated online to maximize the trial’s external validity
[56]. Therefore the objectives of the current study
are to review the literature for the principle pilVolume 9 / Number 2 / 2014

lars of E-health and to develop a criteria for KPIs
that could be used in E-health assessment and to
draw a framework that incorporate KPIs with the
E- health pillars on quality dimension bases.
Methods
Data Collection
A computerized search was performed in the
Google Scholar database from 1999 to 2009. The
search was performed in English with the following keywords: E-health quality management, Ehealth delivery, reliability and challenges and in
turn exploration for the main pillars of E-health
that need assessment was carried out. The search
was limited to E-health subject only. Nearly 130
manuscripts were reviewed, of which 85 are referenced in this paper. The study received approval
from the Medical Informatics, College of Medicine, King Saud University.
Designing of KPIs and suggestion of dimensions of quality:
Developing of KPIs was carried out to fulfill
the five criteria of SMART; i.e. specificity, measurability, achievability as well as to be realistic and monitoring progression of improvement
along a definite time. Additionally, these KPIs
were proposed to be inclusive allowing their customization to different health care sectors. Furthermore; through several discussions; a number
of fundamentals were considered as dimensions of
quality of different levels of performance that vary
according to the target element to be evaluated.
Results
Reviewing of literatures revealed that there are
variable organizational factors with key barriers to
long-term success including lack of infrastructure to
support electronic data capture, lack of prerequisite
skills, not having defined policies and procedures,
lack of a single clearinghouse for uniform data definitions and fragmented rather than integrated data
systems with lack of training and support.
Analysis of the collected data led to the estimation of four pillars constituting the E-health
including infrastructure, data & knowledge, standards & policy and people ( figure.1).
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Figure 1. A diagram illustrating the E-health
pillars with their components
Suggested Key Performance Indicators
a. Infrastructure
At present e-health is a broad classification
with various activity related to the use of many
e-technologies and infrastructure such as internet
for facilitating healthcare practice. Infrastructure
within the e-health is an organizational structure or
framework which internally supported by different
substructure in exchanging medical information.
The internet (world wide web) one of the key component of infrastructure; is a powerful new communication available to people over the globe an
unprecedented scale. It is believed that about 800
million publicly available page, out of its 3% are
health related websites and further reported that 30
to 50% of users search for health related information [57,58]. The service of internet can be access
through modems connected to the system with different tele communication capacity. For example
Care Coordination/Home Telehealth (CCTH) was
implemented by Veterans Health Administration
(VHA) as home tele health program relating to the
veterans suffering with chronic conditions in their
homes. This E-health infrastructure coordinates
through Health Information Technology (HIT) that
supports clinical risk management, ongoing programme development, equipment contracting and
analysis the outcomes. It operates through internet
home telehealth programme which is one of the
major component within the framework of infrastructure. In addition it enables fully protection and
secure patient as well as organizational information
296

[20].The sub structure of the e-health comprises of
different software’s including workstations that allows for significant interactivity with the user and
provides e health learning. Sometimes it is difficult
for patients and professional to judge the quality of
information. Therefore it is essential to ensure that
the information provided is accurate and validated
up-to-date. To avoid wrongful information and provide quality information different tools have implemented such as the American Medical Association
and British Health Care Internet Association.
Information Communication Technology (ICT)
infrastructure was proposed to initiate e-health
communication such as phone lines, fiber trucks,
cables, ISDN, DSL and high speed services used by
various organization. Further infrastructure should
include telecommunication, access to computer
and various internet service providers. The drastic improvement of the internet and the extremely
important of e-commerce, telecommunication is
emerging as vital infrastructure for e-health access
[44]. The service of the internet within the E-health
showed advantageous such as access to medical information via the internet has the potential to speed
the transformation of the patient physicians relationship and further allowed physicians to quickly
access medical information in unprecedented scale.
b. Data & Knowledge
The Institute of Medicine (IOM) has emphasize the use of information technology in health
care for major improvements in the quality of care.
This information technology led to an increased
interest in various applications such as electronic
medical records (EMR), including computerbased physician, or provider, order entry (CPOE)
and clinical decision support systems (CDSS)
[59]. Electronic applications such as e-medicine,
e-commerce, e-education, can be thought of as
backed up by three support categories: (a) People,
including practitioners, customers and participating organizations, (b) Public policy such as legal
issues, standards and regulations and (c) Use and
distribution including management and logistics.
The infrastructure of these support groups can be
divided into a general part, which deals with information distribution and the underlying network
framework, and a second part, which deals with
the knowledge infrastructure [60].
Volume 9 / Number 2 / 2014
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The knowledge repositories come in a great variety of shapes and packages, since the actual information is stored not only as traditional database
records, but also as images, plain text, semi- structured or partially structured data. The source of this
information can be as widespread as the web itself.
More specifically, Internet based medical applications include electronic patient records, databases
of clinical practice and literature, health portals,
distance-learning type applications, decision-making tools for diagnosis and optimal treatment selection. Patients’ Internet support groups and education packages revolutionize the traditional patient
support, while terms such as tele-medicine and teleconsulting find their way into our everyday lives.
All of the above applications rely on the fact that it
is easier and cheaper to move data than people and/
or other resources [60].
Information technologies (IT) such as patients
electronic health records, e-prescribing, decision
support systems, electronic management of chronic disease, and bar coding of drugs and biological
products have been shown to reduce health care
costs and medical errors. Study shows that twothirds of the physicians surveyed cited the lack of
a strategic plan for implementing applications and
difficulty in recruiting experienced IT personnel
as major barriers in e-health, while over one-half
cited lack of sufficient knowledge of IT as a barrier to implementation of e-health. Also, lack of
the ability to exchange clinical data with laboratories and hospitals is a major barrier for smaller
physician practices [39].
Person can obtain information, and even health
care itself, from a variety of places that are distant
from each other and from the person. People seek
health care information from numerous sources.
Innovative computer technologies are needed to
support the diversity of information that is sought.
The technologies should be available in the places
where information is sought, and they should support communication processes that a person may
use to interact with the health care system to foster
a healthy life. In line with what consumers want
and need, information technology tools should
provide a personalized information flow between
patients and providers so that patients can take an
active role in managing their own health care [61].
Volume 9 / Number 2 / 2014

C. Standards and Policies
E-health is the use of information through the
communication technologies for health among
different health professionals. Therefore certain
standards is necessary to facilitate transfer of
clinical information among healthcare providers.
Today health care has been shaped by each nations own interest. Standardization is the key to
this. Once a nation decides to undertake e-health
initiatives, different standardized policies must
be developed to ensure the success of e-health.
Based on these national policies and procedures,
standard operation manual programs needs to be
establish. It is believed policies and its procedures
play a significant role in the adoption of e-health
and the reduction of many structural impediments
[62]. For example of patient safety, efficiency and
ease of implementation, VHA (Veterian Health
Adminstration) has national policies for the clinical, educational, technical and business elements
of routine are delivered within its CCHT (Care
Coordination/Home telehealth) Program [20].
There are also several norms and standards for
medical information interoperability that are being developed:DICOM for medical images, SCPECG for ECG signals intercommunication, HL7
for medical messages exchange [50].
To understand the complexities of system, medical information such as electronic medical record
should support clinical decision making, research
and other regulatory processes. All the set information should be checked for authentication. In addition all the clinical documentation should be allowed
to maintain as privacy and confidentiality. Since the
electronic health record is interactive and therefore
are many reviewers and users of documents. The
information can be of various forms such as diagnoses, treatment and progress and laboratory analysis. These information that are shared as a result of
a clinical relationship is considered confidential and
must be protected. A study showed that many physicians benefits through the process of E-health, but
also illustrated major barriers in implementation in
their practices. These barriers include lack of access
to capital by health care provider complex systems
and lack of data standards that permit exchange of
clinical data, privacy concerns and legal barriers
[39]. The another barrier of e-health is the lack of
security measures that required to assure both the
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patients and organization that their relationship and
transactions will be carried out in privacy, correctly,
and timely. At the same time, many individuals are
unfavorable to participate in e-health because they
do not trust the e-health service providers’ sites and
their information [51]. Therefore appropriate standards and policies is one of the key pillar for an effective and successful E-health initiatives.
d. People
The present adults and teens are going online
for health information through communication
technology which become a daily part of life.
Therefore information provided online play an
important role in supporting the new partnership
between providers, consumers/patients, and information technology [61]. Several factors contribute
to a shift in the social role of patients from passive
recipients to active consumers of health information [63]. The providers are coming to accept the
situation that patients want to be involved ‘‘as a
participant and partner in the flow of information’’
relating to their own health care [64].
Consumer health informatics is designed to
empower consumers by putting health information into their hands, including information on
their own health, such as diagnoses, lab results,
personal risk factors, and prescribed drugs. The
European Union’s data protection directed all the
current union members countries to enable the
patients their medical records. To place medical
records in the hands of patients so that can view
own progress of health and for practical benefits
[65]. Providers and patients are seeking new ways
to enhance communication. E-mail is being used
by patients and clinicians to communicate with
each other. In addition, new special-purpose devices, such as in-home monitoring systems, and
new uses of common devices, such as telephone
data entry, are improving communication between
patients and providers and thus improving health
management [61]. It is therefore essential to build
informatics tools that support the patient as a partner in health care and focus on the consumer, not
the provider or institution. The patients, providers, and information systems needs with synergistic interrelationships to have valuable health
information. In the process of creating such tools,
consumers, providers, and informaticians must
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pay attention to ethical and social issues so that
together they shape the future as they would like
it to be, in terms of both how technology is used
and what kinds of regulations are put in place [61].
Discussion
Based on reviewing of literatures, it was guesstimated that there are four main pillars of E-health
to be assessed to ensure its quality. Integrating the
quality dimensions with E-health pillars using the
proposed criteria of KPIs resulted in a roadmap for
assessment of E-health performance at all levels.
Regarding the infrastructure, it was reported in
earlier researches that recent advances in biomedical engineering and continuous technological innovations in last two decades are promoting new
challenges, especially in E-Health environments. In
this context, the infrastructure availability, stability
and interoperability are of high importance wherein
these improvements require a standard-based design
in order to achieve homogeneous solutions [26].
Furthermore, the spreading of wearable devices,
oriented to the paradigm of patient environment and
supported by wireless technologies as Bluetooth or
ZigBee, is bringing new medical use cases based on
Ambient Assisted Living, home monitoring of elderly, heart failure, chronic, under palliative care or
patients who have undergone surgery, urgencies and
emergencies, or even fitness auto-control and health
follow-up. Several implementation experiences are
based on ISO/IEEE11073 standard. These evolved
E-Health services can improve the quality of the
patient’s care, increase the user’s interaction, and
assure that E-health applications to be more compatible with global telemedicine. clinical and health
systems [27]. This supports the importance of having standards and policies in addition to supporting
infrastructure and connectivity to be among main
pillars of E-health [39].
Data and knowledge, should at least be a core
standard for labeling health related information.
Filters, applied manually or automatically, accept
or reject whole sites of information based on preset
criteria. These tools are based on the “gateway” approach to organizing access to the internet; resources are selected for their quality and relevance to a
particular audience. The resources are reviewed and
classified and the descriptions stored in a database.
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These tools improve the recall and precision of internet searches for a particular group of consumers;
for example students, researchers, academics, and
practitioners in the health and medical sciences as
well as patients seeking for medical information [2,
9]. This reflects the importance of data and knowledge as one of the principle pillars of E-health and to
monitor it with KPIs.
Medical knowledge are changes so rapidly,
healthcare providers need to keep their knowledge updated so that they can address patient specific needs. The availability of computers in many
healthcare providers workplace environment enabled them to use the Internet in gaining knowledge
[66]. The access to online database altered library
use over the past decade, healthcare providers used
to access the major database such as MEDLINE
and PubMed to enhance the availability of clinical
information in order to use evidence based in their
treatment management plan. MEDLINE presented
as the most common database to be accessed (40%),
and the most well-known sites (69.6%) [67,68].
Online continuing education has an increase
acceptance, healthcare providers specified that
web-based CME is preferred more than the traditional face to face CME, that’s lead many publishing, pharmaceutical and universities to initiated
more online CME [69,70]. Providers who used
the online CME show a satisfaction in the gaining
experience Ruf D et al. shows in his research that
online CME users present positive attitude by a
present of 91.7% toward the online CME, while
non-online CME users present 35.4%, which support the acceptance and importance of Internet in
e-health [70,71]. Healthcare providers have the
ability to suggest any extensive array of web-based
learning opportunities, which lead to an excellent
improvement in their knowledge, performance,
and clinical effectiveness. Online CME provides
many advantages for users, including convenience
and flexible place, time, and schedule [70,71].
Healthcare providers require new information
and knowledge to address question resulting from
patients regarding their care, time is required to
review the evidence-based literature for every
clinical action. Novel methods to deliver required
information into clinical workflow can improve
this process, successful clinical decision support
system already use to supply relevant clinical eduVolume 9 / Number 2 / 2014

cation on time. CDSS have the potential to assist
healthcare providers decision-making, by delivering of evidence based suggestions for each individual patient [72].
Electronic forms of information with good communication can promote the appearance of patients
as strategic partners in health care. Active use of
e-mail, personal health records, and the Internet,
especially integrated within an effective physicianpatient relationship, holds the potential to improve
health outcomes [73]. Giving patients access to their
electronic medical record (EMR) can potentially
improve medical care in a variety of area, particularly, by improving patient-provider relationship, as
that technology allows them to communicate electronically to ask questions, schedule appointment,
and to obtain follow-up test results [74,75].
Patients need to know about their treatment
plan much more than what healthcare providers
believe, especially if patient have special condition, We believe that the need to provide external
source of information rather than hospital setting
and appointment is important, physicians can help
more by giving them external source of information like video program that can help them taking
the right decision. Information needs to be available by email, text messaging, web and television
which help in makes the development of specialized medical broadcast channels [76-78].
Internet can provide consumers the experience
to access health information; there are an increasing number of web-based patient education sites
that provide access to information, which is related to patients conditions E-health can be used
to increase consumers knowledge about health
topics and to support them understanding their
personal disease management plan. Internet based
education has the potential to balance and improve
the established health care learning environment.
Online communication support group expand the
consumers to include other patients facing similar health challenges. Patients with disability also
are able to benefit from technology to fundamentally participate in activates that would otherwise
not be possible. Social integration and knowledge
sharing that occurs through these new electronic
community have the ability to increase the involvement in learning and expand the understanding of medical conditions [79-81].
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Concerning the suggested third pillar; standards
and policies; it was indicated that challenges to the
development of appropriate yet adaptable policies
and standards are proving to be of significant importance for the success of e-health projects [17]. Strategies applied included ‘quality assurance’ marking,
specially designed search engines, and operational
criteria for individuals to apply to sites as well as
the medical community’s roles and responsibilities
in relation to this burgeoning area [5]. Furthermore,
various legislations have been enacted at all levels
of E-health that aimed in part to improving confidence in the privacy and confidentiality of personal
health information [40]. The American Medical
Association has developed principles to guide development and posting of web site content, govern
acquisition and posting of online advertising and
sponsorship, ensure site visitors’ and patients’ rights
to privacy and confidentiality, and provide effective
and secure means of e-commerce [18].
Finally, the last pillar is people which includes
all both providers and beneficiary of E-health. It
was demonstrated that E-health is having profound impacts on health and health care. It has
the potential to improve the effective and efficient
delivery of healthcare, empower and educate consumers, support decision-making, enable interaction between consumers and professionals, support the training and revalidation of professionals,
and reduce inequalities in health [3].
Consumers, which include patient and healthy
people, are using information and communication
technology to obtain health information. Informaticians and health care IT professional should play
an important role in design, implement and support the new partnership between health providers, consumers, and information technology [82].
Several factors contribute to a shift in the social
role of patients from passive recipients to active
consumers of health information providers are
coming to accept the situation that patients want
to be involved in their own health management
[63,83]. Consumer health informatics is designed
to empower consumers by putting health information into their hands, including information on
their own health, such as diagnoses, lab results,
personal risk factors, and prescribed drugs. The
European Union’s data protection directive (in
effect since October 1998) requires all member
300

countries to enact legislation enabling patients to
have access to their medical records [65].
E-health provide physician with the best way to
improve their practice experience, which include
the use of e-learning, that shows improvement in
clinical decision making for healthcare providers
through online group casework [84]. Also, online
CME can improve providers knowledge, skills,
and practice decisions, with outcomes, they are
more likely to suggest evidence-based clinical
choice in their practice [85].
Conclusions
E-health comprises four chief pillars that should
be evaluated to ensure the quality of performance.
Furthermore, auditing and evaluation are important part in performance assessment facilitating
providing and sharing data between units. Key
performance indicators can be driven from these
five pillars to facilitate for systematic evaluation.
Recommendations
Developing global and/or national-wide, accredited, standardized, evidence-based KPIs; with definite coding system; could be an endeavor to monitor the incremental improvement of E-health. It is
necessary that KPIs be not only reliable, valid, easy
to implement, demonstrably relevant to patient care
outcomes but also as comprehensive as possible to
gain a wide acceptance. Furthermore, a survey of
health care providers for E-health elements should
follow to validate the suggested KPIs.
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Abstract
The possibility of creating a virtual environment,
with which you can interact an unlimited number of
times makes VR-learning optimal to enhance conventional training and practice. After a brief overview of existing minimal invasive surgery learning
VR systems, we raise the importance of having an
optimal configuration of the haptic devices, and of
demonstrating the validity of the simulator. As an
example, we evaluate a particular surgical training
system, whose configuration allows adapting the
position of the haptic devices to different scenarios.
The convenience of the use of this system from
the force feedback point of view is demonstrated
by means of experimental results. Additionally, we
analyze the most relevant evaluation studies carried
out with this simulator and suggest future research
to continue with its validation process.
Key Words: Virtual reality, Minimal invasive
surgery, VR-learning, Surgical training system, Optimal design, Manipulability, Evaluation, Validation.
1. Introduction
The term Virtual Reality (VR) was introduced
by Jaron Lanier in 1989 and described a scene
simulated by a computer representing not only the
visual information but also the interaction with the
environment, typically in a training simulator. At
present VR tries to trick the senses usually by incorporating visual, tactile or sonorous artificially
generated information. Users who interact with
VR’s environment can manipulate the system by
means of standard input-output devices such as a
joystick, or specially designed devices like, for instance, a virtual glove, a 3D desktop, or different
types of haptic devices.
Minimal Invasive Surgery (MIS) refers to an
increasing number of surgical procedures in which
the surgeon operates through small incisions, with
Volume 9 / Number 2 / 2014

customized specific instruments, using innovative
imaging techniques and global navigation. The visual control of the organs and the surgical instruments is done through a camera inserted into the
body of the patient. A lot of benefits derive from
MIS because no mayor cuts are performed: it is
an almost bloodless procedure; it causes less pain,
and the patient trauma decreases considerably, allowing a much faster recovery. This also reduces
the necessity of hospitalizing the patient, resulting
in large cost reductions.
However, techniques for MIS are complicated,
difficult to master and not intuitive at all, since the
surgeon must perform the operation through indirect visual control, that is, by watching a screen instead of directly observing the body of the patient.
This is an unusual ability, difficult to grasp. In addition, nowadays surgeons are performing MIS on
more and more parts of the body, such as shoulder,
ankle, wrist and elbow, which implies a strong need
for training procedures. Due to all these factors this
technique has completely revolutionized the field
of surgery like, for instance, sports medicine.
Traditional MIS learning methods such as theoretical books and videos, practicing in real operations, or working with plastic models (phantoms)
or are expensive, involve ethical problems or may
not be as realistic as it would be desirable. Since
it is difficult to practice this type of procedures
in animals or cadavers, frequently the learning
process is made from first contacts in high cost
specialized courses and directly in the operating
room under the supervision of an expert surgeon,
with the consequent limitations and risks of being
taught through clinical hands-on methods. Methods to acquire practical proﬁciency and reduce
risks are needed, since surgeons deal with human
lives. Medical staff must receive a very specialized training to correctly perform their tasks. For
example, surgeons, after a period of theoretical ed305
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ucation, acquire practical knowledge by observing
a number of operations performed on real patients,
and they gradually incorporate to auxiliary tasks
executed under strict expert supervision. Learning
in the operating theatre involves risks and constitutes a bottleneck given the restrictions in the number of trainees admitted to each operation. Other
methods, such as using animals, present legal and
moral problems. Plastic models (also named phantoms) are expensive and have a limited lifespan
because once an incision has been made during
a training session, it cannot be removed, and that
part needs to be changed.
All these factors lead to the increasing incorporation of Virtual Reality Surgery Training Systems, so we think that VR-learning (Virtual Reality Learning) should be incorporated into the
surgical curriculum. Virtual reality is capable of
providing a non-degradable realistic environment,
in which novices may learn and try as much as
desired, with little additional cost after the installation of the training system.
However, VR simulators are complex to build.
Many design decisions need to be taken both in
terms of hardware devices and software algorithms. Choosing the most appropriate haptic devices and determining their position in the real
world related to their role in the virtual world is
not trivial, so we provide a tool in order to evaluate a simulator’s efficacy and validity.
This paper is organized as follows: in the following section we present an overview of VR surgical learning simulators and we explain the motivation for this paper: the relevance of an optimal
configuration of the haptic devices to provide a
quality haptic feedback, and the importance of doing evaluation studies to validate VR simulators.
Afterwards, the main features of a VR arthroscopy simulator are explained, and we will apply our
proposed methods to it. Section 4, “Haptic design
considerations and optimal correspondence of the
workspace”, shows our contribution to the study
of haptic devices Manipulability. We suggest a
method to optimally tune the position of the haptic devices according to the task to be performed.
Next, we analyze the evaluation studies carried
out with the selected simulator and we suggest
future lines for its validation. Finally, our conclusions are shown.
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2. Overview
Training through simulation has been a common practice to acquire and train skills, however, simulators imply a new way of learning [1]
[2][3]. E-learning spread all over the world; will
VR-learning do the same in a near future? [4][5].
This will depend on its accessibility, practicability, costs, and other factors, but it is clear that, to
gain its proper role in education and formation, it
should prove its effectiveness and overcome people’s reticence.
Flight simulators have already demonstrated
to be a safety measure [6]. In medicine, surgeons
treat with human lives, so, why not use virtual
medical simulators to improve safety in surgery
procedures? [7][8].
We highlight the importance of a proper haptic
feedback. The relevance of the haptic devices used
in medical simulators has been widely discussed
[9]. A complete survey of the haptic devices most
used and of haptic medical simulators can be
found in [10]. However, when making decisions
on the haptic devices to be used in medical simulators, an important concept needs to be considered
in the design. First of all, the purpose and the tasks
of the VR-learning system must be described.
Often, surgical simulators are associated with
specific interventions. Some examples are (UroMentor, Simbionix, Ohio, USA) associated with
cystoscopy, (GI Mentor, Simbionix, Ohio, USA)
associated with colonoscopy, (Procedicus VIST,
Mentice, Göteborg, Sweden) associated with intravascular procedures, (Procedicus Abdomen,
Mentice, Göteborg, Sweden; LapSim, Surgical
Science, Göteborg, Sweden; LapMentor, Simbionix, Ohio, USA) associated with laparoscopy or
(Procedicus VA, Mentice, Göteborg, Sweden or
Simbionix Arthro Mentor®, Israel) for arthroscopy
procedures. For each intervention, different learning tasks are included in each simulator.
An important concept to achieve high quality
haptic feedback is to study the correspondence between the workspace needed to perform a task and
the characteristics and workspace of the haptic devices [11]. Designers need to match the workspace
of a device, which is a real–world feature, and the
portion of the virtual environment in which the device will be used to interact during a task. For each
Volume 9 / Number 2 / 2014
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task, we should choose the most appropriate match
[11]. This correspondence can determine the choice
of the devices that will be involved in the training
system, or it may lead to the design of a new haptic
device specifically designed for a particular VRlearning system. More detail about how to study
this correspondence, and results of a particular
medical simulator are shown in section 4.
On the other hand, before a simulator can be
used for learning, training, or assessing students, its
validity should be thoroughly proven. Each simulator includes its own exercises, interventions, difficulty levels, and performance metrics. Evaluation
studies need to be done for each simulator to guarantee their validity, efficacy and transferability of
skills; to show that its use will improve safety in
the operating room. Learning possibilities of different virtual reality surgical simulators are now being
tested, but this is still a recent research line.
There have been some evaluation studies of
virtual reality surgical training systems. Comparative studies between traditional learning methods,
mannequin-based training and apprenticeship using virtual reality simulators are being carried on.
Some of the existing works regarding laparoscopic simulators are [12][13][14][15][16]. A comparison between two endoscopic simulators is done
in [16]. Validation in a sigmoidoscopy trainer is
accomplished in [17][ 18][19][20], where they
concluded that the system had construct validity, which means that using the cystoscopy URO
Mentor simulator, it was possible to assess the level of experience of flexible cystoscopy. Aggarwal
et al. in [21] present a competency-based training curriculum for laparoscopy defining specific
benchmark criteria for the validated parameters
of time taken, path length, and error score. Its efficacy is proven in [22], where authors conclude
that ‘A proficiency based VR training curriculum
shortens the learning curve on real laparoscopic
procedures when compared with traditional training methods’. A complete review on validation
studies of surgical simulators can be found in [23].
Now researchers are taking a further step: they try
to prove transferability of skills, that is, that virtual
training will lead into better performance in the
operating theatre [24]. Some works have proved
transferability of skills from virtual reality to a
simple real laparoscopic task [25]. For specific
Volume 9 / Number 2 / 2014

procedures such as laparoscopic cholecystectomy
and gastrointestinal endoscopy, transfer of skills
has been also demonstrated [26] [27].
In this paper, we select a VR arthroscopy simulator to analyze its haptic design and to examine
the evaluation studies carried out with it up to
now, and we suggest future work for its complete
evaluation.
3. An example of a VR minimal invasive
surgery simulator
In this section, we analyze the VR arthroscopy
simulator InsightARTHRO VR® [28][29][30] (Retrieved in Nov 2011, currently commercialized by
Simbionix as Simbionix Arthro Mentor TM [31]).
[This simulator provides training of skills ranging
from basic skills such as learning how to use the
instruments and how to get orientated within the
joint, to the completion of arthroscopic procedures
such as acromioplasty.
The virtual reality arthroscopy training system
InsightARTHRO VR® allows carrying out the virtual operation as many times as necessary, previously to the real surgery. This makes possible to
discover the intrinsic difficulties of a particular
pathology. The simulator displays an on-screen,
three-dimensional image with arthroscopic (internal) and panoramic (external) views, and includes
the simulation of arthroscopic instruments which
provide tactile sensation. The simulator includes
exercises that lead the learning process. Trainees
start with exercises focused on the acquisition of
basic skills and, as they learn, they progress to
more challenging exercises and procedures.
The simulator also focuses on the learning
maximization and evaluation aspects of the educational process through the appropriate categorization of exercises, skills evaluation techniques, and
multimedia tools. Section 5 shows the evaluation
studies carried out with this simulator.
The arthroscopy simulator presented is modular, and flexible, allowing to practice on different joints: shoulder and knee. The surgery training system includes scenarios with data showing
healthy human anatomy, with the aim to familiarize the apprentice with the use of the instrumental
involved in arthroscopy surgery, and with what
should be expected to be seen through the arthro307
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scope. Additionally, the system includes exercises
to practice with different pathologies so that novices may learn how to diagnose and operate them.
The simulator offers a wide range of exercises of
incremental difficulty. The first of them are simple
and useful for basic handling of the instrumental and
the triangulation technique [32]. Progressively, the
exercises will be more and more complex, covering
in this way the different stages in the learning process. The simulator not only focuses on achieving
a high degree of realism, but it also gives great importance to the learning outcomes. Surgical trainees
can feel immersed in a real-like intervention with
simulated human physiology and tools, but, at the
same time they are taking advantage of the artificial
intelligence mechanisms that provide help and guidance, while measuring the trainee’s performance in
the different exercises (see Figure 1).

Figure 1. A Snapshot of the simulator in which
the learning curve of a trainee is depicted
This trainer is able to return force feedback,
which permits to acquire the mentioned skills
while feeling the resistance of the tissues. The
haptic information contributes to our perception
during the virtual experience. As it will be shown
in the next section, the experiments carried out
show the importance of a configurable environment, which takes into account the Manipulability
of the haptic device.
4. Haptic design considerations and optimal
correspondence of the workspace
When defining a virtual reality based training
system that includes haptic devices, it is necessary
308

somehow to optimize the system design. A design
strategy is that the haptic devices work in areas
within their optimum working environment, according to the criterion of Manipulability [33].
We can define the Manipulability of a device
at a given point as the ability to transmit and apply forces in different directions [34]. The concept
of Manipulability was first defined in [24], but
the first mathematical formulation was made by
Yoshikawa [35]. Among several indices that allow us to study the quality of systems involving
several haptic devices, we chose the well-known
concept of Manipulability [33] [36], which allows
to obtain a quantitative value of the system quality. Manipulability can also be understood as the
distance between the current setting values of the
joint angles with respect to a singular configuration [37]. Therefore to provide high haptic quality,
the points whose configurations are close to the
singular ones are positions to be avoided. Hence,
the Manipulability index will allow us to create
a map that characterizes the quality of our work
space. We will use these techniques to validate the
performance of the InsightARTHRO VR®.
This concept can be visually understood when
we use the so-called Manipulability ellipsoids. In
this case, for each configuration of a manipulator (and therefore in non-redundant manipulators,
a single position XYZ within the space) we can
generate the ellipsoid, so that each of the principal
axes represent the measure of Manipulability in
the direction of that axis. Therefore, if the ellipsoid is almost a sphere, there are no limitations on
the movement of the manipulator in either direction, and as the ellipsoid deforms, this indicates
directions closer to singular points [38].
We must first study the portion of space that can
be reached with our device, which will be named
the real workspace (RW). An efficiency measure
ìˆ v [11] based on the criterion of Manipulability
[35] will allow us to redefine in which sub-volume
we want to work from all the reachable space.
Hence, we will match our virtual environment
also known as virtual workspace (VW), in which
the virtual task will be completed, with the most efficient portion of the RW in terms of Manipulability.
The first step to do the correspondence of the
VW is to calculate the 3D Map of Manipulability
Volume 9 / Number 2 / 2014
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of the haptic device. Therefore, we calculated the
Map of Manipulability of the Sensable’s PHANToM OMNi device (see figure 2) [36].

Figure 2. 3D Map of Manipulability (left). Note
different positioning options of a VW (red rectangular solid) inside the RW (right).
Then, we need to know for a particular task, the
VW visited. We chose a specific MIS procedure, in
particular, our task was a diagnostic exploration of
the shoulder. This procedure consists on exploring
the whole joint of the shoulder, looking for any pathology. It is a standard procedure performed preliminary in the majority of shoulder arthroscopies.
It starts with the exploration of the glenohumeral
cavity and finishes with the checking of the subacromial space, both are the two main zones to operate within the shoulder joint. We generate a volume containing these two areas (see Figures 3.1 and
3.2). This volume will define the VW that can be
visited with the instruments (see Figures 3.3).
Figure 3 represents several steps of the study:
Figure 3-1 shows the anatomic model of the shoulder [39]. Figure 3-2 shows a simplified model of
the VW. Figure 3-3 shows the two previous models inserted together including also portals of access (green tubes). Finally Figure 3-4 represents
one instance of the intersection between VW and
the 3D Manipulability Map.
Once both the 3D Map of Manipulability of the
haptic device and the VW are known, we can calculate intersection, that is, we can place the VW
within the RW (see Figure 4.3).
The next subsection will explain how to obtain
an optimal correspondence.
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Figure 3. Human shoulder reconstruction and
VW intersection with RW
4.1. Automatic tuning
We developed an automatic method that allows
obtaining the optimal mechanical design of this
simulator that includes several haptic devices. We
perform the searching of the optimal intersection
of RW and VW, using the Simulated Annealing
meta-algorithm. This method is required because
of the large search space [40]. The method is inspired in the metallurgical annealing, a technique
that implies the heating and controlled cooling of
a material. When a material is heated, the heating
provokes the atoms to search the lowest state of
internal energy. In each step of the simulated annealing algorithm, the system searches randomly a
solution near the current one, according to a probability that depends on the current temperature.
In order to avoid local minima in the solution, at
high temperatures the solution moves in a wider
range. In our case the algorithm allows to calculate the optimal positioning of VW inside RW that
produces the maximum value of the cost function
ìˆ v .This function will depend on the Manipulability of a zone and on how frequently that zone is
visited during a task (fijk).
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Hence, we divide the RW into voxels with 2mm
sides. The small size of the grid allows us to consider μijk constant across the voxel, so we consider:
ìˆ v = ∑ m i j k · f i j k ........................ (2)
i jk

where:
μ ijk is the average Manipulability into a cell.
fijk is the frequency of visits sampled during a
simulation session in a cell.
In order to obtain some statistical data, we asked
a specialist to use the simulator to undertake a set of
virtual explorations of a 3D shoulder. During these
sessions, the camera and instrumental positions
were tracked and stored. Using these data, we create the Navigation Frequency Map (NFM) for two
particular tasks. We can see an example of the NFM
of a shoulder diagnostic arthroscopy in Figure 4.

The aim is to find the best subset (VW) of all
available space (RW) valued in terms of Manipulability. To do this, both volumes should be divided
into voxels of equal size. As the simulator uses two
haptic devices (one simulating the camera and the
other one simulating the surgical tool) we will study
the navigation frequency values corresponding to
the movement of the camera (VW-camera) and
those corresponding to the operating tool (VW-tool)
for each voxel. Then, from the log of trajectories of
the two haptic devices, we obtain the frequency-ofuse matrices VW-camera and VW-tool.
The initial parameters of the Simulated Annealing (see a practical description of the algorithm in
[41]) were set to:
1. Initial Error: error_i = 0.1
2. Initial Probability: pr_i = 0.2
3. Initial Temperature:
t em p _i =

−er r or _ i
= 0 .0 6 2 1
l o g ( p r _ i)

The “Condition of cooling” according to the
standards was chosen as temp = temp * 0.9. The
process continues while temp > 0.005.
Although the initial positioning of the VW can
be randomly chosen, we started intuitively choosing one with a relatively high value of μ. The variation of position is calculated by formula:
∂x =

Figure 4. An example of the Navigation Frequency
Map (NFM) corresponding with a shoulder
diagnostic arthroscopy

where:
k is a constant proportional to grid resolution
random is a random number between 0 and 1.

The condition to accept a cost new value ìˆ v
during the current step is:

We voxelize the RW, and obtain a value for
each voxel according to the formula:
f

i jk =

v i jk
v

,

where each voxel of this matrix contains vijk,
the frequency of visits received during a simulation session divided by v, the total number of sampled visits to the whole shoulder.
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k
t em p .
⋅r and om⋅
8
t em p _i

ìˆ v > ìˆ v- a c c e p t e d or pr > pa ,

where:
ìˆ v-a c c e p t e d is the best value (obtained with
formula 2) found so far in previous iterations
ìˆ v is the new calculated value we want to compare with ìˆ v-a c c e p t e d to check if it will become
Volume 9 / Number 2 / 2014
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the next ìˆ v-a c c e p t e d , and: pa is a random value
between 0 and 1.
pr is the probability value at that temperature
T. This probability is calculated by:
 ìˆ v -a c c e p t e d − ìˆ v 

p r = exp  −

tem p
 is accepted, its ìˆ

If the cell (the current voxel)
v

value becomes the new optimal point for situating
the VW:
ìˆ v -a c c e p t e d = ìˆ v

As we mentioned, this process will be repeated,
while temperature decreases, until the temperature
goes under a value of 0.005.
The calculus of the algorithm and the automatic
tuning will provide the optimal position of the virtual world (VW) with respect to the physical origin of each OMNi haptic device. However, when
several haptic devices are used in a simulator, or
when a simulator includes any other real physical element (such as in happens with the shoulder
arthroscopy simulator, which includes a real plastic shoulder model), the haptic device positioning
will also depend on these other real elements and
on the other haptic devices.
In the studied arthroscopy simulator, three real
elements need to be positioned with regards to
each other and to the virtual world:
– An OMNi haptic device representing the
surgical instrument
– An OMNi haptic device representing the
internal camera (the arthroscope)
– A real plastic model representing the
shoulder
The position of the real plastic model does not require any calculation, since it will follow the optimal
position of the virtual world, since both (the virtual
and the real model of the shoulder) need to fit in.
Since the optimal positioning of the haptic devices are task dependant, we selected two particular
tasks, we applied our algorithms and we show the
experimental results in the next subsection. Therefore, next subsection will show how to calculate the
optimal relative positioning of each haptic device
with regards to the virtual world for two surgical
interventions within the arthroscopy simulator.
Volume 9 / Number 2 / 2014

4.2. Experimental results
We will use two examples of different surgical
interventions: A shoulder diagnostic arthroscopy
and a Bankart lesion procedure. Due to the differences between the two operations, different NFM
were calculated (see Figure 4 and Figure 5).
We applied the algorithm of Automatic Tuning
to the first case, the shoulder diagnostic arthroscopy, obtaining as results the optimal positions of
the VW for the two haptic OMNi devices respectively. These results are shown in Table 1:
Table 1. Results of optimal positions of the haptic
devices for a shoulder diagnostic arthroscopy
Optimal position (X,
Y, Z) in millimeters
Haptic device role:
ìˆ v
with respect to the
OMNi origin
OMNi surgical
(-104, 112, 90)
0.8811
instrument
OMNi arthroscope
(-18, 120,105)
0.8799
(internal camera)

Figure 5. Frequency map corresponding with the
space visited during a Bankart lesion procedure.
We can observe that this intervention is performed
on a much smaller space, allowing us to use the
best quality area over the OMNi.
By applying the algorithm of Automatic Tuning to the second case, Bankart lesion procedure
(whose NFM is depicted in Figure 5), we obtained
the results presented in Table 2:
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Table 2. Results of optimal positions of the haptic devices for a Bankart lesion procedure
Haptic device role:
OMNi surgical instrument
OMNi arthroscope (internal camera)

Optimal position (X, Y, Z) in millimeters with respect to
the OMNi origin
(-33, 114, 96)
(-24, 118, 98)

The application of our algorithm to these two
tasks, show how it is possible to calculate the
optimal position of the virtual world respect the
haptic device origin. For both cases, these optimal
positions should be adopted in order to obtain the
maximum efficiency from the two OMNi haptic
devices integrated into the simulator.
The selected shoulder arthroscopy simulator has
a particularity that we have not seen in any other
simulator. In this simulator, the haptic devices can
be moved and displaced along rails over a platform,
depending on the needs of each particular task. This
is an important feature that makes this simulator
unique. It can be adapted to different joints, interventions, and the haptic devices (simulating the
surgical instrument and the camera) can be inserted
through different angles and are interchangeable.
This versatility makes that even within a real time
simulation, the haptic devices bases can be moved
to adapt to their best positioning.
5. Evaluation studies to validate the VR
simulator
The studied arthroscopy training system has
been commercially available for more than 5 years
and used in several arthroscopy courses around the
world. In this paper we examine the scientific literature about the validation of this particular simulator
since its origin. For an easier comprehension, first
we show the scientific contributions in a chronological order, summarizing them into a table (see
Table 3). Then, we explain in more detail the validity concepts involved and their implications.
Next, we show the different studies and experiments carried out with the arthroscopy simulator from 2007 to 2012. Funk et al. started doing
evaluation studies with a previous version of the
shoulder simulator in 2007 [42]. Since then, they
performed validation studies with this simulator
by comparing the virtual reality arthroscopy simulator with an online tool named Flash [43].
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ìˆ v
0.9152
0.8823

In 2008, a first evaluation study proved face
and content validities, and their results about construct validity, although not conclusive, suggest
that the simulator may be able to differentiate between novices and experts [44]. This paper also
studies the concept “economy of movement” and
contributes with an equation to calculate it.
In 2009, Angeline in [45] showed that increased
training correlates with performance on shoulder
arthroscopy virtual simulation, and Martin in [46]
proved that the performance on the shoulder arthroscopy simulator correlated with experience
(proving construct validity) and with cadaver performance (proving concurrent validity).
In 2010 Tuijthof et al. [47] did a study with
the simulator observing partial construct validity
and they considered face validity satisfactory for
simulating the outer appearance and human joint,
but barely satisfactory for the instruments. The
simulator was graded satisfactory regarding userfriendliness. They proved that the perception of the
simulator usefulness did not differ with the level of
experience of the participant surgeon. Enders et al.,
in [48] did a study with the simulator and proved
that students with game experience performed significantly better than non gamer students, showing
that there is a tendency that the performance gets
better with more game experience.
In 2011, Gupte et al. [49] prove face and construct validity for the newest version of the knee
arthroscopy virtual simulator. Emery et al [50] on
their hand, show face and construct validities for
the newest version of the shoulder arthroscopy
virtual simulator. Martin et al. [51] showed correlation between arthroscopic basic task performance in the shoulder simulator and a similar task
performance in cadavers.
In 2012, Kash et al. [52] go a step further when
they use the simulator as a tool to collect videos
of the surgeons performing interventions on the
virtual environment and they use these videos
as a mean to validate an innovative Global RatVolume 9 / Number 2 / 2014
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Table 3. Types of validities demonstrated for the arthroscopy simulator
Types of validities:
Face validity
Content validity
Construct validity
Concurrent validity
Predictive validity
Transferability of skills

Demonstrated for this arthroscopy simulator?

ing Scale (GRS). The GRS is presented as a tool
that could be used to assess surgeons’ competency
in arthroscopic skills. They claim that the scale is
suitable to be used both when an apprentice is performing in the operating room and when he/she is
performing on a virtual reality simulator.
As mentioned, we developed a chart summarizing the different types of validity, showing which
ones have been already proven for this particular
simulator up to now (see Table 3).
Next, we include a brief description of the different types of validities for a better understanding. So far, the simulator seems to have proved the
following types of validities:
– Face validity (is the extent to which the
examination resembles real life situations.
In the virtual simulation domain, it could
suggest how the simulator reflects the real
operation [53])
– Content validity (the degree to which elements
of an assessment instrument are relevant,
adequate and representative of the target for
a particular assessment purpose. Experts
examine in detail the contents to establish if
they are appropriate and specific [54])
– Concurrent validity (the extent to which
the results of a tool correlate with the gold
standard for that domain; it can also be
defined as the relationship between the test
scores and the scores on another external
instrument purporting to measure the same
target [54]). Studies compared the simulator
with other tools [55] and with cadaveric
performance [46] and [51].
– Construct validity (the existence of a
psychological construct, for instance,
surgical skills, which underlies and gives
meaning and significance to the test scores.
One inference to evaluate the construct
Volume 9 / Number 2 / 2014

X
X

Studies and references
[44] [49] [49] [50]
[44]
[44] [45] [49] [50]
[43] [46] [51]

validity of a surgical simulator would
be to study the ability to differentiate
between experts, intermediates, and novices
performing a task [54])
To date, there are no studies proving predictive
validity. Predictive validity is related with the effectiveness to predict a variable of interest. If the
scores that apprentices get in a VR surgical simulator were a good predictor of the level of performance that these apprentices would have in the
operating room, the simulator would have proven
predictive validity. Once predictive validity would
be proven, we could consider the possibility of using it as an assessment tool [54].
There has not been any study proving the transferability of skills yet, that is, so far there is no
evidence that the skills acquired with the simulator are directly transferable to the clinical setting.
For all this, a step forward in the validation of
this VR-learning simulator could be the construction of a VR curriculum, in a similar way as in
[24], and the demonstration of its effectiveness in
the acquisition of arthroscopic skills. Given the
amount of research done on the validation of this
simulator, we believe the next step should be to
design a study to test the transferability of skills
from the simulator, to the operating room.
6. Conclusions
In this paper, we did an overview of MIS surgical simulators, stressing the importance of an
optimal adequacy in the correspondence between
the haptic device workspace, and the workspace
of the virtual environment within a simulator depending on the task to be done. We also propose
an automatic tuning algorithm to find an optimal
positioning of the haptic devices.
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We highlighted that it is essential to do a thorough evaluation of a surgical simulation, so that
it can be completely validated and prove transferability of skills from the simulated environment to
the operating room.
We selected a particular VR arthroscopy simulator to study its haptic design, and we carried out
experiments to test its Manipulability and to apply
the proposed tuning algorithm to a practical case.
As expected, different tasks within a virtual
environment imply the reconfiguration of the positioning of the haptic devices to exploit the best
Manipulability zones into the haptic workspace.
The haptic design of this particular simulator includes a platform that allows the movement of the
base of the haptic devices in real time. Hence, the
platform allows moving the haptic devices to their
optimal positions depending on the particular task
or operation to be trained. In this way, the simulator can be adapted to different virtual environments and allows the introduction of the surgical
instruments through various entry portals into the
joints. The present work demonstrates the relevancy of the design used in the InsightARTHRO
VR®, in order to allow the two OMNis work in the
best zones in terms of efficiency.
We also examined the implications of the evaluation studies carried out with this simulator and
we suggest possible future research to continue
with its evaluation process towards becoming
completely validated.
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Abstract
Background: this study focuses on applying
advanced cost management methods in hospital
management. This paper presents how to calculate
the true cost of medical services and determines
the cost variability between the different types of
hospitalization within the ENT department of a regional hospital.
Methods: study was undertaken in the ENT
department of the Czech regional hospital during
the spring of 2013. The objective of the study is
to present a method for calculating the different
forms of hospitalization using the activity-based
costing approach. Case study research was conducted, and data was gathered from various sources, such as bookkeeping entries, the hospital’s IT
system, etc.
Results: the first part of the paper details issues
concerning the cost management of the hospital,
and describes challenges associated with accurately calculating costs in hospital organizations. The
second part of the paper presents the case study
conducted on such hospitalization cost calculation. Four types of hospitalization were identified
within the study, including planned conventional
hospitalization and acute surgical hospitalization.
The main objective of the study is to analyse and
identify the most accurate cost allocation principles in order to determine the true costs of individual forms of hospitalization;
Conclusions: calculating the true cost of such
forms of hospitalization could result in, for example, better management of activities, cost reduction, estimating the cost of patients and other information vital to management decision-making.
Key words: costing, hospital management,
Activity-based costing, hospitalization
JEL Classification I19, M41
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1. Introduction
In recent decades, healthcare service providers,
such as hospitals, have to cope with limited resources, increasing costs and greater demands on
services. Many studies reveal evidence of rises in
healthcare costs in the past decade. Hospital organizations endeavour to effectively manage the activities performed in addition to outputs on limited
resources. Putting in place advances in medical
techniques and medicines usually causes increases
in consumed costs, as well as bringing benefits in
the form of higher standards and greater efficiency
in the services provided. Many hospital organizations experience problems maintaining the appropriate level of care on the resources available.
In order to solve difficulties related with the rising costs of the healthcare services, limited payouts from insurance companies and ever greater
demand regarding the quality and extent of care,
hospital managers have attempted to apply advanced accounting and cost management methods.
These should contribute to better comprehension
of the performance of an organization. Advanced
cost management techniques could assist managers to further understand relations between costs
and the provision of services in order to improve
the efficiency of existing operations.
One of the most important procedures likely to
be adopted recently by hospital organizations is the
cost calculation or costing method. Many authors
highlight the increasing importance of costing methods in hospital organizations. For instance, Koyama
states, that managers are increasingly aware of the
importance to obtain accurate estimates for the costs
of medical services [1]. Gujral et al. comment that
healthcare organizations use cost accounting to
estimate the unit cost of services they provide [2].
Riewpaiboon et al. state that data on the unit cost of
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medical services are needed for performance-based
budgeting systems and the financing methods of insurance schemes [3]. Edbrooke et al. point out the
greater necessity for a method to obtain accurate patient costing, which would permit resource utilization to be identified for individual patients treated
under different clinical specialties [4]. Ridderstolpe
et al. state that a valid basis for calculation is increasingly necessary for cost control of health care, which
is set against a backdrop of greater demands and resource constraints [5]. Many recent studies (e.g. [6])
solve the problems related to more accurate cost determination of individual hospitalization cases.
Costing methods play an important role in contemporary hospital management as a tool able to
calculate the cost of individual activities and services provided by a hospital. One of the most important activities or services provided by hospitals
is hospitalization itself within hospitalization care.
The activity-based costing (ABC) method was
developed in the 1980s in reaction to the relative inaccuracy of traditional absorption costing
methods. This method of costing differs from traditional costing methods with the paradigm that
activities consume resources and processes drive
activities. ABC is based on cost allocation through
defined organizational processes and activities.
The paradigm of ABC allows for more accurate
cost calculation in direct and indirect costs. [7]
Hospital organizations are very suitable for the
application of ABC. Petřík describes organizations
with the most to gain from ABC implementation as:
– those with a high frequency of different
cost objects – this presumption is valid for
either production companies, or for service
or trading companies;
– those with a large portion of indirect costs;
– those with a great number of processes and
activities. [8]
All three characteristics significantly pertain
to healthcare institutions. In the literature one can
find a great deal of evidence of the application of
ABC in hospital management [9-14]. The studies
published and application procedures described
are relatively numerous, but very often focus on
narrow application of the method in a department
in a healthcare organization. Most of these application procedures are based on a general proce318

dure defined by Drury, which includes the four
steps of:
– identifying the major activities taking place
in an organization;
– assigning costs to cost pools/cost centres for
each activity;
– determining the cost driver for each activity;
– assigning the costs of activities to products
according to their individual demands on
activities. [15]
One of the earliest studies to examine the organization-wide application of ABC in a hospital
was published by Udpa. This study focuses on
hospital inpatient services. He states that outpatient care usually involves a large number of units
providing services with relatively small unit costs.
Nonetheless, ABC can be applied to a few selected high-volume and high-cost, low-profit outpatient services. [9]
There is evidence that ABC provides more detailed cost information on the activities of a hospital, which could typically result in better cost
reduction and cost management. Cao states that a
sophisticated cost accounting system is indispensable for bringing about effective cost control [16].
Carvalho Jericó and Castilho support the use of
ABC in hospitals, declaring that information generated by ABC significantly contributes to hospital management in planning and managerial control. This is due to such data enabling behavioural
changes in the organization by narrowing focus
on activities and the volumes of their outputs. [11]
Gujral et al. solve the problem of misrepresenting
service costs by estimating the cost of work activities that consume resources and by linking these
costs to the services provided [2].
Applying ABC at a healthcare service provider
could result in wide benefits for an organization, but
also usher in a great many risks related to utilization
and improper construction of such a system.
Many authors, such as Stouthuysen et al., have
discussed the limitations of the ABC approach.
That author states that the need exists for some
degree of caution in advocating the use of ABC
in hospitals. [17] Lievens et al. for example argue
that a potential drawback of ABC systems lies in
the consumption of time and resources associated
with developing and managing these systems [18].
Volume 9 / Number 2 / 2014
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2. Methods
The objective of this study was to calculate the
cost of hospitalization in a selected department of
a regional hospital using the activity-based costing
system. The objective of the study was to distinguish between different types of hospitalization,
starting with planned, conservative hospitalization
through to acute surgical hospitalization. Following analysis, four different types of hospitalization were defined. The authors used case study
research to define the hospitalization cost and
define conclusions relevant to the methodology
used. According to the published limitation of the
method, connected with the high complexity of
the system and consequent obstacles encountered
in practical utilization of ABC [16, 19, 20], the
implementation team was charged with designing a relatively simple system featuring a limited
number of activities and cost drivers. Calculation
was made within the Ear, Nose & Throat (ENT)
department, which was chosen as suitably representative. Along with working out the cost of
hospitalization, all other department activities had
to be analysed in order to take into consideration
every cost consumed within the department and
other consumed services. Study was performed
during the autumn months of 2012 and after application the results were analysed.
3. Results and discussion
The regional hospital of Zlín, where the study
was performed, is a medium-sized hospital with
33 departments of primary care and 13 specialized
centres with 2,074 employees and 1,084 beds, of
which 938 are given over to acute care and 146
to subsequent care. In 2011, its operational budget comprised 1,694 million CZK (approx. 67.8
million euro) of revenue, whereas operating cost
equalled 1,803 million CZK (approx. 72.1 million
euro). The economic structure of the hospital consists of 33 primary care cost centres and 32 support cost centres.
The Ear, Nose & Throat (ENT) department is
a medium-sized primary care department with
an approximate 17.7 million CZK (0.707 million
euro) operating cost per year, staffed by 7 physicians, 15 nurses and 5 other personnel.
Volume 9 / Number 2 / 2014

For calculating the cost of hospitalization the
activity-based costing methodology was used. The
first step of the ABC implementation procedure
was to adjust the accounting data. The authors
used the original financial accounting data without
any special kind of adjustment, as it is customarily
performed in ABC systems. The objective of the
adjustment was to include intra-organizational invoicing in the management accounting system, in
order to determine the true cost of the ENT department. The full year of 2011 was utilized as the initial period for cost allocation. Direct and indirect
costs were distinguished in order to trace a direct
cost directly to defined cost objects and to allocate
the overhead cost through the activities. The following cost classifications were made during the
application process (see Table 1).
Table 1. Structure of the hospital and department
cost (Source: own)
Hospital total cost
Direct cost*
Indirect cost*

€
72,146,372
17,710,975
54,435,397

%
100%
25%
75%

ENT Total cost
ENT Direct cost
ENT Indirect cost

707,482
47,727
659,755

100%
7%
93%

* approx. 			

The next step of the ABC application process
was to define the major activities that take place in
the organization. As mentioned above, the primary intention was to adhere to the limited number
of activities. After the first round of interviews, the
following primary activities were defined:
– 101 - Outpatient examination
– 111 - Audiometry
– 112 - Endoscopy
– 113 - Hearing aid assignment
– 201 - Inpatient admission
– 211 - Hospitalization - conservative - planned
– 212 - Hospitalization - conservative - acute
– 213 - Hospitalization - surgical - planned
– 214 - Hospitalization - surgical - acute
– 220 - Surgery
– 290 - Inpatient release
Primary activities represent those provided by
the ENT department itself and by selected primary
319
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care cost centres, such as the surgical department.
As the final outputs of the ENT department also
include the activities of additional supporting hospital departments, cost analyses of all the departments have to be conducted in order to assign the
true cost of ENT activities. The following secondary (support) activities were identified:
– 9001 - Management and administration
– 9003 - Human resources
– 9004 - Information technology systems
– 9005 - Facility management
– 9900 - Supporting medical services
After identifying the major activities, overhead
costs were allocated to the defined activities. This
phase of the ABC implementation process is the
most time-consuming. Individual cost elements,
registered in the accounting system, include costs
of materials, indirect medication which could not
be assigned to specific patients, energy costs, personnel costs, etc. A different allocation mechanism
was applied for each cost element. Several resource cost drivers were defined, such as the physical labour consumption of activities, the square
metres of floor space related to activities, etc. All
costs were assigned to activities using the Activity
Cost Matrix, which displays links between the indirect costs and activities. A problem arose when
calculating the cost for hospitalization - no data on
classifying hospitalization into four desired types
was available. The cost could only be allocated to
hospitalization as a whole. After fully allotting indirect costs to activities, the following total activity costs were identified:
– Outpatient examination € 138,701
– Audiometry		
€ 20,974
– Endoscopy		
€ 20,942
– Hearing aid assignment € 16,225
– Inpatient admission
€ 27,055
– Hospitalization – total € 282,387
– Surgery			€ 67,578
– Inpatient release		
€ 9,154
In order to include all the relevant costs for hospitalization and other activity costs, the costs for
secondary activities had to be calculated. In this
case, the cost allocation process was much simpler
because only five support activities in the whole
organization had been identified, and the cost for
320

all supporting cost centres were assigned to these
supporting activities. For instance, the activity
Facility management encompassed the following
support cost centres - facility management, parking management and the car park, maintenance,
energy consumption, the gas heating facility and
the team of cleaners. Activity support medical services included the departments of imaging methods (RTG, CT scan, MRI, etc.), the Department of
Clinical Biochemistry, the Department of Medical
Microbiology, the Department of Hematology,
Nuclear Medicine, the Laboratory of Allergic Diseases and the Clinical Immunology or PathologyAnatomy Departments. The following total costs
for such support activities were identified:
– Management and administration € 1,712,892
– Human resources		
€ 71,566
– IT				€ 652,551
– Facility management		
€ 753,847
– Supporting medical services
€ 8,302,167
To proceed with the cost allocation process, the
proportional quantity of secondary activity costs
had to be allocated to primary activities. Due to
the fact that the authors had not carried out detailed analyses of the other primary care activities,
they followed a very simple allocation procedure.
Firstly, they calculated the percentage for the total ENT department cost in relation to the total
organization cost, which worked out at about 1%
(0.707 million € out of 72.14 million €). Then the
calculated portion of the secondary activities cost
was assigned to the ENT department and allocated
to individual activities in proportion with the relevant activity cost. Only the Human Resources cost
was allotted by a different allocation mechanism,
whereby the ratio of ENT staff to the total number of employees was used. A special allocation
procedure was utilized for the supporting medical
cost, this only being allocated to three activities in
the estimated proportions: 50% of activity cost allocated to the activity Hospitalization (total), 30%
to the activity Outpatient examination, and finally
20% of the supporting medical cost allocated to
the activity Inpatient admission. Estimation was
arrived at through conducting interviews with department staff.
The total costs for activities, including the secondary activity cost, were as follows:
Volume 9 / Number 2 / 2014
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–
–
–
–
–
–
–
–

Outpatient examination € 169,069
Audiometry		
€ 22,123
Endoscopy		
€ 22,080
Hearing aid assignment € 17,062
Inpatient admission
€ 44,446
Hospitalization – total € 339,413
Surgery			€ 72,378
Inpatient release		
€ 9,719

Due to the high volume of the cost for the activity Support medical services, a different allocation procedure should be used in order to calculate
the activity cost more accurately. In the first step,
the activity “Supporting medical services” must
be divided into several key support service activities, such as imaging methods, blood transfusion
or Clinical Immunology, and the costs for those
activities were identified. In the second step, the
volumes of these activity outputs (in %) are performed for the individual main departments of the
hospital (such as the ENT department). In the final

step, the cost for individual support service activities is allocated to the individual main departments
of the hospital using percentage volumes.
As a consequence of insufficient data at the
time, the authors initially applied a simpler and
less accurate allocation mechanism.
Calculation of the cost of individual types of
hospitalization
As mentioned above, only existing and accessible data could be allotted to the general hospitalization activity, because no detailed data on the relation
between consumed cost and hospitalization type
was available. In order to determine the cost of individual (desired) types of hospitalization, the authors
had to gather additional data that facilitated allocation of cost to the individual types of hospitalization.
Firstly, the authors analysed the cost allocated to the
hospitalization activity as a total (Table 2).

Table 2. Hospitalization activity cos-total (Source: own research)
ID
50102
50104
50107
50108
50109
50110
50138
50201
50202
50203
51101
51102
51801
51803
51808
51810
51811
52105
55103
59101
59102
59103
59104
59105
59104

Natural cost type
consumption of medicines
medical and surgical instruments
consumption of material and spare components
consumption of small assets
linen
books
exclusion of fixed assets
consumption of energy
consumption of water
consumption of steam and heat
building maintenance
maintenance of devices
communication services
rental costs
collection and disposal of waste
other services
Internet
personal costs
depreciation
costs for meal preparation
laundry costs
costs for transport
sterilization costs
maintenance costs
other costs
Total cost
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Cost volume
12,481 €
5,016 €
8,254 €
531 €
935 €
11 €
15 €
299 €
4,132 €
478 €
5,315 €
900 €
10 €
8,922 €
1,563 €
1,200 €
237 €
146,402 €
1,196 €
22,649 €
5,904 €
2,345 €
3,170 €
673 €
218 €
282,387 €
321
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After analysing the total hospitalization cost
and discussing the issue with the senior doctor, the
authors were able to identify three cost types that
differed in the individual forms of hospitalization.
These comprise costs of material, labour and depreciation. The senior doctor was asked to estimate
indexes representing the volumes of cost consumption of individual natural cost types by said types of
hospitalization. E.g. the material cost requirements
of planned surgical hospitalization are twice as high

as conservative hospitalizations. The results of this
estimation are displayed in Table 3.
In the subsequent phase, the output measures
of the individual activities were estimated. Existing data sources provide data on the following
volumes of hospitalization, representing the number of days required of the patients (see table 4).
After gathering the necessary data, the authors
used the index method to calculate the total cost.
Firstly, formulating the recalculated quantity of

Table 3. Estimation of hospitalization cost demands (Source: own research)
Hospitalization – conservative - planned
Hospitalization - conservative – acute
Hospitalization - surgical -planned
Hospitalization - surgical - acute

material cost
1
1
2
3

medicinal cost
1
2
1.5
3

labour cost
1
1
2
3

Table 4. Number of days required of patients per hospitalization type - activity output measure
(Source: own research)
Hospitalization type
Hospitalization - conservative - planned
Hospitalization - conservative – acute
Hospitalization - surgical -planned
Hospitalization - surgical - acute

Output measure
516.2
1,032.4
3,097.2
516.2

Table 5. Recalculated quantities - output measures (Source: own research)
Hospitalization - conservative - planned
Hospitalization - conservative – acute
Hospitalization - surgical -planned
Hospitalization - surgical - acute
Total recalculated quantity

material cost
516.2
1,032.4
6,194.4
1,548.6
9,291.6

medicinal cost
516.2
2,064.8
4,645.8
1,548.6
8,775.4

Table 6. Calculation of hospitalization cost (Source: own research)
Total
211
212
material cost
13,270 €
737 €
1,474 €
medicinal cost
12,481 €
734 €
2,937 €
labour cost
195,932 €
10,885 €
21,770 €
other cost
60,703 €
6,070 €
12,141 €
282,387 €
18,427 €
38,322 €
Total
output measure
516.2
1,032.4
Cost per unit
35.70 €
37.12 €

labour cost
516.2
1,032.4
6,194.4
1,548.6
9,291.6

213
8,847 €
6,608 €
130,621 €
36,422 €
182,498 €
3,097.2
58.92 €

214
2,212 €
2,203 €
32,655 €
6,070 €
43,140 €
516.2
83.57 €

Table 7. Calculation of hospitalization cost (Source: own research)
Hospitalization - conservative - planned
Hospitalization - conservative – acute
Hospitalization - surgical -planned
Hospitalization - surgical - acute
322

Primary rate
35.70 €
37.12 €
58.92 €
83.57 €

Secondary rate
7.89 €
7.48 €
11.79 €
16.89 €

Combined rate
43.59 €
44.60 €
70.71 €
100.47 €
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output measures occurred, by multiplying the output measures (Table 4) by the cost demand estimations (table 3). Each column of Table 3 was multiplied by Table 4.
Secondly, the authors took the total cost for
hospitalization (282,387 €) and the related natural
cost types, such as material cost, medicinal cost
and labour cost, and allocated them, using the recalculated quantity, to the individual types of hospitalization. E.g. the total material cost of 13,270
€ was divided by the total recalculated quantity
(9,291.6) and then split into individual types of
hospitalization, utilizing the recalculated quantities displayed in Table 5. The final result of the
allocation process is displayed in Table 6.
Once the total activity cost had been calculated,
working out the activity unit cost was very simple.
The authors divided the total cost of activities (18,427
€; 38,322 €; 182,498 €; 43,140 €) by the activity output measures (516.2; 1,032.4; 3,097.2; 516.2) to get
the activity unit cost. The final result was 35.7 € for
activity number 211 (Hospitalization - conservative
– planned), 37.12 € for activity 212 (Hospitalization conservative – acute), 58.92 € for activity 213 (Hospitalization - surgical – planned) and finally 83.57 €
for activity 214 (Hospitalization - surgical – acute).
The final step of the cost allocation process was
to allot the secondary activity costs, as generally
described in the first part of chapter 3. Table 7 displays the final result of the study, revealing the calculated hospitalization cost, which is determined
as primary and secondary activity costs.
It can be seen that “cheapest” form of hospitalization is conservative planned hospitalization,
while that with the highest cost is acute surgical
hospitalization, which is more than twice as expensive as the cheapest form of hospitalization. The
activity-based costing methodology represents a
very useful tool for managing costs in hospitals. As
shown in the study, ABC could be effectively used
to calculate different forms of hospitalization cost.
An interesting result is the difference between the
different kinds of hospitalization, ranging from 43 €
to 100 €. The limitations of the study greatly resemble the recognized limitations of the activity-based
costing system. Firstly, the use of the ABC is highly
time-consuming. Acquiring the data could sometimes prove an obstacle in full ABC application.
Some of the allocation mechanisms were based on
Volume 9 / Number 2 / 2014

simple estimation of cost proportion, as shown in
Table 3, which could be misleading in some situations. Nevertheless, there is no other way to obtain
this kind of information that is essential for more
detailed cost allocation.
4. Conclusion
Calculating hospitalization costs through applying the activity-based costing methodology in a
selected hospital department resulted in several important conclusions. The first is that implementing
the costing system in hospital management could
bring about numerous benefits. Hospital managers
would obtain crucial information on the true costs
of the activities performed. In this case, such hospitalization costs were identified that could result
in improving these activities. Calculating the true
cost of the hospitalization types might also result
in different kinds of “profitability” analyses. When
comparing the calculated cost and the revenues of
an individual activity, it is possible to discern which
types of activities could financially benefit the hospital as well as those not able to cover their costs.
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Abstract
Interactive multimedia simulations combined
with computer game elements can be successfully
applied as a new type of educational resources
for teaching today’s generations of students. This
works describes one type of educational game,
which we used in the course Computer Architecture and Organization 1 for the teaching unit
“Unary logical operations“ in order to facilitate
the learning process. With the use of Bayesian networks the work presents a method for modeling
items studied in the course. The pedagogical side
of the application is supported by many techniques
used in the field of amusing learning. Besides, the
work also describes the interface design, as well
as implementation of items a student should learn
through solving the tasks in this game.
Key words: unary logical operation, education
game, Bayesian networks, Net – generation
1. Introduction
Today’s generation of students belong to the
generation born in the Internet era. Modern psychologists, sociologists and pedagogues call them
the Net-generation. The Net-generation students
prefer acquiring knowledge on the Internet and
solving interactive tasks to attending classic lectures and solving tasks on the blackboard. The
Net-generation students learn well through discoveries – either individually or with their mates.
This research style makes them capable of better
acquiring information and using it in a creative,
conceptualized way [1]. The Net-generation is
more comfortable in the environment full of pictures than in a text. Research shows that the Netgeneration students will refuse reading huge quantities of text from a field, regardless of whether it
Volume 9 / Number 2 / 2014

is a long text of a lesson or task. They prefer solving concrete tasks from a field to thinking about a
field or proving orally how much they are familiar
with the field.
Starting from the assumption that any type of
interaction between a user and a computer can be
presented in the form of questions and answers,
this means that the replies by the computer can be
innovatively presented in various ways. Organizing of the replies in a more modern, technological way, with added sound, animations, video and
other new media as possible types of replies, recognizing options or both, was proposed [2].
With the use of modern interactive multimedia
applications in such learning systems many researchers are trying to make a compromise between
the necessity of learning with the aim of acquiring
a sufficient level of knowledge in a field, and the
desire of modern generations of students to acquire
knowledge in an interesting and dynamic way.
Such new systems are based on the use of Bayesian networks [3]. By shaping the teaching contents
into sub-fields in which knowledge is acquired in
an amusing way, through playing, the probability
to achieve the desired knowledge level in a field
as a whole is increased. With the use of the huge
potential of computer graphics and interactiveness
in multimedia applications [4], direct correlation is
created between the dynamics of students’ acquisition of new knowledge and the time the students
spend with this type of applications.
Most students learn many task solving methods
in the field of technical sciences through repetition,
after which it is usually needed that they repeat a
particular series of actions through several different examples. The use of learned items is carried
out through solving concrete tasks. A large number of tasks with different examples enables stu325
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dents to rehearse the learned material well. When
students see the results of learning, they will try to
be better in every following rehearsal, and in that
way they will start competing with themselves.
The competing spirit is in the human nature, and
thus playing and achieving the best possible results makes a basis of today’s modern interactive
learning applications – educational games.
Incorporating active and interactive learning
technique is not new. Active and interactive learning techniques were used in teaching introductory
circuits and electronics course on three different
State University campuses in the US and one University in China [5]. Today’s engineering students
entering college have been brought up with video
games and other interactive media find it increasingly difficult to absorb the substance of hour-long
formal lectures.
On the other hand, some author have achieved
good results in creating interactive and simulation
models for the learning of engineering and business mathematics [6]. Interactive models were
assisted students in investigate mathematical situations by varying parameters to explore different
possibilities and interpret outcomes.
Most students learn many task solving methods
in the field of technical sciences through repetition,
after which it is usually needed that they repeat a
particular series of actions through several different examples. The use of learned items is carried
out through solving concrete tasks. A large number of tasks with different examples enables students to rehearse the learned material well. When
students see the results of learning, they will try to
be better in every following rehearsal, and in that
way they will start competing with themselves.
The competing spirit is in the human nature, and
thus playing and achieving the best possible results makes a basis of today’s modern interactive
learning applications – educational games.
Having in mind the new learning trends initiated by the needs and interests of new generations
of students, within the lectures in the course Computer Architecture and Organization 1- AOR1,
taught in the first year at School of Electrical Engineering and Computer Science Applied Studies in
Belgrade, during the winter semester of the school
year 2009/10, new types of teaching material were
applied in the form of educational games. The
326

content of the educational games was designed as
a platform for learning through tasks whose solving was stimulated by the game content.
2. Analysis of learning problems through
an educational game
The teaching unit “Unary logical operations“ is
aimed at teaching students about the way of performing logical operations at the level of registers
in the computer system, through comparing the
register binary contents before and after performing of the given operation [7]. When it comes to
operations for moving to the left or right, what is
illustrated is the way of hardware implementation
of the arithmetic operations division or multiplication with a degree of number 2. If students want to
know how to apply an unary logical operation, i.e.
if they want to know the register contents after the
applied logical operation, they have to know basic
rules of the binary digit system and rules referring
to unary logical operations, such as the rule for
logical shift to the right.
In laboratory exercises in the course AOR1
students brush up and improve their knowledge
acquired in lectures, through concrete tasks and
with supervision and help of assistant lecturers.
Attending exercises without previously acquiring
basic terms from the field being taught in lectures
directly results in difficulties in individual realization of the laboratory exercise. For the purpose of
motivating students to get ready for laboratory exercises and be more active in individual task solving in the exercises, the educational game ArhiCOMP has been created. This educational game
contains interactive tasks [8] implemented in the
graphic environment, which directly associates
with the field of the application use. The game has
been designed to help students learn basic terms
referring to unary logical operations and practically apply them, through solving given examples
with randomly generated content of virtual registers, which are integral part of the arithmetic-logical unit of computer systems.
The purpose of learning through the game is to
enable students to learn the rules and check them
in practice on the example of all unary operations.
Multiple repetition of tasks with performing the
same operation increases the probability of learnVolume 9 / Number 2 / 2014
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ing characteristics and use of particular operation.
Quality evaluation whether an operation is acquired or not is performed through visual indication of the number of successful and unsuccessful
tasks (score) with the same operation, and comparison with preset criteria. The model of the educational game ArhiCOMP is shown in Figure 1.
Entire design and architecture of ArhiCOMP
was made in ActionScript 3.0 object oriented program language supported in the package Adobe
Flash CS3. Construction of the game interface
demanded a long lasting and extensive analysis,
whose main objective was adjustment of the environment and the ways of task implementation to
affinities, formerly acquired knowledge and age of
end users (students from 18 to 20).

The values for CPD stated in the table were
obtained by an analysis of the number of accesses to the application and obtained results during
solving tasks within the application, by monitoring activities of students in the Moodle system for
electronic learning, through which access to the
game ArhiCOMP was enabled in the laboratory
environment or from home. Besides, the analysis
included a control group of students who hadn’t
attended the lectures in AOR1, for the purpose of
better evaluation of the probability to reach the
correct result without former knowledge or with
partial former knowledge.
Table 1. The CPD corresponding to the Registry
content node
Parent Nodes
Unary logical
operations
know
not know

Binary digit
system
know
not know
know
not know

Register content
know
0.75
0.29
0.50
0.15

not
know
0.25
0.71
0.50
0.85

As shown in Table 1, the probability that the
tasks will be solved successfully is the highest (0.75)
when students know basic terms from unary operations and the binary digit system, while the probability to reach the correct result with no former knowledge or by guessing is very low (0.15) games.
3. Educational game – ArhiCOMP
Figure 1. The model of the educational game
The functionality analysis of the educational
game ArhiCOMP with the use of Bayesian network
was carried out by defining the Register content
node, whose parents are Unary logical operations
and Binary digit system. A Bayesian network consists of directed acyclic graph and a corresponding
set of conditional probability distributions (CPD)
[9,10]. The values of CPD p(Registry content |
Unary logical operations, Binary digit system), are
shown in table 1. The node is defined as the expected result of performing the selected unary logical
operation, while the parents are defined on the basis
of expected former knowledge needed for achieving the correct result in the educational game.
Volume 9 / Number 2 / 2014

Starting from the fact that a well designed visual environment can attract the attention of students and motivate them to spend more time solving tasks within the educational game, special attention was paid to selection of the background,
which in this case consists of various forms of binary statements presented in bright colours (Figure 2).
Motives of modern applications were used for
representation of elements in the game, together
with motives of the Aero interface in the operative systems Windows Vista and Windows 7, with
effects of brightness, transparency and reflection,
characteristic for new “fancy” technologies [11].
Unary logical operations that can be selected by
students are:
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•
•
•
•
•
•
•
•

COMPLEMENT,
NEGATE,
INCREMENT,
DECREMENT,
SHIFT LEFT,
SHIFT RIGHT,
ROTATE LEFT,
ROTATE RIGHT.

To make working in the application more interesting, components in the game are not fixed
but can move on the screen independently, which
gives students comfortableness in the process of
task solving. Moving and overlapping of components such as registers enables easier defining of
their contents when a complex operation is applied (Figure 3).

When the student selects a bit in Register 2, the
falling menu enables entering of the particular bit
in the virtual register through selection of one of the
options 0 or 1. Text of the task constantly changes
on the basis of randomly selected values presented
in the very text. Attempts to solve the task with the
same text once again are reduced to a minimum.
Observed from the pedagogical side, the repeated
task solving prevents mechanical solving, but stimulates students to show the real level of acquired
knowledge through previous problem solving.
The basic terms that explain the principle of
logical operation functioning are reached by selecting the Help option in the game (Figure 4). When
a student starts learning with the use of the game
or faces a difficulty during solving a task generated
by the application, Help serves to accelerate finding
the right solution. This means that formulation of
definitions and theorems within Help is the key moment in designing the entire application.

Figure 2. The interface of ArhiCOM

Figure 4. The window Help of ArhiCOM
4. Experimental results and discussion

Figure 3. Moving and overlaping of ArhiCOM
components
The task of the game is to determine the contents of Register 2 (which represents Register 1
immediately after the selected operation) in relation to contents of Register 1, which are randomly
generated and appear after selection of the unary
operation, together with the task text.
328

In our system for learning, instead of the standard animation, interactive animation is used as a
kind of simulation game based on theoretical principles that students need to learn. Authors Lubica,
Michal and Otto described an e-learning project
that was implemented at the Department of Microelectronic education in the Slovak University. This
project includes an interactive animation to introduce students to the work of electronic circuits [12].
Interactive animations in this project enabled students to independently change the parameters and
animations based on the response of the system to
learn how to operate electronic circuits.
Volume 9 / Number 2 / 2014
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Other authors [13,14] that deal with designing
intelligent tutoring systems, also apply Bayes network in order to assess student knowledge. Technique that we apply relies on the experience of the
implementation of pedagogical elements (atom
knowledge) that the authors apply Hugo Gamboa
and Ana Fred in software module for distance learning via the Internet, “the tutor of the shell” [15].
In their module used classical forms of measuring knowledge using various tests before and after
the learning process, and the interface has already
elements of e-learning systems such as navigation,
html pages and suggesting paths. We used Bayesian
network for modeling the relation between students’
activities and the results. With the efficient concluding mechanism via a graphic outline, Bayesian network helped us in modeling the interaction which
we added to educational game. The pedagogical aspect of solving parts of a problem before reaching
the final solution gave a very good response.
Students of various study programs were rated
the content and concept of educational games ArhiCOMP with marks from 1 to 5. The survey results
showed that most students gave the highest rating.
From this, it can be concluded that the concept and content of interactive tasks of game were
very well accepted by students of all study programs. We also explored how many students use
the educational games ArhiCOMP to prepare for
the exam. Analysis of the results of the exam from
AOR1 showed that compared with the 2008/2009
academic year significantly increased the number of students who are due to educational games
ArhiCOM in the academic 2009/2010 passed the
examination (Figure 5), while at the same time increased the average mark exam.

Figure 5. Perfomace of exams in two years
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Testing the efficiency of learning with educational games ArhiCOMP was performed in the
winter semester 2009/10., for teaching unit “Unary
logical operations” in the course AOR1. The study
included 200 students the first year of studies at
School of Electrical Engineering and Computer
Science Applied Studies in Belgrade. In order to
use ArhiCOMP to analyses performance applications has been realized that the pedagogical experiment consisted in monitoring the time spent learning with these applications. Accompanied by specific actions of the current generation of students
and compared with the average time to learn unit
for every individual students from previous generations (2008/09), which had available ArhiCOMP.

Figure 6. Student’s time spent without and with
ArhiCOMP
The research results of the previous generation
of students were obtained based on the assessment
of student surveys, and statistics generation activities (2009/10) taken from the environment for elearning Moodle. On the Y-axis diagrams (Figure
6) were presented individual students’ time spent
on Moodle in the course of learning with applications, while the X-axis shows the total number of
students. The results showed that the time for learning unit “Unary logical operations” in the classic
way, that were much longer than the time needed
for students to learn through games ArhiCOMP.
Successful use of games as educational tools
for learning, practicing and mastering the teaching contents, we followed on the basis of results
achieved at the control test, which included five
tasks from the same training areas, where only
unary operations (Question #3) students was to
support interactive applications ArhiCOMP.
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implementation of the created Bayesian networks
with the items to be learned depend to a great extent on the skills and capabilities of very authors
of such applications. However, the presented interface and the implemented logic of learning
terms in this game will prompt a lot of teachers
to thinking. The motivation shown by the Netgeneration students during playing ArhiCOMP is
another reason for the use of such applications in
today’s educational process.
Figure 7. Results of control test
Comparing the results of answers to questions,
can be seen (Figure 7) that the greatest number of
correct answers obtained in Question #3. On the
basis of these results the positive effect of interactive applications ArhiCOMP in the process of
learning and mastering the teaching contents.
5. Conclusion
Incorporating active and interactive learning
technique is not new. Active and interactive learning techniques were used in teaching introductory
circuits and electronics course on three different
State University campuses in the US and one University in China [16]. Today’s engineering students entering college have been brought up with
video games and other interactive media find it
increasingly difficult to absorb the substance of
hour-long formal lectures.
The educational game - ArhiCOMP presents in
this work two sides of its character – the amusing
and the educational one. The way of presenting
teaching material is supported by mnemotechniques from the learning psychology [17]. This
type of amusing learning has given very good and
encouraging results on tests taken after playing the
game. The achieved results show the need for the
use of modern interactive multimedia systems for
learning the fields of technical sciences that are
imaginary and cannot be seen with the naked eye.
The way in which learning material should
first be divided and then connected is given on the
example of operations performed in the register.
The Bayesian network used for that purpose are
very significant. In the graphic and program sense,
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Abstract
Developing technology leads to improvement,
new and different models on education area as like
on every areas. Distance Learning is now a preferred education model not only under graduate
or college but also graduate and higher education.
E-Engineering Management graduate program
(MSc) is the prominent program among these
higher education programs. This paper is focused
on e-Engineering Management program within
the scope of Multi-Agent Distance Learning Process. For this reason the program of e-Engineering
Management graduate program is observed as part
of a Multi-Agent System at Sakarya University,
Institute of Science and Technology (Graduate
School), Department of Industrial Engineering, eEngineering Management Program.
Key words: Distance Graduate Learning, eEngineering Management Program, Multi-Agent
Learning System.
1. Introduction
This document is structured like that: Firstly, a
general introduction is provided. Next, a literature
review is presented related to multi-agent and education systems. Afterward learning systems and
multi-agent system is approached. The proposed
model of multi-agent distance learning system
which is the main goal of the paper is studied next.
Finally, we draw some conclusions and future work.
This model presents the exhibit the structure
of e-Engineering Management Program a part
of Distance Learning Graduate Level at Sakarya
University as a multi-agent system.
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Literature Review
Multi-agent methodology has recently appeared as an alternative to conceive Artificial
Intelligence-based educational systems. The traditional architectures have proved to be too gigantic to deal with the new potential of systems that
should be able to provide “learning anytime and
anywhere” a web-based application that allows
students to locate human experts and artificial resources available in the environment to get help
during learning activities [1].
Corbet et al., studying on an article that reports
a new intelligent learning environment called the
Genetics Cognitive Tutor, which supports genetics
problem solving [2]. Gladun et al. use an application of intelligent techniques and semantic web
technologies in e-learning environments [3]. Salovaara studied on computer-supported collaborative learning and the aim of the study is to investigate students’ use of cognitive learning strategies
in inquiry-based computer-supported collaborative
learning [4].
Adaptivity in education is increasingly demanded in order to improve the efficiency and effectiveness of the learning process, but few intelligent learning systems exist which are dynamic
and able to provide personalized learning materials to satisfy individual students’ requirements [5].
Sunhee and Clark used an agent for learning
English on their study. The study compared the
use of an animated pedagogical agent with an
electronic arrow and voice narration in a multimedia learning environment where 74 college level
English as a Second Language (ESL) students
learned English relative clauses [6]. Chen studied
on nonlinear hypermedia learning. Dikilitas et al.
studied on distance learning in Turkish learning of
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exchange students. The main aim for the study is
to design a distance Turkish learning program for
the Erasmus Exchange students who will study for
one semester in Turkey and provide them with a
chance to be able to practice beginning Turkish for
daily communication through authentic visual and
auditory language materials [7].
Kolfschoten et al. try to explore the role of design patterns in the training of students to become
designers [8]. Kirschner and Erkens studying on
cognitive tools and mindtools for collaborative
learning. Mindtools and cognitive tools help users
represent what they know as they transform information into knowledge and are used to engage in,
and facilitate, critical thinking and higher order
learning. These tools can be as simple as email
and or discussion lists and as complicated as argument mapping and visualization systems [9].
Computer software and hardware development leads to the appearance of distance education. Distance education system is used the agent
technological developments. Multi-agent systems
(MAS) are suitable for the domains that involve
interactions between different people or organizations with different (possibly conflicting) goals
and proprietary information [10]. This document is
structured like that: Firstly, a general introduction
is provided. Next, a literature review is presented
related to multi-agent and education systems. Afterward learning systems and multi-agent system
is approached. The proposed model of multi-agent
distance learning system which is the main goal
of the paper is studied next. Finally, some conclusions and future work are drawed.
This model presents the exhibit the structure
of e-Engineering Management Program a part
of Distance Learning Graduate Level at Sakarya
University as a multi-agent system.
2. Learning Process
A learning object is a self-standing, reusable,
discrete piece of content that meets an instructional objective. The decomposition of educational
content into learning objects permits an individual
learning object to be used in a variety of educational contexts. Sensing (concrete thinker, practical) or Intuitive (abstract thinker, innovative);
Visual (prefer visual representations of presented
Volume 9 / Number 2 / 2014

material) or Verbal (prefer written and spoken explanations); Active (learn by trying things out) or
Reflective (learn by thinking things through); Sequential (linear thinking process) or Global (holistic thinking process) [11]. Learning styles depend
on a variety of factors, and are individual to different people. Even for the same person, their learning style can change over time. Learning styles
may differ between men and women, and between
children and adults [12].
E-Learning Theories
Implementing e-learning courses can be seen
as a complex process going beyond systematically executing steps within an instructional design
model. Within the e-learning situation, three learning theories are the Behaviorism, the Cognitivism,
and the Constructivism [13].
Distance Learning
Distance learning traditionally has provided access to instructional programs for students who are
separated by time and/or physical location from an
instructor. Distance learning has been thought of
as prepackaged text, audio, and/or video courses
taken by an isolated learner with limited interaction with an instructor or other students [14].
Hypermedia materials themselves do not teach
but provide a medium that with appropriate use can
support learning. Learning is achieved through a
process of constructing knowledge. When a learner is confronted with new knowledge, the learner’s
intentions, previous experiences, and metacognitive strategies are all essential elements in determining what becomes of the knowledge [15].
Why Distance Learning?
People who can’t attend traditional classes because of these realities need alternatives. These
adults are prime targets for distance learning.
They are motivated to continue their education,
but limited by circumstances as to how they participate in adult basic education. Flexible learning approaches that are not classroom centered
appeal to these potential learners. The following
set of common assumptions was developed for the
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Distance Learning. It was developed to help guide
collective thinking and discussions about distance
learning policies and priorities.
• Anytime, anyplace, any pace instruction is
one goal for adult education.
• Faced with an increasingly competitive
global market, a state of immigrants, will
look to adult education to play a key role
in developing and maintaining a world class
workforce.
• Distance learning provides access for
learners not presently served in traditional
settings and enhances learning opportunities
for those not being served in traditional
programs.
• Distance
learning
offers
unique
opportunities for adult schools to provide
access to persons not otherwise served; and
thus has the potential to continue to expand
adult education in new ways [14].
Distance Learning in Higher Education
According to Engelbrecht all distance learning students are full-time employees and many in
the process of building a career and family, an elearning model offered more convenience. In the elearning environment students in the post-graduate
program not only have to acquire or improve their
computer and Internet skills, but also need to take
responsibility for their own learning [16]. Billings
et al. studied to examine the differences in student
perceptions of the use of technology, educational
practices, and outcomes between undergraduate
and graduate students enrolled in Web-based courses [17]. On the other hand Shin and Chan fount
that, there were no significant differences between
undergraduate and graduate students in web related
behaviors such as log-in frequency, average time
spent per visit, and self-evaluation of level of activity in using the Online Learning Environment as
well as level of Internet skill [18].
3. The Multi-Agent Education System
An agent is anything that can be viewed as
perceiving its environment through sensors and
acting upon that environment through actuators
[19]. Multi-agent systems are systems which are
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enhanced with a number of artificial agents that
fulfill a certain number of tasks in a more or less
coordinated way. The flexibility and high-level nature of these interactions distinguish multi-agent
systems from other forms of software and provide
the underlying power of the paradigm [20].
Multi-agent methodology has recently appeared as an alternative to conceive AI-based
educational systems. The traditional architectures
have proved to be too monolithic to deal with the
new expectations of systems that should be able
to provide “learning anytime and anywhere”. As
a result, multi-agent systems, together with technologies of networking and telecommunications,
bring powerful resources to develop educational
systems [21]. A MAS approach in building educational systems ensures: Quality of service, communication and collaboration, knowledge management, availability and robustness [22].
A proposal model to distance learning
system with multi-agent system
In this section we proposed a model to present a
multi-agent approach for modeling distance learning graduate program in e-Engineering Management program at Sakarya University. E-Engineering
Management program is a program which is under
the Institute of Science and Engineering as a part of
distance learning system. E-Engineering Management program is theoretical, verbal, no need experiments and also there is no need to be face to face.
E-Engineering Management program is the most
suitable engineering program for distance learning.
Because its management part doesn’t need experiments, tests and 3D materials. The proposed agent
system is intelligent, flexible and coordination with
own environment. The suggested system has flexible, agile, intelligence and cooperation features.
Why Do We Need This Model?
Using web based learning systems; learners
usually depend on long-distance, asynchronous
communication (e-mail, newsgroups) or synchronous communication (web-conferences, chat
-rooms) to find solutions for problems. But most
of those systems cannot adjust learning materials
to meet individual needs. Although some tutorVolume 9 / Number 2 / 2014
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ing systems have correct information and higher
levels of competence than those of the learners,
difficulties persist: a learner might lack the motivation to complete a learning session, for instance,
or dislike the learning style.
Distance learning system is a hard and discussed
process in educational word. There are 23 different courses (such as e-Engineering Management,
e-Information Technology, e-Business, e-Public, eFinance, Management Information Systems) under
the distance learning system, at Sakarya University.
Each courses can be need same or different equipment, lecturers, regulations, platforms, and other
technological or educational anything. Because
distance learning system which also contains the eEngineering Management Program at Sakarya University has very distributed structure as a system, a
technique or model is needed to organize the system. The system has some weakness because of the
students join different locations, since the distance
learning system is a new style for all the shareholder, booming technology Agent systems can make
up own mind, manage itself, adapt own to new and/
or different environments and they are independent.
Especially control actions are so important for this
system. Therefore, a multi-agent system is chosen
for modeling.
A Multi-agent system is able to share the workload through the whole system of agents distributed on different departments, programs in order
to optimize the system running.
The architecture of proposed model:
e-engineering management multi-agent
model
The architecture is proposed as a multi-agent
system. It is composed of several cooperated
agents that communicate together to form the system. Multi-agent approach to system development
is chosen to allow easier system organization,
scalability and growth of the system as well as the
distribution of the system and the agent-mobility.
Distance Learning brings with web based intelligent learning system. We approached to the
distance learning system a web based learning
system in this paper. The key benefits of webbased intelligent learning systems include adaptation learning content, personalization the system,
Volume 9 / Number 2 / 2014

collaboration with all of the learners and sharing
information and other things between them via
network. The architecture of proposed model is
shown in Figure 1.
Proposed model’s components are Coordinator
Agent, Sub-Coordinator1 Agent, Sub-Coordinator2
Agent, Lecturers Agent, Distance Learners Agent,
Support Agent, Communication Agent, Other Staff
Agent, LMS Agent and LMS’s sub-agents.
Besides these there are environmental components which affect the distance learning system
and our model but they are out of this paper’s
scope. When consider the model as shown in Figure 1 a system which has levels can be seen and
the some of the external components cannot be
seen because they are out of scope. These external
components are Turkish Council of Higher Education in the outmost level, following level includes
Sakarya University, next is Institute of Science and
Engineering and the other institutes, and finally
our studied level e-Engineering Management Program Level which is included by Distance Learning System. Industrial Engineering Department
and the other engineering departments are also in
the same level with e-Engineering Department.
Agents provide system execution and coordination. Inter component relations are modeled and
reviewed as shown in Figure 1.
Descriptions Of Model’s Components
As mentioned above there are 23 courses and
programs which have sharing same conditions and
tools in distance learning at Sakarya University at
all the levels of learning system such as undergraduate school, vocational school, graduate school.
For arranging the whole distance learning graduate courses an accreditation commission and a
coordinator is available at university. Coordinator
agent includes both of coordinator and accreditation commission in our model.
Coordinator Agent: Coordinators are responsible from communication between departments
and programs, financial assessment, student qualification and quantity, coordination between all of
the activities and some technologic and educational requirements such as studio for video-shoot,
course contents, updating contents, distribution of
courses to lecturers and to departments and so on.
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Figure 1. Architecture of e-Engineering Management Multi-Agent Model
Coordinator agent creates an assessment component. The assessment component records the usage
of the concept, the text fragments, and the performance of learners on the exercises and examples,
and the comments from the learners. Coordinator
Agent facilitates coordinates and communicates
Institute of Science and Engineering and other Institutes. Accreditation commission has confirmation
manner. It controls the system’s running. It inspects
336

the courses’ content, current and schedule-timing
and so on. It works to take the advantages sides of
the traditional learning system and try to construct a
similar effective system. This commission strives to
universalize the system. Sub-Coordinator1 Agent:
Sub-coordinator1 agent is responsible from the departments and programs. Hierarchically the Sub-Coordinator1 Agent coordinates all Higher Education
Programs in Institute of Science and Engineering.
Volume 9 / Number 2 / 2014
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Sub-Coordinator2 Agent: In Learning Management System (LMS) of E- Engineering Management Program Sub-Coordinator2 Agent has been
developed to facilitate the coordination of plans
that are formulated by separate agents.
Lecturers Agent: A Lecturer Agent receives
requests to teach courses from Distance Learner
and responds to them. It includes the learning
strategy, type, material, question bank, examples.
This agent approved the related materials which
depending on the learning strategy.
Distance Learners (Student) Agent: It is responsible for monitoring and transferring user’s
events to the rest of agents and it is responsible
for the creation and maintenance of a personalized
student model. It consists of the student’s information, which students did choice which lessons and
levels and which lessons will be selected by the
students in compulsory.
Communication Agent: The communication
acts as a bridge between all the participants of the
system. It manages and prepares produce individualized course, and to establish the conditions of a
successful conversation between learners and lecturers and the others. The Communication Agent
connecting Lecturers and Learners and Supporters. Communication Agent’s structure is displayed
in Figure 2.
Support Agent: It aims to be useful for users
such as students, lecturers and other staffs. It works
for gathering useful information about help and
gives them to the users. Support agent store and
share information about all kinds of support given
by the distance learning systems’ participants. For
example for lecturers it may contain help records,
for students it may contain help information about
uploading homework’s. Support topics are generally given in Figure 3.
Other Staff Agent: This agent is responsible for
the student affairs supporting system for challenges such as official, academic or technical problem.
LMS (Learning Management System) Agent
And LMS’s sub-agents: LMS is a software tool designed initially to manage user learning processes.
It is the most important component of the model
because it contains major sub-agents of the distance
learning system such as courses, exams, projects,
advising, presentations, question bank, forums,
messages, live courses, virtual classroom etc.
Volume 9 / Number 2 / 2014

Thanks to LMS instructors and students go to
the new training methods unlike traditional training
documents and reporting. Lecturers load the documents about his/her lesson, and distance learners
can watch and upload these documents by the LMS
system. LMS can allow the online course. It means
live lessons are realized in virtual class.
Task of Agents
In this section tasks of agents are defined and
the relations between agents are shown Figure 4.
Coordinator Agent:
• Builds and updates strategic plan for long
term of Institute of Science and Technology
• Provides coordination of sub-agents
• Controls sub-agents and their important
processes
• Provides task sharing for collaboration.
• Protecting copyrights of course materials
like videos, presentation, and papers.
Sub-Coordinator1 Agent:
• Builds and updates midterm plans.
• Provides coordination of sub-agents.
• Provides task sharing for collaboration.
Sub-Coordinator2 Agent:
• Builds and updates short-term plans.
• Provides coordination of sub-agents.
LMS (Learning Management System) Agent
And LMS’s sub-agents:
LMS provides with the ability to perform the
following tasks:
• Instructors (also named as lecturer in model)
load and save the course documents and
materials on web based platform as online.
• Students can take their exam, homework
and other studies as online.
• Students have area belonging to them for
store anything.
• Students’ (also named as distance learners)
activities and progress can be track via
technological devices and techniques.
• Students and instructors can discuss and
advise about everything. Also it makes them
in contact by e-mail, online forum, and
online message parts of the system.
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• Lecturers can see the lessons and its
documents such as PowerPoint slides, texts,
questions, questionnaire, announcements
and all of the students’ information such as
which lessons are chosen by the student,
what is the student’s score of the any lesson.
• Some statistical data can be reached at the
system and so on….
Lecturers Agent:
• Advising student for choosing their courses.
• Preparing course materials
• Preparing exams, quizzes and homework
for assessment and evaluation
Communication Agent:
• Managing communication between all
agents.
Support Agent:
• Gathering useful information about LMS
system and students
• Storing and sharing the useful information
• Helps Lecturer about uploading videos and
virtual online class

Other Staff Agent:
• Sporting students about
academic problems.

official

and

Figure 2. Communication Agent
The Support Agent supports students with
information about courses, LMS and student affairs. The Support Agent also helps Lecturers. (as
shown in Figure 3)

Figure 3. Support Elements

Figure 4. Task and relation between agents diagram
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4. Conclusion and Future Work
We have proposed a new architecture, based
on a multi-agent technique, to improve intelligent
distance learning system at graduate level. With
multi-agent model for distance learning system
at graduate level, programs/system can be more
intelligent and more easily understand by all user
and more effective coordinating to activities.
The aim of the model is to strengthen communication between the distance learning systems
components by which learning quality would be
increased. The other purpose of the model is to
strengthen distributed structure of distance learning system. These can be say like that:
– Control, coordination and communication is
more easily
– Because of the weakness of the system such
as negative psychological effects and pure
emotional satisfaction on distance learning
unlike face to face (formal) learning, thanks
to intelligent agents some good suggestions
can be offered as private. For example much
more online courses and video records can
be done.
– Because the rising trend and meeting the
demand to distance learning, the process
have to be agile, flexible and intelligent. An
effective alternative is multi-agent system
for this.
By using intelligent agents in a distance learning, web based (and/or intelligent learning system) architecture it can be possible to obtain an
individual learning system adapted to the needs
and characteristics of every student. Total integration, global collaboration, agility, flexibility can be
possible with this multi-agent model.
As a result we can say that e-Engineering Management Graduate Program (MSc) at Sakarya
University just now in progress to agent system.
Future work, this model can be extended with
cognitive multi-agent model. It is known two main
developments in artificial intelligence. These are
cognitive and multi-agent approach. Both of them
can be used in higher education system.
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Abstract
The decline of media consumption has become a
problem on several aspects. Newspapers report the
same news about homogenized themes in a similar
way. Besides, informative offer has been multiplied
thanks to ITs (information technologies), so newspapers must differentiate providing quality content
and treatments. The challenge for printed press is
being competitive compared to technologies allowing anyone spreading information about what is
happening anywhere. In this context, question is if
press may be able to clarify the information levels
where it can still be attractive. Augmented reality
provides new treatments and enjoyable consumption. This paper introduces an experience about
augmented contents’ use in a printed newspaper.
Effectiveness, efficacy, satisfaction and opinion
from readers are shown as well as feedback from
journalists and news editors.
Key words: Augmented Reality, Journalism,
Print Newspaper, Specialized Journalism, Visualization display, Journalistic R+D+i
1. Introduction
Actually consumption of printed press is going
through critical moments so some authors and editors predict a clear end [1]. It can be denied that
printed press goes through uncertain moments,
some consider this has been caused by massive
use of different technologies establishing on actual society. Fortunati et al [2] perform a revision in
several European countries about internet consequences and online journalism respecting printed
newspapers and TV. In United States, report performed by Pew Research Center for the People &
the Press, shows in an analytic and graphical way
the actual press consumption situation [3]. But
Volume 9 / Number 2 / 2014

far from this vision, problem’s origin is caused
by other factors such as the financial turnover or
credit crunch, lack of confidence and credibility
on media, decreasing quality and doubtful interest
of its contents as well as unbeatable offer of audiovisual media get worse with sociological matters.
Newspapers get further away from the service
function and tell about the same themes in a similar way. But maybe it should be pointed out that
above all facts like culture change and need of information through different sources. New technologies have varied social habits, customs and mentality. Citizen finds himself in front of a new way
of seeing and understanding the world, immersed
in a change of technology model which opens new
opportunities, the most important of all linked to
digital overcome but these changes brings several
risks alongside them. Multimedia offer has been
multiplied so in printed press environment a need
arise to differentiate incorporating new contents
and attractive journalistic treatment. In that context, challenge for any newspaper is being competitive among others and surviving between technologies that allow anyone make news become
widespread worldwide. Question is if press may
be able to react and take advantage of informative
levels where it can still be attractive for readers.
Investment in R+D+i (Research, Development
and innovation) is considered among editors and
press printers as a way of reducing impact of consumption’s decline caused by change from physical to virtual and modified habits of users seeking
for information. There is a need of innovating solutions and economic investment.
With this perspective, this work about augmented reality (AR) eases new treatments and
amusing contents. It’s a visualization technology
with eye-catching characteristics that adds value
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to both newspapers and magazines. It studies how
AR applications are perceived by two concerned
groups such as communication professionals and
final users.
Alongside deep crisis that printed media goes
through in western world, another factor considered in this study is that most firms in this sector has become multimedia groups. This media
convergence has been spotted in every territorial
level: local, national and international.
2. Background
Generalization of technology component in
communication field demands reflection on the
search of applicable innovations in publishing companies whatever their size is. Specialized bibliographies disagree over future of printed press beyond
advances made by digital media (figures 1-3).
For some professionals, newspapers’ days are
numbered [1]. For others, paper’s survival seems
assured for a long period [4]. Anyway, editors and
printers alike underline differences between two
dynamics: difficulties on Europe, North America
and Japan against dynamism of Southeast Asia,
South America, Africa and Australia [5].

Figure 1. Evolution of readers 1996-2008 at
Spain (in thousands of readers) [6].

Figure 2. Diffusion’s evolution 1996-2008 at
Spain (in thousands of copies sold) [6].
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Figure 3. Broad audience in the media. Breakthrough percentage of different communication
media according to periodicity between October
2010 and May 2011 [7].
In this work, it’s considered need character
of printed media and its importance on advertising sector. It should be reminded that these keep
meaning the main source of income due to advertising according to the XXI World Newspaper
Advertising Conference [8]. Challenge is identifying technologies capable of making printed media
valuable in front of readers and advertisers alike.
Even with the worst predictions in sight for
press, its estimated survival period still left may
justify any renovation’s investment of contents,
treatment and services. In this line, incorporation
of emerging technologies is related to contents
specialization, any firms able to use it as well as
editing and printing companies studying it. For
example, combination of printed media and visualization systems is a good strategy for blending paper media and digital readers’ generations.
Amongst these systems AR is found. It’s a technology which allows alternative, complementary,
deep and specialized contents suitable for cultural
and scientific spreading promoting service’s quality, entertainment, creativity and rewarding experiences in contents’ consumption.
For some professionals, it’s a bridge technology between printed and digital worlds [9]. This
should still be proven. Quality, innovation and
utility plus are added values appreciated by consumers. They are indicators differentiating products tipping the scale towards them when time of
choice comes. In multimedia’s groups’ case, augVolume 9 / Number 2 / 2014
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mented contents differentiate offer and treatment
of newspaper against the digital version.
Given that convergence, multimedia and interactivity has been imposed in journalism field,
press can turn it into strength. This work analyzes
AR’s contributions to firms with printed and digital media. Seeking this objective, authors have
designed a study for finding out how audiences
concerned may value this technology.
Without any doubt, this investigation is marked
by decisions such as that made by The Guardian,
which opted for giving priority to the digital version against the paper one or by facts like the foretold disappearance of printed papers.
3. Augmented Reality and journalism
Reading printed letters or feeling paper’s touch
is not enough. Internet has shaken journalism and
concretely printed media causing a complex situation for firms printing newspapers which must now
draw some conclusions and seek for synergies.
Their survival is at stake. Purpose is keeping a
product which may survive amongst diversity as
radio has managed to achieve against TV and internet as well as TV against the net or book against
e-book. The key is useful and interesting contents,
but also technology as well. Its incorporations allow innovation while informing, teaching and entertaining. For editorial firms, AR allows presentation renewal as well as that of journalism content’s
narrative and advertising. With no doubt, it’s a way
of diversifying and improving reader’s reception
opening up new possibilities to advertisers. One of
the motivations bringing us to perform this study
is Gartner report [10]. Meanwhile practice investigation about AR is well underway as well as it’s
applications on advertising and marketing, its use
on journalism is scarce although interest becomes
apparent [11].
This strength in advertising and marketing
refers to business models. It’s really linked with
opinion shared by many professional about journalism’s survival being in business models.
People in charge of important printed media
consortiums study several ways of increasing
benefits making sure the blend of printed press in
news society. Following this directions, technologies like the one we are analyzing here are being
Volume 9 / Number 2 / 2014

considered even more for innovating and attracting readers as well as consumers.
In this period of business crisis when reading
newspapers in not essential for keeping updated
about what happens worldwide, magazines from
the United States, UK, Germany, Italy and Spain
are introducing AR with high expectations [12].
This visualization technology contributes with
augmented contents as seen on magazines such
as Esquire (USA), Guardian.co.uk (United Kingdom), Wallpaper (United Kingdom), Grazia (Italy), SZ Magazin of Süddeutsche Zeitung (Germany) and Fotogramas (Spain).
3.1. R+D+i & journalism firms
It’s difficult knowing which difference is between knowledge and technologies since university until journalism industry. There are no numbers
available as well about financial investment made
on this field [13].
However there are unmistakable statements
from more editors and newspapers printers each
time agreeing over technology investment. Financial downturn is a propitious scenario for wondering over R+D+i presence in newspaper’s editorial
CEO’s strategy plans.
Innovation investments make the most of journalism possibilities from technologies such as AR
but they aren’t limited to just contents’ visualization
even when that’s the most noticeable. Journalism’s
basis has in AR a tool that allows optimization of
noticeable facts’ narrative of any complexity. If
vision widens to news speech, possibilities are increased. Journalist may sort difficulties of narrating
lineally events that didn’t follow that timeline.
This way, written and audiovisual messages
has been complemented by multimedia. Digital
newspaper is the paradox, including text, video,
audio and graphics. AR allows improvement although backing up the printed newspaper instead.
Without it on our hands we may not be able to
enjoy certain contents.
Press innovation allow event’s location where
they happen, another excelled journalistic choice.
Augmented contents immerse reader in the environment of the noticeable event thanks to superimposition of information layers starting from
printed text, decoded by devices such as a web343
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cam or glasses [14] as well as handheld devices
like smartphones or iPads.
4. Method
Applying this technology implies several aspects including the main agents of communicative
process: businesses, journalists, advertisers and
readers. It’s interesting knowing perception each
one has from this process as well as results of using augmented contents.

Figure 4. Front page with an augmented video
linked to a printed image

4.1. Research questions (RQ)
This study incorporated two research questions
for finding out through augmented reality which is
the reliability of this technology in the press.
RQ1: How do readers perceive this technology
associated to printed journalism?
RQ2: Is it possible to implement this technology in both publishing and journalist’s work?
The purpose of RQ1 is finding out the reader’s
opinion and satisfaction about printed news with
augmented information, besides finding out their
appreciation about efficiency and effectiveness
of technology applied to journalism. RQ2 tries to
find out from journalism professionals the technical feasibility of news’ creation through additional
information provided by AR technology.
4.2. Participants and tools
Participants taking part in the study were 16
journalism students and 27 engineering students
with ages ranging between 21 and 24 years, chosen randomly and completing the last course of
their careers in both cases. Two groups are considered, one composed by journalism students
and another by engineering students. All of them
used an augmented reality application allowing
augmenting contents from a recent newspaper using the augmented reality scenes viewer known as
BuildAR Viewer [15].
Application o AR’s scene designed for this pilot study was created using BuildAR Pro software
(2.0.1 version), allowing use of pictures as reconnaissance patterns (figure 4 and 5).
344

Figure 5. Report on inner page with 3D video
and animation augmented from images on printed
page
Tools were designed as well for measuring
journalists and users’ feedback so two different
models of guidelines provided questionnaires
which are also concise, clear, discretionary and
easy to answer; one intended for communication
professionals (journalism students) with 26 items
and another for readers or consumers of printed
press (engineering and journalism students) with
27 items. Difference between both models is selection and adaptation of questions to each readership (see surveys 1 and 2 on tables 1 and 3). First
survey was provided to 16 participants meanwhile
the second one was given to 43 participants.
In questionnaires several technical aspects
were put in order in a logical and coherent way;
aspects related with dimensions under analysis
which refer to technological application from the
journalist and final user point of view: use, operation, viability, creativity, usability (effectiveness,
efficiency and satisfaction) of AR amongst others. For measuring usability, Martin-Gutiérrez’s
guidelines have been considered [16].
While redacting dimensions, all statements of
questions remained positive looking for uniformity
in results. Questions were formulated for expressing opinion, experience, intention, action, situations
and processes as well as information and purpose.
Answers options were closed ones, categorized, spontaneous and staggered using a five
Volume 9 / Number 2 / 2014
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points score Likert’s scale (between 1 and 5). No
one of those polled had any doubt about questions
comprehension.
4.3. Design and procedure
Design of this pilot study seeks the purpose of
obtaining feedback referred to two different groups
of people (those making the journalistic contents and
consumers of them) for analysis and comparison.
Having this in mind, a noticeable event was selected as it just happened a few days before this
experience: Lorca’s earthquake (Murcia, Spain).
News published on printed editions of two national
coverage newspapers (El País and Público) were
chosen. Both of them were from earthquake’s next
day (Thursday 12th May 2011).
First information selected was the picture-news
from El País front cover meanwhile second was
an article from inner pages of Público.
Three augmented contents stored on three multimedia files were made:
1. A three minutes video linked with front
cover’s photo including images and audio
from those affected by the earthquake as
well as from Lorca’s streets.
2. A half minute video with a voice over linked
to a map included in inner report with a
documentary scientific approach over plate
tectonics.
3. A 3D interactive graphic linked to report’s
second picture explaining how earthquake
was caused by Lorca’s geology.
It’s necessary pointing out that between contents where study has been focused there are several informative ones referred to present news and
other are not necessarily journalistic but related to
documentary contents.
Once scene has been created with BuildAR Pro,
consisting in linking each picture from the newspaper
with multimedia items accordingly, it was checked
that scene was being viewed correctly through the
BuildAR Viewer, so once PC’s webcam captures
news’ image it’s reproduced on computer screen the
multimedia item encoded through that picture.
Afterwards, the use and survey session was
specified and organized. Experience took place
in the Graphic Design and Multimedia LaboraVolume 9 / Number 2 / 2014

tory with 50 personal computers (Dell Inspiron
560, Intel Core2, 4GB memory and independent
graphic card Nvidia GeForce).
Participants were explained that they were
reading news in a special way having a USB handheld camera available so if they got it closer to the
newspaper pictures they would be able to visualize news’ additional contents on PC monitor.
They are told that experience should be ideally
carried out with a smartphone so when device and
screen are integrated it would be more comfortable
for user. Without foretelling them anything else
than what was being discovered, participants read
the news and pointed the webcam to each one of
the three printed pictures for viewing in the monitor both videos and 3D graphic with augmented
content. Authors observed discreetly everyone’s
reactions during viewing.
Once news were read and augmented contents
viewed, they were given survey 1 (reader profile) for
answering anonymously, ticking values considered
for each question. They were reminded the possibility of performing this experience with a smartphone
(intention was having in mind this mobile device in
their answers). Participants from journalism degree
also took second survey (news editor profile). Experience lasted around 20 minutes.
4.4. Findings (research)
From feedback obtained through news editors
and consumers, we proceed to analyze them.
Table 1 summarizes the descriptive statistics for
each measured question from news readers (first
survey). In separate columns values are shown for
each group (journalists and engineers). Usability
of augmented reality technology applied to journalistic contents is measured by three dimensions:
efficiency, effectiveness and satisfaction.
On table 2, descriptive statistic values are
shown globally for each usability dimension.
Small differences observed on average values
for effectiveness, efficacy and satisfaction dimensions show that even when professional profile
of both groups is quite different as consumers of
printed press, they have the same perception regarding use of technology for this purpose. However, these differences were investigated using
independent t-test samples. We regards as null
345
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Table 1. Survey 1. Respondents: consumers of written journalistic contents (Standard Deviation, SD)
Engineers Journalists
average
average
(SD)
(SD)

A.- Effectiveness= Technology’s application efficiency
(according to recipient).

A1. Comfortable virtual/digital objects visualization without lag
2,93 (1,04)
A2. Digital material (3D or video) free of definition problems (lack of resolution, lured,
3,59 (0,97)
dark, …)
A3. Additional material complements information.
4,59 (0,64)
A4. Technology application is visually attractive
4,56 (0,64)
A5. Virtual objects appear in the right place where news are located on newspaper ( no
4,37 (0,88)
doubts between which printed news are being complemented by virtual information)
A6. Application allows user immersion in technology system, integrating with news
4,48 (0,64)
read.
B.- Efficacy=Effectiveness of AR’s application in news (recipient)
B1. Autonomous use of AR system/newspaper for perceiving augmented information
3,96 (0,92)
B2. Augmented information supplied more info than reading
3,85 (1,06)
B3. Augmented information eased approach to news theme.
4,59 (0,50)
B4. Reliable and accurate augmented information.
4,56 (0,64)
B5. Augmented reality technology easy to use.
4,41 (0,64)
B6. Augmented news improves comprehension.
4,41 (0,84)
B7. Augmented information allows interaction with user
3,96 (0,90)
B8. Augmented information improves user’s imagination
3,60 (1,12)
C.- Recipient’s satisfaction
C1. Smartphone or PC dependence isn’t an issue
3,67 (1,11)
C2. AR use encourages use/consumption of printed press
3,58 (1,30)
C3. New sensations perceived further than just printed text
4,48 (0,85)
C4. Choice of news complemented with digital information instead of traditional text
4,52 (0,70)
D.- Recipient’s feedback
D1. I feel curious about how augmented information appears by magic
4,15 (1,22)
D2. Depending on contents it can be an entertaining experience
4,46 (0,90)
D3. AR technology regarded as new
4,42 (0,64)
D4. Newspaper application considered original
4,54 (0,65)
D5. AR technology interesting in journalism field
4,42 (0,81)
D6. Augmented reality useful for providing extended information to written news.
4,62 (0,57)
D7. AR use is a new experience for me
4,31 (1,12)
D8. Augmented information improves keeping updated
3,96 (1,04)
D9. How do you rate AR technology for being used together with printed media? (54,23 (0,71)
excellent)

3,07 (1,03)
3,33 (0,98)
4,38 (0,89)
4,50 (0,63)
4,56 (0,51)
4,50 (0,63)
3,94 (0,85)
3,81 (1,11)
4,44 (0,63)
4,56 (0,63)
3,88 (0,96)
4,38 (0,72)
3,81 (0,83)
3,94 (1,06)
3,75 (1.06)
4,19 (0,83)
4,69 (0,48)
4,63 (1,09)
4,36 (1,15)
4,21 (0,70)
4,43 (0,76)
4,64 (0,63)
4,36 (0,93)
4,29 (1,07)
3,79 (1,19)
4,36 (0,63)
4,43 (0,85)

Table 2. Statistic descriptive for usability components
Condition

Profile
Engineers

Recipient

Journalist

Effectiveness
4,09
(1,02)
4,07
(0,99)

hypothesis, Ho, the fact that both groups have
analogue feedback over use of AR technology in
journalistic contents, meaning that “both jour346

Efficacy
4,17
(0,90)
4,09
(0,89)

Satisfaction
4,07
(1,09)
4,31
(0,96)

nalist and engineers have the same opinions and
feedback regarding use of augmented contents on
printed press”.
Volume 9 / Number 2 / 2014
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In all three cases studied, the null hypothesis is
accepted, which indicates, with a 95% confidence
interval that there is no statistically significant
difference between both groups: Effectiveness,
t=.153, p=.878; Efficacy, t=.798, p=.425; Satisfaction, t=1.49, p=.136.
However we may affirm that users have the
same perception over effectiveness and efficacy
of applied technology to journalistic printed contents. Regarding 3rd dimension, results show that
all participants have the same degree of satisfaction. On figure 6, we can observe graphically results exposed before. Centering on opinion items
group (D) we may know the agreement level over
users feedback with questions formulated.

Figure 6. Feedback results from consumer’s
point of view
Every user declares interest for knowing this
technology as they regard it as a novelty and it use
depending on contents may be entertaining. They

Table 3. Survey 2. Respondents: Producers of written media content
About edition and production of contents (media professional)
AVERAGE (SD)
1. Does AR means a new contribution?
Q1
4,88 (0,34)
Regarding that this technology contributes with new possibilities and narrative experiences, indicate
agreement level:
AS A READER
2. Brings news closer
Q2
4,63 (0,50)
3. Causes conviction on reader
Q3
4,50 (0,52)
4. Encourages creativity on news creation
Q4
4,44 (0,81)
5. Causes credibility amongst reader
Q5
4,63 (0,62)
6. Causes curiosity amongst reader
Q6
4,63 (0,62)
7. Allows ability to entertain reader
Q7
3,75 (1,00)
8. AR allows reader’s immersion in news as well as reality’s perception
Q8
4,50 (0,73)
9. AR news may provide interactivity
Q9
4,38 (0,72)
AS A MEDIA PROFESSIONAL
10. AR rejuvenates written printed media
Q10
4,56 (0,81)
11. AR technology implies professional development
Q11
4,56 (0,63)
12. AR allows putting forward media contents perceived as reliable by reader Q12
4,38 (0,72)
13. AR encourages imagination of news editor
Q13
4,25 (0,93)
14. AR encourages expressive innovation
Q14
4,56 (0,51)
15. AR encourages narrative innovation
Q15
3,69 (0,79)
16. AR optimizes narrative
Q16
3,75 (1,13)
17. AR encourages journalistic creativity
Q17
4,38 (0,72)
18. AR allows virtual solutions difficult to reflect just writing
Q18
4,88 (0,34)
19. AR improves narrative explaining
Q19
4,38 (0,50)
20. AR demands new professional competences
Q20
4,19 (1,11)
21. AR may suppose professional renewal
Q21
3,94 (1,06)
OTHER OPINIONS
22. I regard AR as a novelty for media society
Q22
4,56 (0,63)
23. Nice technology from esthetic point of view
Q23
4,38 (0,65)
24. AR technology is interesting
Q24
4,38 (0,72)
25. AR technology is original
Q25
4,38 (0,81)
26. AR applications creation is complicated once explained
Q26
3,47 (0,74)
Volume 9 / Number 2 / 2014
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regard use of augmented reality for journalistic
contents as original, useful and interesting. Their
feedback is that while perceiving augmented reality they receive more information so they are kept
updated about news. Overall feedback score about
AR use for augmenting journalistic contents is 4.3
over a 5 points maximum.
Table 3 summarizes descriptive statistics for
each question measured from the professional
news producer’s point of view (second survey).
In this survey media professionals show their
opinion in two terms: in first place, how do they
consider information readers perceive written information that has been augmented with audiovisual information. Generally, they consider that
adding augmented information to the written one
provides the reader with further closeness and involvement with news giving more credibility to
them because of the visual material support and
causing curiosity on reader for knowing the visual
message behind printed news (see figure 7).

biosis between multimedia and written material.
Journalist will seek new ways of narrating and
expressing news having in mind multimedia contents added to them which implies a narrative optimization and creativity stimulation.
There is a third part that should also be had in
consideration when performing this study as it
decides on technology’s incorporation: they are
publishers and publishing companies. A deep interview with the board of a printed newspaper reflects interest for innovation including new ways
of reporting facts, events and advertising. From
AR demos shown, they consider this technology
allows them to:
1. Differentiate from competition.
2. Surprise the reader.
3. Associate images in motion to printed
content.
4. Diversifying advertising and offering
multimedia support to advertisers, linking
advertising graphics to the ones already
printed.
5. Introducing interaction in contents as well
as new journalism possibilities.
6. Elaboration of contents for several readerships (children, teens, adults, women, men).

Figure 7. Average values, feedback and opinion
from media professionals over AR technology use
in printed journalism

Positive facts are clarified by concerns where
skepticism is found together with support shown
by readers which will define how long this technology may be able to survive as a new way of
informing and communicating with the consumer
while being interesting to the advertiser. Other
concerns underlines are timing and cost of augmented contents’ production.

They also consider that according to augmented contents configuration, reader may be able to
immerse in news and perceive their reality. He
could even be provided certain kind of interaction
with contents as well.
According to contents and sections on newspaper reader can get entertained.
Besides, survey reflects media professionals’
perception about blend of this technology with
printed media. AR is a way of introducing new
mechanisms allowing rejuvenation of the printed
newspaper which is going through a critical situation due to use of more attractive media such as
the internet. Rethinking how to attract the public through AR possibilities would mean gaining
readers with high technology level.
AR may suppose professional renewal through
a new news creation concept establishing sym348

5. Analysis and discussion
This work stresses the practical implications of
one of several technologies available to journalism. The way has been analyzing how it’s being
perceived by professionals and users.
Experts admit that AR technology improves
media message allowing insertion of emerging
revision, data verification, facts and statements
diversifying narrative introducing dramatization
[17], but one quality noticed in this pilot study
is mixed viewing’s viability for overcoming lineal usual media message. It eases introduction in
Volume 9 / Number 2 / 2014
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the message of complexity and plot of reality reported. Several authors warn that people is getting
used to non-lineal media thanks to TV and internet [18], and that familiarization should be used
in journalism multiple narrative like for example
in reconstruction of events that took place in concrete spots focused with mobile devices.
It should be pointed out that AR is not cyber journalism or hypertext, even when their contributions
in nonlinear information are a benchmark [19].
It’s a technology that diversifies contents creating emotions and sensations, introducing joy in reception and consumption of information. It also offers immersive and omnidirectional contents thanks
to 3D. It dynamizes newspaper reading’s routine. In
fact, certain authors underline the cognitive, sensorial and emotional that this technology causes on
user [20]. It’s a visualization technique suitable for
several levels of contents’ supply and demand.
Editors in chief are those who decide business
strategies and incorporation of adequate technologies. It’s quite obvious that IT is having an effect
in press business model [21, 6]. A business model
that press can renew incorporating the Learning
and Knowledge Technologies (LKT) notion making allusion to media functions and concretely
those of journalism. Knowing how augmented
contents are valued on newspapers guides when
making decisions.
6. Conclusion
Bad omens for future of printed newspaper are
being one of the motivations making editors look
forward to visualization technologies for enriching
and giving versatility to written journalism. Aim is
rejuvenating it through convergence and interactivity incorporating added value and utility improving
the informative process and informative result. In
R+D+i there are alternatives for satisfying the need
to innovate recipient’s experience which reveals as
important for both readers and advertisers.
Linking the printed news to multimedia contents allows improvement of media narrative. This
way, AR is a valuable tool for adding deep augmented contents to printed journalism as well as
analysis, complementary interviews, information
visualization (dynamic and interactive info graphics) and non-lineal entertaining extra contents.
Volume 9 / Number 2 / 2014

It’s obvious that it’s broadening informative supply and demand thanks to superimposition of content’s layers. AR incorporation to printed press modifies business model in the journalism and advertising
fields increasing the value of quality journalism’s
mainstays: verifying, veracity, inter subjectivity, version’s balance, precision and source’s contrast.
Results obtained with this study allow concluding that AR technology viewing shows an interesting amount of possibilities, but also there is a
chance of uneasy feeling among publics concerned.
It means a versatile and creative tool for professionals and final users, renewing and innovating
professional activity getting reader involved and
entertained through interactivity. Besides, consumption solutions depending from device’s use
(smartphones, tablets, etc) have the risk of causing
rejection on readers if easiness and simplicity (usability) is not guaranteed.
Results obtained allow establishing the following conclusions:
1. In general terms, augmented reality as a
viewing technology allowing incorporation
of augmented contents following those
printed is regarded positively in all analyzed
aspects, always 1.5 points over the average
score (3.5 over 5).
2. Both publics surveyed – media professionals
and final users- agree in their positive
feedback without any significant difference
between them.
3. The most appreciated aspect by professionals
is that AR allows visual solutions that
otherwise would not be easily reflected with
just writing.
4. The lowest rated aspect by professionals is
that AR encourages narrative innovation.
5. It’s very interesting checking out how
qualities that readers appreciate more
connect with quality journalism concept:
causing conviction in reader and allowing
his immersion in news perceiving reality.
6. For final users, the lowest rated quality is
AR allowing performances for reader’s
entertainment. Without any doubt we
can state that at Spain any journalism
information keeps being directly linked to
knowledge of serious matters excluding the
entertaining notion.
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7. It should also be underlined that people
in their 20s think it’s not an inconvenience
depending on a mobile phone or PC for
viewing augmented contents. However,
according to demos performed, editors in
chief regard highly the smartphone use
instead of the PC.
8. Weakest points are quality of augmented
images and usability. First issue is easy to
solve. Respecting the second one, during
the survey and interview we had to teach
readers how to use this technology as well
as the easiest way to get used to it.
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Abstract
This study focuses on the spoken discourse
among primary school learners. The objectives of
the study were to identify and discuss the multimedia components of the program used in order to
give awareness towards the Malay folklore. The
samples of the study consist of 10 subjects from a
school in Melaka. The subjects were given a Malay folklore program. They viewed the program
and they were divided into two groups. The groups
were given two hours a week for four weeks to discuss the multimedia elements of the program. The
interactions were taped and analyzed by using the
spoken discourse analysis by Stubbs (1983). The
results of the study revealed that the subjects were
able to give their views and opinions based on the
layout of the Malay folklore program. It is hoped
that further study will focus on other component
of multimedia in other genre of Malay literature.
Key words: Malay folklore, interaction, awareness, program, primary school students
1. Introduction
Malay folklore consists of animal fables, folk
music and songs, bardic tales, ghost stories epics,
fairy tales, symbolic lore, myths and others. Malay folklore started long time ago and the stories
were story told from generation to generation. Although, the folklore started with storytellers on the
streets, the stories were still known till now. The
storytellers were talented and they obtained the
stories from their ancestors. Moreover, the stories
were from the storytellers’ ideas and the compilations of ideas from the elderly of the community [1][2]. Apparently, the stories had given the
children and the community enjoyment towards
the stories and relate the stories with their own
lives. Thus, the moral values in the stories were
stated for children’s understanding and appreciation [1][2]. As such, the storytellers have made
352

the storytelling a fun and interesting activity [3].
The storytellers’ creativity in telling stories will
create a meaningful environment for the listeners [4]. According to Roslina Abu Bakar [3], an
author named Ali Badron has self-potential, intellectual, and knowledge in order to adapt himself
in the world of children’s imagination. With Ali
Badron’s credibility in handling the situation during storytelling, the messages in the stories were
delivered and appreciated by the children [3].
Braginsky [5][6] postulates that the usage of
rhetorics in delivering stories are perfect with ideas
and moral values. The stories or messages delivered
to the listeners will show the effectiveness for the
listeners who have high imagination as compared
to listening to the messages being delivered directly. Thus, according to Roslina Abu Bakar [3], the
author Ali Badron has tried to create Malay folklore
that consists of ‘fun and satisfaction’ among the listeners or audience. To include, Ali Badron’s stories
consist of aesthetic and ethics values that will give
great impact to the children or the younger generation. Roslina Abu Bakar [3] states that suggestions
and didactic approach by Ali Badron were merely
on the usage of language or symbols that enhances
the listeners or audience emotions.
Another research of the Malay folklore concentrates on the forgotten of folklore among the
aborigines of Jakun community in Malaysia. According to Siti Fatiemah Sa’at & Jama’yah Zakaria
[7], the forgotten Malay folklore among the Jakun
community were based on human, Malay folklore as a myth, culture assimilation, the vanished
and the loss of the native speaker and technology
factors. Siti Fatiemah Sa’at & Jama’yah Zakaria
[7] suggested that in order to preserve the Malay
folklore among the aborigines of Jakun community, the folklore must be well kept, documented
and maintained. Organization of the Jakun community should have a technology database that
has all the Malay folklore documented. Overall,
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the Malay folklore among the Jakun community
has been the life manifestation, life perception and
self-manifestation of the community. The Malay
folklore consists of moral values that help the
younger generation in understanding their culture
and beliefs [1][2][8] [9][10].
Considering the perspective of an author of Malay folklore, the research on Malay literature continues into the dimension of the children and youth
literature. Nik Rafidah Nik Muhammad Affendi et
al, [11] state that the issues of children and youth
literature in the new era of technology has given
a possible of pushing aside on the importance of
Malay literature among them. Since the nearly forgotten Malay folklore among the youngster was a
crucial matter nowadays, research should be done
in order to preserve it. Othman Puteh [12][13]
postulates that research on Malay literature specifically has not widely been done. Authors and
writers should focus on the needs of the children
in Malaysia and around the world and preserve the
stories in the Malay folklore in order to create a
better environment in the classroom situation. Nik
Rafidah Nik Muhammad Affendi et al, [11] claim
that the concept of Malay literature was still vague
and dubious and therefore, research must be done
in order to have a better concept for the school
students to understand. Thus, Othman Puteh [14]
claims that with the help of authors and writers,
the understanding of the Malay literature will lead
to stories been created and rewritten. Hence, the
close relationship between the Malay literature
and Malay folklore has to be showed and related
in such a way, the learners of the Malay literature
will appreciate the Malay folklore and end up having better understanding of the stories.
On the other hand, a study done by Nurul Azimah Abdull Sedik et al, [15] focus on childrens’
emotions through printed graphics in Malay literature reading text. The reading texts were merely
on Malay folklore. Animal fables, myths, fairy
tales, ghost stories, epics and others were read to
the children. The books were increased in size in
such a way that all the children were able to focus
in a small group. The results of the study revealed
that the children were happy and content with the
graphics. The children also stated that the graphics were able to give a better understanding of the
whole story [9] [4] Md Sidin Ahmad Ishak [16]
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agrees with the results and added that the graphics and illustrations were able to attract childrens’
attention during reading or listening to the stories
being story told by the teacher. Thus, colorful
graphics and illustrations will give a great impact
in enhancing childrens’ imagination and also, a
meaningful and better surrounding in the classroom [9]. As a matter of fact, the children seemed
to be happy with looking at the graphics and illustration while listening to the stories [4].
The dissemination of the Malay folklore continues where the folklore were introduced by using the different types of technology. The technology includes the computer, mobile phones, radio,
television and so on. This would lead to a better
understanding of the folklore. Thus, at present, the
strategies of teaching and learning of Malay folklore by using the technology will therefore make a
difference towards the perception of the Malay literature among school children [4]. To begin with,
school children will play an important role in disseminating the stories to their parents and society
and this would lead to a better understanding on
the existence of the Malay folklore. Additionally,
the Malay folklore will teach the children on the
moral values and the life style of the Malay community at the time the Malay folklore existed [4]
[12]. This way, the children will understand more
about their ancestors.
Hence, Normaliza Abd Rahim [4] investigates
on the use of Malay literature program among
primary school learners in Malaysia. The objectives of the study were to identify and discuss on
the Malay literature program that was created for
the purpose of the study. The samples of the study
were primary school students from a school in
Malaysia. The subjects were given a Malay literature program which consists of the Malay literature genre; Malay drama, poem, quatrain etc. The
program was created to promote and give awareness among the learners on Malay literature genre.
The results revealed that the Malay literature program was able to help students in understanding
on Malay literature genre. Thus, the use of technology also helped in the teaching and learning
among teachers and learners [8][9][17]. Another
study by Normaliza Abd Rahim & Siti Nur Aliaa
Roslan [9], focus on the use of digital graphics in
storytelling among primary school children. The
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objectives of the study were to identify and discuss the use of digital graphics in a language classroom. The subjects of the study were children with
Asperger syndrome. The subjects were showed
digital graphics for a story. The subjects were to
discuss about the stories and they were to story tell
the stories in front of other children. The results
revealed that with the help of the digital graphics,
the subjects were able to tell the stories accordingly. Also, the subjects were able to comprehend
the stories and also they answered the questions
asked by their peers. Moreover, the use of the digital graphics were able to create a better and interesting environment [4][9].
Based on the literature review as above and
the problem in disseminating the Malay folklore
among children, therefore, the objectives of this
study were to identify and discuss the multimedia
components from the Malay folklore program.
2. Methodology
There were 10 subjects involved in this study.
The 10 samples were picked at random from a
school in Melaka. They were nine year old female
and male students. The subjects were divided into
two groups. They were given a Malay folklore
program. They viewed the program for two hours
a week in four weeks. After each session, they
were given two hours to discuss the multimedia
elements of the program. The program consists of
five stories from the Malay folklore. The stories
were based on animal folklore and folklore songs.
The content of the each program consists of songs,
stories and multimedia elements as in animation,
audio, video, graphics, text and interactivity. The
interactions from the discussion were taped and
analyzed by using the spoken discourse analysis
by Stubbs [18]. According to Stubbs [18], the term
discourse refers mainly to the linguistic analysis
of naturally occurring connected speech or written discourse. In this study, the spoken discourse
is referred to attempts to study the organization of
language above the sentence or above the clause,
such as conversational exchanges. It follows that
discourse analysis is also concerned with language
use in social contexts, and particular with interaction or dialogue between speakers.
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3. Results and Discussion
Group 1
Group 1 has a high number of interactions during the discussion. The subjects seemed to know
most of the multimedia components in the program. They were seen happy to give their views
and opinions on each of the components. As for
animation, the subjects were able to identify the
types of animation existed in the program. The
interactions occurred actively in all the four sessions. The interactions pertaining to animation
from the program were listed as below;
S1: There were five different types of animation.
S1: I can see bubbles, elephant, flowers, leaves
and rain drops.
S1: I love it.
S1: I want more.
S2: I like the elephant jumping from left to
right.
S2: The elephant is cute.
S2: It has big eyes.
S2: Look at the tail.
S3: The rain drops look so interesting.
S3: There were big and small ones.
S3: Look at that one.
S3: A lot of rain.
S4: When I move my mouse, there were bubbles
following me.
S4: The bubbles were colorful.
S4: I like it so much.
S4: Small and big bubbles.
S5: I like all the moving things in the program.
S5: All of them.
S5: This one and that one.
S5: I want more moving things in this computer.
As for animation, the interaction above showed
that the subjects were happy and content with the
animation from the program. They managed to
give their views and opinions on animation. S1
has four interactions on animation. He managed
to allocate five different types of animation from
the program and discuss more about it while S2
has the same amount of interaction. She seemed
to like the elephant character in the story and discussed more about it especially on the eyes and
tail of the elephant. Thus, she was happy to see an
elephant jumping in the program. Hence, S3 has
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also four interactions on animation and seemed
to have seen the rain drops animation for the first
time and was amazed to see it on the screen. She
was talking about the size of the bubbles and how
colorful the bubbles were. S4 has also four interactions on animation and was happy to play around
with the mouse since he loved the bubbles that follow whenever he moves his mouse. This showed
that S4 was fascinated with the animation. S5 has
four interactions on animation and seemed to give
her opinion for the overall picture of the animation
where she stated that she liked any moving things
in the program. She mentioned that the moving
things referred to the animation would give her the
motivation to view the program. Overall, group 1
seemed to like the animation from the program.
As for audio, group 1 seemed to like the songs
from the program. The songs were about the Malay folklore stories. The song lyrics were easy to
sing along and the subjects seemed to sing along
with their friends. The interactions from the subjects were listed as below;
S1: I love the songs.
S1: Especially the songs about animal story.
S1: I understand the story now.
S2: Very interesting
S2: I understood the story from the song.
S3: All the words from the songs were easy.
S3: I love listening to this song.
S3: I sang along.
S4: Very interesting program with songs.
S4: Cute voice.
S5: I sang along as well.
S5: I love this type of program.
As for audio, the interactions above showed that
S1 and S2 have four numbers of interactions while
S3, S4 and S5 have the same amount of interactions
pertaining to audio from the program. S1 stated that
he loved the songs especially songs about animals.
He also mentioned that he understood the story line
based on the lyrics of the song that he heard. This
showed that S1 has been concentrating on listening to the song and understood the lyrics. S2 agreed
with S1 and added that the songs were interesting
to hear. She showed great interest by following the
rhythm of the songs. S3 postulated that the words
from the songs were easy to understand and that
was the reason that she loved listening to it. FurVolume 9 / Number 2 / 2014

thermore, S3 was seen repeating the songs over and
over again. S4 agreed that with the songs, the program became interesting. She also stated that the
program was different that other program since this
program has all the multimedia components. This
showed that S4 has been watching a number of programs before. As for S5, he mentioned that he sang
along the song and he loved it. This showed that S5
has shown great interest towards the program. Besides singing along with the program provided, S5
was seen convincing the other friends to sing along
as well. This has led to a very active participation
from the subjects.
As for video from the program, group 1 has
shown similar number of interactions among the
group members. The interactions on video were
listed as below;
S1: I love the video.
S1: The elephant was really happy.
S2: I want to go to the zoo as well.
S2: Look at the scene here.
S3: Very interesting video.
S3: A story in the video.
S4: I like very much.
S4: This video is fantastic.
S5: The video is about the story.
S5: I want to view this video again.
As for video interactions above, S1 stated that
she loved the video from the program and also
she was interested to the elephant. It seemed that
the elephant had managed to get her attention in
the video. S2 said that he wanted to go to the zoo
since the video was taken at the zoo and he also
added that the scenery in the video looked very
interesting. S3 found that the video was interesting and added that the video consisted of stories.
It seemed that the video has storylines related to
different stories. This might give him the chance
to understand about the whole story. S4 uttered
that she loved the video and found it really fantastic. It can be said that S4 was so amazed with
the video pertaining to the folklore. S5 seemed to
love the story in the video. He said that the story
in the video had made him understand more after listening to the song. Therefore, both the audio
and video had played a major role in making the
subject understand more. S5 managed to allocate
that the video was related to the story. It seemed
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that in the beginning, she was did not understand
the story but after watching the video, she managed to understand the whole story. Besides, he
was seen repeatedly watched the video and was
seen smiling after each video. All the subjects (S1,
S2, S3, S4 and S5) were happy with the program.
They seemed to understand the video and were interested to watch the video in the program. It can
be said that the video managed to get the subjects’
attention towards the program.
As for graphics, group 1 seemed to have a number of interactions. They seemed to be very interested in discussing about the graphics from the program. The interactions from group 1 were as below;
S1: This is different picture.
S1: I like this drawing here.
S1: I wish I can draw like this.
S2: Cute pictures.
S2: Colorful pictures.
S3: The drawings were about the story.
S3: I love the pictures.
S3: Very original.
S4: I like this one.
S4: Very interesting.
S5: Really colorful.
S5: I want to draw like this one.
As for graphics interactions above, S1 was seen
to be enthusiastic in explaining the pictures in the
program. She was observant where she managed
to allocate the different pictures. She also liked
drawings in the program and wished that she can
draw all the pictures here self. S2 seemed to specifically be pointed to pictures of animals like the
elephants, birds and deer. He found the pictures
were cute and colorful. This showed that he liked
the animal pictures compared to others. S3 mentioned that the drawings were about the story. He
loved the pictures since it showed the originality
of the stories. It can be seen that S3 liked original
pictures and he would be able to imagine the storylines. As for S4, she found the pictures very interesting. This might due to the fact that she loved
all the pictures and even pointed to a specific one.
She found it interesting that the pictures were in
the program. S5 found that the pictures were colorful and wished that she could draw them herself.
She had the same opinion as S1 since both subjects wished that they could draw.
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As for the font, the subjects seemed to have less
interaction as compared to other component of
multimedia. The interactions from group 1 were
as below;
S1: Suitable font.
S2: Really big.
S3: It does not matter.
S4: Colorful.
S5: Easy to read.
According to the interactions above, all the
subjects were seen not really keen on discussing
about the font. S1 stated that the different types of
fonts in the program were suitable. S1 also mentioned that the sizes of font varies for the stories.
Here, it can be seen that S1 was observant. S2
was happy to mention that the size of the font was
big. S2 also added that the big font has made it
more interesting to read. S3 has different opinion
compared to other subjects. S3 was not bothered
with the types of size of font. S3 was happy with
any fonts in the program. S4 commented that the
fonts were colorful. The colorful fonts were true
since different stories have different colors. This
showed that the colorful fonts have successfully
attracted the subjects in trying out the program. S5
agreed that with the types and colorful fonts and
added that the fonts were easy to read.
As for interactivity, S1, S2, and S5 have three
interactions while S3 and S4 have two interactions. The interactions from group were as below;
S1: I can e-mail here.
S1: I will answer the questions.
S1: I can also leave comments.
S2: I will give positive comments.
S2: I like this idea.
S2: A quiz over here.
S3: I can answer this quiz.
S3: Interesting.
S4: I will e-mail my answers.
S4: Good comments.
S5: I can write my own lyrics here.
S5: I want to try this one as well.
S5: Good comments.
As for the interactivity of the interactions as
above, S1 confirmed that the program provides
with e-mail, questions and answers and even comments. This way, S1 was able to use all the interacVolume 9 / Number 2 / 2014
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tivity activities to ensure that the program was interesting. S2 commented that positive comments
were left in the program and found it a good idea
in getting feedbacks from the subjects. S3 and S4
agreed that the idea of interactivity has given them
the chance to answer the quiz and using emails.
Besides, S3 and S4 have also agreed that the interactivity activities were interesting. S5 stated
that a person could write his/her own comments in
each story. This way, the program seemed to show
comments or feedbacks from subjects. S5 added
that she could write her own lyrics for the songs in
the program. This showed that the S5 was able to
show here interest towards the program.
Group 2
Group 2 also has high number of interactions.
But it seemed that there were subjects who only
interacted once in three components of multimedia. The components were animation, audio and
video. While S1 seemed to be very active in the
discussion, the other subjects were happy to join
in the conversation. As for animation, S6, S7, S9
and S10 have high number of interactions while
S3 has only one interaction. The interactions on
animation were as below;
S6: So creative.
S6: Interesting animation.
S6: I prefer the elephant.
S6: Really cute.
S7: Fun activity.
S7: The bubbles were cute too.
S7: Colorful.
S8: Very good.
S9: Fun.
S9: Looks real.
S9: I like the elephant.
S10: I have seen this one before.
S10: Interesting.
According to the interactions on animation as
above, S6 seemed to be interested in giving her
views and opinions. She seemed to show her enthusiasm during discussion. She proclaims that the
animations in the program were creative and interesting. S6 also stated that she liked the elephant and
found it cute. S7 seemed to agree with S6 where she
stated that the activity pertaining to animation was
fun. S7 also added that the bubbles animation were
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cute and full of colors. S7 seemed to content with
the animation provided in the program. S8 has only
one interaction pertaining to animation. She seemed
to be quiet during the discussion but she managed
to say that the animation in the program was good.
S9 was interested in animation. S9 showed great interest in animation when she said that she had fun
with it. Also, she found the elephant animation was
cute and it looked really real. She was seen amazed
with the elephant animation and like it so much.
S10 has shared her experience in animation when
she said that she had seen it before. When asked,
she said that the animations that she saw were like
flowers, other animals and figurines. She found it
really interesting when animations were included in
the program.
As for audio, there were interactions taken
place among the subjects. The interactions on audio were listed as below;
S6: I like the song.
S6: I can sing along.
S6: Interesting activity.
S6: Easy to understand.
S7: Great song.
S7: I can easily remember the lyrics.
S8: We can all sing along.
S8: Fun activity.
S9: The singing activity was interesting.
S10: I want to sing again.
S10: Shall we sing the song together now.
S10: I want share this song with my other
friends.
As for audio, the interactions from the students
above showed that S6 has the highest number
of interactions. S6 mentioned about the singing
activities from the program. She added that the
songs were interesting and the activities pertaining to the songs were easy to understand. This
showed that S6 were interested to try out all the
activities in the program. S7 agreed with S6 on the
interesting song activities and the songs were easy
to understand. This showed that S6 and S7 have
the same opinion about the songs. S8 preferred
the sing along activity and found it fun. She added
that the activities would give her the courage to
sing out loud in the target language. S9 has only
one interaction. She stated that the singing activity
was interesting and she loved to sing along. S10
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claimed that she wanted to sing the songs from
the program. She also wanted to share the activity
with her friends. This showed that S10 wanted her
friends to experience the fun activity.
Video has also played a major role in the program. All the subjects seemed to be discussing on
the video from the program. The interactions from
group 2 were as below;
S6: Very interesting video for the song.
S6: I like the idea of real elephant.
S6: Must be from the zoo.
S7: Great video.
S8: Interesting video.
S9: I like the video.
S10: The video was fun.
S10: Interesting.
As for interactions for the video, S6 seemed to
have the highest number of interactions. S6 has
three interactions, S10 has two interactions and S7,
S8 and S9 have one interaction each. S6 stated that
she found the video from the song very interesting.
She added that the idea of real elephant was really
good and assumed that the video was taken from
the zoo in Malaysia. S6 seemed to love the animals and was concentrating on the animals from
the video. S7, S8 and S9 have stated that the video
was great, interesting and liked it very much. All
three subjects seemed to give one comment each
and the comments were about the video. They did
not explain or discuss about the videos more. This
might due to the fact that S7, S8 and S9 were not
interested in expressing their views and opinions
on the video. S10 also found that the video was interesting. Thus, she added that the video was a fun
activity for her. She liked the video to be added in
the program in order to show that there were live
animals, human and authentic materials.
Graphics have also been the topic of discussion. All the subjects seemed to be interested in
discussing on the graphics in the program. The interactions on graphics for group 2 were as below;
S6: I like the drawings.
S6: Looked so real.
S6: So colorful.
S6: Really interesting.
S7: I like the drawings too.
S7: The animals looked real.
S7: The forest looked real.
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S8:
S8:
S9:
S9:
S9:
S10:
S10:
S10:

I like the idea.
I love the drawings.
I like this one.
I want to draw like this.
Interesting drawings related to the story.
Great pictures and colorful.
I want this picture for the story.
The picture is related.

Discussion of graphics for group 2 as above
showed that all the subjects were active and participated actively. S6 has the highest number of
interactions. She stated that the graphics in the
program looked so real, colorful and interesting.
S6 claimed that she liked drawings very much. S7
agreed with S6 in liking the drawings. She added that she loved the animals and forest and they
looked so real. S7 was content with the graphics
in the program. S8 mentioned that she liked the
idea of the drawings included in the program. She
claimed that she loved the drawings from the program. She was seen tracing the drawings by using
her fingers. This showed that S8 was interested in
the program. S9 uttered that she specifically like
the graphics. She even pointed out the drawing
and wanted to draw exactly like the ones in the
program. S9 added that the drawings were related to the story. S10 found that the graphics were
great. She even suggested that some pictures were
taken out for her story. S10 wanted to use the picture since it was related to her story. She added
that the pictures were interesting and colorful.
Text has also been the likings for all the subjects
in group 2. The interactions from group 2 pertaining to the text from the program were as below;
S6: The text was appropriate.
S6: Suitable for our age.
S6: Easy to read.
S6: Big.
S7: Different types.
S7: Different sizes.
S8: Suitable.
S8: I understood the writing.
S9: Suits us.
S9: Relevant.
S10: Easy to read.
S10: Well understood.
S10: I can write like that.
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According to the discussion on text as above, S6
has the highest number of interactions. S6 has four
interactions, S10 has three interactions whilst S7,
S8 and S9 have two interactions each. S6 stated that
she found the text appropriate, easy to read, bid and
were suitable for his age. S6 has shown great interest when commenting about the text. S7 claimed
that there were different types and sizes of the fonts.
While S8 mentioned that the fonts were suitable for
each story. Furthermore, S8 said that the fonts were
suitable for different stories. S9 stated that the fonts
suit them very well since it was big and fun to look
at. She also added that the fonts were relevant to
the different types of stories from the program. S10
claimed that the texts were easy to read and she
understood the stories really well. S10 also wished
that she could write like the text from the stories.
Discussion on interactivity was taken place actively among the subjects from group 2. The interactions on interactivity were as below;
S6: Very interesting.
S6: Consisted of quizzes.
S6: Really fun.
S6: I can e-mail.
S7: I could answer all questions here.
S7: The quizzes were fun.
S8: I gave comments here.
S8: Fun activity.
S9: Fun activity too.
S9: I wrote comments.
S10: Really fun.
S10: Interesting activity.
Interactions on interactivity as above showed
that S6 has shown the highest number of interactions. S7, S8, S9 and S10 have the same number
of interactions of two. S6 who was very active in
the discussion, stated that the interactivity activities from the program were interesting and fun.
She added that the activities include the e-mail and
quizzes. S6 explained that she tried all the interactivity activities from the program. S7 were happy
to admit that she answered all the questions in the
program and confirmed that the quizzes were fun.
S8 said that she left comments for the activities and
she found that the interactivity activities were fun.
S9 agreed with S8 in stating that the interactive activity was fun and also left comments. This showed
that both S8 and S9 were happy in leaving posiVolume 9 / Number 2 / 2014

tive comments in the stories from the program. S10
stated that the activities were fun and found it interesting. This might due to the fact that she has never
seen any activities that need comments or feedback
in a program.
Overall, it can be summarized that S6 has the
highest number of interactions about the Malay
folklore program. S6 has obtained the highest number of interactions (23 interactions) for the multimedia components like animation, audio, video, graphics, text and interactivity. S6 seemed to be actively
involved in during the discussion and showed great
interest towards the program. Besides that, S6 was
seen active in starting the discussion on all the topics
in group 2. The highest number of interactions was
followed by S1 with the number of 16 and S2, S3, S5
and S10 with the number 15. The highest number of
interactions showed that the subjects were interested
to give their views and comments about multimedia
components in the Malay folklore program. As for
the least number of interactions from group 1 and 2,
S8 has the least number of interactions which was
10. S8 was a quiet student and she was really shy
in giving her views and comments. She was seen
looking down and with a very low voice during the
discussion. The least number of interactions were
followed by S4, S7 and S9 with the number of 13.
This showed that all the three subjects were not really keen in giving their views and opinion. It can
be seen that although the subjects have only 10 and
13 for their interactions but they were happy to give
their views and opinion. They showed their interest when trying out the program and also they were
happy to share their experience and knowledge to
other students in the classroom. Other than that, animation has been the favorite for most of the subjects.
S1, S2, S3, S4, S5, S6 have the highest number of
interactions but S8 has only one interaction. Thus
S7, S8 and S9 have nearly the same number of interactions of two and threes. This also showed that
animation would be the favorite topic of discussion.
Thus, other components of multimedia were also
counted as high number of interactions like interactivity where all the subjects have more than two
interactions. This showed that the subjects would
prefer to have their views and opinions on the multimedia component on interactivity. The results of
this study were parallel to the study by Normaliza
Abd Rahim [4] where technology has played a ma359
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jor role in disseminating the Malay literature to children. Thus, this study also was also similar to the
study by Md Sidin Ahmad Ishak [16] where Malay
literature should be give awareness towards Malay
culture among learners.
4. Conclusion
This study implicates researchers, teachers,
lecturers and the ministry of education in considering the components of multimedia in creating a
program. Besides creating the program, this study
also helps in giving awareness towards primary
school students in appreciating the Malay folklore
and preserves the folklore by disseminating to the
community. Other than the exposure of the multimedia components in a program, this study also
helps in giving awareness on nature and surroundings and relate to the folklore. It is hoped that future study will focus on each multimedia component in other Malay literature genre.
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Abstract
In order to prepare the young generation to face
21st century challenges, effective and efficient teaching and learning strategies need to be executed. The
main objective of this paper is to propose a conceptual framework which composes of 21st century
skills and conceptual science knowledge known as
BIOMIND Module. The main idea of this module
is to guide students in becoming professional leaders by mastering various 21st century skills including digital-age literacy, inventive thinking, effective
communication, high productivity and moral values. The researcher has constructed the BIOMIND
Module based on Problem Based Learning (PBL)
strategy, using the module development guidelines of Hanafin and Peck. In the construction of
BIOMIND Module, several assumptions related
to curriculum method, pedagogical theories, learning instruments, educational networks and life-long
learning were taken into account. It is expected that
this conceptual framework can provide guidelines
for science teachers in their effort to improve students’ knowledge and their 21st century skills.
Key words: BIOMIND Module, problembased learning, 21st century skills
1. Introduction
High-quality education is crucial in producing
generations who are well equipped to face the rapid
development in this globalization era, as well as
professional human capital (Tan, 2003[1]; NCREL,
2003[2]; Duran et al, 2011[3]; Kamisah et al, 2010
[4]). The teaching and learning process should focus on active learning activities. Active learning is
aimed at developing students’ mindset, and producing students that have deep understanding and are
able to apply problem solving skills. Moreover,
students are expected to develop cognitive competence for them to apply in their daily life (Nikitina,
Volume 9 / Number 2 / 2014

2006[5]). On the contrary, the science subject is often considered to be difficult by some students and
even by some teachers. Consequently, the science
teaching and learning process in schools is just a
process of running a curriculum. It loses its appeal,
and does not have any relevance to daily life as it is
supposed to have (Depdiknas, 2003[6]).
In this decade, technology almost changes every second (Dukic & Kozina, 2012[7]). Such a situation requires competitive individuals who have
good verbal competence (to explain ideas) and
competence in technology management (Duran
et al, 2011[3]). The educational system is responsible for preparing students to face global challenges of the 21st century (Peric, 2011[8]). 21st
century competencies as educational outputs are
not new, but the significance of this paper is the
integration of 21st century with technology. This
is in line with the statement of Douglas Ruskoff
(1996) in NCREL (2003) [2] which explains that
students in this 21st century are natives to cyberspace, where the rest of us are immigrants. Subsequently, children’s perspective towards the world
is different compared to adults’ because they grow
with unlimited access to information and ideas.
2. Biology education in Indonesia
The science curriculum being implemented in
Indonesia is basically a competence-based curriculum, in which the general aim is to ensure
students’ competence mastery, not just on subject
mastery solely. It means that teachers play important roles in determining appropriate learning
materials to fulfil students’ needs. In many cases,
teachers still find difficulty in arranging such learning materials. As a result, the teaching and learning process has not been running well. Currently,
attempts to improve the competencies of science
teachers still focus on science theory and learning
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practice, mastery and understanding regurgitation
of scientific concepts (Kunandar, 2010) [9].
The biology curriculum in Indonesia consists
of many concepts that students must comprehend.
Consequently, conceptual understanding is very
important as it is a basis for students to think and
also to promote their higher order thinking process
such as formulating principles and making generalizations (Chin & Chia, 2004)[10]. Besides mastering concepts, students must also be able to apply
concepts, correlate one concept with other concepts, solve problems by applying concepts they
have acquired, and finally communicate their ideas.
Mohd Ali Samsudin et al, (2007) [11] argued
that students’ ability to understand a concept depends on the complexity of the concept and the students’ cognitive development. Therefore, every student must possess various levels of knowledge and
biology concepts. These levels of knowledge are
very important for students to reach comprehensive
learning purpose, which can later be applied to their
daily life (Vebrianto & Kamisah, 2011) [12]. Thus,
to ensure that students will understand the concepts
and master various competencies required, we need
to select and analyze learning theories carefully.
3. Issue: context of the problem
As indicated earlier, knowing and mastering
biology concepts is a base for students to apply
the concepts, correlate one concept with another,
solve problems by using the concepts they have
acquired, and communicate their ideas. Biology is
one of the subjects that is considered difficult by
students due to its having many concepts. This scenario can be observed from the students’ biology
evaluation test results where the students’ scores
in all tests and exams are at unsatisfactory levels.
According to Yustina et al, (2011) [13], their low
scores might be due to the students’ difficulty in
understanding and mastering biology concepts.
In addition, it was found that the students’ failure to master the concept was due to the fact that
they tended to be passive throughout the learning
and teaching process. They just listened to their
teachers’ explanation, scribbled notes and completed exercises given. This reflects that there is
no concept construction process carried out by
the students themselves. As a result, the knowl362

edge they possessed was not constructed by the
students themselves as they could not think independently and explore information and concepts
on their own. Based on this scenario, educational
institutions need to introduce teaching and learning processes which focus on active participation
of students (Vebrianto et al, 2012) [14].
On the other hand, initial interviews by the researchers reveal that some biology materials need
deep analysis because those materials are difficult to
be understood, thus misunderstanding frequently occurred. Besides, an appropriate model is required for
students to understand the materials. For instance,
the topic on animal physiology is one of the most
difficult topics in biology. In order to master various
competencies for the topic, students’ high cognitive
skills are required such as analysis and synthesis.
Therefore, this study aims to construct a new learning approach, by applying basic tenets of problembased learning that can be applied effectively in the
process of science teaching and learning.
Currently, education in Indonesia is still being
influenced by the idea that knowledge is a set of
facts that must be memorized. Thus, the teaching
and learning process still considers teachers as a
source of knowledge and the main strategy used by
teachers focuses on explaining the learning materials rather than providing students to learn science
through hands-on activities (Depdiknas, 2003) [6].
Therefore, the researchers have initiated an innovation to the process of teaching and learning by
designing a new approach in problem-based learning to enable students to improve their conceptual
knowledge while mastering various competencies
in order to survive in this 21st century.
4. Conceptual framework to face 21st
century challenges
The current science curriculum in Indonesia is
basically a competency-based curriculum which
focuses on students’ competence mastery. It means
that teachers play important roles in selecting appropriate teaching and learning materials for students.
The teaching and learning process can really improve students’ knowledge through learning innovation, which involves experiments on all local and
global issues that require the competence of teachers and students (Christine et al, 2002)[15]. These
Volume 9 / Number 2 / 2014
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are the challenges in the process of teaching and
learning. The expected learning process involves
components such as students, teachers, learning
purpose, learning materials, learning method, media and evaluation (Kunandar, 2010)[9]. Additionally, the purpose of learning is to produce students’
positive attitude and behaviour; for example, the
psychological changes that are reflected in their behaviour can be seen by others such as the way they
communicate and their life style.
Besides, the expected learning process should
involve students’ active participation or a studentcentered approach whereby the content of the subject should be related to their daily life problems.
Hypothetically, such a learning experience will
encourage the students themselves to construct
their own knowledge while teachers design suitable learning activities to improve their initial
knowledge. As mentioned earlier, Ausubel (1968)
[16] stated that the most important single factor in
learning is students’ prior knowledge. In this case,
students are required to construct their knowledge
on their own by using their existing knowledge.
Teachers can help students by providing appropriate learning materials and giving them the opportunity to find and construct their own ideas.
Problem-based learning is one of the alternative
learning models that can be applied to improve and
develop students’ subject mastery and their communication skills (Terry & Moore, 2011) [17] as
well as other generic skills. It can also help equip
students with competencies as stated in the learning
outcomes.  Problem-based learning is a learning
model with principles of using problems as a starting point to obtain new knowledge, while teachers
act as facilitators and focuses on active participation of students. As a result, this learning model
is said to improve students’ concept understanding,
logical problem solving, and communication and
teamwork skills. (Sungur & Takkaya, 2006) [18].
Tan (2004) [19], Janet and Lee (2002) [20], and
Sanjaya (2006) [21] stressed the importance of
problem-based learning to the teaching and learning process. Firstly, from the psychological learning perspective, problem-based learning is based
on cognitive psychology where individuals’ behaviour changes through experience. Learning is not
just about memorizing an amount of facts, but it is
an interactive process that is done consciously beVolume 9 / Number 2 / 2014

tween individuals and their environment. Through
problem-based learning, cognitive, affective and
psychomotor skills can be developed. Secondly,
from the philosophical perspective whereby schools
are seen as places to develop students in facing
real life and prepare them as professional human
capital, problem-based learning is seen as an essential learning module to fulfil this agenda. Thirdly,
problem-based learning is a superior alternative
for education quality improvement as it focuses on
students’ skills in problem solving. The elements of
analysis and synthesis will improve students’ ability to handle problems in their real life.
In understanding 21st century competencies,
many educational models have been established.
Some of them can be reviewed in the study of
SCANS (1991) [22], information literacy standards for student learning (AASL) (1998) [23];
National Technology standards (NETS) for students (2000); standard for Technological Literacy (2000) [24]; Technically Speaking: Why All
Americans Need To Know More about Technology (2002) [25]; the partnership for 21st-century
skill (2008) [26] and the Malaysian 21st century
skill instrument (M-21CSI). In this paper, the conceptual framework used is based on The Malaysian 21st century skill instrument model (Kamisah
et al, 2010) [4]. The model is selected because
there are some similarities between Indonesian
and Malaysian educational curriculums. The elements in M-21CSI are almost the same as those
of enGauge 21st-century skills such as digital-age
literacy, inventive thinking, effective communication, high productivity, and moral values, which
are called character building in Indonesia. Based
on the model, the researcher has constructed a
conceptual framework as the basis for this study.
Based on Figure 1, it can be seen that this study
aims to guide students to be leaders with 21st century skills and right conceptual knowledge resulting from interaction with surrounding elements.
The 21st century skills include digital literacy skill,
inventive thinking, high productivity and good
moral values. These skills may ensure that students are prepared for a better future. As society
changes over time, more skills need to be acquired
in order to prepare for a better future. Academic
excellence alone may not be sufficient to ensure
success (Kamisah & Marimuthu, 2010) [29].
363

technics technologies education management

2.

3.
4.

Figure 1: The Conceptual Framework (based on
Barrows (1989) [27]; Schmidt (1983) [28]; Terry
& Moore (2011) [17]).
In this study, the researcher has constructed
a BIOMIND module based on a problem based
learning model using a design model of Hanafin
and Peck (1988) [30]. Essentially, basic tenets underpin BIOMIND module and include:
1. Climate phases: these steps include deciding
the role of students, making review (review on
the material that has been learned previously),

5.

6.

making basic rules, and evaluating the
process of learning and thinking.
Problem orientation. Reading or stimulating
a problem: clarifying keywords that students
must know, contextualizing problems based
on the fact from one or two people and
focusing on a specific program, defining the
main problem; starting ideas.
Brainstorming. Collecting all ideas or
explanation, response and example of
relation and experience (adventuring).
Knowledge: discussing and synthesizing.
Includes
discussing
problems
and
concluding what they have known about the
importance of the problem.
Learning issue: formulating the issues in
learning. Identifying the issues of learning for
the continual process of teaching and learning
phases such as question, self-learning: the words
in the issues of learning are synthesized by
understanding what the meaning of learning is.
Course of action (acting and reflecting):
constructing knowledge and professional
acts: defining the issues of learning and
practice of learning and then concluding
the learning process related to professional
aspects, and conducting an act.

Figure 2. Combination Model of BIOMIND
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The module in this research integrates BIOMIND ICT for High Schools by using a combination of various design instructional model that has
been modified. BIOMIND module consists of: i)
competencies that students should possess, ii) good
teacher, iii) lesson plan guide, iv) PBL implementation guide, v) topic descriptions, vi) problem scenario, vii) enrichment exercises, viii) games, and
ix) window of knowledge presented online (WEB)
using wordPress program for each group of students. As regarded by Dukic and Kozina (2012) [7],
and Terry and Moore (2011) [17], the module that
contains presentations and e-learning is a form of
innovation in teaching and learning in the 21st century. In developing this module, the researchers also
took into account the pedagogical theories, learning
tools and education network. The module design is
illustrated in Figure 2.

It is expected that the conceptual framework can
improve students’ knowledge and their 21st century
skills so that students can be good leaders in the future. In the next section, the implementation of the
new approach to problem-based learning is specified
in the form of teaching and learning activities. The
sheer magnitude of human knowledge, globalization,
and the accelerating rate of change due to technological advancement necessitates a shift in student’s
education from plateaus of knowing to continuous
cycles of learning, applying and contributing.
5. Implementation
Based on the study, the phases and activities in
running a good and effective process of teaching
and learning is formulated. Table 1 summarizes the
phases, purposes, learning activities and example of
activities.

Table 1. The Phases of New Approach to Problem-based Learning
Phase

Climate
phase

Purpose

Activity of teaching
and learning

Example of activities

To prepare an apDeciding role, making
propriate condition to
Teachers make basic rules and divide stureview for previous mahold good
dents into groups to solve a problem in module
terials and making basic
teaching and
and WEB, or problems that students faced.
rules.
learning processes

Finding problems: teachers ask students to
Clarifying (finding) find problem (to find keywords that they must
know)
keywords that students
Understanding problems: teachers ask stumust know, contextualizing (understanding)
dents to understand (contextualize) problems
To attract stuProblem
dents’ interest and to problems based on facts in module and WEB, or problems that students
orientation
find.
motivate students from one or two persons,
Analyzing problem: teachers ask students
focusing on a specific
program, and defining the to focus on a problem and try to define the main
main problem.
problem in module and WEB or problem that
they find.
Collecting all ideas or
To know the idea
Finding idea
explanations, responses,
that has existed and to
(brainstormand examples of relation
know students’ previing)
or experiences (adventurous understanding.
ing)
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Finding ideas: teachers ask students to collect all ideas individually or work in groups to
understand problem in module and WE,B or
problems that students find.
Giving explanation: teachers ask students
to respond and to give description or example
of all ideas individually or describe their understanding in team work.
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Discussing: teachers ask students to discuss
a problem and all ideas, both working individuDiscussing and syn- ally or discussing in groups, to understand the
thesizing: discussing probproblem in module and
Constructing
Previous ideas are lem and concluding what
WEB, or problem that they find.
all ideas (knowl- improved and adjuststudents have
Synthesizing: teachers ask students to
edge)
ed, based on science.
known from the
conclude all ideas, whether concluding
keywords of the prob- individually or concluding in groups, to underlems
stand the problem in module and WEB,
or problem that they find by identifying
keywords in their problem solving.
Organizing problem solving ideas: teachers
(formulating issues in
learning; identifying the ask students to conclude all individual ideas or
issues of learning for con- ideas of group in the form of organized ideas of
To solve probtinual learning and phases problem solving to understand problem in modApplication lems, to conduct
ule and WEB, or problem that they find.
as questions
of all ideas research with observaSelf studying:
Learning in teams: teachers ask students
(issue of tion, to apply ideas to
to work in teams to conclude the best ideas,
Words in the issues
a new different situlearning)
whether working individually or working in
of learning are syntheation.
teams, to understand the problem in module
sized by understanding
and WEB, or problem that they find by
the meaning of learning a
identifying keywords in their problem solving.
problem
Constructing knowledge that has been
planned: teachers ask students to construct
knowledge that has been planned individually
or planned
in teams to solve problem in module and
WEB, or problem that they find.
Professional acts: teachers ask students to
apply or explain the knowledge that has
been planned individually or planned in teams
to solve problem in module and WEB, or
problem that they find by performing professional and scientific acts to solve the problems.

Reflection
(course of
action)

Constructing knowledge and professional acts:
Defining the issues
of learning and practicing
To know how far
them, then concluding
an idea has changed
the learning related to the
problems and
professional aspects,
and conducting an act.

Last phase

Deciding role, making
To strengthen
review for the learning that
Teachers conclude the learning of the day
ideas and to prepare
has been done and making and give a brief description about what must be
students to continue
preview of the next learn- prepared and learned in the following meeting.
their next learning.
ing.

6. Conclusion
The new approach to problem-based learning through BIOMIND can make the process of
teaching and learning effective so that students
can participate actively and create a true conceptual understanding, while at the same time cultivate
their 21st century skills such as digital-age literacy, inventive thinking, effective communication,
366

high productivity, and moral values (character). In
BIOMIND, problem-based learning is executed
through its unique phases, which were specifically
designed to meet the current needs of 21st century
Indonesians. In terms of application, it can be applied within the context of any subjects because
its ultimate aims are not merely mastery of the
subject content, but also cultivation of 21st century
skills and the inculcation of good moral values.
Volume 9 / Number 2 / 2014
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Micro-level analysis of postgraduate higher
education participation probability in Slovenia
Ziga Cepar, Bojnec Stefan
Faculty of Management, University of Primorska, Koper, Slovenia

Abstract
This paper investigates individual and household
micro-level determinants of postgraduate higher
education participation. The observed individual
household member characteristics and his other
household characteristics are included in the probit
model using the Slovenian household budget surveys in the period 1998-2005. The results of the different probit models confirm that the probability of
postgraduate higher education participation in Slovenia is very much associated by the internet access
and presence of a personal computer in a household
followed by the net personal annual income of a
household member, the observed household member gender, the number of household members, the
household net annual total assets and income, and
the observed household member age.
Key words: postgraduate higher education
participation determinants, internet, marginal effects, personal computer, probit model, Slovenia
1. Introduction
During the last two decades, information and
communication technology (ICT) by the use of
personal computers and internet in households has
taken very important role for education purposes
at different levels [1]. The role and importance of
ICT use in higher education (HE) has been explored from different aspects [2].
This present research has been motivated specifically by the potential importance of ICT for
postgraduate higher education (PHE) participation.
The empirical research was conducted for Slovenia,
which has been the member of the European Union
since 2004. Slovenia as a relatively small country
with a population of around two million aims to
increase both the quality of education and the relative participation of the population in PHE. This
research focuses on the most important individual
Volume 9 / Number 2 / 2014

and household micro-level characteristics determining the education participation at the PHE level.
The PHE in this paper includes former a two-year
master degree and another two years of PhD study
in the years from 1998 to 2004. In the last observed
year 2005, the enrolled first year Bologna students
of the second level degree study are included.
The remaining part of the paper is structured
in the following way. First we present literature
review on some micro-level determinants of PHE
participation. Next we raise particular research
questions, and explain data and methodology. In
the main part of the paper we provide empirical
results using probit models and finally discuss the
results on the determinants and the role of ICT for
PHE. At the end we summarise and derive main
conclusions and implications.
2. Literature review on PHE participation
determinants
The micro-level determinants of the PHE participation are personal characteristics of the observed individual and characteristics of its family or household. Some previous investigation of
micro-level determinants of PHE participation
focused on a household income as an important
determinant of educational achievement over the
entire educational investment cycle of a child [3].
Household wealth and income might have a positive effect on participation in PHE as argued for
example by some researchers [4] and [5]. Some
other researchers [6], [7] and [8] argue that shortrun financial constraints are also important for the
participation in the HE. Similarly, some others [9],
[10] and [11] argue that credit constraints play an
important role in the PHE participation.
However, some other researchers suggest that
other family or household characteristics are more
important than the financial constraints that they
face [12]. Another group of researchers [13] find
369
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that short-term credit constraints only have a small
effect on educational attainment. Parental environments such as parental education might be one
of such factors which are significant for PHE participation over the long-run [3]. Higher levels of
parents’ education positively and strongly affect
the PHE participation [14] and [15].
Rural location of a household might have a negative effect on the participation rate [16]. The lower
HE participation of people from rural areas might be
a consequence of specific socioeconomic circumstances in the rural areas and less a consequence of a
greater physical distance from universities [17].
A number of children in a family or a number
of household members is found to have a negative
attainment effect [18] or does not necessarily lead
to a lower participation [19]. The influence of the
number of household members is somehow ambiguous and depends on some other factors like
values and overall living standard.
There is growing literature investigating the
role of the ICT in education participation. Some
researchers [20] find that the pupils in the secondary schools with the unrestricted access to the internet are more likely to continue education at higher
levels than those with no such an access. Other researchers [21] argue that the presence of a personal
computer and internet access have a positive impact
on education participation since there is a positive
impact of students’ use of the internet and the computer at home on digital skills they need for school.
Some research [22] show that computer mediated
communication is increasingly used in support of
campus-based university courses. Other investigation [23], [24] and [25] argue that ICT can improve learning effectiveness by the use of different
methods of teaching and learning from those used
in traditional education only. Better learning performance and greater probability to continue education at higher levels by using modern ICT has also
been proved by some research [26] and [27].
3. The research design
In this section we present our research questions, the procedure of data collection, sampling
unit and sampling design, dependant and independent variables used in the analysis and the probit
model design theory.
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3.1 Research questions
We aim to empirically test the direction and the
significance of individual and household micro-level PHE participation determinants by using household data in the case of Slovenia. The focus is on
the individual household member’s characteristics
and household characteristics. We set two research
questions. First, which are the most important and
statistically significant micro-level PHE participation determinants in Slovenia? And second, what is
the role of the ICT for the PHE participation?
3.2 Data collection procedure
Data used in this research are collected from
the Slovenian Household Budget Surveys (HBS)
for the years 1998–2005. The HBS is a special
survey of the Statistical Office of the Republic of
Slovenia (SORS). The time period was chosen due
to the methodological consistency of the data collection during that period and due to the availability of the biggest possible range of data. The data
used are unbalanced panel data, since the sampling is repeated each year, but observation units
are not the same in each of the years 1998–2005.
The HBS covers private households in Slovenia.
It does not cover collective households such as
boarding schools, nursing homes for children, old
people’s homes, hospitals, homes for pupils, student hostels, and foreigners temporarily living in
Slovenia as well as the homeless. The sampling
design is a random probability sample.
The ultimate sampling unit in HBS and in our
research is an adult person. The HBS contains the
basic socio and demographic data for the household members observed within the surveys, data
on individual household members and household
incomes and assets as well as data on final individual household members and total household
consumption. The total number of observation
units used in this research was 17,807 individuals together with their households. They were not
all individuals from the HBS, but only those who
were eligible to enter PHE – they already completed undergraduate higher education degree.
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3.3 Dependent and independent variables
The dependant variable is a dummy for the
participation in the PHE of a household member
(PH). It is a binary response nominal variable
since it only takes the values 0 and 1. PH = 1 if a
household member is currently participating in the
PHE and 0 otherwise.
The independent or explanatory variables are
used to explain why some household members are
more likely and why some household members are
less likely to participate in the PHE. They are divided into the two groups. The first group of the
explanatory variables includes the observed household member characteristics: a household member
gender (GENDER) (if female GENDER = 0, and
if male GENDER = 1), a household member age
(AGE), a household member marital status (MS)
(if single, divorced or widowed MS = 0, and if
married or living in a non-marital cohabitation MS
= 1), and a household member net personal annual
income (PI). The second group of the explanatory
variables includes the household characteristics of
the observed household member. The first household characteristic is the presence of the internet
access in a household prior to PHE participation
(INTER) (if not present INTER = 0, and if present INTER = 1), measuring the informatisation of
a household. The next variable is computerization
of a household (COMP) for presence of a computer in a household prior to PHE participation:
if not present COMP = 0, and if present COMP
= 1. The variables of a special interest INTER=1
and COMP=1 should be present in a household for
a longer period of a few years and were acquired
before the observed individual entered PHE. The
presence of a personal computer and internet cannot be a consequence of PHE participation since
they existed before it. The value of own household
production (OP) is another household characteristic for measuring the rurality (and agrarianism) of
a household. The rationale is that if a household
is more rural or agrarian, the opportunity cost of
PHE participation in general is higher because
one must give up on the own production activities
when leaving home and engaging in PHE study.
Moreover, more rural households are usually also
physically more far away from PHE campuses and
other institutions which means higher costs of acVolume 9 / Number 2 / 2014

commodation or travel expenses when participating in PHE. The household net annual total assets
and income together excluding the net annual personal income of the observed household member
(HAI) measures the financial ability of a household
apart from the financial conditions of the observed
household member. It is the sum of the average
yearly assets value and the yearly sum of all sources of personal incomes. The number of household
members (NHM) measures the impact of a household size on PHE participation, through its wealth
and social effects. The last household characteristic
is the presence of at least one household member
with a higher education (HE) degree (HEO) in addition to the observed household member: if HEO
= 0, nobody from a household has a HE degree,
and if HEO = 1 there is at least one household
member with a HE degree in addition to the observed household member. The HEO measures the
impact of the parents or any other household member’s education on the PHE participation in general
of the observed household member. From the HBS
it was not possible to derive direct data on parents’
education, so we use the HEO variable as a proxy
for parents’ education.
We use these different observed individual
member and the household characteristics in order
to explain why some individuals are and why some
individuals are not participating in the PHE. More
specifically, we aim to explain the PHE participation probability of a particular individual with
specific individual and household characteristics
and completed undergraduate HE degree. Since
the dependant variable PHE has only two possible
values or outcomes (0 or 1), the methodology used
in our research is a binary response probit model.
3.4 Probit model design
In the econometric analysis, a probit model
is a popular specification of a generalized linear
model for a binomial regression using the probit
link function [28], [29] and [30]. It would be also
possible to use a logit model, since the coefficients
of a logit model can simply be transformed in the
coefficient of a probit model. However, probit
model is based on a normal distribution function,
which makes it more appropriate in our case. The
expected value of the dependant binary response
371
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variable can be written as E(yi) = 0 ∙ P (yi = 0) + 1
∙ P (yi = 1) = P (yi = 1).
The likelihood is assumed to follow the binominal distribution. Let yi be a binary outcome variable and let xi be a vector of regressors. The probit
model assumes that
P(yi = 1│xi ) = Φ(xi’ β) =

xi' β

∫ φ ( z) d z

−∞

where Φ(.) is the cumulative distribution function of the standard normal distribution and

xi' β

∫ φ (.)

−∞

probability density function. The parameters β are
typically estimated by maximum likelihood method.
Probit model can also be generated by a simple
latent variable model. Suppose that y = xi’β + εi
*
i

where εi ~ N(0,1), and suppose that y i is an indicator for whether the latent variable y i* is positive.
Then yi can be written as:

1, y i* > 0
.
yi =  *
0, y i ≤ 0
It is assumed that a household member is currently not participating in the PHE (yi = 0) if yi*
is negative and a household member is currently
participating in the PHE (yi = 1) if yi* is positive.
When conducting a research we normally
measure values for yi only. Therefore, a probability that a household member is currently participating in the PHE can be presented as [31]:
P(yi = 1│xi) = P( y i* > 0│xi) = P(xi’ β + εi > 0│xi)
= P(εi > -xi’ β│xi) = 1 - Φ (-xi’ β / σ) =
= Φ (-x’iβ / σ).
Not like in a linear regression model, in the
case of the probit model, the parameters βi cannot
be directly interpreted as the marginal effects of
xik on the dependant variable yi. To define the marginal effect of an explanatory variable xik (regression parameter that is pertained to an explanatory
variable) on the expected value of the dependant
variable (participation in the PHE) in general the
following expression is used [32], [33]:
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∂ E (y i x i )
∂ x ik

=

∂ P ( yi = 1 x i )
∂ x ik

= φ ( x i' β ) β

k

It is a typical to choose a reference person,
which is defined by a chosen set of values for the
explanatory variables since the marginal effects are
different for a different observation unit i (observed
individual household member). The interpretation
of the marginal effects then refers to a chosen reference person. The marginal effect of a chosen explanatory variable tells for how many percentage
points will change the probability that a reference
person is participating in the PHE if a value of that
explanatory variable has increased by one.
4. Results of the probit analysis
The empirical results of the probit model analysis are presented in two steps. First, we present the
final probit models of the impacts of the specified
determinants on the PHE participation. Second,
we present marginal effects of these determinants
on the PHE participation probability.
4.1 The probit model
When technically conducting the analysis it
was necessary to limit the range of observed individuals with the completed HE degree by their age
to include the age periods in which the individuals enrol in the PHE. The lower age limit was 23
years, since before that age almost nobody finishes undergraduate HE which is a necessary prerequisite to get enrolled in PHE. The upper age limit
is 49 years, since after that age very few people
get enrolled in PHE. The age group of people with
a completed undergraduate HE degree, who were
from 23 to 49 years old, covers more than 95% of
all PHE students in Slovenia.
In the probit model analysis, the statistical software package STATA 9.2 was used. In the analysis,
the sampling weights for different observation units
from the HBS sample were taken into account. The
starting point in empirical estimations was the initial specification of the probit model with the complete range of explanatory variables. In the process
of estimation experimentations to find the best probit model, there were step by step excluded some
Volume 9 / Number 2 / 2014
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of the initially included explanatory variables that
were endogenous or not statistically significant or
to strongly correlate with each other.
Some variables were endogenous, like the MS
and the PI in the case of younger individuals. This
means that they do not explain the PHE participation, but they are explained by the PHE participation. In other words, if an individual is participating
in PHE, it is less likely to be married compared to
those, who are not participating in PHE. And not the
other way around like: if an individual is married, it
is less likely to be participating in PHE, compared
to those who are not married. So marital status is
more a consequence of a PHE participation and not
its cause. For example, as we can see from Table 1,
out of 100 students who are 23 to 31 years old, only
19.3 are married or living in a non-marital cohabitation on average. But out of 100 non-students who
are 23 to 31 years old, 31.8 are married or living in
a non-marital cohabitation on average.
Table 1. Percent of individuals who are married
or living in a non-marital cohabitation by participation in PHE and by age groups, 1998-2005
Participation
in PHE
PHE students
Non-students

23 to 31
years old
19.3
31.8

32 to 49
years old
61.4
75.5

Source: Own calculations based on the HBS data collected
from SORS.

Similarly the PI is endogenous when into account are taken younger individuals, who are from
23 to 31 years old. Most of them still live with their
parents, and most of them do not have a regular job
especially compared to the older ones (who are from
32 to 49 years old). Many younger undergraduate
graduates just carry on with their study on PHE also
because it is difficult to get a regular job immediately after graduation, and because student status gets
them some benefits including the right to do student
jobs. Therefore, two groups of PHE students are
in question: PHE students who continue with their
PHE immediately after they finished undergraduate HE and PHE students who continue with their
PHE ten or more year later after they finished undergraduate HE. The personal income of the younger
ones is more a consequence of their participation
in PHE and not its factor. If such younger person
is participating in PHE, it is less likely to have time
Volume 9 / Number 2 / 2014

for a regular paid work and to have a regular job
compared to non-students and to the older PHE students. It is more likely to do student jobs and therefore its personal income is lower. Table 2 shows
that average personal income is lower for students
compared to non-students in all one-year age groups
from 23 to 31 years. Moreover, personal income of
younger individuals is an inverse function of a parent’s total disposable income and assets. If that total income and assets are lower, personal income of
the observed younger individual is normally higher
because of additional student jobs or scholarships
which compensates the lower financial support received from his family or household. In the case
of older individuals (32 to 49 years old) there is no
more trade-off between work and study, since most
of such older individuals do their study obligations
in a way that allows them to work and study at the
same time, but those with higher personal income,
are also more likely to be included in PHE, compared to those with a lower personal income, due to
their greater financial capability. Thus in the case of
older individual (from 32 to 49 years old), personal
income is no more endogenous and becomes statistically significant (Table 3).
Table 2. Average net yearly personal income of
students, compared to non-students by one-year
age groups (in €), 1998-2005
Age
23
24
25
26
27
28
29
30
31

Average PI:
non-students
3,305
3,301
3,561
3,955
4,258
4,449
6,098
5,616
8,081

Average PI:
students
1,115
1,435
1,939
2,018
2,710
4,005
5,633
5,371
7,636

Source: Own calculations based on the HBS data collected
from SORS.
Note: PI-net annual personal income of a household member,
which is deflated by the consumer price index (CPI 1998=100).

Several probit model specifications were modelled containing different sets of explanatory variables. The final best fitting probit model for the
PHE participation is described as: P(PHE=1)=
Φ(α + β1∙x1 + β2∙x2 + β3∙x3 + … + βi∙xi + …+ βn∙xn).
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PHE participation
determinants xi

Table 3 presents the probit models for all together
and for younger age sub-group of PHE students
to illustrate the difference in the nature of the PI
variable between the two models.
Table 3. Results for the probit model of the PHE
participation determinants
Marginal effects for the PHE
participation
From 23 to 49
years old

From 23 to 31
years old

Marginal
Marginal
p-value
p-value
effect
effect

Gender
-0.0058
0.001
-0.0053
0.011
Age
-0.0017
0.000
-0.0009
0.010
PI
0.0085*10-6 0.000
/
/
COMP
0.0125
0.000
0.0120
0.000
INTER
0.0135
0.000
0.0133
0.000
HAI 0.0022*10-6 0.000 0.0024*10-6 0.000
NHM
-0.0039
0.000
-0.0050
0.000
Constant
-0.6274
0.001
-0.9212
0.033
(β0)
Model
All together
Younger
CDF
0.0104
0.0100
N
17,807
5,391
Sign. of
0.0000
0.0000
Wald χ2
Pseudo
0.2484
0.1597
R2
Source: Own calculations based on the HBS data collected
from SORS using statistical software package STATA.
Notes: GENDER-household member gender; AGE-household member age; PI-net annual personal income of a
household member; COMP-presence of a personal computer
in a household; INTER-presence of internet access in a household; HAI-household net annual total assets and income
together excluding net annual personal income of the observed household member (in Slovenian Tolars); NHM-number
of household members; CDF-cumulative distribution function
(probability that a reference person is participating in PHE);
N-number of the observed individuals in the estimated model.
Nominal data are deflated by CPI (1998=100)

The marginal effects are calculated for the reference person (undergraduate graduate) who is female (GENDER = 0), whose age equals the lower
margin of the corresponding age group (AGE =
23 or 32, respectively) and who has an average
net annual personal income (PI = average). The
reference person’s household has no computer
(COMP = 0), no internet access (INTER = 0), and
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has an average net annual total assets and income
together excluding net annual personal income of
the observed household member (HAI = average).
The reference person’s household has four members (NHM = 4). The averages always refer to the
households’ observed household members in the
corresponding age group.
The cumulative distribution function (CDF) tells
the probability that a reference person is participating in the PHE. Each of the regression coefficients
(βi) of the corresponding explanatory variables included in the probit models is of the expected sign
and statistically significant. The specified explanatory variables are not endogenous and not strongly
correlated with each other. Considering the significant Wald χ2 test and pseudo R2, the presented probit models proved to be the most appropriate.
The marginal effects explain the direction (the
sign of the marginal effect) and the strength (the
absolute value of the marginal effect) for each of
the explanatory variable on the PHE participation
probability. They could be interpreted as elasticity
or sensibility of the PHE participation probability
to a particular explanatory variable unit change.
4.2 Marginal effects of the PHE participation
probability
The results of the probit model shows that the
most important determinants of the PHE participation probability of the persons who are from 23
to 49 years old are GENDER, AGE, PI, COMP,
INTER, HAI, and NHM. The probability that a reference person (a female 23 years old, an average
net annual personal income, her household did not
have internet access and did not have computer,
her household had an average net annual total assets and income together excluding net annual
personal income of this female, and her household
had four members) participates in the PHE is estimated at 1.04%. However, this probability would
decrease by 0.58 percentage points if the reference
person is a male. That would decrease by 0.17 percentage points if the reference person is one year
older. If the reference person had its net annual
personal income for 1 million former Slovenian
tolars (around 4,172 €) greater than the average
net annual personal income of individuals who are
from 23 to 49 years old, that probability would inVolume 9 / Number 2 / 2014
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crease by 0.85 percentage points. If the reference
person household had a computer, the probability
for the PHE participation would increase by 1.25
percentage points and if it had internet access,
that probability would increase by 1.35 percentage points. If the reference person household had
its net annual total assets and income together excluding net annual personal income of the reference person for 1 million former Slovenian tolars
(around 4,172 €) greater than the average in that
age group, that probability would increase by 0.22
percentage points. If the number of the reference
person household members increased from 4 to 5,
that probability to participate in the PHE would
decrease by 0.39 percentage points.
The probit model for the sub-group of younger
individuals (from 23 to 31 years old) unlike the
probit model for the whole analyzed age group
(from 23 to 49 years) does not include the net annual personal income (PI). This variable is not
found significant for younger individuals. The
marginal effects for the same variables are similar,
only weaker, except for the HAI and NHM.
5. Discussion - Crucial role of ICT for the
PHE participation
Based on the results of the estimated probit
models we can answer the first research question.
The most important determinants for the PHE participation for the analyzed age group from 23 to
49 years are by the decreasing importance (by the
decreasing marginal effects): internet access in a
household (INTER), presence of a personal computer in a household (COMP), the net personal annual income of an individual household member
(PI), household member gender (GENDER), the
number of household members (NHM), household
net annual total assets and income together excluding net annual personal income of the observed
household member (HAI), and a household member age (AGE). The sub-model for the age group of
younger from 23 to 31 years confirms very similar
findings. The most important difference is that the
age sub-group does not include PI (net personal annual income of an individual household member).
Among the explanatory determinants in the probit models, age has a negative impact on the PHE
participation probability. The greater is the age of
Volume 9 / Number 2 / 2014

the observed household participant starting from 23
years of age, the lower the PHE participation probability. Obviously, the probability of participation
is the highest when a person is around 23 years old
– when leaving the undergraduate HE – and is decreasing when the person is getting older.
The household net annual total assets and income, excluding the net annual personal income
of the observed household member, measures a
household financial capability and socio-economic standard. The higher is the value of this variable, the higher is the PHE participation probability as expected. While participating in the PHE, a
household member covers different kinds of study
costs, which are much easily covered if the household assets and income are higher.
When the number of household members is
greater than four, this decreases the PHE participation probability of the observed household member. This might mean that increasing the number
of household members over four could result in
worsening the financial capability of a household
and its living standard.
Person’s gender surprisingly is an important
determinant in the probit model. Based on this research females are more prone to participate in the
PHE. This might be due to the differences in a female and male nature of employment and also due
to the socio-economic changes in the last decades
with an increasing employment of females resulting in a changing personal and social value-scale
within a family and in a society as a whole.
Net personal annual income of an individual
household member plays an important role in determining PHE participation probability in general. However in the case of the group of younger
students (aged from 23 to 31 years) it did not prove
to be significant. If younger people are included in
the PHE they are less likely to have a full time
job compared to those not included in the PHE
and consequently the former have lower personal
income. In such case, personal income is more
a consequence of the PHE participation than its
cause. However, in the case of older PHE students
(aged from 32 to 49 years) on average, they are
more likely to have a job regardless whether they
are studying or not. They are more likely to study
as a part time student, which allows them to have a
full time job in addition to the study. Consequently
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the trade-off between job and study is less common. But higher net personal income helps them
to finance their PHE, and thus higher net personal
income has a positive impact on the PHE participation which would potentially improve their
competitiveness in the labour market.
Table 4. Pearson’s correlation coefficients between COMP and INTER by age groups
Age group
rCOMP,INTER

23 to 31
years old

32 to 49
years old

0.6765

0.6912

Source: Own calculations based on the HBS data collected
from SORS using statistical software package STATA
Notes: COMP-presence of a personal computer in a household; INTER-presence of internet access in a household;
rCOMP,INTER-Pearson’s correlation coefficient between COMP
and INTER

As the most striking and interesting results is
the finding that PHE participation is significantly
positively associated with the presence of a personal computer presence and internet access in a
household, which are positively correlated (Table
4). Therefore, they do not speak about exactly the
same thing. Adding one by one into the model increases the explanatory power and significance of
the model. That means that they both separately
play an important role in the PHE participation.
Obviously a household might have a personal
computer only or a personal computer together
with access to internet. The first and the latter
brought different benefits to the observed individual for the PHE participation. During the analyzed
period (1998-2005) there were some households
without a personal computer or internet access,
even though they have a household member with
the completed undergraduate HE. They might
have access to computer and internet in student
campuses or in other public or employment places. However, those who had a personal computer and internet access in households prove to be
much more likely to enter PHE compared to those
without that access. Therefore, also on the basis of
the results of the probit models we can answer the
second research question that the the presence of a
personal computer and internet access in a household is among all the analyzed variables most
strongly associated with the PHE participation.
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6. Conclusion
The empirical results have confirmed the importance of a personal computer and internet access for the PHE participation. The presence of a
personal computer and internet access in a household implies availability of better, faster, more up
to date and more accurate information in general
[34] and particularly information about the PHE
study programs, their location, duration, quality,
requirements, and specific benefits resulting from
the acquired PHE in terms of competitiveness on
the labour market. Furthermore, computer and
internet access also imply better communication
possibilities. The presence of a personal computer
and internet access offer numerous possibilities
of fast, quality, and cheap two-way or conference
communication globally through e-mail, different
kinds of internet forums and blogs, chat rooms,
free phones, on-line conference rooms, and video
communication. It offers also a complementary
electronic tool to education in form of e-education. Moreover, the computer users are also better
skilled in use of several computer programs and
have other skills and abilities which are advantageous for PHE participation, compared to those
without a computer or internet at home.
In behind of the presence of a personal computer and internet access in a household are also some
other personal and household characteristics, values and general attitudes to education which are
favourable for the PHE participation. Home internet and computer access might well be understood
as a symptom of some for postgraduate study advantageous characteristics, which are more difficult to be observed and are not analysed in this
research. They may also be understood as factors
of those advantageous characteristics. A further in
depth research of those background variables represents an issue for our future investigation.

Volume 9 / Number 2 / 2014

technics technologies education management

References
1. Davies C. Digitally strategic: how young people respond to parental views about the use of technology
for learning in the home. Journal of Computer Assisted Learning, 2011; 27(4): 324–335.
2. Nachmias R, Mioduser D, Forkosh-Baruch A. ICT
use in education: different uptake and practice in
Hebrew-speaking and Arabic-speaking schools in Israel. Journal of Computer Assisted Learning, 2010;
26(6): 492–506.
3. Heckman J. Policies to foster human capital. Research in Economics, 2000; 54(1): 3-56.
4. Acemoglu D, Pischke JS. Changes in the wage structure, family income, and children’s education. European Economic Review, 2001; 45: 890-904.
5. Lopez-Valcarcel BG, Quintana DD. Economic and
cultural impediments to university education in Spain.
Economics of Education Review, 1998; 17(1): 93-103.
6. Becker G, Tomes N. An equilibrium theory of the distribution of income and intergenerational mobility.
Journal of Political Economy, 1997; 87: 1153-1189.
7. Becker G, Tomes N. Human capital and the rise and
fall of families. Journal of Labour Economics, 1986;
4(3): 1-39.
8. Hatt S, Hannan A, Baxter A, Harrison N. Opportunity knocks? The impact of bursary schemes on
students from low-income backgrounds. Studies in
Higher Education, 2006; 30(4): 373-388.
9. Laitner J. Random earnings differences, lifetime
liquidity constraints and altruistic intergenerational
transfers. Journal of Economic Theory, 1992; 58:
135-170.
10. Benabou R. Unequal societies: income distribution
and the social contract. American Economic Review, 2000; 90: 96-129.
11. Aiyagari SR, Greenwood J, Seshadri A. Efficient investment in children. Journal of Economic Theory,
2002; l02: 290-321.
12. Chevalier A, Lanot G. The relative effect of family
characteristics and financial situation on educational achievement. Education Economics, 2002;
10(2): 165-181.
13. Aakvik A, Salvanes KG, and Vaage K. Educational
attainment and family background. German Economic Review, 2005; 6(3): 377-394.

Volume 9 / Number 2 / 2014

14. Beneito P, Ferri J, Luisa Molto M, Uriel E. Determinants of the demand for education in Spain. Applied Economics, 2001; 33: 1541-1551.
15. Albert C. The influence of labour market signals
and family background. Higher Education, 2000;
40(2): 47-162.
16. Le AT, Miller PW. Participation in higher education: equity and access? The Economic Record,
2005; 81:(253): 152-165.
17. James R. Participation disadvantage in Australian
higher education: an analysis of some effects of
geographical location and socioeconomic status.
Higher Education, 2001; 42(5): 455-472.
18. Hartog J, Diaz-Serrano L. Earnings risk and demand for higher education: a cross-section test
for Spain. Economics Department Working Paper
Series n1370804, National University of Ireland –
Maynooth, 2004.
19. Gonzales-Rozada M, Menendez A. Public university
in Argentina: subsidizing the rich? Economics of
Education Review, 2002; 21(4): 341-351.
20. Collins K, McAleavy G, Adamson G, Donegan
HA, Thornton M, Cairns D, McGill M. University
of Ulster, Faculty of Social and Health Sciences
and Education, School of Education, 2006 /online/
Retrieved on 4th February 2009 from http://www.
ofmdfmni.gov.uk/partrate.pdf, 2006.
21. Kuhlemeier H, Hemker B. The impact of computer
use at home on students’ internet skills. Computers
and Education, 2007; 49(2): 460-480.
22. Light V, Nesbitt E, Light P, Burns JR. Let’s you and
me have a little discussion. Computer mediated
communication in support of campus-based university courses. Studies in Higher Education, 2010;
25(1): 85-96.
23. Black S, Devereux P, Salvanes K. Why the apple
doesn’t fall far: understanding the intergenerational
transmission of education. American Economic Review, 2005; 95(1): 437-449.
24. Breen R, Lindsay R, Jenkins A, Smith P. The role of
information and communication technologies in a
university learning environment. Studies in Higher
Education, 2010; 26 (1): 95-114.
25. Pilav-Velic A, Talic A. Empirical investigation into
e-learning additional benefits: student perspective.
TTEM- Technics Technologies Education Management, 2013; 8(1): 204-211.

377

technics technologies education management

26. Lindroth T, Bergquist M. Laptopers in an educational
practice: promoting the personal learning situation.
Computers and Education, 2010; 54(2): 311-320.
27. Liu IF, Chen MC, Sun YS, Wible D, Kuo CH. Extending the TAM model to explore the factors that affect
intention to use an online learning community. Computers and Education, 2010a; 54(2): 600-610.
28. Harnett DL. Statistical Methods. Reading: AddisonWesley Publishing Company, 1982.
29. Jobson JD. Applied Multivariate Data Analysis.
Volume I: Regression and Experimental Design,
New York: Springer Verlag, 1992a.
30. Jobson JD. Applied Multivariate Data Analysis.
Volume II: Categorical and Multivariate Methods,
New York: Springer Verlag, 1992b.
31. Dillon WR, Goldstein M. Multivariate Analysis.
Methods and Applications, New York: John Wiley
and Sons, 1984.
32. Maddala GS. Econometrics, New York: McGrawinHill, 1977.
33. Verbeek M. A Guide to Modern Econometrics,
Chichester: John Wiley & Sons, 2002.
34. Liu PL, Chen CJ, Chang YJ. Effects of a computerassisted concept mapping learning strategy on EFL
college students’ English reading comprehension.
Computers and Education, 2001b; 54(2): 436-445.
Corresponding Author
Ziga Cepar,
Faculty of Management,
University of Primorska,
Koper,
Slovenia,
E-mail: ziga.cepa@fm-kp.si

378

Volume 9 / Number 2 / 2014

technics technologies education management

Developing a competency model for key
disciplines in Chinese military medical university
Wang Yi, Liu Wei-Dong
College of Pharmacy , Third Military Medical University ,Chongqing, China.

Abstract
The purpose of this study was to examine the
psychometric properties and factor structure of
the competency model for the members from key
disciplines of Chinese military medical university. The study selected 20 key disciplines of the
sample medical university, in which 40 people received behavioral event interview (BEI)and 200
people responded to the survey. Through the exploratory factors analysis (EFA) and confirmatory
factor analysis (CFA), the competency model consisting of 4 dimensions and 19 items was identified, which was able to provide basis for the key
disciplines of Chinese military medical university
to implement selection, evaluation and encouragement, training and exploration, and performance
management of talents.
Key words: competency, competency model,
military medical university, key disciplines; behavioral event interview (BEI)
1. Introduction
Nowadays, the essence of competition among
key disciplines of universities lies on the competition of human resources. In order to enhance the
core competitiveness of key disciplines of universities, we need to carry out the management and
exploration of human resources scientifically, reasonably and effectively. The concept of human resources management in most of key disciplines of
military medical university is lagging behind currently that is on basis of some superficial phenomena such as personal knowledge, skills and experience, it is difficult to touch the potential and internal attitudes, motivations, personalities and values
and so on, which results in some malpractices on
the contents, motivators, methods and objectives
of human resources management.
However, the competency analysis can provide
a new idea and solution for the management and
Volume 9 / Number 2 / 2014

exploration of human resources of key disciplines.
In 1973, the notion of competence was first put
forward by American scholar David McClelland
in his paper “Testing for Competence rather than
for Intelligence”, in which competency refers to
personal characteristics that can distinguish the
level of performance in the specific operating post
and organizational environment. He believes that
the intelligence test results cannot be associated
with the success of work. And the competence
management index should replace traditional intelligence teats because it can forecast the future
job performance[1]. Actually, the research on competency has covered the overall human resources
management system including the development
of administration staff, recruitment and selection,
salary management, performance appraisal, career
development, job design, training demand analysis and succession planning and so on[2],[3].
Therefore, it is significant for us to introduce
competency model into human resources management of key disciplines. Firstly, the innovation of
human resources management system in the key
disciplines is helpful to construct scientific and
reasonable human resources management system
adaptable to the development of discipline construction. Secondly, the implementation of competency model can clearly acknowledge the gap
between the capacity reserves of personnel and the
requirements of future capability so as to improve
scientific evaluation and reasonable configuration
of human resources. Thirdly, the establishment of
occupational competency standards in accordance
with the competency model can be improvable to
recruit, appoint, cultivate, examine and even urge
the personnel. Fourthly, the integration of human
resources with the methods of competency model
can fully take advantages of human resources and
achieve the excellent talents sharing to a large extent. Fifthly, with the use of competency model,
knowledge structure, ability level and competence
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potentiality of personnel can be understood correctively , which is convenient for further pointed
personnel training and improvement of training
results. So, adopting the interview of behavioral
events and questionnaire survey[4], the paper investigated the personnel from national and provincial level key disciplines of sample military university, and then carried out factorial analysis and
empirical analysis towards the research results[5].
Finally, the competence and its model construction
of key disciplines could be determined to provide
theoretical basis for the scientific and standardized
human resources management.

2. Materials and Methods
2.1. Research procedure
The paper interviewed ten senior specialists
from key disciplines of the sample university with
the open questions by use of qualitative research
methods, and preliminarily got the competence of
key disciplines of the sample university. Then, 30
correlative personnel were selected from national
and provincial level key disciplines and tested by
behavioral event interview, which costed one hour
or so with total recording. Each interviewee was required to talk about two successful and unsuccessful
key work incidents respectively. The interview data
would be encoded according to competence[6]. By

Table 1. T-Test of Superior and Average Subject
Items
Responsibility
Dedication
Logic
Communication
Plan Perform
Strategic Thinking
Systemic Thinking
Overall View
System Construction
Performance Orientation
Problem Solution
Creative Thinking
Information Seeking
Professionalism
Learning
Forefront Tracking
Resources Integration
Teamwork Integration
Planning
Teamwork and Cooperation
Developing Others
Team Leadership
Guidance Monitoring
Demand analysis
Interpersonal Understanding
Service Orientation
Relationship Building
Flexibility

Superior (n＝10)

Average (n＝10)

Mean SD
3.8
0.422
3.9
0.316
3.5
0.707
3.6
0.516
3.3
0.823
3.625
0.518
3.667
0.5
3.875
0.354
3.167
0.408
3.571
0.535
3.222
0.667
3.5
0.527
3.7
0.483
3.571
0.535
3.778
0.441
3.667
0.5
3.833
0.408
3.857
0.378
3.556
0.527
3.714
0.488
3.714
0.756
3.556
1.333
3.625
0.518
3.429
0.535
3.6
0.516
3
0.707
3.556
0.527
3.6
0.516

Mean
3.6
3.7
2.5
1.5
2.556
1
1.25
1.625
3
2.333
1.778
1.1
1.7
0.625
1.889
2
0.857
1.333
2
3.333
3.167
2
2.333
0.667
1.625
1.667
0.714
1.375

SD
0.699
0.483
0.972
1.716
1.014
1.291
1.488
1.188
0
0.817
1.302
1.197
1.160
0.916
0.928
0.756
1.345
0.816
0.866
0.707
0.753
1
0.816
2.082
1.598
1.528
1.4968
1.685

DF

P value

18
18
18
18
17
13
15
14
7
11
16
18
18
13
16
15
11
11
16
14
11
12
12
8
16
6
14
16

0.448634
0.287763
0.016949*
0.001617* *
0.095484
0.000142* *
0.000344* *
0.000152* *
0.51649
0.007267* *
0.00916* *
0.000017* *
0.000087* *
0.000005* *
0.000047* *
0.000071* *
0.000299* *
0.000014* *
0.000294* *
0.244847
0.218666
0.042964*
0.003449* *
0.00792* *
0.001947* *
0.133975
0.000106* *
0.001087* *

Note: *P<0.05, * * P<0.01
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methods of peer review, 10 people would be picked
up to be an superior group from the 30 personnel
and 10 people would be selected to be a average
group from the remaining 20 personnel randomly[7]. With the help of the statistical software of
SPSS11.5 for data analysis, we could formulate
the competency model of key disciplines, comparing the competency differences embodied between
the superior group and average group. According
to “Competency of Key Disciplines Self-Rating
Form” made from the model, we implemented a
large sample test and analyzed data with the help of
SPSS13.0 and LISREL software[5].
2.2. Acquisition of competency
On basis of Literature research, the paper explored 28 items of competence in key disciplines
preliminarily combining the requirements to the talents in key disciplines and sorting out the interview
records of senior specialists.
The average rating scores of the superior group
and average group were checked out differentially.
According to the results, the superior group performed better than the average group in the average

rating score of each item. That’s to say, the superior
group got the higher scores than the average group in
every item of competence. 19 items of competence
differed obviously between two groups (P<0.01).
Thus, the competency elements of key disciplines
were achieved as the table 1 shows.
2.3. Sampling
In the official survey, some correlative personnel of key disciplines with national and provincial
level were selected randomly. All of them have
contributed in their disciplines for more than five
years. In sampling, the interviewees of BEI should
be avoided. We have released 200 self-rating
forms in all, which results in 90% (180) sample return. Ruling out 11 unqualified self-rating forms,
we got 169 effective samples.
3. Results
3.1. Item analyses
Before the item analyses, we set 27% as the
boundaries and arrange the scores in the self-rat-

Table 2. T-Test of High and Low Score
Items
Communication
Strategic Thinking
Systemic Thinking
Overall View
Performance Orientation
Problem Solution
Creative Thinking
Information Seeking
Professionalism
Learning
Forefront Tracking
Resources Integration
Teamwork Integration
Planning
Guidance Monitoring
Demand analysis
Interpersonal Understanding
Relationship Building
Flexibility

Low (n=45)
Mean
SD
3.289
0.787
3.311
0.763
3.178
0.886
3.044
0.824
3.156
0.824
3.422
0.812
2.911
0.701
3.244
0.830
2.933
0.751
3.422
0.812
3.022
0.892
3.556
0.725
2.911
0.733
2.889
0.804
3.089
0.900
2.711
1.079
3.333
0.879
3.044
0.952
3.467
0.661

High (n=45)
Mean
SD
4.489
0.506
4.600
0.539
4.422
0.583
4.489
0.589
4.622
0.535
4.467
0.588
4.267
0.688
4.356
0.529
4.400
0.580
4.444
0.546
4.556
0.546
4.444
0.586
4.578
0.499
4.200
0.405
4.533
0.548
4.022
0.452
4.200
0.694
4.022
0.690
4.356
0.570

T value
8.607***
9.250***
7.866***
9.565***
10.012***
6.992***
9.258***
7.573***
10.371***
7.011***
9.839***
6.398***
12.604***
9.772***
9.197***
7.518***
5.191***
5.576***
6.833***

Note: *** P<0.001
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ing forms from high to low order. The personnel
were divided into high score group and low score
group both with 45 people in the sample. And the
comparison among means between high score
group and low score group would be carried out
with tests of significance. When T was larger than
1.96, p<0.05; T was larger than 2.58; p<0.01; T
was larger than 3.29, p<0.001. Therefore, as the
table 2 depicts, the average differences between
high score group and low score group possessed
the statistical significance (P<0.001).
3.2. Exploratory factor analysis
The data of 19 items will be done by EFA, including scree test, principal component analysis,
varimax rotation. As shown in table 3, the results
showed that KMO value was 0.901, and 2X value
of Bartlett’s test was 1629.541 (with DOF of 171),
which has reached the level of significance.
Table 3. KMO and Bartlett’s Test
Items
KMO value
approximation
Bartlett’s test DOF
significance level

Value
0.901
1629.541
171
.000

This meant that common factors existed among
relative matrix, showing that they were suitable for
factor analysis. Then, with the principal component
analysis and after orthogonal rotation, all remaining
items had factor loadings of greater than 0.5[8].
From table 4, it showed that the community of
all items in competency self-rating form was well.
Figure 1 showed that after the fourth factor, slope
line was flat. These tests showed that a four-factor
model was most appropriate[8]. Meanwhile, there
were fourth factors whose Eigen values before and
after rotation were greater than 1.0[9]. According
to Kaiser Norm[9], the fourth factors derived from
the EFA accounted for 63.603% of the variance in
scores, as shown in figure 2.

Figure 1. Scree Test
Finally, according to table 5, all items had factor
loadings of greater than 0.5. These dimensions are
labeled as implementation and controlling (5 items),
strategic planning (7 items), professional skill (4
items) and interpersonal environment handling (3

Table 4. Communality
Items
Communication
Strategic Thinking
Systemic Thinking
Overall View
Performance Orientation
Problem Solution
Creative Thinking
Information Seeking
Professionalism
Learning
Forefront Tracking
Resources Integration
Teamwork Integration
Planning
Guidance Monitoring
Demand analysis
Interpersonal Understanding
Relationship Building
Flexibility
382

Initial
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Extraction
0.873
0.829
0.751
0.890
0.848
0.838
0.938
0.808
0.880
0.816
0.788
0.883
0.838
0.809
0.847
0.833
0.904
0.859
0.888
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Figure 2. Total Variance Explain
items). The acquired competency model of key discipline in Medical University would be tested by CFA.
Table 5. Rotated Component Matrix
Items

Factor loadings
1
0.645
0.797

Communication
Planning
Guidance
0.601
Monitoring
Performance
0.532
Orientation
Problem Solution
0.516
Strategic Thinking
Creative Thinking
Overall View
Systemic Thinking
Resources
Integration
Teamwork
Integration
Demand analysis
Forefront Tracking
Professionalism
Information Seeking
Learning
Interpersonal
Understanding
Relationship
Building
Flexibility
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3

4

3.3. Reliability test
Reliability can reflect the internal consistency
of the indicators measuring a given latent variable[8]. Means, standard deviations and reliability
scores of the total index and its four factors are
presented in Table 6. Observed variables should
have a Cronbach’s alpha of 0.7 or higher to be
judged reliable measures[10].
Table 6. Cronbach’s Alpha
Factors
factor 1. Implementation and
controlling
factor 2. Strategic planning
factor 3. Professional skill
factor 4. Interpersonal
environment handling

0.637
0.614
0.650
0.646

Reliability(α)
0.870
0.862
0.784
0.717

0.759

3.4. Confirmatory factor analysis

0.643
0.833

0.689
0.559
0.794
0.597
0.702
0.770
0.675

Confirmatory factor analysis (CFA) was conducted on the acquired competency model, and
done by structural equation test with software
LISREL. The model fit indices such as rootmeansquare residual (RMSEA), non-normed fit
index (NNFI), and comparative fit index (CFI)
were examined to evaluate the adequate fit of the
model, and the values of the CFI and NNFI were
marginally below what is considered adequate
(higher than 0.9) [11],[12],[13]. As shown in table
7, the model produced a good fit.
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Table 7. Structural equation model test
Model
four-factor model (19 items)

RMSEA
0.058

NNFI
0.93

CFI
0.91

Table 8. Competency model of key discipline in the medical university
Factors
strategic planning
implementation and controlling
professional skills
interpersonal environment handling

Competency items
Strategic Thinking, Creative Thinking, Overall View, Systemic Thinking,
Resources Integration, Demand analysis, Teamwork Integration
Communication, planning, Guidance Monitoring, Problem Solution,
Performance Orientation
Forefront Tracking, Professionalism, Information Seeking, Learning
Interpersonal Understanding, Relationship Building, Flexibility

3.5. Construction of model
The competency model of key discipline in
Medical University consisted of 4 dimensions including 19 items, as shown in table 8.
4. Conclusion
Competencies have been identified and used in
business, training, education, hospitality, and private club management fields. This study provided
managers of key disciplines with information on
what competencies are important to talents of key
disciplines. The main purpose of this study was to
examine and develop a valid and reliable competency model that can be used for managers of key
disciplines. This main objective was accomplished
through the comparison of the competency differences between outstanding group and normal group
in key disciplines of military medical university
and the implementation of large sample tests with
competency self-rating form, conducting both exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA). The competency model of
key disciplines of military medical university including four dimensions (strategic planning, implementation and controlling, professional skills and
interpersonal environment handling) and 19 competencies was obtained. Based on the competence
of outstanding personnel with excellent performance, the model can be regarded as a key characteristic for capability to distinguish the needed talents of key disciplines, which is helpful to optimize
the personnel of key disciplines and provide new
breakthrough point and implantation strategies for
human resources management. However, the key
384

disciplines of only one military medical university
are selected as the sample without plenary representativeness. Meanwhile, the competency requirements for the talents cannot be totally embodied in
the key disciplines of other military medical universities. Therefore, we need to enlarge the scale and
quantities of sample selection of key disciplines in
the future and carry out segment survey in connection with different types of key disciplines in order
to acquire a rounded competency model of key disciplines of military medical universities.
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Influence input parameters of combustion
proces on output performance of steam boilers
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Abstract
As a part of this master thesis work, a modeling
was carried out for a combustion process in a coalfired steam boiler with known geometrical parameters of the boiler furnace. An analysis of input
parameters such as temperature of inlet air, surplus air coefficient and fuel amount, was made in
order to determine their influence on the combustion process i.e. how these parameters affect the
boiler power and efficiency. In accordance with
the above mentioned, the conclusion is that an increase in interaction between steam boiler models,
resulting from either specialized or conventional
software and classic design methods will result
in an increase of economic profit, decrease in offoperation time of steam boilers as well as an increase in overall profitability, with the final goal of
increasing the total efficiency of the boiler units.
Key words: Combustion, steam boiler, model,
simulation
1. Introduction
In all boiler elements, complex processes of heat
and mass transfer occur, where the boiler is represented in all three main aspects of heat transfer:
heat conducting, heat transfer and radiation. Also,
the chemical processes of fuel combustion in the
combustion chamber are not yet fully known. Especially the intermediates of combustion, until they
achieve their final shape, could not be reliably determined. For that reason the combustion process is
described by the stoichiometric relations. At pressures and temperatures prevailing in the combustion chambers can be assumed that the flue gases
act like a mixture of ideal gases, for which the specific heat is of constant size, but for more precise
calculations it is necessary to take into account their
functional dependence on temperature. The introduction of appropriate factors regarding the aforementioned processes as well as the irreversibility of
386

the combustion process, the kinetics of combustion,
heat transfer and fluid flow have led to significant
differences in performance indicators obtained on
the basis of daily measurements in comparison to
those obtained by calculations and planned measurements [1,2,3]. During the research, an analysis
of project data for boiler plant in Sugar Refinery
Studen-Agrana Ltd. has been conducted, and then
the simulation model of the combustion process in
a steam boiler with standard and known geometrical characteristics of the boiler furnace has been set
up. The composition of the fuel gases at the end of
the combustion chamber has been determined and
its change in dependence of the observed changes
in input parameters has been defined. When setting the model appropriate commercial software
specializing in thermal energy analysis and simulation of processes in power plants is used. Based on
the combustion chamber model the same simulation model is set, which is used to predict changes
in performance indicators of the plant in case of a
change in the working parameters. Using the simulation model the appropriate number of simulations
for single values is executed from the corresponding change intervals of the influential parameters.
Based on the simulation results, the degree of significance of observed operating parameters on the
output performance of the plant for a standard furnace is determined.
2. Modeling and simulation of combustion
processes in the furnace of the steam
boiler
Large amounts of fuel consumed in the boiler
units are the reason that small changes in improving the effectiveness of these devices make significant savings on operating costs to their customers. Continuously calculating, the degree of
thermal activity is conducted on the basis of the
output temperature of flue gases from the boiler
Volume 9 / Number 2 / 2014
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and the oxygen content in them. In addition to the
value of the degree of thermal effect in this way,
in case of its lower value, the causes of this deterioration are discovered: large volume of air at the
entrance to the combustion chamber (high value
of O2), or stained heat surface (high temperature of
flue gases) [1,2].

tages of the combustion process in boiler plant
operating. To set the simulation model commercial software GateCycleTM is used. GateCycleTM
software is designed for appliance on a PC that
is used to design and to assess the performance of
thermal systems in the design and operating stage.
GateCycleTM combines a graphical user interface
with detailed analytical models of thermodynamic
processes in the boiler plants, as well as the process of heat transfer and power processes, which
allows design and simulation analysis at all levels
of complexity [2,3,4].
2.1 Setting up the model

Figure 1. Schematic view of the model of
combustion chamber of the boiler with measuring
points
A reliable and prompt detection of the causes
is the basic precondition for prompt corrective actions (controlling the quantity of air, cleaning of
heating surfaces) in order to repair the existing
situation. Constant monitoring of the heat value of
fuel is beneficial because, as heating value of fuel
varies, the usual flow meters cannot be registered.
The emphasis is on monitoring the combustion
process in a standard furnace, depending on three
parameters, i.e. excess air coefficient, the amount
of fuel and air inlet temperature and, based on
changes in output parameters, the conclusion how
and to what extent each parameter affects the combustion process itself is given. Figure 1 shows a
schematic model of the observed boiler with all
input and output values (air input, fuel input, the
input of water, steam output, the output of flue
gases), and the measuring points for measuring
the performance of the steam boiler. If the boiler
is presented as such a system, by following the appropriate output or input parameters the combustion process can be affected and it can be quickly
react in order to eliminate the potential disadvanVolume 9 / Number 2 / 2014

Each model created has a basic project version,
as well as a series of exploitation (the so-called
‘off-design’) versions. Project version of the
model defines the physical sizes such as heat exchanger surfaces and other parameters of the observed parts of the plant. Non-project versions of
the basic model are used for performance analysis
of the observed systems in case of working conditions change. For model to be used for calculations and simulations, the basic version of the
project model must be supplied with the data that
define the project and working conditions for each
part and the plant as a whole [2,3]. In accordance
with the aforementioned, first the project (design)
model was set up. Thereby, the reference data
for the model setting were taken from the project
of the boiler plant observed. Project data for the
boiler do not describe the actual state of the plant,
because some of the projects sizes in reality may
never have been achieved. After inserting the data
into the model, there were further coordination
and verification of models. It is considered that
the model with sufficient accuracy to describe the
plant, if, with certain mistake included, for input
data provided, gives an output values corresponding to the nominal output values listed in the main
boiler plant project. Figure 2 gives an overview of
the project model of boiler, with all components.
The lines marked with corresponding colors represent flows of steam, air, flue gases and feed water.
The results are directly stored in a database and
subsequently used for analysis of the impact of
changes in certain parameters on the plant. Having adopted the project model of the plant exceeds
387
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the model’s simulation version that can be used
to predict changes in plant performance for different operating conditions. In doing so, change the
output parameters of the one plant element leads
to changes at the entrance to the next element that
follows the production process, thus the degradation in the work of the element is transferred as the
alleged degradation of the plant, which follows.
This should be taken into account when analyzing
the performance degradation of individual plant
parts, which is necessary to have sufficient input
data available in order to carry out an assessment
of expected performance of each element [1,4,5].
2.2 Calculation Variations
After the setting of simulation model, the plant
of simulation implementation is design. From a
set of working conditions parameters were chosen, whose influence on the index performance
should be determined on the basis of simulation
results. The aforementioned parameters are:
– Bg [kg/s] - the amount of coal,
– tz [0C] - air temperature at the entrance to
the firebox/furnace,
– λ - coefficient of excess air.
For each of these parameters mentioned, a separate version of the simulation model had been set,
where the observed parameters have been changing within the limits which are determined on the

basis of project and experienced values of these
parameters, taking into account the performance
of the boiler. The intervals of the changes in operating parameters observed are:
– The amount of fuel Bg interval from 0.65 to
0.95 [kg/s],
– Air temperature at the entrance to the firebox
tz in the interval 20-80 [oC],
– The coefficient of excess air λ in the interval
1.2 to 1.5.
Output parameters that are observed in the result of simulations, which were used for monitoring and evaluating of plant performance, are:
– tp [oC] – steam temperature at the outlet of
the evaporator,
– tdp [oC] – flue gases temperature at the end
of the combustion chamber,
– the composition of flue gases (CO2, O2) [%]
2.3 Simulation results
For conducting computer simulations of the
boiler when it comes to change in the amount of
fuel at the entrance to the boiler, Bg interval = 0.650.95 [kg/s], the air temperature at the entrance to
the firebox of the boiler interval tz=20-80 [oC], and
coefficient of excess air in the interval λ=1.2-1.5
were adopted. Simulation results are presented diagrammatically in order to determine the impact of
changes in the quantity of coal, air inlet temperature

Figure 2. Project boiler model of the sugar refinery, ’’Studen-Agrana’’ Ltd. Brcko
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and the coefficient of excess air on the following
indicators of performance of the boiler:
– tp [oC] – steam temperature at the outlet of
the evaporator,
– tdp [oC] – flue gas temperature at the end of
the combustion chamber,
– the composition of fuel gases (CO2, O2) [%]
What follows is a comparison of changes in the
analysis output sizes in case of change of all three
parameters, where it is possible to conclude which
of these parameters has a greater influence on the
observed sizes. Of the three analyzed parameters
of working conditions it is shown that the largest
changes in performance are caused by changes in
the amount of coal. It is expected, considering that
the amount of coal is the size that directly affects
the amount of energy consumed in a boiler. Figure
3 shows the comparison of temperature changes
in flue gas output at the change of Bg, λ and tz. It
turned out that the temperature of the flue gases
has the greatest impact on the amount of fuel at the
furnace entrance which may be exemplified by the
fact that the amount of coal is actually the amount of
heat that is introduced into the combustion chamber.
The coefficient of excess air and air temperature
for the change intervals observed, do not have a significant impact on the temperature of flue gases [1].

The diagram in figure 4 shows a comparison in
changes in steam temperature in case of a change
of each of these parameters. Furthermore it was
shown that the amount of coal has the greatest influence on the temperature of steam, while the influence of the coefficient of excess air and inlet air
temperature can be considered negligible.

Figure 5. The content of O2 in flue gases depending
on the change Bg, λ and tz in the observed limits
Figure 5 is a graphical presentation of data curves
that describe the content of oxygen in flue gases in
case of change of the observed parameters. It was
concluded that the changes in the coefficient of excess air have the greatest impact on the oxygen content in flue gases, while the change in the amount of
coal has no effect on the oxygen contents.

Figure 6. The content of CO2 in flue gases
depending on the change Bg, λ and tz in the
observed limits
Figure 3. Change of the flue gases temperature
at the end of the furnace, depending on changes
in Bg, λ and tz in the observed limits

Figure 4. Change of the outgoing steam
temperature in dependence of Bg change, 		
λ and tz in the observed limits
Volume 9 / Number 2 / 2014

Figure 6, as it follows, shows comparison of
change in carbon dioxide content in all three cases
of changes in input parameters that are observed.
The biggest change in the content of carbon dioxide was caused by the change in the air temperature output, then the changes of the coefficient of
excess air, while the change in the amount of coal
had no influence on the content of carbon dioxide.
Of course, during the work of the plant, it never
happens that only one working condition changes
at a particular moment of period, but more parameters change at the same time, which causes different change of performance indicators in relation
to the situation when only one working condi389

technics technologies education management

tion changes. Taking into account the present circumstances, not only economic, it is necessary to
take into account the environmental aspects and
how a boiler plant impacts the environment. It is
clear that plants that burn coal of different thermal power have as a product, not only heat, but
also smoke emissions, whose chemical composition largely depends on a number of parameters,
including the coefficient of excess air, the amount
of coal, and the temperature of incoming air.
3. Concluding remarks
Monitoring of outlet parameters of the steam
boiler is a process of continual assessment of production capacity and efficiency of the plant during
the period of time. These data provide additional
information that help indentifying problems, improving performance and making economic decisions about the schedule [2,3,4]. All these activities aim to optimize the performance of the steam
boiler. This paper presents a GateCycleTM computer model, based on physical characteristics of the
existing steam boiler.
Use of this model is multiple:
– Prediction of performance indicators of the
boiler in case of different loads or changes
in individual working conditions.
– Comparison of model predictions with
actual measured data on the plant as well as
optimization of boiler,
– Prediction of possible measures of reengineering the existing plant.
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On the other hand, setting up models and obtaining appropriate data created the conditions for the
evaluation of the plant which is exploited. When
it comes to exploitation of boilers in the future, as
essential factor will be the quality of the emission
of flue gases into the atmosphere, especially in the
case of boilers using fossil fuels. In this regard,
monitoring of output parameters to assess the performance of steam boilers will enable continuous
monitoring of emissions of harmful substances in
flue gases, and in that way control them or maintain the permitted limits and standards.
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Abstract
The purpose of this study is to examine the relationship among organizational learning, internal
service quality and performance in Iran’s ministry
of sport and youth. The population of the study
consisted of all staff of the swimming, basketball, handball, judo, athletics and gymnastics federations (N=280) that they all participated in the
study. For this purpose, Yang, et Al’s (2004) Organizational Learning questionnaire, Di Xie’s (2005)
Internal Service Quality Questionnaire and Cho’s
Organizational Performance questionnaire (2009)
was used. The findings showed that between organizational learning and internal service quality,
there is significant positive correlation. Also the
findings showed that there is significant positive
correlation between organizational learning and
organizational performance. The other part of the
results showed that there is significant positive correlation between internal service quality and organizational performance. Research findings on the
importance of learning and service quality as the
factors affecting performance of Iran’s ministry of
sport and youth are insist. Therefore recommended that managers and human resource department
of the sport federations to create a learning culture
and support that in this organizations work.
Key word: Organizational Learning, Internal
Service Quality, Organizational Performance,
Ministry of sport and Youth.
Introduction
A crucial key to organizational achievement
and employee efficiency is to institutionalize organizational learning culture. Knowledge, competency and new skills are essential to guarantee organizational success in future. Sustainable learning
and development are keys to future achievements
Volume 9 / Number 2 / 2014

[1]. In the early 1990s, organizational leaders and
managers started to pay considerable attention organizational learning and learning organizations.
Learning organizations tend to recreate, rediscover and revitalize themselves continually [2].
Cyret and March (1963) first introduced the
concept of organizational learning (OL) in their
A Behavioral Theory of the Firm. They contend
that organizational struggle to respond to external
changes and adaptation of their goals to new circumstances would result in approaches that bring
about higher organizational efficiency [3]. In the
early 1990s, organizational leaders and managers
started to pay considerable attention organizational learning and learning organizations. Learning
organizations tend to recreate, rediscover and revitalize themselves continually [4]. Organizational
learning may be defined as a dynamic process of
creation, acquisition and collection of knowledge
so as to develop resources and capacities, which
results in more efficient organizational performance. Jones (2001) defines organizational learning as the ability of an organization as a whole to
discover and correct mistakes as well as increasing
employee competency through modification of organizational knowledge and values so that organizational efficiency will develop continually. Based
on this definition, the characteristics of organizational learning process include changed mindset
of employees, changed knowledge and values as
well as improved organizational performance [5].
Organizational learning entails different levels
such as individual, team and organizational levels [6]. Considering the levels of learning, Jones
(2001) contends that while learning occurs at three
levels, the first step in learning is to bring about
favorable changes in the employee mindset; therefore, special attention should be paid to learning at
the individual level [5].
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On the other hand, organizations may also concentrate on increased service quality to gain competitive advantage [6]. Nowadays, service quality
is considered as a common concept in business
literature and plays a significant role in customer
satisfaction, maintenance and loyalty as well as
organizational revenue. Besides, there is a link
between these factors and service-profit-revenue
chain [7]. Research has confirmed the strategic advantages of quality in market share and return of
capital as well as decreased cost of production and
improved efficiency [6-8-9]. However, it seems
necessary to build a sound understanding of service quality before any discussion of service quality. Quality is customer satisfaction or enjoyment,
conformity with standard and speeding up in fulfilling customer expectations [9-10]. Lewis and
Booms (1983) define service quality as the extent
to which the quality offered to customers corresponds to customer expectations sustainably [11].
According to Heskett and et all’s model (1994),
the service-benefit chain links organization’s internal service quality, employee satisfaction and
loyalty to customer satisfaction and loyalty as
well as organizational growth and benefits [12].
Internal service quality is the perceived level of
satisfaction an employee experiences with services offered by internal service providers. Besides,
internal service quality refers to employees’ perception of the quality of service they receive from
or offer their colleagues [13]. Barnes and Morris
(2000) contend that, in addition to concentrating
on external markets and customers, organizations
need to focus on themselves as the internal market
and their employees as the internal customers. In
this regard, attention to intra-organizational service quality may result in both internal and external customer satisfaction, which might guarantee
organizational success [14]. Internal service is the
most essential element helping to achieve highquality external service; thus, it seems necessary
to be reviewed in most sports environments.
Certainly, implementation of organizational
learning culture can play a crucial role in internal
service quality and organizational performance
[15]. Amirtash and et al (2012) reported a significant positive correlation between organizational
learning culture and internal service quality in
the ministry of sport and youth in Iran [16]. Ming
392

(2010) reported a significant correlation among organizational learning culture, internal service quality and organizational performance in Chinese service organizations [15]. Di Xie (2005) conducted
a study in China Sports Organization and showed
a significant positive correlation between organizational learning culture and internal service quality so that the former accounted for 5 per cent of
variance of the latter [17]. Bontis and et al (2002)
contend that there is a positive correlation between
the levels of learning and organizational performance such as increased income [18]. Egan and et
al (2004) reported a positive correlation between
organizational learning culture and nonfinancial
variables such as motives for learning transmission
[19]. Cho (2009) conducted an empirical study on
South Korean companies and found a positive correlation between the levels of learning and financial
and knowledge performance [20].
Yue Xia (2009) reported that internal service
quality and internal customer satisfaction contribute
to external customer satisfaction, which eventually
influences organizational growth and profitability
[21]. Qin Nan (2009) conducted a study in Taiwanese insurance companies and found a significant
positive correlation between different levels of internal service quality, employee’s job satisfaction
and organizational performance [22]. Liang Wang
(2010) conducted a study on Taiwan’s hotel industry and reported that internal service quality significantly influenced organizational performance.
The results also showed a significant difference in
perceived internal service quality in these hotels between male and female employees [23].
As with other organizations, sports organizations follow unified principles in all divisions and
aim to offer quality services to their customers and
gain best performance. In this regard, such factors
as organizational learning may influence the quality
of employee internal services, and, consequently,
affect external service quality and organizational
performance. Sport federations are one of the main
institution to manage sports activities in the country
and has established a broad relationship with both
sports and non-sports organizations, both national
and foreign. According to their responsibilities
about sports, these offices require continuous learning at all work levels and quality services offered to
both internal and external customers. Iranian sport
Volume 9 / Number 2 / 2014
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organizations have paid insufficient attention to the
science of management and its scientific achievements. There is scarcity of research on the relationship between organizational learning culture and
other variables such as internal service quality and
organizational performance. The present study may
offer the opportunity to both HR management and
employees to build an understanding of organizational learning and internal service quality. The
present study aims to investigate the relationship
among organizational learning culture, internal
service quality and organizational performance as
perceived by the staff working in Iran’s ministry of
sport and youth.

formance Questionnaire developed by Cho (2009).
The content validity of the questionnaires was approved by ten professors of sports management. To
calculate the reliability of the questionnaires, a pilot
study was conducted whereby a number of 30 questionnaires were distributed among employees. The
results showed a reliability coefficient of α=0.84 for
Learning Organization Questionnaire, α=0.81 for
Internal Service Quality Questionnaire and α=0.82
for Organizational Performance Questionnaire,
which indicated the consistency of measurement.
A demographic data sheet was used to collect the
data on personal information including age, level
of education and work experience. SPSS software
was used to analyze the data. As to the statistical
measures, descriptive statistics including frequency, percentage, mean, standard deviation and tabulations were used to describe the data. Inferential
statistics including Pearson correlation formula was
used to test the hypotheses.

Materials and methods
The purpose of current study is applied and its
method is correlated descriptive, which is conducted as a field study. The population of the study
consisted of all staff of Iran’s ministry of sport and
youth (N=280). The sample size was considered
equal to the population.
The data was collected using Learning Organization Questionnaire developed by Yang and et al
(2004), Internal Service Quality Questionnaire developed by Di Xie (2005) and Organizational Per-

Results
The results showed that the participants were
35 years old on average. 87.9 per cent of the participants had B.S or higher degrees and 80.1 per
cent had more than 5 years of work experience.

Table 1. Description of organizational learning, internal service quality and organizational performance
based on employees’ opinions
Statistic
Variables
Learning at the individual level
Learning at the team level
Learning at the organizational level
Total organizational Learning
Internal service quality at the individual levels
Internal service quality at the division levels
Internal service quality at the organizational levels
Total internal service quality
Organizational Performance

Mean

Std. Deviation

Minimum

Maximum

3.26
2.77
2.89
3.19
3.45
2.60
2.52
2.73
2.44

0.541
0.720
0.643
0.532
0.641
0.721
0.763
0.648
0.586

1.00
1.00
2.00
1.00
1.16
2.18
1.00
1.00
1.00

5.00
4.82
5.00
5.00
4.68
5.00
4.76
5.00
5.00

Table 2. Relationship between organizational learning and its subscales with internal service quality
Variables
Learning at the individual level
Learning at the team level
Learning at the organizational level
Total organizational Learning
Volume 9 / Number 2 / 2014

Internal Service Quality
N
280
280
280
280

r
0.143
0.349
0.503
0.533

P
0.030
0.001
0.001
0.001

r2
0.020
0.121
0.253
0.284
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As shown in Table 1, the mean of learning scores
were 3.26 at the individual, 2.77 at the team and
2.89 at the organizational level. Maximum organizational learning score was found to be 3.19 out of
5, which indicates that the learning medium is higher than average in view point of employees. Also
mean of internal service quality scores were 3.45 at
the individual level, 2.60 at the division level and
2.52 at the organizational level. Maximum internal
service quality score was found to be 2.73 out of 5.
As shown in Table 1, the mean score of organizational performance was 2.44 out of 5.
Pearson correlation formula was run to examine the relationship among organizational learning,
internal service quality and performance in Iran’
selective federation. Regarding the results in table
2, there is a positive and significant relationship between organizational learning and internal service
quality (r=0.533, P≤0.001). Also, the results of correlation coefficient shows that there is a positive
and significant relationship between organizational
learning and organizational performance from the
employee’s perspective (r=0.674, P≤0.001) [Table.
3]. In addition, there is a positive and significant
relationship between internal service quality and
organizational performance from the employee’s
perspective (r=0.421, P≤0.001) [table 4].
Discussion and conclusion
Continual changes in the organizational environment and intense competition among organizations
have come to be routine challenges to the direc-

tors. These challenges have extended over business
organizations and covered sports organizations as
well. Management tends to follow approaches that
may guarantee organizational success. Since organizational learning is considered as an important
factor in the efficiency of dynamic organizations,
including sports organizations, and is closely associated with organizational achievement.
The results showed a significant correlation between organizational learning culture and internal
service quality. This is consistent with the findings
of Amirtash and et al (2012), Ming (2010) and Di
Xie (2005) [16,15,17]. Rapid changes in organizational environments, particularly sports organizations, require the management and employees with
good learning ability. Learning is a process that
begins from the employees, expands between work
teams and eventually covers the whole organization. A good learning environment can encourage
the employees to learn and stay in the organization
for long periods [16]. Thus, a learning culture, consistent with organizational characteristics, not only
helps the employees receive high levels of internal
service but also keeps them as good employees in
the organization. Besides, organizational learning
culture is associated with other fiscal and non-fiscal
outcomes both in and out of the organization. Thus,
an efficient learning program should be able to satisfy employee needs adequately. Since the learning culture begins with employees and proceeds
to cover all organizational processes, it may exert
a positive influence on internal service quality as
well. The basis of high-quality services in the orga-

Table 3. Relationship between organizational learning and its subscales with organizational performance
Variables
Learning at the individual level
Learning at the team level
Learning at the organizational level
Total organizational Learning

Organizational Performance
N
280
280
280
280

r
0.018
0.623
0.626
0.674

P
0.791
0.001
0.001
0.001

r2
0.0003
0.388
0.391
0.454

Table 4. Relationship between internal service quality and its subscales with organizational performance
Variables
Internal service quality at the individual levels
Internal service quality at the division levels
Internal service quality at the organizational levels
Total internal service quality
394

Organizational Performance
N
280
280
280
280

r
0.186
0.162
0.627
0.421

P
0.001
0.001
0.001
0.001

r2
0.034
0.026
0.393
0.177
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nization is competent employees who wish to learn.
Quality service offered by the efficient employee
may increase their satisfaction and encourage them
to stay in the organization longer.
The results showed a significant correlation
between organizational learning culture and organizational performance. This is consistent with
the findings of Bontis and et al (2002) and Cho
(2009) [18,20]. Learning is a process that brings
about changes in performance through acquisition
of knowledge and experience as well as training.
Learning at the individual level entails changes in
skills, attitudes, knowledge and values of individual employees. However, creativity, knowledge and
changes in employee skills do not suffice to consider an organization as a learning organization; rather
the organization needs to draw on this knowledge
and changes in its performance. A key step to the
realization of such performance is the elimination
of old mindsets and beliefs by the management.
Ming (2010) refers to the false conceptions held by
management and employees as a significant barrier
to building learning organizations. While old mindsets might have been useful in the past, they may
become a barrier to current learning. An important method to eliminate these mindsets is to raise
awareness towards organizational learning and its
importance for the directors and employees. Management should emphasize learning as a strategic
process because setting a learning strategy, particularly at the individual level, is an important tool to
achieving long-term results. Therefore, the authorities in the sport federation should seek to eliminate barriers to learning, describe learning and its
advantages, create learning opportunities for individual employees, support creative employees and
provide suitable contexts for acquiring knowledge.
In this regard, the researcher recommends seminars
and training programs, journal articles and books,
self-learning techniques, peer learning, formal and
informal workplace training.
The results revealed a significant correlation
between internal service quality and organizational performance. This is consistent with the
findings of Yue Xia (2009), Qin Nan (2009) and
Liang Wang (2010) [21,22,23]. Researchers consider internal service quality as one of the most
important aspects of service quality strategies that
reduce costs and increase profits in the long run.
Volume 9 / Number 2 / 2014

Providing good-quality service for the employees
considerably affects the interaction between the
employees and external customers. Internal customers constitute a cycle that can influence the
external customers’ satisfaction and contribute to
organizational success. Internal service quality,
which affects the factors contributing to the service
quality offered to external customers, depends on
the supports provided by organizational directors,
particularly HR managers. Considering the role of
sports in both physical and mental development
of individuals and in economic development as
an industry, it seems necessary to develop service
quality in sports organizations. Therefore, directors and HR managers at the sport federations are
recommended to improve internal service quality
through developing strategic plans consistent with
their organizational activities.
In short, the following suggestions are offered
to improve the functioning of sports federations:
Organizational learning at all levels of the
sports federation must be developed.
Identify and remove barriers to learning in
sports federations.
Quality of services provided within the sports
federations such as the quality of services provided to external customers should be evaluated.
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Abstract
The main objective of this paper is to analyse
the methods used to measure, add up and report intellectual capital (IC) on a micro-economic level.
Since the development and strengthening of most
business units has been lately relying on the intangible assets that consist of a set of distinct competencies and skills, it is absolutely necessary to find
new means and methods to report these assets that
have become essential during the current globalization of capital markets. The reporting of these invisible values by any business entity that possesses
such assets is fundamental, since the entity would
thus be able to provide not only a general view of
its economic and financial position but also an accurate, transparent and more comprehensive and
practical outlook that would benefit all categories of
stakeholders. This is also the reason why we have
suggested a new balance sheet model that would
also include those intangible assets that convey and
enhance the value of the business unit.
Key words: intellectual capital; newly created,
value; balance sheet, accounting treatment; intangible assets and resources.
Introduction
Intangible assets are those assets that cannot be
physically measured but which play an increasingly important part in the management of a business, mainly consisting of: trademarks, know-how
or knowledge acquired by the members of the
organisation, company image, customer relationships and other resources. As compared to physical assets, these resources are basically believed
to have a strategic value in the current competitive
environment and are not usually presented in either the balance sheet or in the inventory.
Volume 9 / Number 2 / 2014

Likewise, IC is a set of resources owned by the
entity and further increasing its market value which
is much higher than the total value of its assets, as
presented in the balance sheet; this market value
differentiates that particular entity from the competitors operating in the same economic sector.
IC consists not only in the physical and technological structures, or financial capital, but also
in the so-called intangible assets; these are assets
that cannot easily be expressed in financial terms,
since they constitute the quality, authority and reputation of the people performing that activity and
they are expressed by the employees’ knowledge,
values and professional skills, which are difficult
to encode and measure [1, 2].
The competitive advantage flows not only
from the capital or technology the company disposes of, or from the effort made, but also from the
know-how that allows professionals to take effective measures by identifying the most appropriate
means and compare their performance to that of
other professionals in the field and their respective
cluster of knowledge [3]. The importance of relational capital as one of the fundamental part of IC
is analysed by [4].
Measuring IC and identifying the newly
created value
The interest in managing and measuring IC first
arose in the US and in Northern Europe where most
of the bigger companies have conducted certain
experiments and have developed a series of guide
books for preparing the Intellectual Capital Report,
further published by government institutions, the
Danish Ministry of Science Technology and Innovation, or by financial institutions such as the
Nordic Industrial Fund. Further guidelines in this
respect have also been published by the EU, along397
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side a series of documents directed at encouraging
entities – particularly small and medium sized enterprises – to implement these systems and prepare
the Intellectual Capital Report. The interest for this
type of reporting further spread to other EU member states and enterprises have started to adopt these
assessment and measuring systems.
We should not overlook the fact that the role
played by knowledge and know-how in economic processes has been acknowledged by Marshall
since 1922 and has been further analysed by several
authors, with outstanding contributions by [5, 6].
According to [7], IC denotes the knowledge,
applied experience, professional competencies
and relationships with clients that altogether allow businesses to function with a certain competitive advantage. [8] argue that knowledge can be
turned into profit, while [9] believes that the main
objective is the capitalization of IC in economic
and financial terms, with the aim of underlining
the influence of intangible assets and specifically
outlining it in the balance sheets of those companies that are quoted on the stock markets.
Additionally, another important objective may
consist in the company’s internal need to identify
those intangible factors that define its activities, its
efficiency and effectiveness, as well as its ability
to meet its objectives, and thus channel these factors towards increasing its general performance
[10, 11, 12]. The company must therefore focus on
identifying the constituents of IC and further use
this information in its decision-making process
and strategic orientation. [13, 14, 15, 16] .
Each business entity must constantly supervise
both the quality of the management procedures,
i.e. the efficiency and effectiveness of resource allocation, and also the quality of the formula used
to estimate these indicators [17].
The traditional instruments used for measuring
and presenting the performance of a business entity are quite inadequate, especially when they are
dictated by certain changes occurring in the external environment, outside the entity [18]. The past
few years have seen considerable global economic
changes, where the market system was defined by
increased competitiveness and a high degree of innovation. The influence of knowledge over costs
could have improved the economic control and strategic planning processes; actually, this information
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was mainly concerned with the accounting aspects,
while less attention was given to value-creation and
to decision and control systems [19, 20, 21].
[22] accentuates the fact that the difference between the market value of a company and its equity
book value reflects the inadequate accounting treatment of intangible assets. One of the most popular
models used in the financial literature is Tobin’s Q.
This is the Q ratio that was developed by Nobel
Prize-winning economist James Tobin in the 60’s in
order to explain how stock exchange prices influence the investments made by companies. The Q
coefficient is essentially the ratio between the market value of installed capital and the replacement
cost of capital. On a microeconomic level, this coefficient resembles the M/B ratio, where M is the market value and B is the book value of the shares, the
only difference consisting in the fact that Tobin’s Q
measures the value of the denominator at the equity
book value, not at the historical or replacement cost.
Another widely used indicator used for measuring the return on the invested capital is EVA
(Economic Value Added) [23].
To sum up, the following two important methods
are mainly used to measure IC: one that outlines the
difference between the market value of a company
and its equity book value; and another that focuses
on presenting and measuring IC through the decision-making system of a company [20, 14].
Therefore, in light of the first aforementioned
method and in keeping with the objective of our
paper, the following chapter will introduce a new
balance sheet model that will include this difference in value.
Designing a new balance sheet model that
would also incorporate the value of IC
According to its definition, the balance sheet is
an informative instrument but, in order to list such
significant information related to the economic activity, the capital and financial position of a company, the data presented in the balance sheet must
be thoroughly analysed. However, this data listed
in the balance sheet does not allow one to calculate the difference between the market value of a
company and its equity book value or the financial
flows used in the balance sheet analysis with the
purpose of obtaining an accurate view on the financial position of the company.
Volume 9 / Number 2 / 2014
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In the case of modified financial statements,
these changes altering the traditional balance sheet
mainly consist in adding an asset account we have
called Revenue Generated by Intellectual Capital
(RGIC) which reflects the difference between the
market value of the company and its equity book
value, a component that has not been included in
any other balance sheet account before, as it is related to the nature of intangible assets. In keeping
with the matching principle, a new account has
been created in the liabilities side of the balance
sheet, called IC Revaluation Reserve (RRIC), under shareholders’ equity.
The problem occurring after the introduction of
these two new elements mainly consists in the accounting treatment applied. As far as this issue is
concerned, we have two choices:
a. The newly recorded value of the asset called
RGIC can be depreciated during a specific
period of time, the recommended time span
amounting to 3-5 years maximum, if the
value is not very high and in order to avoid
any serious changes in the financial position.
This method tries to take into account the fast pace
of technological progress and the various changes
that may affect the present economic situation.

Figure 1. Changes occurring in the main financial
statements after adding the value of IC
A new revaluation of IC is conducted at the end
of each accounting period and, if its value has increased, it will be added to the undepreciated value of RGIC. If this type of accounting treatment is
to be applied, the RRIC is kept in the balance sheet
at its initial value (historical cost) until the complete depreciation of RGIC; if the value of RGIC
increases after the periodic (yearly) revaluation,
RRIC will increase by the same amount.
Volume 9 / Number 2 / 2014

If the value of RGIC depreciates after revaluation, the accounting treatment to be applied
consists in adjusting it by means of an additional
liability account further called in our paper IC
Depreciation Adjustments, an adjusted entry for
liabilities (DAIC).
In order to provide some examples of the possible changes that may occur, we will resort to the
following two instances:
a1) when the value of RGIC remains constant
throughout the depreciation period, the accounting
treatment will be as follows:
1. RIC=RRIC
Consolidating the revenue generated by IC
2. Depreciation expenses for
RGIC=Depreciation of FGIC
Depreciation of RGIC in the first year
This formula is repeated throughout the entire
depreciation period; at the end of this period, after
the complete depreciation of RGIC, it will be written off from the company’s inventory through the
following accounting formula:
3. Depreciation of RGIC = RGIC,
RRIC will be incorporated in shareholders’ equity
4. RRIC=Shareholders’ Equity
a2) If the value of RGIC will increase throughout the depreciation period, the accounting treatment will be as follows: RGIC=RRIC, at the newly recorded value that will be incorporated in the
net book value of RRIC and in the book value of
RGIC. If RGIC decreases in value, the accounting treatment will consist in: RRIC=DAIC, i.e. the
IC revaluation Reserve will decrease by the deficit
resulted after revaluation.
b) another alternative accounting treatment
that may be used, since the company did not incur
any additional operational costs for the consolidation of RGIC, this newly-created value being generated by the quality of IC, consists in the mandatory annual valuation of RGIC, its depreciation
being restricted.
b1) if the value if RGIC has increased after
revaluation, the added value is recorded in the balance sheet by incorporating it to the existing value;
b2) if RGIC has decreased after revaluation, as
a consequence of its depreciation, the deficit will
be subtracted from the RGIC value recorded in the
balance sheet.
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This accounting treatment will be more thoroughly comprehended by resorting to the impairment test analysis included in the international accounting standard IAS 36- Impairment Test.
Referring back to Tobin’s coefficient, this indicator derives from the ratio between the market
value of a company’s fixed assets (reflected by the
market value of shares and assets) and the replacement cost of fixed assets: Q =Market value of fixed
assets/Replacement cost of fixed assets,
a) When Q>1, the value of the assets exceeds
the replacement costs and the company
is in the fortunate position to encourage
investment;
b) When Q<1, the assets are worth less than the
replacement cost and the company does not
make any further investment.
The companies that have a very high competitive advantage (famous brands or unique technologies) have a very high q coefficient; the lowest
values of this indicator are mostly specific to companies operating in highly competitive sectors or
to declining businesses.
The reason why we have decided to take this
coefficient into account in measuring IC is mainly
due to the fact that Tobin’s Q is an estimation of
the costs the business entity should incur in order to
repurchase all the technologies and structures at the
current market prices. The newly-suggested balance sheet should include the difference between
the market value of the company and its equity book
value only if Tobin’s ratio is higher than 1 (Q>1).
Therefore, IC unrated can be defined as the difference between the company’s market value (M)
and its equity book value (P), if the ratio between
M/P is higher than 1 (M/P>1), this value being
presented in the balance sheet of a company in an
intangible asset account that can be subject to alternative accounting treatments.
Conclusions
It is difficult to delineate a comprehensive and
strictly objective definition of IC and of all the
intangible assets owned by a company, given the
recent changes in the dynamics of knowledge and
know-how; nevertheless, these changes must create value.
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As could be noted throughout our paper, we
have not attempted to develop a separate balance
sheet for IC, as has been lately recommended in
the financial literature and practice, but rather fill
in the gap left in the balance sheet by introducing
the value of IC that has been basically measured in
financial terms. The value of a company is created and enhanced by combining the gains brought
about by intangible resources with the other economic resources used in the activities performed
by that particular business entity; therefore, the
relationship between these assets and resources
that may generate multiple and various effects
throughout the company’s lifetime must be constantly and thoroughly monitored.
The idea of filling this gap of the financial
statement arises from the need to convey a truly
accurate and clear image of the company’s financial position and to accentuate the interaction of
all the factors that create value.
The definition of the balance sheet as established
in the general accounting framework of the IAS/
IFRS standards states that the purpose of such a
statement is to provide a fair and accurate view of a
company’s financial position but does not mention
the fact that the value of a company is mostly – and
especially in light of the current economic circumstances – conveyed by intangibles such as IC and
whose value is not listed in the balance sheet. We
have chosen to introduce this value in the traditional
structure of the balance sheet and not develop a separate balance sheet, as the extensive information and
data reported by a company can often prove tiresome
and burdensome for the users of such information;
most of them would rather resort to a simplified,
accurate, objective and useful information system,
not to mention the saved time and additional costs
entailed by the preparation of such a financial statement, aspects that affect both internal and external
users of the economic and financial information.
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Abstract
The government in Taiwan initiated tourism factory project to encourage the traditional manufacturing companies with unique, industrial history, and
culture to transform into tourism factories. Customer satisfaction, which depends upon the behaviors
of the front-line service providers, is an important
indicator to evaluate the success of a tourism factory. In this study, Brand’s Health Museum is used
as an example to examine how the behaviors of the
front-line service providers affect the customers’
perception in service process satisfaction through
its internal customer survey with 869 effective
questionnaires. Multivariate analysis of variance is
applied to show how demographic variables affect
seven service items of service process satisfaction.
The results show that different age groups have different impacts on booking service satisfaction and
guided tour satisfaction. The interaction effects do
not have statistically different influences on either
booking service satisfaction or air corridor factory
tour. Therefore, age group is the most critical demographic variable to analyze the service process
satisfaction in Brand’s Health Museum.
Key words: service process satisfaction, customer satisfaction, multivariate analysis of variance, tourism factory, service provider, demographic variables
1. Introduction
Tourism factory project initiated in 2003 by Industrial Development Bureau of Ministry of Economic Affairs in Taiwan encourages the traditional
manufacturing companies with unique, industrial
history, and culture to transform into tourism factories [1,2]. Min et al. [3] pointed out that tourism industry plays an important role in Taiwan’s econom402

ic development by attracting tourists to contribute
a sizable proportion of the national income. When
tourism industry has become a new leisure industry
in the twenty-first century, tourism factories become
one of the hottest trends that traditional manufacturing industry can gain the benefits of tourism by
combining local industry culture and tourism [1].
In addition, by learning the experiences from the
United States, United Kingdom, France, and Japan,
the local manufacturers can transform and upgrade
their factories through the entire design and planning development, showing the novelty and charm,
increasing the local tourism benefits, and meeting
the diversified market demand for tourism (http://
taiwanplace21.org/en/index.htm).
Lee et al. [4] stated that customer satisfaction
is an overall customer attitude toward a product
or service provider. Besides, increasing customer
satisfaction improves customer retention, results
in increasing repurchases and profits to the firm,
and eventually leads to a higher level of loyalty.
It is clear that customer loyalty is a determinant
of company’s competitiveness in the marketplace,
whereas customer satisfaction is the key to customer loyalty [5, 6, 7]. Noe et al. [8] further stated
that customer satisfaction in tourism industry is
highly dependent on the behaviors of the frontline service providers and fulfillment of customers’ needs. There is no exception for tourism factory in order to obtain the competitive advantage
in the market [9]. With more than one hundred
and thirty tourism factories in Taiwan, customer
satisfaction can be an indicator to show customer
retention and ultimately customer loyalty [1].
Brand’s Health Museum is chosen in this study
because it is not only one of the more than one hundred and thirty tourism factories in Taiwan but also
one of the thirty three excellent tourism factories
Volume 9 / Number 2 / 2014
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[1]. The internal customer survey from Brand’s
Health Museum is analyzed to first evaluate customer satisfaction and then to examine how the behaviors of the front-line service providers influence
customers’ perceived satisfaction in service process
quality. This paper is organized as follows. Section
2 briefly reviews tourism factory. Research method
is depicted in Section 3. A case study of Brand’s
Health Museum is illustrated in Section 4. Finally,
conclusions are summarized in Section 5.
2. Review of tourism factory
The term of tourism factory is originally from
industrial (heritage) tourism commonly used in
European countries and United States that tourists travel to a certain location or destination with
the specific purposes of visiting active or historical production facilities by incorporating cultural
elements and learning tourism [10, 9, 11, 12].
Industrial tourism defined by Xie [12] is a socioeconomic phenomenon by linking with the traditional processing and manufacturing systems that
give tourists nostalgic and novel experience. Otgaar [13] further defined industrial tourism as a
every kind of movement deduced to the appeal of
current or the past operational industrial systems
including heritage sites, company museums, and
brand parks that these sites provide opportunities
to learn about production processes and can be
viewed as an integral part of industrial tourism.
The benefits of industrial tourism is to not only
comprehend company tours but also visit to company museums and brand parks by securing their
reputation, promoting their brands, purchasing
their products, and building a sustainable relation
with the society [10,14,13,15]. In addition, companies can take advantage of building up the trust
and understanding between customers and the
brand even if the products are not directly sold to
the customers [13]. Moreover, company visits can
generate additional income from entrance tickets
and on-site sales. In Taiwan, through tourism factory, additional income has been increased and the
traditional industries can open up another valueadded approach for service innovation [9,16].
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3. Research method
Noe et al. [8] pointed out that coping is critically
important during the service provider-customer interaction process. That is, the behaviors and actions
by the service providers are essential during the
service delivery process because service providers
are the source of connection between the company
and its customers and create long-term relationships with customers. Thus, customer satisfaction
is highly dependent upon the behaviors of the frontline service providers in tourism industry [1, 8]. It
would be of interest to observe how the behaviors
of the front-line service providers affect the customers’ perceptions in service quality. The internal
customer survey conducted by Brand’s Health Museum is analyzed by multivariate analysis of variance (MANOVA) in this study. One-way analysis
of variance is to analyze uni-response problems,
while MANOVA uses the variance-covariance between variables to test the statistical significance of
the mean differences when there are several correlated dependent variables and to observe how independent variables that influence dependent variables [17,18,19]. With the use of MANOVA, the
scenario of how demographic variables (independent variables) perceive different satisfaction during the service process (dependent variables) can be
observed. When critical demographic variable(s)
and interaction effects are found, Bonferroni’s test
can be further used in post hoc multiple comparison
analysis to identify the differences on service process satisfaction.
4. A case study
Brand’s Health Museum (http://www.brands.
com.tw/museum/index.html) in Lukang Township, Changhua County, Taiwan formally known
as Brand’s Essence of Chicken Museum was established in 1999 but the current name was applied in
2003 [16]. In order to meet a wide variety of customer needs, the museum was remodeled in 2008
to display the history of Brand’s and its products to
the public. The core value is to establish the trust
and loyalty between Brand’s and its customers
so Brand’s can become their first choice in health
products. In practice, Brand’s Health Museum has
its own internal customer survey to regularly col403
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lect customers’ information about customer satisfaction. However, due to limited resources, only
descriptive statistics are applied for analyses. In this
study, the internal customer survey for analyses is
from January 2011 to December 2011 with 869 effective questionnaires. In the survey, demographic
information and service process satisfaction are included. Specifically, demographic information, as
shown in Table 1, consists of gender (i.e., male and
female), visiting type (namely individual and group
visits), age group (i.e., 20 years old and below, 2130 years old, 31-40 years old, 41-50 years old, and
51 years old and above), and living areas (six major living areas). However, living counties are excluded in further analyses due to relatively smaller
sample of sizes and complexity of living counties
(18 cities and counties).
In the internal survey, there are two elements
in service process satisfaction, including customer
service satisfaction and museum’s facilities satisfaction. In addition, customer service satisfaction is
composed of booking service satisfaction, help desk
service satisfaction, guided tour satisfaction, and
gift shop service satisfaction. Museum’s facilities
satisfaction includes guidelines on indicator moving
lines, content display satisfaction, and air corridor
factory tour. The measurement for each question has
four scales, where 4, 3, 2, and 1 represent very sat-

isfactory, satisfactory, dissatisfactory, and very dissatisfactory, respectively. Therefore, the total number of items in service process satisfaction is seven.
Moreover, this study uses SPSS to conduct MANOVA with n = 869 and a = 0.05 by identifying critical
demographic variables and interaction effects that
have influences on service process satisfaction.
In multivariate analysis of variance, there are
four commonly seen test statistics to determine if
H0: m1 = m2 = … = mk, where k is the number of
multivariate normal populations, is to be rejected
with different levels of power, such as Wilks’ likelihood ratio test, Pillai test, Lawley-Hotelling test,
and Roy’s largest root [20]. Rencher [20] pointed
out that Roy’s largest root is more powerful than
the other three test statistics when the mean vectors
of dependent variables are collinear. On the other
hand, if the mean vectors are more diffuse, the other
three test statistics would have greater power than
Roy’s largest root. Belsley et al. [21] stated that conditional index (CI) can be an index to examine if the
mean vectors of dependent variables are collinear.
The larger CI value indicates a more serious effect
of collinearity. Specifically, there exists collinearity when CI value is between 15 and 30. There is
a moderate to high effect of collinearity when CI
value falls between 30 and 100. Finally, the collinearity is serious when CI value is greater than 100.

Table 1. Demographic information about this study
Gender
Female
Male
Visiting type
Individual
Group
Age group
20 years old and below
21-30 years old
31-40 years old
41-50 years old
51 years old and above
Living area
Taipei and Keelung
Taoyuan, Hsinchu, and Miaoli
Taichung, Changhua, and Nantou
Yunlin, Chiayi, and Tainan
Kaohsiung and Pingtung
Ilan, Hualien, and Taitung
404

Frequency
549
320

Percentage
63.2
36.8

728
141

83.8
16.2

242
243
263
73
48

27.8
28.0
30.3
8.4
5.5

134
90
418
111
106
10

15.4
10.4
48.1
12.8
12.2
1.2
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In this study, the effects of collinearity range from
17.476 to 32.773, indicating that the collinearity exists. Therefore, Roy’s largest root is chosen since
it is more powerful to detect if H0 is to be rejected
[20]. Table 2 summarizes the MANOVA test statistics of applying Roy’s largest root, where the p
values of age group, living area, and six interaction
effects are less than 0.05.
The next step is to examine how demographic
variables and interaction effects with statistical significance affect these seven items of service process satisfaction. Table 3 only summarizes the demographic variable or interaction effects that have
significant impacts on items of service process satisfaction. Specifically, age group has a statistically
significant effect on both booking service satisfaction and guided tour satisfaction. In addition to the
demographic variable, interaction effect of gender
and visiting type has a statistically significant effect
on booking service satisfaction. Interaction effect

of age group and living area has a statistically significant effect on air corridor factory tour. Finally,
interaction effect of visiting type and living area has
a statistically significant effect on air corridor factory tour as well.
One-way MANOVA is used to further analyze
the between-subjects effect on booking service
satisfaction with different age groups. From Table
4, different age groups have different impacts on
booking service satisfaction. By Bonferroni method to make multiple comparisons as shown in Table 5, the mean values of age groups were statistically significantly different between age group 1
and age group 2, age group 2 and age group 1, and
age group 2 and age group 3. Further, age group 1
(20 years old and below) perceives higher booking
service satisfaction than age group 2 (21-30 years
old). Age group 2 perceives lower booking satisfaction statistically than age groups 1 and 3 (31-40
years old) in terms of negative mean differences.

Table 2. MANOVA test statistics
Effect
Age Group
Living Area
Gender * Living Area
Age Group * Living Area
Visiting Type * Living Area
Gender * Age Group * Living Area
Gender * Visiting Type * Living Area
Age Group * Visiting Type * Living Area

Value
.024
.026
.024
.047
.027
.052
.020
.044

F
2.668
2.882
2.604
2.008
2.999
2.527
2.204
2.650

Hypo-thesis df
7
7
7
18
7
16
7
13

Error df
773
774
774
776
773
776
773
776

Sig.
.010
.006
.012
.008
.004
.001
.032
.001

Table 3. Demographic variables and interaction effects on service process satisfaction with significance
Source

Type III Sum
df
of Squares
Booking Service Satisfaction
3.556
4
Guided Tour Satisfaction
4.415
4
Booking Service Satisfaction
1.394
1
Air Corridor Factory Tour
11.891
18
Air Corridor Factory Tour
4.163
4
Dependent Variable

Age Group
Age Group
Gender * Visiting Type
Age Group * Living Area
Visiting Type * Living Area

Mean
Square
.889
1.104
1.394
.661
1.041

F

Sig.

2.605
3.628
4.084
1.732
2.728

.035
.006
.044
.030
.028

Table 4. Tests of between-subjects effect for age group on booking service satisfaction
Source
Corrected Model
Intercept
Age Group
Error
Total
Corrected Total

Type III Sum of Squares
5.906a
6589.272
5.906
294.536
11088.000
300.442

df
4
1
4
863
868
867

Mean Square
1.477
6589.272
1.477
.341

F
4.326
19306.766
4.326

Sig.
.002
.000
.002*

R Squared = .020 (Adjusted R Squared = .015)
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Table 5. Multiple comparison for age group on booking service satisfaction
(I) Age
Group

(J) Age
Group

Mean Difference
(I-J)

Std. Error

Sig.

2
3
4
5
1
3
4
5
1
2
4
5
1
2
3
5
1
2
3
4

.18*
.03
.20
.11
-.18*
-.16*
.01
-.08
-.03
.16*
.17
.08
-.20
-.01
-.17
-.09
-.11
.08
-.08
.09

.053
.052
.078
.092
.053
.052
.078
.092
.052
.052
.077
.092
.078
.078
.077
.109
.092
.092
.092
.109

.006
1.000
.120
1.000
.006
.027
1.000
1.000
1.000
.027
.289
1.000
.120
1.000
.289
1.000
1.000
1.000
1.000
1.000

1

2

3

4

5

95% Confidence Interval
Lower Bound
.03
-.12
-.02
-.15
-.33
-.30
-.21
-.34
-.17
.01
-.05
-.18
-.42
-.23
-.39
-.39
-.37
-.18
-.34
-.22

Upper Bound
.33
.17
.42
.37
-.03
-.01
.23
.18
.12
.30
.39
.34
.02
.21
.05
.22
.15
.34
.18
.39

Based on observation means.
The error term is Mean Square (Error) = .341
*. The mean difference is significant at the .05 level.

Table 6. Tests of between-subjects effect for age group on guided tour satisfaction
Source
Corrected Model
Intercept
Age Group
Error
Total
Corrected Total

Type III Sum of Squares
5.094a
6902.337
5.094
263.065
11470.000
268.159

df
4
1
4
864
869
868

Mean Square
1.274
6902.337
1.274
.304

F
4.183
22669.779
4.183

Sig.
.002
.000
.002*

R Squared = .019 (Adjusted R Squared = .014)

The between-subjects effect on guided tour
satisfaction with different age groups by one-way
MANOVA is summarized in Table 6. It is clear
that different age groups have different perceptions on guided tour satisfaction. By observing the
multiple comparison on guided tour satisfaction
depicted in Table 7, age group 1 (20 years old and
below) perceives higher guided tour satisfaction
than age group 2 (21-30 years old). Age group 2
perceives lower guided tour satisfaction than age
groups 1 and 3 (31-40 years old) because of negative mean differences.
406

Table 8 displays the interaction effect of gender
and visiting type on booking service satisfaction by
one-way MANOVA. The further analysis shows
that the interaction effect does not have statistically
different influences on booking service satisfaction.
From Table 3, the interaction effect of age group
and living area has impacts on air corridor factory
tour. Thus, one-way MANOVA is performed for further analysis as shown in Table 9. The results show
that the interaction effect does not have significantly
different influences on air corridor factory tour. In
addition, the interaction effect of visiting type and
Volume 9 / Number 2 / 2014
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Table 7. Multiple comparison for age group on guide tour satisfaction
(I) Age
Group

1

2

3

4

5

(J) Age
Group

Mean Difference
(I-J)

Std.
Error

Sig.

2
3
4
5
1
3
4
5
1
2
4
5
1
2
3
5
1
2
3
4

.20*
.06
.13
.07
-.20*
-.14*
-.07
-.12
-.06
.14*
.07
.02
-.13
.07
-.07
-.06
-.07
.12
-.02
.06

.050
.049
.074
.087
.050
.049
.074
.087
.049
.049
.073
.087
.074
.074
.073
.103
.087
.087
.087
.103

.001
1.000
.786
1.000
.001
.050
1.000
1.000
1.000
.050
1.000
1.000
.786
1.000
1.000
1.000
1.000
1.000
1.000
1.000

95% Confidence Interval
Lower Bound

Upper Bound

.06
-.08
-.08
-.17
-.34
-.28
-.27
-.37
-.20
.00
-.13
-.23
-.34
-.14
-.28
-.34
-.32
-.12
-.26
-.23

.34
.20
.34
.32
-.06
.00
.14
.12
.08
.28
.28
.26
.08
.27
.13
.23
.17
.37
.23
.34

Based on observation means.
The error term is Mean Square (Error) = .304
*. The mean difference is significant at the .05 level.

Table 8. Tests of between-subjects effect for interaction effect of gender and visiting type on booking
service satisfaction
Source
Corrected Model
Intercept
Gender
Visiting Type
Gender * Visiting Type
Error
Total
Corrected Total

Type III Sum of Squares
3.129a
5428.353
.060
.831
.596
297.539
11104.000
300.667

df
3
1
1
1
1
865
869
868

Mean Square
1.043
5428.353
.060
.831
.596
.344

F
3.032
15781.223
.174
2.415
1.733

Sig.
.029
.000
.667
.121
.188

R Squared = .010 (Adjusted R Squared = .007)

living area has significant influences on air corridor
factory tour in accordance with Table 3. However,
by one-way MANOVA displayed in Table 10, the
interaction effect does not have statistically significant impacts on air corridor factory tour.
5. Conclusions
This study uses Brand’s Health Museum, one of
the excellent tourism factories in Taiwan, as an exVolume 9 / Number 2 / 2014

ample to observe how the performance of the frontline service providers affects the service process
satisfaction from its internal customer satisfaction
survey with 869 effective questionnaires in 2011.
By multivariate analysis of variance with a = 0.05,
the results show that different age groups have different effects on both booking service satisfaction
and guided tour satisfaction. Besides, Bonferroni
method indicates that age group of 21-30 years old
perceives statistically lower satisfaction than age
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Table 9. Tests of between-subjects effect for interaction effect of age group and living area on air
corridor factory tour
Source
Corrected Model
Intercept
Age Group
Living Area
Age Group * Living Area
Error
Total
Corrected Total

Type III Sum of Squares
15.377a
1913.977
2.602
3.505
10.573
329.859
11015.000
345.236

df
27
1
4
5
18
841
869
868

Mean Square
.570
1913.977
.650
.701
.587
.392

F
1.452
4879.832
1.658
1.787
1.498

Sig.
.065
.000
.158
.113
.083

R Squared = .045 (Adjusted R Squared = .014)

Table 10. Tests of between-subjects effect for interaction effect of visiting type and living area on air
corridor factory tour
Source
Corrected Model
Intercept
Visiting Type
Living Area
Visiting Type * Living Area
Error
Total
Corrected Total

Type III Sum of Squares
8.104a
2530.089
.925
.941
3.159
337.132
11015.000
345.236

df
10
1
1
5
4
858
869
868

Mean Square
.810
2530.089
.925
.188
.790
.393

F
2.062
6439.064
2.355
.479
2.010

Sig.
.025
.000
.125
.792
.091

R Squared = .023 (Adjusted R Squared = .012)

group of 20 years old and below and age group of
31-40 years old on both scenarios. Furthermore,
age group of 21-30 years old has the lowest mean
value on guided tour satisfaction and the second
lowest mean value on booking service satisfaction
even though some mean differences between different age groups are not statistically significant.
The interaction effect of gender and visiting type
has significant impacts on booking service satisfaction. However, the results by one-way multivariate
analysis of variance do not support the above statement. By the same token, the interaction effects
of age group and living area and visiting type and
living area do not have statistically different influences on air corridor factory tour. In this study, age
group is the most critical demographic variable to
analyze the service process satisfaction in Brand’s
Health Museum, particularly on booking service
satisfaction and guided tour satisfaction. With the
above information, management can plan different
marketing strategies for different age groups and
then take different actions to relentlessly improve
customer satisfaction.
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Abstract
Educational institution is one of the basic and
important service industries in the public sector.
It is the quality of education that gives enduring
wealth and social security to both societies and
their people and the quality of education plays
a vital role in higher educational institutions for
surviving competitive environments. Business
education in India is very diverse and it may not
be meaningful to consider all types of business
schools in one category while analysis of quality. Till date, the topnotch business schools have
functioned with and as quality benchmarks and
role models for self financed business schools.
It is presumed that the Integrated Total Quality
Management (ITQM) may be of main instrument
to give the quality of education. One of the primary objectives of this research paper is to study
the Integrated Total Quality Management being
practiced in Management Educational Institutions
(MEIs) in Tamilnadu, India. The perception of
the members of the faculty is recorded to get an
overall picture of the current performance of the
management institutions and to suggest ways and
means to achieve better quality education. ITQM
model is the compound of quality management
practices namely ISO 9000 Quality Management
System (QMS), Six-Sigma (DMAIC), Knowledge
Management, Lean Thinking, and Total Quality
Management. Based on data analysis, recommendations have been made. The results of this study
can also be applied internationally in institutions
of professional learning.
Key words: Management Educational Institutions, ITQM, Faculty Perspective, Critical Factors, ANOVA.
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1. Introduction
Most of the Business schools in India, lack in
standard quality policy despite the availability of
abundant resources. This shortfall is of great significance, as it failed to provide quality education,
sharing the most-needed contribution to the national development besides an individual’s social
empowerment. The authors felt that unless the
institutions through a systematic approach, implement an international quality standards framework
in business education, they could not satisfy the
expectations of faculty, students and the stakeholders regarding the quality of education. Thus
the institutions have to shoulder the responsibility
of converting the students’ and the stakeholders’
vision in reality to achieve the prosperity and to
produce the highly employable graduates. The
authors attempted to study the Management educational system in Tamilnadu in the Indian context
and tried to align the system with the institutions in
Asia Pacific region. What [1] recommends for the
Chinese scholarship makes sense equally for Indian scholarship. [2] made important suggestions to
the Chinese researchers that could apply equally
to the Indian management scholarship and can be
taken vice-versa. Further, [3] studied the Master
Business Administration (MBA) core curricula of
the top-ranked US business schools and reported
that these schools severely lacked the features that
an ideal MBA programme should have, specifically, he found that the top business schools fell
well short in multi-disciplinary integration, experimental learning, soft skill development, providing a global perspective, and incorporating ethics and social responsibility in their teaching. The
quality lagging seemed to be universal. Therefore
the authors tried to experiment the ITQM in the
global perspective for providing quality education
globally. The ITQM model includes seven critical
Volume 9 / Number 2 / 2014
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factors, namely, Top Management Commitment
(CF1), System Approach to Management (CF2),
Customer Satisfaction (CF3), Employee Involvement (CF4), Training (CF5), Team Work (CF6),
and Continuous Improvement (CF7).
2. Review of literature
In management education, quality has become a
necessity and the circumstances require total quality management practices. In this regard, we have
studied the various works with respect to quality
management practices in educational institutions.
–– TQM in Higher Education
[4] discussed 12 dimensions of quality management as critical for the utilization of TQM environment in service organizations like banking and nonbanking financial institutions, insurance, health
care system and education. A conceptual model for
Total Quality Control has been proposed demonstrating the relationships among its dimensions.
[5] proposed a TQM framework for the higher
education with six core values as the back bone for
quality standard i.e. leadership, educational management, HR management, information management, customer focus and satisfaction, and partnership development. Further she has proposed
a seven – step evaluation process to support the
TQM framework model in which the guidelines
have been given to suit the higher education.
[6] outlined that although TQM has been implemented with success in other service sectors,
its implementation in higher education has been
mostly limited administrative processes. He discussed about that the challenges faced in higher
education in implementing TQM and provides directions to overcome these challenges.
[7] provided a very scientific application of QFD
and SERQUAL in higher education. Their study
examined statistically significant SERVQUAL
and defined gaps in all aspects of business and
engineering institutions in India. Results showed
that the SERQUAL and QFD approaches helped
organization to understand the factors that the customer understands as constituting Quality.
The research provides that the various models
which are developed for the industries for managing quality has been adopted or tested by the higher
Volume 9 / Number 2 / 2014

educational institutions on a global basis [8]. There
is optimum use of TQM concept in the manufacturing industries but its application in the education
sector seems less. Presently several higher educational institutions and universities have started using the concept of TQM and its values with a belief
that TQM values are more compatible with higher
education than many traditional management systems. In India, All India Council for Technical Education (AICTE) is set up as a national level apex
advisory body to regulate, ensure and control the
quality of education in the country [9].
–– TQM in Management Education
While exerting about the management education, [10], asserts that, “a master’s degree in business administration can provide the advanced business knowledge sought by today’s employers.”
[11] study of the most influential business
books revealed that only a small fraction of business books that influence management practice
are written by academics. In 2001, only two of the
top ten business books were written by academics. [12] found that only seven of the 25 new management tools and techniques originate from academia. The rest were developed by management
consultants and practitioners. This clearly shows
the low involvement of academics or the faculty
members in bringing out the various new and up
to date concepts of management to the fore.
[13] Emphasized that due to globalization and advancement in information technology the role played
by management education in enhancing country’s
knowledge base has been placed under a sharper focus thus it has become imperative to look at management education from the marketing perspective and
take a strategic view to better align business education with the requirement of global market.
[14], conducted a study comparing Indian and
US business students on conflict management
styles and found that their results buttress the
integration of social issues with the technically
grounded business disciplines because they found
that the values were different among US students
sample .They further hope that their study bolsters
those who strive to make management education
transformational and discovery-oriented.
[15] have stated that multinational companies
set up their operations in India because of huge po411
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tential market of ever growing middle class base.
This factor increases the demand for professional
managers thereby making the future of Indian
management education very bright. However, in
the changing environment, Indian management
institutes can face the challenge posed by domestic and global players in the form of superior performance. Hence, the management institutes are
bound to re-orient them to the changing circumstance to prepare superior quality graduates so that
they can meet the performance expectations of the
prospective employers.
[16] studied the relevance of management education in India, western management concepts and
their implications for Indian organizations and
suggested that the management institutes must endeavor to acquire:
– New techniques of aided learning. A new
understanding of people in system through
project or research based work.
– A new relationship between the learner who
pays to learn and the learner who is paid to
learn (formerly known as teacher).
– A new approach to the whole question of
relationship between life, work and the
learning process.
[17] analyzed the implications of globalization
for management schools and stressed the need for
business to develop global business managers,
professionals, entrepreneurs, consultants and academicians who possess an understanding of global
business scenario prevailing, emerging and in the
offing. Developing tomorrow’s business leaders and managers is the responsibility of both the
business houses and the management schools. The
management schools must organize themselves
for working effectively with five distinct groups:
the students, the alumni, the practicing professionals, the top managements of established businesses and the peer management schools.
According to [18] there is decline in the quality
of management education in India. This is due to
proliferation of management programmes without
implementing quality standards. [19] discussed that
the government regulatory system is weak and does
not have enough will and commitment to fix up accountability on those who fail to deliver desired/
expected quality in management education.
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[20] discussed that the dependence on western
material for teaching curriculum dose not imbibe
comprehensive holistic perspectives needed for an
effective manager theoretical teaching methodology, good institutes have become very costly and
unaffordable for low and middle income groups,
lack of industry academia interface, etc, continue to
plague management education in India. Many studies have proved that the performance of educational institutions is significantly and positively linked
with the critical factors of service quality. Different
studies have focused on various quality improvement concepts like Six Sigma (DAMIC), Knowledge Management, Lean Thinking, ISO 9001:2008
Quality Management System individually, but not
on variability in the performance level with respect
to the application of integrated total quality management practice in management institutions. The
paper is an effort to examine the performance of
ITQM practice in the present management institutions in Tamilnadu state, India.
2.1 Research Gap
Application of TQM in education sector to maintain quality has been advocated by many authors.
[9] found TQM application in education sector is
still to be expanded. [13] wanted to look at management education from the market oriented perspective. [18] found decline in quality of management
education in India. [19] saw the lack of proper government regulatory system for a quality management education system.
In spite of efforts taken by government and other
constitutional bodies, still a big gap could be seen
between supply and requirement of quality candidates from management institutions. Most of the
students, who qualified MBA, could not acquire
employability standards. The authors feel that this
may be due to lagging of well structured and quality
embedded system in most of the management educational institutions. This has been felt as a wide gap
of making the management educational system suitable to industry. Hence the authors attempt to study
the actual problem through the ITQM window.
2.2 Objective of the Study
Primarily the present study has been carried
out to examine the quality of management educaVolume 9 / Number 2 / 2014
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tion being imparted in management institutes of
Tamilnadu, India and to accomplish the following
specific objective:
To study the association of profile factor (experience) of respondents with critical factors of
ITQM practice.
To assess the quality of management education
in the institutions with respect to ITQM practice
perceived by faculty members.
To suggest ways and means to implement the
ITQM practice in the management educational institutions for providing quality education.
3. Methodology
Methodology is a way to systematically solve
the problem. The researcher has prepared questionnaires based on 7 critical factors or dimensions
of Integrated TQM that is based on the Six-Sigma
(DMAIC), ISO 9001:2008 QMS, Lean Thinking,
Knowledge Management and TQM principles.
3.1 Research Population and Sample
The population defined was the institutions conducting MBA degree course in Tamilnadu, India.
ISO/NBA certified Business Institutions in Tamilnadu were identified randomly and 500 questionnaires
were distributed evenly to the faculty members of
those institutions. Only 324 properly filled questionnaires were considered 176 were rejected due to
various valid reasons like non-completion, wrongly
answered by making two ticks for a same statement.
3.2 Instrument
A structured validated and standardized questionnaire was used to collect data. However, in
order to evaluate the subject and content validity and to establish the reliability of the questionnaire and to evaluate the suitability a pilot study
was conducted by distributing the questionnaires
among 50 faculty members of different management institutions in Tamilnadu, India. The perceptions obtained through five point Likert scale
(5-strongly agree, 4-agree, 3-neither agree nor disagree, 2- disagree, 1- strongly disagree) of measurement were converted into numerical data and
subjected to reliability test. The reliability of each
Volume 9 / Number 2 / 2014

construct of ITQM was tested with help of Cronbach alpha. Since the alpha values were greater
than the standard minimum of 0.6 [21] the items
were taken for consideration. Thus the reliability
was established. A total number of 65 variables
were distributed under seven critical factors as
detailed below in table1.The critical factors were
ranked based on the mean values.
Table 1. Results of reliability and ranking of critical factors
Critical Factors
of ITQM
Top Management
Commitment
System Approach
to Management
Customer
Satisfaction
Employee
Involvement
Training
Team Work
Continuous
Improvement

Number
of Items or
Variables

Cronbach’s
Alpha Value

12

0.8731

7

0.7962

9

0.8421

15

0.7573

6
5

0.7312
0.7892

11

0.8150

4. Results and discussion
In this paper, we have considered faculty members from 70 management institutions in the state
of Tamil Nadu, India. The profile factors were
stratified according to experience (0-10, 11-20 and
21years and above) for obtaining the perception
in respect of variables under seven critical factors.
The perception of the faculty members based on
experience with regard to the critical factor ‘top
management commitment’ and the result of one
way Analysis of Variance (ANOVA) test has been
depicted in table 2.
The table 2, summed up that, the faculty members having 0-10 years experience, have perceived highly the two variables, “Institution has
clear vision, mission and policy statements related to quality” (4.0769) and “the top management has clear objectives with respect to quality
performance” (4.0000). Those who have 11-20
years of experience have perceived all the factors
moderately. The faculties having above 20 years
of experience have given high scores to the two
413
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Table 2. Association of profile factor ‘experience’ with p Management Commitment
SL.
No

Particulars seeking the dimension of
Top Management Commitment

1

The effort of top management in ensuring
everyone in the organization has a customer
focus and clear performance measures.

2

3
4

5
6
7
8

9
10

11

12

Experience
(Mean square)
0-10 years
3.8402

There is top management’s recognition of
contribution of workers or supervisors with
3.8462
respect to development, improvement and
maintenance of quality.
Institution has clear vision, mission and
4.0769
policy statements related to quality.
Quality circle or employee involvement
programmes are implemented in the
3.7633
departments.
There is an effectiveness human resources
plan with respect to reward & recognition in
3.7219
the institution.
Comprehensive goal-setting process for
3.7692
quality is within the institution.
The top management has clear objectives
4.0000
with respect to quality performance.
Employee is given opportunity to avail work
experience in all the areas of institution by
3.4852
routine transfer.
The top management committed to
implement ISO 9001:2008 QMS / six sigma
3.8698
/ TQM in the institution.
Management representative (MR) / Principal
3.8817
coordinating the Quality system activity.
ISO 9001:2008/SIX SIGMA/TQM
awareness programs are conducted to
3.7515
communicate the staff working in the
institutions.
Team building and group dynamics training
3.4201
for employees in the departments.

Above 21
11-20 years
years

F
Stat

F
Prob.

3.9909

4.0667

3.4553*

.0328

3.6273

3.8667

3.6705*

.0265

3.8727

3.8000

4.1969*

.0159

3.4909

3.9111

5.4072*

.0049

3.4364

3.5333

5.2116*

.0059

3.5545

4.0222

8.8276*

.0002

3.6636

3.8000

11.4909*

.0000

3.4091

3.7556

3.6841*

.0262

3.2273

3.0444

57.4067*

.0000

3.2455

3.5778

33.6945*

.0000

3.2091

2.6889

61.8030*

.0000

6.2974*

.0021

3.2273

3.0222

*Significant at 5 percent level

variables namely, “ the effort of top management
in ensuring everyone in the organization has a
customer focus and clear performance measures”
(4.0667), and “ comprehensive goal setting process for quality is within the institution” (4.0222),
besides giving least score (2.6889) to the variables
“ISO 9001:2008 / SIX-SIGMA / TQM awareness
programs are conducted to communicate the staff
working in the institutions”.
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Since the ‘F’ statistics of all the twelve variables were found to be statistically significant,
establishing the close association with the criterion “Top Management Commitment”. The three
variables presumed to be more important namely,
“The top management committed to implement
ISO 9001:2008 QMS / six sigma / TQM in the
institution”, “Management representative (MR)
/ Principal coordinating the Quality system acVolume 9 / Number 2 / 2014
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tivity” and “ISO 9001:2008/SIX SIGMA/TQM
awareness programs are conducted to communicate the staff working in the institutions”.
The perceptions of the three categories of experienced faculty members in respect of the critical
factor “System Approach to Management” were

analyzed with the help of one way ANOVA and the
result has been presented in the Table 3.
It is clearly understood from table 2 that, the faculty member belong to the two groups, that are 0-10
years and 11-20 years of experience have rated highly on the variable, “Regular meetings are conducted

Table 3. Association of profile factor ‘experience’ with System Approach to Management
Sl.
No
1
2
3
4
5
6
7

Particulars seeking the dimension of
System Approach To Management

Experience
(Mean square)

0-10 11-20 Above
years years 21 years
Regular meeting are conducted to review the quality education. 4.0059 4.0545 3.5333
There is allocation of resources for individual faculty
3.6036 3.6364 3.5556
development programme.
There is role and contribution of quality improvement team with
3.6450 3.6273 3.6000
respect to quality policy, new curriculum development, etc.
There is documentary practice of ISO 9001:2008 in the
3.7574 3.3455 3.3111
institution.
A separate coordinator is to look after quality improvement
3.7929 3.5364 3.3778
system.
Six - Sigma (DMAIC) / TQM is practiced in the institution.
3.5503 3.0909 2.6444
Institution has academic performance analysis cell (APAC) for
3.4675 3.0818 2.5778
maintaining quality in educational process.

F
Stat

F
Prob

11.9600* .0000
0.1739

.8405

0.0873

.9164

16.1311* .0000
11.7915* .0000
50.5702* .0000
44.6886* .0000

*Significant at 5 percent level

Table 4. Association of profile factor ‘experience’ with Customer Satisfaction
SL.
No.
1
2
3
4
5
6
7
8
9

Particulars seeking the dimension of Customer
Satisfaction
Institutions fostering parent’s involvement in the educating the
students.
The Industry- Institution interaction programmes are conducted
periodically.
Rewards are given recognizing good performance of faculty as
well as students.
The benchmarking practice is being followed in the institution.
Better placement programme for student placement is being
provided through campus recruitment.
Customer orientations are being conducted in such a way that
every one in the institution are involved and committed to the
process of customer satisfaction.
Staff are involved and committed towards the common goal of
the institutions.
The goal of the institution is to Provide quality education within
congenial environment.
There is continuous improvement of all process and activity,
leading to total customer satisfaction and competitive advantages.

Experience (Mean
square)
0-10 11-20 Above
years years 21 years

F
Stat

F
Prob

3.4852 3.6545 3.6000

3.0900*

.0469

3.6568 3.4636 3.3111

5.7846*

.0034

3.8935 3.6273 3.6444 10.0672* .0001
3.2544 3.0273 3.1778

6.1739*

.0023

3.7337 3.1727 3.2444 27.4205* .0000
3.3314 3.3727 2.9111

9.8009*

.0001

4.0947 3.9182 3.4222 28.9050* .0000
3.8935 3.7818 3.7778

1.4176

.2438

3.8757 3.7818 3.4889

6.1809*

.0023

*Significant at 5 percent level
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to review the quality education” (4.0059, 4.0545).
They have rated other variables moderately. But,
the faculty members having more than 21 years of
experience have rated five variables (serial No’s
1-5) moderately and two variables, namely 6 and 7,
very low. This showed the dissatisfaction prevailing
among more experienced faculty members.
Significant association between the variables in
serial numbers 1, and 4-7 with System Approach
to Management was identified. Particularly the
five important significant variables have a dire
need in implementation. The One Way ANOVA
result with regard to “Customer Satisfaction” has
been shown in the table 4.
On verification of the above table, it is found
that, the faculty members having 0-10 year’s experience, have given high score to one variable.
“Faculty are involved and committed towards the
common goal of the institutions” (4.0947). All the
other variables were rated moderately by the three
categories of faculty members. Out of the nine

variables, eight variables in serial No’s 1-7 and 9
were found to have significant power to influence
the dimension “Customer Satisfaction”.
It is inferred, the institutions are still yet to
take up the quality management concepts in fullfledged manner. The two variables in Serial No’s 5
and 7 were considered more important in satisfying the consumers. The result of one-way ANOVA
test in respect of “Employee Involvement” has
been presented in the table 5.
It was reviewed from the above table, all the
three groups of faculty members have rated all the
variables from low to moderate. So it could be concluded that, the holistic involvement of the staff in
the process of giving Quality Education is much
lacking. Further, all the fifteen variables were found
to be statistically significant at 5 percent level,
showing its importance in the necessity of employee involvement in the Quality Education process.
The four significant variables in Serial No’s 3,9,11
and 12 were showing the high significance. There-

Table 5. Association of profile factor ‘experience’ with Employee Involvement
S
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Particulars seeking the dimension of
Employee Involvement
The staff have good attitude towards improvement of quality
in the institution.
Problems are solved through quality circle programmes.
The institution conducts seminars / workshops / conferences
regularly.
The employees are motivated with non-financial incentives.
The employees are motivated with financial incentives.
The efficiency and involvement of employee is evaluated
regularly.
Academic decisions are made by Consulting senior faculty
members
Training programmes are often conducted.
There is good effective in the improvement of quality through
the Six-Sigma (DMAIC) team in the departments.
Salary and compensation is attractive and satisfactory.
There is support and co-operation of the employees in
implementing integrated Total Quality Management.
There is trust and openness between employer and employees.
Employees are committed to high quality work.
Employees are free to voice their views openly.
Employees express their problems freely to supervisors.

Experience
(Mean square)
0-10
years

11-20 Above
years 21 years

F
Stat

F
Prob.

3.9882 3.8818

3.5556 10.4360* .0000

3.6450 3.3909

3.6000

3.8284 3.4818

3.3778 15.8058* .0000*

3.7456 3.6545
3.8047 3.4818

3.1778 11.1665* .0000
3.2667 13.4589* .0000

3.3550 3.3818

2.9111

10.0720* .0001

3.5325 3.3000

3.1556

7.5800* .0006

3.6686 3.5000

3.6667

3.0859* .0470

3.4734 3.2727

2.6889 28.5213* .0000*

3.7160 3.5273

3.1333 10.9807* .0000

3.6391 3.3182

3.0000 19.9853* .0000*

3.4083
3.7219
3.3314
3.2722

2.9111 20.6950* .0000*
3.3333 6.9808* .0011
3.1556 3.0154* .0504
2.9333 6.1276* .0024

3.6091
3.6364
3.4364
3.2455

4.3864* .0132

*Significant at 5 percent level
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fore, the management or the authorities should take
a firm stand on these variables, to formulate a strategy to make the staff to involve themselves whole
heartedly in the Quality Education Process.
The result of One Way ANOVA test on “Training” has been shown in the table 6.
On reviewing the above table, it is noticed that,
however, the faculty Members have rated moderately all the variables, and they never failed to
indicate the importance of these six variables of
training process. However, these six variables
were perceived to be statistically significant to

state the acute need of training to the faculty members, by sending them to participate in seminars,
conferences, faculty development programmes,
refresher courses and like forums. The result of
one way ANOVA on “Team Work” has been disclosed in the table 7.
Moderate ratings to all the factors by faculty
members noted from the above table revealed the
lacunae in the process of teamwork among the
faculty members. They have perceived the following four variables in serial no’s 1and 3to5 to
be statistically significant at 5 percent level. The

Table 6. Association of profile factor ‘experience’ with – Training
SI
No.
1
2
3
4
5
6

Particulars seeking the dimension of Training
Training programmes are conducted in the advanced statistical
techniques at the level of principal and faculties.
Management provides effective leadership for developing the
skills of the group members and allocating tasks for realizing
quality objectives in a smooth manner.
There is coordination between the departments with respect to
development and improvement of quality of students.
Training is given in the ISO 9001 /Six-Sigma / TQM.
Concepts’ in the institution.
Internal audit of ISO 9001:2008 programme is conducted in
the institution with trained faculty.
Adequate training is given to the staff through ISTE short term
programme / FDP/ Refresher course Workshops etc.

Experience
(Mean square)
0-10
years

11-20 Above
years 21 years

F
Stat

F
Prob.

3.8047 3.6455 3.9111

3.6419* .0273

3.6746 3.5909 3.4000

3.3549* .0361

3.6095 3.5818 3.2889

4.3115* .0142

3.6095 3.2091 3.4444

14.3451* .0000

3.6450 3.2909 2.8222

33.1586* .0000

3.3905 3.0364 2.8889

15.5676* .0000

*Significant at 5 percent level

Table 7. Association of profile factor ‘experience’ with Team Work
SI
No
1
2
3
4
5

Particulars seeking the dimension of
Team Work
The ISO co-ordinator performs efficiently in solving
problems or issues related to quality.
Degree of participation in quality related decisions by
management and faculty.
Experts are used in solving quality related problems in the
institution.
The individuals are contributing their best to achieve
excellence in the institution.
The management takes useful efforts for contribution of
faculty skill in improving results of the institution.

Experience
(Mean square)
0-10
years

11-20 Above 21
years years

3.6982 3.6091 2.8889
3.2840 3.1909 3.2000

F
Stat

F
Prob.

25.0433* .0000
1.0605

.3475

3.5740 3.3909 3.0000

15.0911* .0000

3.8462 3.5909 3.3778

12.4853* .0000

3.8639 3.5909 3.7556

7.0675* .0010

*Significant at 5 percent level
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important significant factor is being in serial numbers 1 and 3.
The individual agenda, to be integrated, is to
one to get a good performance as a team. The dimension “Continuous Improvement” was studied
through analyzing the perception of the faculty
members by employing one-way ANOVA. The
result has been furnished in table 8.
While rating moderately all the eleven variables, the faculty members have perceived some
seven variables in serial no’s 3,4,5,7,8,10 and 11
having significant influence over “Continuous Improvement”. Out of the seven, the four variables
in serial no’s 4, 5, 7 and 10 were considered to be
more important, since they have high significance,
and hence should be given more importance in
implementation. It was strongly felt, that the managements were yet to take off in this process.

The result of ‘t’ test on overall perceptions of
the three groups of faculty members has been presented in table 9.
While comparing the perception of respondent
between Groups I & II, all the seven critical factors are found to be statistically significant at 5
percent level and playing major role in influencing the ITQM. The result of ‘t’ test performed between the perception of faculty members belong to
Groups I & III has been presented in the table10.
It is ascertained from the above table, that, the
perception of faculty members belong to Group I
and III are found to be statistically significant at
5 percent level and have power to influence the
Integrated TQM in the educational institutions.
The perception of faculty members belong to the
Group II and III were fitted with ‘t’ test and the
result has been displayed in the table 11.

Table 8. Association of profile factor ‘experience’ with Continuous Improvement
SL.
No
1
2
3
4
5
6
7
8
9
10
11

Particulars seeking the dimension of
Continuous Improvement
Institution has Academic performance analysis cell or
quality assurance cell for improvement in the institution.
Suggestions are corrected based on feedback / audits on
academic affairs.
Management encourages the staff for improvement of
skill and creativity.
Expectations of stakeholders are met with the effective
implementation of integrated TQM.
Management uses the ISO / SIX-SIGMA/TQM
to reduce the problems concerning academic performance
improvement.
The suggestions from stakeholders are usually carried
out in the institution.
Continuous improvement strategies are adopted in the
institution.
There is more learning opportunities are provided in the
institutions.
There is elimination of non-value adding activities in the
institution.
The institution is strived to maintain high standards of
quality in education through effective utilization of
resources.
The complaints from staff students and stakeholders are
immediately looked or rectified.

Experience
(Mean square)

F
Stat

F
Prob.

0-10
years

11-20
years

Above 21
years

3.7515

3.6636

3.5778

1.1993

.3027

3.6450

3.6000

3.4889

1.1313

.3239

3.9527

3.9455

3.6667

4.8328*

.0086

3.6805

3.2909

2.6444

44.9814* .0000

3.5976

3.1273

2.8667

32.9292* .0000

3.4083

3.3545

3.2222

3.8462

3.8455

3.3333

19.8348* .0000

3.8343

3.9091

3.5333

9.0505*

.0002

3.2663

3.2818

3.1333

1.0031

.3679

3.8757

3.7636

3.2889

19.7591* .0000

3.4320

3.4818

2.9556

9.8023*

1.9267

.1473

.0001

*Significant at 5 percent level
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Table 9. Comparison of critical factors perceived by faculty members belong to group I and II
Faculty (Group I and II)
Group I (0 -10 years)
Group II (11 -20 years)
n=169
n=110
Mean
S.D
Mean
S.D

Critical Factors
CF 1 (TMC)
CF 2 (SAM)
CF 3 (CS)
CF 4 (EI)
CF 5 (TRN)
CF 6 (TW)
CF 7 (CI)

45.4260
25.8225
33.2189
54.1302
21.7337
18.2663
40.2899

4.693
2.256
2.720
3.406
2.086
1.494
2.833

41.9545
24.3727
31.8000
52.1182
20.3545
17.3727
39.2636

3.140
2.254
2.629
3.729
2.391
1.755
2.991

t-value

Sig

7.115*
5.25*
4.33*
4.6*
5.02*
4.475*
2.875*

.000
.000
.000
.000
.000
.000
.0045

*significant at 5 percent level in two tailed test.

Table 10. Comparison of critical factors perceived by faculty members Belong to Group I and III
Faculty (Group I and III)
Critical
Factors
CF 1 (TMC)
CF 2 (SAM)
CF 3 (CS)
CF 4 (EI)
CF 5 (TRN)
CF 6 (TW)
CF 7 (CI)

Group I ( 0 -10 years)
n=169
Mean
45.426
25.8225
33.2189
54.1302
21.7337
18.2663
40.2899

Group III (above 20 years)
n=45

S.D
4.693
2.256
2.72
3.406
2.086
1.494
2.833

Mean
43.0889
22.6
30.5778
47.8667
19.7556
16.2222
35.7111

S.D
5.923
3.768
4.924
8.357
3.459
3.059
5.911

t-value

Sig

2.625*
6.375*
4.115*
6.295*
4.25*
5.34*
6.22*

0.0115
0.0000
0.0005
0.0000
0.0005
0.0000
0.0000

*significant at 5 percent level in two tailed test.

Table 11. Comparison of critical factors perceived by faculty members belong to group II and III
Faculty (Group II and III)
Critical
Factors
CF 1 (TMC)
CF 2 (SAM)
CF 3 (CS)
CF 4 (EI)
CF 5 (TRN)
CF 6 (TW)
CF 7 (CI)

Group II (11 -20 years)
n=110
Mean
41.9545
24.3727
31.8
52.1182
20.3545
17.3727
39.2636

S.D
3.14
2.254
2.629
3.729
2.391
1.755
2.991

Group III (above 20 years)
n=45
Mean
43.0889
22.6
30.5778
47.8667
19.7556
16.2222
35.7111

S.D
5.923
3.768
4.924
8.357
3.459
3.059
5.911

t-value

Sig

1.385
3.28*
1.79
3.835*
1.145
2.655*
4.395*

0.832
0.0025
0.084
0.001
0.2555
0.0125
0.0000

*significant at 5 percent level in two tailed test.

It is understood from the above table, that, the
Group II and III faculty members have perceived
that following four critical factors CF2 (3.28), CF4
(3.835), CF6 (2.655) and CF7 (4.395) are statistically significant at 5 percent level, and hence these
four significant factors have the power of influence
the Integrated TQM in educational institutions.
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5. Recommendations and conclusion
From the findings it is concluded that most of
the management institutions in spite of having ISO
9001:2008 certification, reluctant to follow the principles of ITQM in view of the reason well known to
them. It is evident that most of the management in419
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stitutions treating education as commodity and are
very much interested in making profit through the
institutions vitiating the basic principle of giving
quality education to the students. The management
should take all efforts to get the faculty trained, to
acquire latest technologies, concepts, methods, and
use of modules in teaching-learning activities. Further, the research activities have to be strengthened
through sponsorship from industry and other government and private agencies and to increase fund
flow through consultancy.
Establishing Academic Performance Analysis
Cell (APAC), documenting the academic processes, and benchmarking practice for improving and
sustaining quality to be adhered to strictly. Conducting of workshop, seminars, and conferences
should be made regular to give congenial atmosphere for learning. Employees involvement has
to be evaluated regularly, based on which suitable
training programmes can be conducted. Optimum
use of internal and external expertise for improving academic quality should be given more importance. The suggestions and feedback from stakeholders should be looked into. Realistic spending
of more funds on improving the quality by embracing ITQM, certainly, the quality of education
will improve which in turn may attract more students’ enrollment to the institutions.
In this work, the present authors conclude that
the ITQM concept is not at all practiced in a fullfledged manner in most of the business schools in
Tamil Nadu, India. The paramount responsibility
of government and the constitutional boards or
agencies of higher education should take realistic
stand and formulate appropriate strategy to make
it suitable to the present industrial and technological development environment.
5.1 Research Limitation / Future Research
The data collection has been restricted to one
geographical area in India, especially the state of
Tamil Nadu, in view of operational constraints.
The study can also be extended by making cross
comparison between India and other countries of
the world. The findings of the present study envisage implementation of ITQM in wider areas like,
service industries, such as health care, banking
sector, corporate information centre etc.
420
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The use of an analytical-numerical method for the
calculation of elastic prestressed roof systems
Dragan Kostic, Vuk Milosevic
Faculty of Civil Engineering and Architecture Nis, Nis, Serbia.

Abstract
The calculation of elastic prestressed roofs made
of cable nets in the shape of a hyperbolic paraboloid
represents a complex problem. The complexity of
the problem is reflected in the geometric configuration of a large number of roof nodes, as well as the
definition of the forces in the members of the cable
net. At the same time, in all the phases of loading,
tension forces must exist in the members of the
system, which is the basic precondition for stability. The usual method for the calculation of these
systems is a numerical one, by using the final displacement method. This paper offers an overview
of an analytical procedure used to collect the basic
initial data regarding the configuration of the system nodes and the member forces of the net in the
selected phase of loading. The selected analytical
procedure was improved and adjusted for computer
use. At the same time we have joined an analytical
and numerical method for the calculation of prestressed nets by building a unique program for the
calculation of these structures.
The use of this combined analytical-numerical
procedure has allowed the control of the configuration of nodes and forces in the members in the
reference position (the phase of complete prestressing). The comparison of the results obtained
in the analytical procedure and based on the final
displacement method has indicated insignificant
deviations and thus the justifiability of the use of
the combined analytical-numerical method. By
using the combined analytical-numerical method,
the preliminary phase of calculations is reduced,
and the entire calculation is visualized and accelerated. At the same time, it is possible to control
the rigidity of the system by providing sufficient
contact force between the cables.
Key words: Hyperbolic Paraboloid, Prestressed Net, Analytical-Numerical Method of
Calculation
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1. The concept of the elastic structural system
Building roofs on sports halls, exhibition halls,
concert and congress halls, factory halls and even
churches is carried out by using light, elastic structural systems with a span greater than 60 m.
Light elastic structural systems include rational, economic structures which are built over a relatively short period of time, with relatively small
consumption of materials and not a lot of effort.
During the 1950s, thin space-surface systems,
so-called shells, underwent a great expansion.
With the advances in computer technology, shells
were pushed aside when hanging systems began to
be used in the 1990s. With the improvement in the
technology used to manufacture surface elements
made of fabric, the use of textile membranes began, and these represent a very popular structural
system today. The attraction behind shells, hanging prestressed systems and tensioned textile
membranes, lies in the great number of combinations of geometric forms which resemble a cone or
a saddle (Figure 1) [1], [2].

Figure 1. a) cone shape, b) saddle shape
The greatest number of objects covered with
elastic structural systems is based on the hyperbolic paraboloid shape, either as a whole or as its
part obtained by intersecting with a cylinder, or
even suitable segments which can be added one
onto another or crossed (Figure 2).
This paper will analyze the forms of roofs
based on the surfaces shown in Figure 2, which
in a structural sense are known as hanging prestressed nets.
Volume 9 / Number 2 / 2014
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Figure 2. Axonometric view of the hyperbolic paraboloid segments: a) the HP intersection with the
circular shapes, b) the HP intersection with the oval shapes, c) the HP on a rhombic base, d) the HP
on a square base
2. The analytical, numerical and combined
solution of the response to external stress
in the case of hanging structures
Due to its geometric non-linearity and multiple
static indeterminacy, the calculations of hanging
elastic prestressed roofs represent very complex
tasks. In order to determine the stresses and the
deformation, two approaches are usually used: the
numerical (the final displacement method) and the
analytical one.
2.1 The methods
The analytical solution to the problem uses the
conditions of balance and changes in the length of
the catenaries under loading (the deformed state).
Systems of non-linear differential equations are
formed, which have a solution only when certain
simplifications are made. The domain of the possible applications of these solutions is limited to
shallow hanging systems on a square base and
exclusively for the gravitational uniformly distributed loads [3], [4], [5].
In the calculation process, today we no longer
use analytical equations for the calculation of these
structures. The application of computers has improved the calculations of all types of structures
and made the process faster. The system is considered a group of final elements – members which
are interconnected by means of nodes, and can be
exposed to the forces of prestressing. The unknown
variables are the displacements of the nodes from
which, later on in the process, forces in the members are obtained, using the final displacement
method (FDM) so-called transient stiffness method. This mathematical model is very similar to the
Volume 9 / Number 2 / 2014

actual, physical model of hanging structures, and
so is generally applicable for the arbitrary analytically defined surface with any type of contour, with
a great number of members and under various types
of load combinations [6], [7], [8], [1]. This procedure was designed and developed for computer use
by professor H. Melman, PhD [8]. The numerical
analysis improved the solution to the problem by
using the so-called Form Finding Method, that is,
an iterative, numerical procedure including the application of load over a series of small steps. Today
methods which are frequently used for membrane
structures calculations are known as the Force Density Method and Dynamic Relaxation Method [9],
[10], [1]. The lack of these methods is primarily
manifested in the insufficient tension in the construction, and thus the calculation procedure must
be repeated by increasing the level of prestressing,
until all the stability conditions are met.
The system of non-linear and non-homogenous
equations of the method of final displacements
could be solved using the method of incremental
loading (Figure 3.c) and the iterative procedure
such as the Newton-Raphson method or the modified Newton-Raphson method (Figure 3.a and 3.b)
[7]. The basic problem in the calculation during iterative procedures is how to assume the parameters
of the reference position (the force in the members
and the configuration of the nodes in the parabolic
system shape), for which the system needs to be in
equilibrium. Through their adequate selection, the
manner and duration of the balancing of the system
are significantly simplified and reduced.
This problem is solved by using the analyticaliterative procedure [11-14]. In order to obtain the
parameters of the reference position, the modified
423
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Figure 3. Numerical iterative procedures: a) Newton-Raphson’s method, b) The modified NewtonRaphson method, c) Incremental loading
analytical procedure designed by professor Balgač
was used. The original method for the calculation
of prestressed hyperbolic paraboloid nets was used
by professor Balgač to calculate the roofs of the
halls in Leskovac – the great exhibition hall of the
textile fairgrounds, in Subotica – the Sports-Fair
Center and in Zemun - the Sports-Recreational
Center “Pinki” [3-5]. This analytical method was
adjusted for use on a computer, bearing in mind
some of the limiting factors which have been
replaced by general ones. In this way the use of
calculations on a wider group of problems was
enabled. Thus adjusted, the procedure has been
used to design a program module for the computer
which is used to determine the parameters of the
reference position of prestressed nets with great
precision over short periods of time [12].
The quality of the analytical procedure of professor Balgač lies in the condition under which the
stabilizing cable, even under the greatest gravitational load, must have a tension force which, with
its vertical component the so-called contact force
k and k1, will place a load on the load-bearing cable by means of a certain additional load „v“. The
existence of the „contact force“ guarantees the stability of the roof.
2.2 The aim of the research
The aim of the research presented in this paper
is the justification of the use of a combined analytical-numerical method in the process of the calculation of light, elastic prestressed roof systems with
a hyperbolic paraboloid shape. The system will be
studied in the reference position (the prestressed
state without its self weight and live loads). At the
same time the geometry, that is, the configuration
424

of the system obtained by means of the analytical
procedure with the configuration which is obtained
through the use of the FDM will be compared. The
forces in the member system play an important role,
that is, the level of prestressing which will provide
a stable structure even under the most unsuitablegreatest load. In addition to the configuration of the
system, the differences between the analytically
and numerically calculated forces in the member
system will be controlled.
Methodologically speaking, both methods for
the calculation of the prestressed cable nets without
external load will be used independently, with the
assumed “contact force” which will provide the stability of the system under the greatest gravitational
load (all of the members in the system must be
tensed during this phase of the loading). The analytical method will be used for the selected model
(the shape of the base, the span, the f/l ratio, the
heights of the spatial quadrangle, the cross section
area of the cables, the distance between the cables,
the possible loads...). The results obtained during
the analytical procedure, as the initial ones, will be
used in the FDM without the applying of external
load, only to check the equilibrium state of the system for the geometry input of the system and the
acting prestressing forces. The results obtained by
means of the FDM will be compared to the results
of the analytical procedure, taking into account the
necessary time needed for the realization of the
overall procedure.
3. The practical application of the analytical
procedure
Starting from the assumption that the cables
of the prestressed net are affected by equally disVolume 9 / Number 2 / 2014
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tributed vertical loading, the characteristic phases
through which the roof will pass during construction and exploitation are defined as:
1. the phase without loading;
2. the prestress phase;
3. the prestress and self weight phase;
4. the prestress, self weight, snow, and pressure
or suction of the wind phase.
The calculation procedure could be divided
into two phases [15], [3], [4], [12], [13]:
I The previous calculation of the form of
the load-bearing and stabilizing cable for
the aforementioned phases of loading
This procedure includes the determination of the
changes in the arrows of the main cables due to the
loading or unloading of the construction, by using
formulas (1), (2) and (3) [3], [4]. We assume that
the arrows f0 and fp0 occur during phase (2), during the so-called designed state. Due to complete
unloading, phase (0), a change will occur in the arrows of the load-bearing cables for Δf0 whose value
can be determined using the formula (2).
3

2

2

The probable increased pressure, with which
the stabilizing cable presses onto the load-bearing
one, due to the unloading of the roof kver.»gp∙a, that
is, the probable decrease in pressure of the loadbearing cable on the stabilizing one due to the load
of the roof k1,ver.»vp∙a (based on author’s personal
experience) must be assumed precisely enough
so the previous calculation would not have to be
repeated. Due to full loading, the unloaded roof
moves into the phase of the greatest gravitational
load (phase (3)), while changes in the arrows are
calculated using formula (1). By means of the successive unloading of the roof for the value of the
load of the wind and snow, that is, the weight of
the roof itself, the roof moves into phase (2) of the
loading, that is (1), and the change in the arrow
is calculated using the formula (2). The obtained
arrows of the load-bearing cables over the phases
of loading are input into formulas (4), (5) and (6)
[4], [12], which leads to the expected values for
k and k1. If kver. ¹ k i k1,ver. ¹ k1, the previously
calculation must be repeated with adjusted values
of kver. and k1,ver..
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The structure of the load during phase (2) is:

D f 0,

mG

2

D f + D f ( 3 f - A )+ D f ( 2 f - 2 A f ) - A ( B + f ) = 0
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qv

2
4
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.......................................... (5)
k 1= p k 1=

f0
D f 0 ( 2 f 0 + 3 D f 0 ) t j.
mG

f p0D f0
mP

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

( 2 f p0 - D f 0 )

gnos. = a∙vp+ kver.+ a∙gp-k1,ver. ;.gpom. = a∙vp+ kver.- k1,ver.
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II The calculation of the geometry and
forces in the cables
By using the equation (7) and the equations (8)
and (9) [3], [4], [12 - 14] we obtain the geometry
of the prestressed net, that is, the force in the loadbearing cables.

z=4 f 0

x  x
h

+

4 f0
l0  l0


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



q l 02
ql0 
h
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V2= H 0 t g a 2=
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2  4 f0
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2

ql0
H +V =
8 f0
2
0

ql
8 f0
2
0

2
2

 4 f0-h
1 + 
l0
















 4 f 0+h
1 + 
l0

2

mostly unsymmetrical, boils down to the use of
the final displacement method (FDM)1. FDM
represents an iterative process, which over several
cycles, for the assumed geometry and forces in
the members, balances the internal forces with the
given external load.





.... (8)

2

.... (9)

It is clear that in the load-bearing cables, the
greatest force will be found during the greatest
gravitational load, and the smallest during the prestressing phase, while in the stabilizing cable the
greatest force will occur during the prestressing
phase, and the smallest in the full load phase.
Stabilizing cables, even under the greatest
gravitational load, must retain within them the tensioning force which will, using its vertical component, press down on the load-bearing cables with a
certain load v. Professor Balgač recommends that
the intensity of this load, the so-called “contact
force”, should be v=0,15 - 0,20 kN/m2. In this way,
the stability of the prestressed net roof, that is, the
tensioning force in all the members of the system
is guaranteed. This represents the quality of this
method of calculation, in addition to the simplification which was introduced into the calculation.

Figure 4. The block scheme of the “CABL-T”,
“CABL-TP” and “CABL-N” algorithm
At the same time it is necessary to be precise in
one’s assumption of the initial parameters so that
the process could converge towards a solution.
The analytical method should obtain the initial
parameters for the FDM in the reference position
1

3.1 Determining the force in the members in
elastic hanging structures
Determining the forces in the member system
and the displacement due to real load, which is
426

The constitutive equations of the final displacement
method are not shown in the paper since what we are
dealing with it what is now a standard iterative procedure
for the calculation of geometric non-linear structures
using the Newton-Raphson iterative model with a
variable rigidity matrix. The equations and the program
source are given in [10], [11], [7]
Volume 9 / Number 2 / 2014

technics technologies education management

of the construction. The process of calculating the
forces in the members and the displacements of
the nodes in the system takes place based on the
algorithm shown in Figure 4. In the following algorithm scheme we can note that the process of
calculation was divided into three phases which
have been called the “CABL-T” (Cable Truss),
“CABL-TP” (Cable Truss Preprocessor) and
“CABL-N” phase.
4. A contribution to the solution to the
problem of the calculation of elastic prestressed networks
It is well known that in the process of solving
non-linear equations by means of the iterative process assumptions of the input (initial) parameters
are made. The input parameters in practice today
are obtained by means of the Dynamic Relaxation
Method. Section 3 describes the combined analytical-numerical model of calculations for the elastic prestressed networks and cable grids, shown as
a block scheme in Figure 4 [15], [11- 13].
– Analytically we can quickly and reliably
attain the input parameters for the iterative
procedure according to the FDM by using
the program module of the CABL-T and
CABL-TP.
– The method of final displacements, the
numerical procedure for the solution of the
system of non-linear equations, leads us to

the final results: the configuration of the
system, the displacement of the nodes and
the force in the members for each of the
loading phases.
The program modules for the PC have an additional effect on increasing the speed of the procedure as a whole and facilitate the formation of
initial parameters, which in the further calculations reliably lead us to a quick convergence of
the iterative procedure, and naturally, to precise
enough final results.
5. Examples of the application of the
analytical-numerical procedure
For the prestressed nets of a hanging roof,
shaped like a hyperbolic paraboloid, control of
the geometry was carried out, as well as of the
forces in the reference position (the phase of
complete prestressing).
The aim of the control of the node coordinates
and the force in the members of the net is the comparison of the results obtained in the analytical
procedure and based on the method of final displacements. Deviations in the results will indicate
the justification of the application of the combined
analytical-numerical method on the system in the
reference position in the absence of external load.
The parameters of the reference position (the configuration of the system: the coordinates and the

Table 1. The basic data of the structure
Example
The span of the spatial quadrangle (the diagonal)
The span of the base
The height of the points: A,B,C,D
Catenary distance
NDF – no. of degrees of freedom
NOJ - no. of nodes in the structure
NOFJ – no. of free nodes
NOSJ – no. of support nodes
NOCS – number of members
NOCSn – number of load-bearing members
NOCSs – no. of stabilizing members
Nodes of main carrying cable
Members of main carrying cable
Members of main prestressing cable
Volume 9 / Number 2 / 2014

A1
A2
A3
A4
Circle base
Oval base Rhombic base Square base
70,71x70,71m 75,0x56,0m 75,0x56,0m
70,0x70,0m
50,00m
52,0x53,3m 75,0x56,0m
70,0x70,0m
10,0,25,0m
10,0,25,0m
10,0,25,0m
10,0,25,0m
4,00m
4,00m
4,00m
4,00m
3
3
3
3
173
157
199
213
121
105
135
145
52
52
64
68
268
236
302
24
1-134
1-118
1-148
1-162
135-268
119-236
149-302
163-324
68-82
60-73
72-92
82-100
61-74
53-66
65-84
73-90
195-208
171-184
218-231
235-252
427
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Table 2. The characteristics of the cables
Nominal force F
[kN]
Load-bearing cables
Prestressing cables

917
367

Number and Ø
Allowed tension
Cross-section Strength fk *103
of the wire
force:
A [m2]
[kN/m2]
[mm]
0.7*fk*A [kN]
10 Ø 10
0.0007853
1570
863
4 Ø 10
0.0003141
1570
345

numeration of the nodes, the connection of the
members and the force in them) were obtained by
using a modified analytical procedure designed
by professor Balgač, a program whole known as
“Balgac1”. Considering the fact that the program
whole “Balgac1” offers the possibility of solving
the prestressed nets hanging above bases of vari-

ous shapes, four examples were devised, when
the bases is in the form of a circle, oval, rhomb or
square (Figures 5 to 8).
For the cable nets we selected bundles of
wires for prestressing, built from high-value steel,
whose elasticity is E=2,1*109MPa. The remaining
characteristics of the cables are shown in Table 2.

Figure 5. Prestressed cable net on a circle base

Figure 6. Prestressed cable net on an oval base
428
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Figure 7. Prestressed cable net on a rhombic base

Figure 8. Prestressed cable net on a square base
During the phase of complete prestressing (the
reference position) no external load acts on the roof.
Nevertheless, in order to obtain the parameters for
the reference position according to Balgač’s modified method [11-16] it is necessary to calculate the
changes in the arrows of the surface due to the external load which will affect the roof.
The loads2 which will probably affect the roof,
and which have been included in the calculation
as part of the example include: the self weight of
the roof g=0,90 kN/m2, snow s=0,60 kN/m2, wind
(pressure) w=0,40 kN/m2, the remaining prestressing force in the stabilizing cables with which they
2 This type of load constellation was used as part of the
calculations for the great exhibition hall for textile in
Leskovac
Volume 9 / Number 2 / 2014

press down on the load-bearing cables in the case
of the greatest gravitational load, that is, the socalled contact force v=0,15 kN/m2.
The data obtained by means of the “Balgac1”
program whole represents the balance state of the
construction in the reference position. By means of
the final displacements method, that is, the “CablN” program module, we controlled the deviations
of the geometry and the forces in the members obtained through the modified analytical procedure
of professor Balgač.
The combination of these two procedures, the
analytical one designed by Balgač and a numerical one designed by Melman, to this day has not
been used for the calculation of elastic construction systems (hanging prestressed networks and
fabric membranes) [17], [18], [8]. The Cabl-T and
429

technics technologies education management

Cabl-N programs were designed with the intention
of improving, increasing the speed and optimizing
the procedure for the calculation of elastic roof systems. The data obtained by means of the analytical
procedure represent the input parameters for FDM,
and they are ‘precise’ enough, that is, they are suited

for the balance state (Table 5 and 6), lead to quicker
convergence and accelerate the iterative process (the
Cabl-N program establishes a mathematical balance
system over 3 to 7 iterations). Using these programs,
the time needed for the complete calculation of prestressed nets similar to those found in the examples

Table 3. The correction of the configuration of the system (the nodes of the main load-bearing and main
prestressed catenary)
Circle base
Node
corection [m]
69
‑0.0126
72
0.0030
75
0.0023
78
0.0029
81
‑0.0099
Circle base
Node
corection [m]
4, 146
0.0107
11, 139
0.0033
21, 129
0.0017
33, 117
0.0014
46, 104
0.0009
60, 90
0.0013
75
0.0023

Main carrying cable
Oval base
Rhombic base
Node
corection [m]
Node
corection [m]
61
‑0.0096
73
0.0112
64
0.0012
77
0.0020
67
0.0002
80
‑0.0026
70
0.0011
85
‑0.0014
73
‑0.0081
88
0.0037
Main prestressing cable
Oval base
Rhombic base
Node
corection [m]
Node
corection [m]
3, 131
0.0006
4, 160
0.0010
8, 126
0.0019
10, 154
0.0009
16, 118
0.0005
19, 145
‑0.0001
26, 108
‑0.0003
31, 133
‑0.0004
38, 96
‑0.0005
45, 119
‑0.0011
52, 82
‑0.0003
62, 102
‑0.0020
67
0.0002
82
‑0.0028

Square base
Node
corection [m]
83
0.0052
87
‑0.0024
90 i 91
0.0005
94
‑0.0009
98
‑0.0008
Square base
Node
corection [m]
3, 179
‑0.007
7, 175
‑0.0012
13, 169
‑0.0002
21, 161
0.0003
31, 151
0.0004
43, 139
0.0002
57, 125
‑0.0003

Table 4. The forces and the correlation of forces (the members of the main load-bearing and main
prestressing catenary)
Circle base
Member
corection
Member force
[kN]
[kN]
62
204.702 -0.599
65
204.335 -0.662
68
209.470 -0.764
71
219.832 -0.784
73
229.321 -0.745
Circle base
Member
corection
Member force
[kN]
[kN]
196 i 207 207.06
2.536
197 i 206 204.028 2.524
198 i 205 201.538 2.487
199 i 204 199.648 2.451
200 i 203 198.383 2.435
201 i 202 197.746 2.425
430

Main carrying cable
Oval base
Rhombic base
Member
Member
corection
corection
Member force
Member force
[kN]
[kN]
[kN]
[kN]
53
382.937 2.131
66
384.554 -3.344
56
380.128 1.604
69
376.446 -3.029
59
385.572 1.416
72
376.585 -2.881
62
399.198 1.296
75
385.072 -2.796
66
427.702 2.446
83
442.746 -3.564
Main prestressing cable
Oval base
Rhombic base
Member
Member
corection
corection
Member force
Member force
[kN]
[kN]
[kN]
[kN]
171 i 184 244.958 0.327 219 i 232 245.47 -0.747
172 i 183 237.573 0.255 220 i 231 236.611 -0.706
173 i 182 229.996 0.362 221 i 230 229.013 -0.625
174 i 181 223.703 0.399 222 i 229 222.764 -0.535
175 i 180 218.849 0.415 223 i 228 217.922 -0.509
176 i 179 215.543 0.420 224 i 227 214.63 -0.493

Square base
Member
corection
Member force
[kN]
[kN]
73
208.085 1.132
76
202.538 1.241
79
202.053 1.142
82
207.254 1.072
90
244.501 1.408
Square base
Member
corection
force Member
[kN]
[kN]
235 i 252 216.343 -0.843
236 i 251 212.758 -0.300
237 i 250 208.487 -0.328
238 i 249 204.763 -0.343
239 i 248 201.612 -0.355
240 i 247 199.064 -0.354
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can significantly be reduced. So far, in practice, the
very preliminary phase of determining the input
parameters for the FDM can last for several days,
depending on the skill, experience and degree of
knowledge of the individual designing the structure.
The authors have made numerous calculations
for the different models of the prestressed nets on
various bases and for the various levels of loading of the roof. The results that the authors have
obtained indicate that the “Cabl-T” program module enables a quick convergence of the results. It
is a consequence of the preprocessors Cabl T and
TP which collect the parameters of the reference
position of the system with the help of the modified method designed by professor Balgač. The
primacy of the “Cabl-N” program is of essential
significance for the systems with a great number
of elements, as well as for non-symmetrical loads.
6. Conclusion
The justification of the application of the proposed method for obtaining the initial parameters

for the final calculation of the elastic system of
prestressed nets and the textile membranes based
on FDM is a result of:
– The assumed data are very close to the
balance state in the phase of prestressing
(the reference position), since the final
balance position is obtained through several
iterations of the final displacement method.
– The precision of the obtained coordinates
and forces in the members of the system
(Cabl-T) enables the quick convergence of
the results based on the final displacement
method (Cabl-N), which in the end leads
to a rapid increase in the speed of the
calculations as a whole.
– Contact force between the load-bearing
and prestressed cables introduced as a
condition of stability in the phase of the
greatest gravitational load is the parameter
which affects the increase in the rigidity of
the network. The achievement of controlled
rigidity is achieved by the balance of the
internal forces for the assumed geometry

Table 5. Maximal and minimal forces in the members
Circle base
234.531
201.329
210.463
72.868

Max. force in main cables Fn [kN]
Min. force in main cables.Fn [kN]
Max. force in carrying cable Fp [kN]
Min. force in carrying cable Fp [kN]

Oval base
427.702
360.513
244.958
207.47

Rhombic base
445.078
356.671
245.47
157.388

Square base
284.39
199.815
216.343
158.209

Table 6. The results of the evaluation of the balance position of the FDM

A1-circle base
A2-oval base
A3-rhombic base
A4-square base

Maximal
correction in
geometry in [cm]
1,26
0,96
1,12
0,52

The ratio between maximal
changes in the direction of
the arrow Δf/f. in [%]
0,14
0,11
0,13
0,06

The maximal correction
of the force in the
members ΔF in [kN]
9,68*
5,99
9,62*
3,26

The ratio
ΔF/F in
[%]
4,5
1,58
4,02
2,06

* The forces in the members in the final catenaries with an insignificant curve, which in some cases have high values and so we
recommend their complete expulsion from the system

Table 7. The number of iterations and the relative time needed for the solution of the proposed problem
(the convergence of the solution based on the FDM)
Number of iterations
Relative time*

Circle base
4
1

Oval base
4
1,01

Rhombic base
5
1,16

Square base
2
1,23

* The relative time is the relationship between the time needed to perform the calculation for the reference position without
load in the shortest time (Square base). The absolute time for the performance depends on the computer processor on which the
calculation is being performed.
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of the hyperbolic paraboloid shape where
we recommend the use of additional load
v=0,15-0,20kn/m2 for the self weight of the
roof g=0,50-1,00 kN/m2.
As a result of the difficulty of defining the complex geometric combinations of these surfaces, as
well as the initial tension forces in the very structure,
the use of the hyperbolic paraboloid shape in the
architecture of the elastic hanging and lightweight
systems boils down to simple individual forms.
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Abstract
This paper presents an approach to analysis
of error transmission in existing sensors for tensile force signals in belt conveyors. Analyses of
various causes of error transmission provide suggestions for more adequate solutions. A computer
program has been developed for calculation of
belt tensile force; it takes into consideration different operating conditions of conveyors. The following criterion was defined: operator must be
able to read belt tensile force value in real time in
order to react and prevent damage to belt parts or
assemblies by correcting the force. Measured values of tensile force are represented by diagrams.
Key words: Tensile force, sensor errors, Error
transmission cause, Force correction, Conveyor,
Excavator

Figure 1. Pressure lever, rope pulley and pressure
sensor

1. Introduction
Conveyors of conveyor-belt excavator-discharge chute system (BTO system) in the open-pit
mining site have sensors installed for control of
belt tensile force. Certain inconsistencies relative
to control of belt tensile force have been noted
during exploitation. The aim of this analysis is to
explain the causes leading to such phenomena [1].
One of design alternatives uses pressure-activated sensor. Its functioning is based on measuring
tapes. Tensile force transmission mechanism consists of a pulley tackle with ropes connected to a
double lever. Pulley ropes are tied to one end of the
lever while the other end contains force transmission mechanism based on pressure plate and sensor
(Figure 1). Due to severe working conditions, dirt
and humidity, problems appeared affecting the accuracy of belt tensile force transmission to the sensor. This leads to faulty readings of tensile force by
the operator and can cause other problems. Damage
to conveyor parts appear as direct consequence.
Volume 9 / Number 2 / 2014

Figure 2. Tension-activated sensor built in pulley
rope
Figure 2 shows a different sensor type, which
is tension-activated. It is built in the rope, in one
of rope pulley arms. This approach contains less
moving elements. As opposed to the first solution,
in this one there is no pressure lever. Tensile force
received by the sensor is smaller than the compressive force in the first case.
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2. Analysis of sensor location impact on
conveyor belt tensile force transmission
accuracy
In order to simplify further analysis, Figure 3
shows a diagrammatic representation of lever with
mechanism for transmission of conveyor belt tensile force to the sensor.

Based on the analysis of impact pressure lever
has on accuracy of force transmission to the sensor, the following was acknowledged:
- analysis of the impact of friction of the
pressure plate mobile support on the sensor:
no lubrication of mobile surfaces is foreseen,
due to difficult operating conditions,
- impact of eccentric action of sensor pressure
plate on the sensor (6,49%)
- impact of friction moment exerted on the
axle around which the pressure plate rotates
(19%).
No lubrication is foreseen. -analysis of
impact rope angle has on force transmitted
to the sensor. Direction of pulley tackle
ropes (ψ=50) relative to longitudinal axis of
the sensor,
- analysis of pulley tackle impact. Losses
resulting from tensile force transmission
by means of the pulley tackle amount up to
11,34%.
3. Total losses of momentum

Figure 3. Diagram of sensor pressure plate
According to Figure 3 the following can be expressed:
Compressive force exerted on the sensor as a
function of tensile force:

∑M

A

= 0, [dNm] ......................... (1)

FP = FP' FZ ⋅ a − FP' ⋅ b = 0 [N]............... (2)
where (2):
FP - compressive force exerted on the sensor
F’P - reduced compressive force exerted on the
sensor
FZ - tensile force exerted on the rope
υ - lever angle of rotation
434

According to previous analysis the following
momentum losses have been noted on the double
arm support of the pressure plate[1], [2]:
1. DMAP - loss of momentum due to loss of compressive force in the direction of support axis, eccentricity of the compressive force,
2. Mt - loss of momentum due to friction in the
А axle of the double lever.
3. DMBA – losses due to change of angle between direction of ropes and AC axis of the sensor
support lever.
4.

∑M

ij

- total loses [dNm]

Table 1 shows the efficiency of the moment in
case when lever arms are a=250mm and b=365
mm. First row contains numbers from 4 to 13.
They represent analysed positions of the pressure
lever relative to the sensor. In the project, such positions have been elaborated in detail.
4. Expected belt tensile force
Following forces appear on the extremities of the
double lever that transmits tensile force of the belt:
Volume 9 / Number 2 / 2014
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Тable 1. Shows the efficiency of the moment n case
Position

4

5

6

7

8

9

10

11

12

13

DMAP
Mt
DMBA

36.9
105,5
14

32.4
165
28

8.9
248
47

79.4
358
91

123
399
110

206
482
153

327
551
187

436
620
237

569
689
292

690
758
337

ij

156,4

225

304

528

632

841

1065

1348

1550

1785

72,2

74,3

76,9

72,2

70,1

67

63,5

59

57,5

55,5

∑M
[%]

[%] - Percentual efficiency of the theoretical moment

FZPR [N] – conveyor belt tensile force that comes
to the rope pulley – tightening carriage. Currently,
conveyors contain two types of pulley tackles with
gear ratios: iK = 8 and iK1 = 6.
FZ [N] – force acting on the second end of the
rope pulley – it burdens the double lever of the
sensor pressure plate support at point B or
FZ =

FZPR FZPR
......................... (3)
=
iK
8

FZ/ =

/
FZPR
F/
= ZPR ........................ (4)
iK1
6

and

These calculations are based on theoretical assumptions. Real conditions during conveyor exploitation period are extremely hard and mutable, causing deviations. Value of such calculations should
depict the impact of the above mentioned causes.
In order to be able to determine with precision real
values of these forces, instruments should be calibrated. This would ensure higher accuracy of belt
tension control during conveyor operation [1],[3].
Discussion above serves to warn that force
reading performed in operator cabin does not correspond to real conditions, i.e., to tensile force that
occurs in the belt. The following consequences
may be caused by errors in reading belt tensile
force values:
- belt failure,
- damage of the bearings on the conveyor drums,
- failures of conveyor drum axles etc.
Mentioned consequences have been present in
the previous period of operation. Knowledge obtained from previous analyses serves as basis for
the search for better solutions. The more moving
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elements are present in the transmission of belt
tensile force to the sensor, the higher the losses.
If mutable operating conditions, such as work in
the open are also considered, question arises about
how to avoid the impact of moving elements.
5. Theoretical calculation of conveyor belt
tensile force
The schematic representation of belt conveyor
is given in the figure below: Excerpts from performed belt tensile force calculations are given
in text below [1],[3]. These calculations serve as
basis for development of computer software for
calculation of belt tensile force. Based on specific conditions, this software allows calculation
of theoretic tensile force. The aim was to perform
a comparison between theoretically calculated
tensile force and tensile force actually present in
the belt. One of the planned goals is to achieve as
realistic as possible transmission and reading of
achieved tensile force by the operator. It is essential to enable the operator to have constant control
over the force and to enable him to react promptly
in order to protect the conveyor and its parts.
1. Preliminary calculation
Circumferential force on driving drum
Fo = C ⋅ f ⋅ L(GT + q m ) ⋅ g ± q m ⋅ H ⋅ g (N)....... (5)
where (5):
C - correction coefficient that depends on transport length and includes concentrated resistances
f - coefficient of friction during movement of
belt across the rollers
L - conveyor length (m)
GT - specific mass of conveyor moving parts
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Figure 4. Schematic representation of belt conveyor
qt- specific mass of transport belt (kg/m)
qm- specific mass of transported material
g - gravitational acceleration g =9,81 m/sec2
H - lifting height of material during transport
Calculation of force in characteristic points of the
conveyor has been performed according to the contour method, while individual resistances to motion
were calculated based on theoretical expressions.
2. Tensile force
S zat = 2 ⋅ S1 (N)............................ (6)
where (6):
S1 - Force in the point of descent from the second driving drum (N)
Dynamic operation of the conveyor:
Activation of the conveyor
Force of inertia of conveyor supporting part
S i n = ki ⋅ q m g i ⋅

v
tr p

⋅ g (N) ................... (7)

where (7):
ki - coefficient
qmpi - reduced mass of the return part of the
conveyor; it is calculated based on the following
expression:
v - velocity of the conveyor belt (m/sec)
trp- time of operation of conveyor (sec)
Force of inertia of the return part of the conveyor:
436

S i p = k i⋅ q m p i ⋅

v
t rp

⋅ g (N) .................. (8)

where (8):
ki - coefficient
qmpi -reduced mass of the return part of the conveyor; it is calculated based on the following expression:
v - velocity of the conveyor belt (m/sec)
trp - time of operation of conveyor (sec)
Force at the moment of activation:
S p u š = S n + S i n + S i p (N) ................... (9)
where (9):
Sn - Force along the contour of the belt during
steady operation (N)
Sin - Force of inertia of the supporting part of
the conveyor (N)
Sip - Force of inertia of the return part of the
conveyor (N)
6. Thresholds of belt tensile force
In order to achieve normal operation of a conveyor as well as its deactivation due to overloads
or emergencies, the following thresholds of tensile
force are introduced [1]:
1st threshold
Lower limit value, which represents minimum
force on the belt tightening drum, under which
value the conveyor must be put out of operation.
Volume 9 / Number 2 / 2014
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Numerical value of this force is:
SI =

S III
(kN) .......................... (10)
2

2nd threshold
Force during steady operation
S I I = S z a t (kN) ..........................(11)
S zat - tensile force
3rd threshold
Tensile force before putting the conveyor into
operation
S III = 1,3 ⋅ S zat (kN) ...................... (12)

of the number of installed drive motors in
comparison to the number obtained from
calculations;
- second user level can change all parameters
that serve as input for calculations.
8. Design solution
In order to avoid analyzed losses in the process
of belt tensile force transmission and provide for
its continuous measurement in order to keep track
of its value, the new Figure solution is given for
measurement of force, represented by the scheme
in Figure 5 [5],[6]

4th threshold
Upper limit value, which represents maximum
force on the belt tightening drum; above this value
the conveyor must be put out of operation.
S I V = 1,5 ⋅ S I I I (kN) ...................... (13)
7. Computer software for calculation of
belt tensile force
Based on input parameters for conveyors and
equations for calculation, software was developed
in Excel [1],[4]. Calculation takes into account the
variable nature of position parameters of loading
carriages on receiving conveyors as well as transfer carriages on discharge conveyors. Characteristic
positions of loading carriages are the following: position at the return station, at route mid-point and at
the driving station. For transfer (reloading) carriages, characteristic positions are those at route midpoint and at the driving station. Computer software
enables the operator to regularly check functioning
of the conveyor, depending on trolley position. This
becomes an important issue in cases when failures
of driving motors or speed reducers occur. It is possible to modify conveyor lengths, load lifting and
lowering height and other parameters depending
on the level of software utilization. Software is designed to have two user levels, more precisely:
- first user level (operator), which chooses the
conveyor for which to calculate belt tensile
force. It enters data relative to conveyor
length, terrain elevation of driving and return
station, trolley position, and modification
Volume 9 / Number 2 / 2014

Figure 5. Schematic representation of position of
measuring pins for belt tensile force measurement
Two measuring pins serve to monitor sloping of
the tightening drum support. Sloping of this drum
causes lateral displacement of the belt. Forces in
the left and right pins can be individually read on
the display in the operator cabin. Overall force can
also be read.
9. Control measurements
Control measurements justified the chosen approach to solving this issue. It turned out that the
belt was previously tightened up to and over (370
kN) , which occurred as a result of mentione d errors in measurement of tensile force. In diagrams
below (Figures 7 and 8), measured results of tensile force using new sensors are presented [7], [8].
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Figure 6. Position of measuring pins on transfer station structure
surements have shown that period of oscillation
is 1.65 Hz. Significant periodic peaks are evident
every 100 seconds. Analysis can provide the cause
of this situation.

Figure 7. Measurement of tightening forcewith
new sensor

(BL - left measuring pin, BD - right measuring pin, BL+BD sum, RSC - sensor of tension in pulley rope, RSC*16 -overall
tensile force on the pulley)

Result of measurement RSC*16 related to belt
tensile force shows that the force amounted to
approximately 350 kN, which is approximately
21% over the force measured using the new sensor. Theoretical losses deriving from tensile force
transmission over the pulley go up to 11.34%.
Measured actual value and calculated theoretical
force differ for approximately 20% when the belt
is tightened. This difference calls for reassessment
of parameters chosen for tensile force calculation by the computer software or their correction
through further research.
Dynamics of force variation in both measuring
points almost simultaneously is visible in diagram
in Figure 8. The sum of individual forces is represented in the upper part of the diagram. Mea438

Figure 8. Releasing and tightening of idle conveyor belt
10. Conclusion
Objective defined by the design task, i.e. finding a solution for elimination (reduction to acceptable level) of error during measurement of
conveyor belt tensile force, according to opinion
of authors, has been reached. By systematic and
detailed analysis of error causes, it was concluded
that movable elements included in transmission
of force to the sensor and further to the operator
are the main cause. New solution eliminates these
causes and simplifies the solution used to transmit
signals from the sensor of force to be measured.
This brings about higher accuracy in reading the
Volume 9 / Number 2 / 2014

technics technologies education management

actual force value. Belt tensile force is reduced to
realistic and necessary value. Such circumstances
contribute to improvement of reliability of conveyor and its structural parts.
Computer software used to calculate belt tensile
force enables quick check of the theoretical tensile
force based on actual operating conditions. This is
especially important because of frequent changes in
actual conditions on site and because of changes in
weather conditions. Software presented in this paper, together with actual measurements, provides
data for further research in this area.
Performed measurements justify initiatives undertaken in this project with the aim of searching and
solving this issue. Measurements have confirmed
existence of a difference between theoretical and
measured conveyor belt tensile force. Such measurements and analyses of various practical examples
can be used as bases for reassessment of theoretical
assumptions applied to tensile force calculation.
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Abstract
In this paper the managing of land consolidation
projects is considered from the aspects of their essential elements and procedures which are necessary for geodetic company to realize them successfully. For geodetic enterprise the necessary condition for success is the lucre which remains after the
finishing of land consolidation project. At the same
time surveying company is limited by the budget
of project (the prize that investor is willing to pay
for land consolidation project) on the one hand and
from the other side it is limited by its ability to finish the land consolidation project on the necessary
level of scale and quality. As the consolidation projects are resource-demanding that means a certain
level of risk for geodetic company. This paper is focused on the different dimensions of land consolidation projects and ways of their governance which
should result in success for surveying company.
Key words: land consolidation, project, project management
1. Introduction
Land consolidation is frequently used terms in
contemporary literature concerned with improvements in agricultural and food industry. Maybe the
simplest definition of land consolidation process
says that it is [1] »the method of reversing the action
of fragmentation«. But this simple and well understandable sentence includes very diverse and rich
content. Actually, process of parcels fragmentation
is a consequence of different causes occurred in a
long period of time under different circumstances
and it is usually a product of legal interests and actions. Reversing the action of fragmentation does
not mean that it is necessary to restore the initial
conditions in one point of time. If even does mean
it is obviously that it is not possible. That action is
also impossible and it is senseless. The explanation
440

is quite simple: “if the land distribution in one point
of time was ideal there would be no reasons for parcels fragmentation”. In that case the stakeholders of
land consolidation process must watch the future
i.e. they must define their best interests in the period
after land consolidation.
In general, abstracting some possible issues, it
is possible to define next few key stakeholders in
land consolidation process:
– The state and local authorities;
– The farmers (or land owners) and
– The experts for land consolidation process
i.e. surveying institutes and companies who
execute the land consolidation processes.
Generalizing and simplifying the issue, of
course bearing in mind that real situation is more
delicate and complex, it is possible to explain interests of every mentioned stakeholder.
The state and local authorities are interested in
land consolidation projects because they are a way
for improving the quality of life of their citizens in
certain area, for improving economic base of certain area and to realize another kind of objectives.
The farmers and land owners have interest to
realize land consolidation projects because they
expect to reduce the cost and to improve economic
effects of their activities.
The experts, surveying institute and surveying
companies are interested in contribution in land
consolidation process in order to both contribute
to the useful activities and, of course, to have profit from those activities justifying their existence.
Bearing in mind that farmers and surveying
companies have no money for investment in land
consolidation the state or local authority is only
able to initiate and invest the process of land consolidation processes. Farmers, having no money
for investment in land consolidation, also do not
have knowledge to realize the land consolidation in proper way. However farmers are the only
Volume 9 / Number 2 / 2014
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stakeholders whose property will be changed
during process of land consolidation in way they
could not control. Consequence is that farmers are
the most sensitive part of land consolidation process. From these facts immediately follows distribution of roles in land consolidation process. State
and local authorities are the investors and supervisors of land consolidation process. The experts
and surveying companies are the executors of land
consolidation process. Farmers should be the controllers during the process and the ultimate winners after the land consolidation.
Process of land consolidation means that it
lasts in certain period of time and consequently
that certain set of activities should be done in that
period of time. Bearing in mind that every area
which is object of land consolidation process shall
have their unique characteristics it is very important to acknowledge them and to adopt land
consolidation process in way which promises the
best possible efficiency. If we accept the fact that
unique conditions logically lead to unique solutions then project approach to land consolidation
appears as possible solution. In this paper we shall
intent to justify the project approach as adequate
to land consolidation process. Project approach
has different meanings in engineering and management. In engineering project approach is taken by default and main characteristic of it is that
only technical details are elaborated. In management projects are taken in contextual sense i.e.
alongside of technical (technological) details the
organizational, financial and others variables are
considered very carefully. It could be said that every variable important for project’ success must be
considered. In spite of well considered variables
which determine project, there are many factors
which cause project’ success or failure [2].
2. Land consolidation projects
The term »project« is frequently used in nowadays management literature. There are several definitions of it. Let as mention just a few in order to
understand it better:
–– “A project is a unique venture with
beginning and an end conducted by people
to meet established goals within parameters
of cost, schedule and quality” (Buchman
Volume 9 / Number 2 / 2014

and Boddy, 1992) [3],[4];
–– “A project is a unique, transient endeavour
undertaken to achieve a desired outcome”
(Association for Project Management
guidelines detailed in their Body of
knowledge 5) [3];
–– “A unique process, consisting of a set of
co-ordinated and controlled activities with
start and the finish dates, undertaken to
achieve an objective conforming to specific
requirements, including constraints of time,
cost and resources.” (British Standards BS
6079) [3]
– According to the [5] (Project Management
Institute, 2008, p.442) project is “A
temporary endeavor undertaken to create a
unique product, service or result”.
Obviously, the unique product, service or result
require (or even better, allows) the unique organization, procedures and even ideas for its realization. From this definition immediately follows that
it is possible to found the different combinations
of methods, techniques and organizational solutions for project realization costs minimizing i.e.
for profit increasing.
Project, in management sense, shall be considered as complex system both in structure and its
life cycle. Structure of project is determined by resources needed for its realization and with their organization (location, coordination, hierarchy, job
distribution). Project’s life cycle means a set of activities properly distributed in time in order to finish project successfully. This complexity implies
that appropriate knowledge and skills are necessary for leading project activities. In the literature
[6] the nine knowledge areas is stressed as necessary for managing project: integrity, scope, time/
schedule, costs, quality, human resources, communication, risk and procurement. In literature [7]
the life cycle of project is described in four stages:
initiation, planning, execution and closure. Needed knowledge and project life cycle are less or
more the same described in the other literature but
those deviations are not important for the purpose
of this paper. The final conclusion for the projects
could be that they are complex and consequently
need great knowledge, skills and experience to be
finished successfully.
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Bearing in mind further quoted definition of land
consolidation it could be concluded that land consolidation process may be treated by principles and
ideas common for the projects management. Land
consolidation projects can, in that sense, be defined
as projects in land consolidation process. Land consolidation projects are complex, absorb resources of
high quality, are risky and have life cycle as defined
for project in general. Consequently, surveying
company competing for land consolidation projects
must have knowledge, skills, experience and abilities both in project managing and in land consolidation. Lack in any of mentioned factors increase risk
for successful finish of land consolidation project.
Of course, the higher level of knowledge, skills,
experience and abilities could reduce some risks
and increase chances for successful finish of land
consolidation project. The final responsibility takes
the surveying company competing for land consolidation project. Surveying company must study the
demands of land consolidation project and compare
those demands with its own capacity to finish the
project within (limited) budget, deadline and on
the demanded quality level. Ultimate condition for
surveying company is to finish land consolidation
project with costs within budget and to make some
profit. The method for achieving this goal is to reduce the costs until they became smaller than budget devoted to certain land consolidation project.
Costs for land consolidation projects could be
classified into next groups:
– Fixed project costs and
– Variable costs.
Fixed costs cannot be reduced or their reducing will cause other problems or absorb too much
resources to be justified.
Variable costs could be reduced if activities and
resources are organized and used in appropriate
way. In this paper only the combination of human
resources involved in land consolidation project will
be considered as a possibility for reducing costs.
3. Human resources in land consolidation
projects
Human resources are critical for every activity
including activities in land consolidation projects.
As it was said before the land consolidation proj442

ects are complex, resource demanding and quite
risky. From this immediately follows question if it
is necessary to divide the management of land consolidation project from the team which will execute
the project. In known practice it is not a usual case.
Usually the experts in surveying are leaders of land
consolidation projects. Their role is not only to lead
the land consolidation project as managers but they
also participate in project execution as experts in
surveying. This approach could be good if detailed
analysis of land consolidation project justifies the
criteria of quality, costs and risks. Otherwise this
approach should be rejected and different one must
be found in order to success.
Also the appropriate combination of human resources of different levels of knowledge and skills
could reduce the costs and risks of land consolidation projects. The Dreyfus model of skill acquisition [8], [9] is appropriate for designing human
resources according to complexity of land consolidation projects. Dreyfus model classifies human resources into five groups according to their
experience and knowledge:
Level 1 Novice
– Rigid adherence to taught rules or plans
– Little situational perception
– No discretionary judgment
Level 2 Advanced Beginner
– Guidelines for action based on attributes or
aspects (aspects are global characteristics
of situations recognizable only after some
prior experience)
– Situational perception still limited
– All attributes and aspects are treated
separately and given equal importance
Level 3 Competent
– Coping with crowdedness
– Now sees actions at least partially in terms
of longer-term goals
– Conscious deliberate planning
– Standardized and routinized procedures
Level 4 Proficient
– See situations holistically rather than in
terms of aspects
– See what is most important in a situation
– Perceives deviations from the normal pattern
– Decision-making less labored
– Uses maxims for guidance, whose meanings
varies according to the situation
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Level 5 Expert
– No longer relies on rules, guidelines or
maxims
– Intuitive grasp of situations based on deep
tacit understanding
– Analytic approaches used only in novel
situation or when problems occur
– Vision of what is possible
It is obvious that it is possible to combine the
human resources according to their level of skill
acquisition, the complexity and the stage in life cycle of land consolidation project. Of course there
are some logical limits. In the case when one man
leads the project that must be on the level of expert
both in projects and land consolidation. Otherwise
(even in the case of talented person) some extra
risks must be taken in account. Bearing in mind
that, as mentioned above, nine areas of knowledge
is needed for success of project and that projects
is passing through four stage during its life cycle
it is hardly to expect that one person alone is able
to finish all work needed for success. In that case
the work and responsibilities shall be delegated on
enough number of land consolidation project leaders. The simplest principle could be utilized in organization on the lower level of hierarchy during
land consolidation project life cycle: the team for
every stage or for every separated work could be
designed with harmonize the level of skill acquisition of every person involved in land consolidation project according to certain activity complexity and demand for its successful realization.
According to the fact that project is dynamic
process in time it is of importance to control its realization. That activity is also absorbing some resources and consequently causes costs. That cost
must be calculated because the project without
control will not be leaded well and it is very likely
that will not be successful.
4. Conclusion
Project approach in land consolidation can be
an acceptable model for surveying companies because of uniqueness of conditions in any cases of
land consolidation. Uniqueness of certain case of
land consolidation allows to the surveying company to create unique project. Consequently, unique
Volume 9 / Number 2 / 2014

project i.e. unique combination of resources may
lead to the costs of land consolidation project reduction. That enables surveying company to be
successful and to increase profit from certain land
consolidation project within limited budget.
The main source for reduce costs is in the area of
variable costs. One of sources for cost reduction is
in proper design of human resources during the life
cycle of land consolidation project. Proper design of
project management, responsibility delegation and
harmonizing job design and people with adequate
skill level is prerequisite condition for success.
The ultimate responsibility is on the surveying
company competing for land consolidation project to estimate its capacity and land consolidation
project demands in human resources, deadlines
and quality.
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Abstract
The article presents a Systematic Warehousing
Decision-Making Model (SWDM) that integrates
all the essential activities that control the warehouse process (labour, space, equipment) into a
single criterion for strategic and operational decision-making. The purpose of the SWDM model
is to establish a system for measuring the effectiveness of the warehouse process with the goal
of providing quality information that reflects the
impact of the various levels of logistics services
provided to customers on the effectiveness of the
warehouse process and on warehousing costs. Using the results of the model, allows management
to make adequate and timely decisions, regarding
the reduction of warehousing costs and determining the level of business to individual customers.
Key words: warehousing costs, performance
measurements, warehousing, logistics, decisionmaking model
1. Introduction
An organization is productive if it achieves its
goals by transforming inputs into outputs at the
lowest cost [1]. The logistics process has an important role in such a system, since it directly affects the total costs of the company, and ultimately
customer satisfaction throughout the supply chain
[2]. One of the connecting processes of logistics is
definitely the warehouse process, which, in terms
of ensuring smooth material and information flow,
enables coordination between supply and demand
in an organization, ensures an uninterrupted production process, reduces transportation and production costs and enables participation in the
marketing process of the organization [3]. Thus,
the fundamental challenges of the modern warehouse process are ensuring low inventory levels
and high-quality services for customers, as well as
keeping the costs low [4, 5].
444

Warehousing costs levels vary depending on
the industry, but scientific studies indicate [3, 6, 5]
that the proportion of warehousing costs amounts
to about 25 % of the total logistics costs in an organization. The activities that generate costs in
the warehouse process are receiving, prepackaging, put-away, storage, order picking, packaging,
sortation, unitizing and shipping [7, 4, 5] [8]. The
effectiveness of the warehouse process is also affected by the remaining logistics costs and the
costs that are directly connected to the warehouse
process. Logistics costs (besides warehousing
costs) include the following activities: transportation, inventory management, administration,
packaging and indirect logistics costs [6, 9, 8, 10].
The costs that are the result of the actual operation of the warehouse process can be divided into
three groups: the stored material costs, warehouse
operating costs and the warehouse storage space
costs [11, 2].
The interdependence of logistics costs has a
huge impact on the costs that arise from warehousing. Cost reduction in one of the logistics activities
can lead to an increase in the cost of other activities [8] and a reduction in the effectiveness of the
warehouse process. The successful management
of the internal warehouse process is also very important, as it enables an organization to determine
the impact of the other functions in the organization on warehousing and the potential advantages
of the warehouse process, in terms of cost effectiveness and quality of operations.
Research is therefore focused on devising a
system that would allow us to measure the effectiveness of the warehouse process in order to obtain reliable data on the following:
– the impact of different levels of services
provided to customers on the effectiveness
of the warehouse process and on
warehousing costs (labour costs, space costs
and equipment costs),
Volume 9 / Number 2 / 2014

technics technologies education management

– the impact of other logistics operations on
the warehouse process,
– the effectiveness of the internal warehouse
process and the overall warehousing costs.
The objective of the article is to produce a
Systematic Warehousing Decision-Making Model
(SWDM) that integrates all the activities that guide
the warehouse process (labour, space, equipment)
into a single criterion for strategic and operational
decision-making. Based on the research subject
given, the following scientific hypothesis is formulated: »Systematic Warehousing DecisionMaking Model (SWDM) provides a clear picture
of the internal cost-effectiveness of the warehouse
process, with the goal of reducing warehousing
costs and determining the level of business to individual customers.”
2. Literature Review
A review of the professional literature on the
subject reveals several authors dealing with the
warehouse process from different perspectives.
The field of warehousing is examined in a most
comprehensive manner by Richards [5]. The author provides an analysis of all the costs incurred
in the warehouse process, the methods used for
measuring these costs and the approaches that allow us to effectively manage warehousing costs.
Ballou [3] deals with warehousing operations in
a wider sense, focusing on the systems and methods used for forecasting and planning material
requirements. Logozar [12] highlighted the interdependence of logistics costs, using the process
of determining the number of required warehouse
locations as an example. He proved that increasing the number of warehouses reduces transportation, because the distances to the warehouses are
also reduced. On the other hand, operating warehousing costs will increase (additional labour,
equipment, rentals). Thus, we must determine the
number of warehouses that would create a balance
between the two types of costs and reduce the total costs as much as possible. Lambert et al. [2]
illustrated the interdependence of logistics costs
and the impact warehousing on these costs and on
the quality of logistics processes. Strack&Pochet
[13] have developed a global model of warehousVolume 9 / Number 2 / 2014

ing and inventory management. Using the model,
they show how the overall system inventory costs
and warehousing systems costs can be drastically
reduced by taking into account the limitations of
storage capacity and the use of integrated decisions, in relation to: the completing of decisions in
inventory management, the distribution of products in a company’s warehouse system and the
transportation of products to warehousing locations in the warehouse management process.
Khemavu [14] developed the SEM (structural
equation modelling) model for the purpose of
researching the as yet unknown relationships between work, cost, time, utilization and administration. Selected indicators form the basis for measuring the effectiveness of the warehouse process.
Myerson [15] focused on the importance of introducing the lean manufacturing philosophy into the
warehouse process. He proved that many “lean”
concepts, such as the 5S or Kanban method can effectively regulate the warehouse process in terms
of cost control and warehouse operations quality.
3. The issue of cost control in the warehouse
process
Warehousing operations are highly intensive,
as they involve interacting with people and equipment in constant motion [15]. These operations do
not only add value to the logistics system of an organization [4], because each additional activity in
the warehouse increases costs. In order to achieve
an optimal ratio between the costs and quality of
warehouse services, it is important to understand
the “touch it once” principle, because every time
we touch a product with the sole purpose of moving
it, it causes an unnecessary increase in the costs and
can cause potential errors in the warehouse [15].
The next stage is to understand the impact of
reducing storage costs on the operations and profits of the company. Table 1 shows that an increase
in sales by one monetary unit (hereinafter referred
to as m.u.) does not automatically mean an increase in profits by one m.u. If the limit of profits before tax is 2% (sales revenue minus costs),
the company will only make a profit of 0.02 m.u.
of profits before tax, from each m.u. sold. Each
m.u. that the company saves in the warehousing
process does not necessarily mean an increase in
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sales or a reduction in other costs, while each m.u.
saved on warehouse costs does mean and increase
in profits. Reducing warehouse costs has a much
greater effect than an increase in sales volume [8].
Table 1. The impact of reduced logistics costs on
profit

Figure 1. Comparison of transportation distances
depending on the number of warehouses

3.1. The impact of other logistics costs on the
warehouse process
Cost control in the warehouse process is also
affected by the other logistics costs that are interconnected in the modern logistics system of
an organization. The desire for quality and costeffective logistics services often leads to increasing logistical costs in order to reduce total logistics
costs [6]. In this respect, warehousing costs are not
an exception, because as part of the logistics costs,
they have a significant impact on the effectiveness
of the logistics system of the organization.
Transportation costs have the greatest impact
on warehousing costs, which can be illustrated
by using the example of determining the optimal number of warehouses. Figure 1 shows an
example where a single warehouse was replaced
with by four warehouses: one warehouse covers
16 km², while four warehouses cover 4 km² on
the same surface, which is why the distance to the
center of the four squares is shorter and thus transportation costs are lower. On the other hand, the
operating costs for the four warehouses are higher
because each warehouse requires a certain number
of workers. In addition, minimum inventory levels
must be observed, which are higher than those for
a single warehouse [12].
In addition to warehouse costs, increasing the
number of warehouses also increases the cost of
inventories, since each location must have a certain amount of safety stock.
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Figure 2 shows how transport costs are reduced, as new warehouse locations are added. Later, the transport costs curve goes up, because of
poor coordination between inbound and outbound
deliveries between warehouse locations [2]. It is
therefore necessary to determine the optimal number of warehouses that will ensure that both costs
are balanced and thus that the total logistics costs
are as low as possible.

Figure 2. The ratio between total costs and the
number of warehouses
3.1.1. Methods for measuring logistics costs
Measuring logistics costs helps businesses to
increase profitability mainly through the determination of the values of various business transactions with customers and suppliers. Measuring
the impact of logistics operations is the key to the
reducing costly inefficiencies in the system of a
company and, at the same time, increasing opportunities for growth for the company. Measuring
the costs generated by logistics helps to achieve
the following goals [16]:
Volume 9 / Number 2 / 2014
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– improve profitability by reducing operational
and administrative costs;
– improve profitability by carefully assessing
the value of individual activities within
a company in relation to customers and
suppliers;
– increase revenue growth by providing an
appropriate level of service to the customer,
while maintaining customer satisfaction;
– identify or detect the various products and
services which will allow a company to
improve its services to the customer, as well
as opportunities for profit;
– determine which operations should be
improved.
Based on the correlation between logistics costs
and service to the customer [17] various methods
of measurement can be used: Customer Satisfaction, Customer Added Value, Total Cost Analysis,
Profitability Analysis, Strategic Profit Model and
Shareholder Value. From the point of view of simplicity and the possibility of implementation into
practice, the authors [6, 17, 18, 8] highlight the
Total Cost Analysis method, which consists in
identifying ways to reduce the total cost of logistics, including transportation costs, warehousing
costs, inventory carrying costs, order processing
and information costs, purchasing costs and the lot
quantity costs, with the goal of achieving a certain level of customer service. The basic principle
behind the Total Cost Analysis method is taking
into consideration the total costs of all logistics
activities. Cost reduction in one logistics activity
can lead to an increase in the costs in other logistics activities, which may ultimately be reflected
in higher total costs [6, 8].
3.2. The impact of internal warehouse costs
on the warehouse process
Warehouse costs arise from the storage and
warehousing of goods within a specified period
of time. They are also affected by inventories,
which is why it so difficult to distinguish between
warehousing costs and other costs in practice, as
they are often included in the costs of inventories
[11]. They are divided into three groups [3, 11,
8]: the costs of stored materials, operating costs
Volume 9 / Number 2 / 2014

and warehouse storage space costs. Richards [5]
divided the costs associated with the warehouse
processes into: the costs of space which representing 25% of the total warehousing costs, direct and
indirect labour costs, variable labour costs (60% of
the total warehousing costs) and fixed and variable
costs of equipment (15% of the total warehousing
costs). Kivinen & Lukka [19] added to that an information system costs (Warehouse Management
Information System).
Warehousing space costs refer to four basic
types of warehouses [2]: plant, public, rented or
leased and company-owned or private warehouses. This includes costs associated with the space,
such as depreciation of the warehouse building,
warehouse maintenance costs, the costs of heating, cooling, ventilation, lighting, cleaning [20].
The costs of stored material are those incurred as
a result of material inventory. Inventory carrying
costs should only include the costs that vary with
the level of inventories and can be classified into
one of four groups [2]: capital costs, inventory service costs, warehousing space costs and risk costs.
Warehouse space costs, labour costs and technology costs have the biggest impact on the warehouse
process and represent the majority of all costs. These
types of costs are affected by two factors [5]:
– organization of work in the warehouse,
– the ratio between investment costs and
expected benefits.
The organization of work is an important factor in modern warehousing, as the business environment changes. Warehouse operators are increasingly interacting with information, as much
as with the movement of goods and are assuming
new work responsibilities. It is therefore important
to implement modern organizational approaches,
such as lean manufacturing, the 5S method, standard work, Kanban, six sigma, etc. in to the warehouse process [21, 22, 4], enabling efficient control over the warehouse processes - to do more in
less time in order to warehouse costs.
The purpose of modern technological solutions
is to increase productivity and quality of work
[7, 23, 24], which should lead to further cost reductions in the warehouse process of a company.
Using modern technology enables a better use of
space, saves energy and labour, improves control,
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reduces manual handling, enables the coordination
of the flow of products in order to avoid bottlenecks, reduces operational costs and the frequency
of work-related accidents. In addition, technology
makes it easier to record all movements and operations in the warehouse process, which allows
management to improve the effectiveness and the
efficiency of the warehouse processes on the basis
of such data [5, 8].
Many decisions regarding the increased use of
technology in the warehouse process also contain
risk. There are several types of risks, but all have
an impact on costs or revenues. Capital investments in automated warehousing or information
systems increase both risk and the expected rate
of return on investment. Thus, organizations have
to justify such investments from a financial standpoint and consider the relationship between the
costs and the expected benefits [2].
3.2.1. Methods for measuring the effectiveness
of the warehouse process

ing method or the best practices method of, which
is the process of comparing the procedures and
tasks within a specific business process with similar processes in globally successful organizations.
The level of effectiveness in performing individual
activities in such organizations is set as an objective, which the organization pursues as the norm,
with which to compare its own level of provision
of the activities that are being studied [27]. The introduction of effectiveness indicators is the ultimate
goal of benchmarking, which allows a company to
achieve the highest standards in its operations [28].
Every organization uses different methods of
measurement to analyse warehouse productivity.
Such methods develop over time and in an everchanging environment, which is why there is no
approach to measuring warehouse processes that
could be considered the best. Each organization
should tailor its approach to its own needs [8].
3.2.2. Limitations of measuring the
effectiveness of the warehouse process

In order to achieve the maximum effectiveness
of logistics, each integral part of the logistics system must operate at the highest level. Productivity growth in the warehouse process is important
from the company’s point of view, because of the
lower costs and from the customer’s point of view,
because it increases the level of service [8]. This
allows for healthy growth on all levels of the company’s operations [25].
Warehouse processes must be measured, in order to be controlled [18]. In addition to the costs,
we also measure reliability, flexibility and the use
of resources [5]. The process is measured by the
following indicators [22, 23, 5, 26]:
– the effectiveness of the process;
– inventory turnover / duration;
– the number of staff required;
– the use of warehouse space;
– the productivity of the warehouse staff;
– the use of equipment;
– the ratio between costs and revenue
– the comparison of the costs incurred in
different warehouse locations, etc.

The system for measuring the effectiveness
of processes must provide three primary benefits: reduce costs, improve the level of business
to the customer and generate the healthy growth
of the company [25]. According to Andersen and
Fagerhaughu [29], it should satisfy the needs of
customers (Effectiveness), as well as facilitate the
economic and optimal use of enterprise resources
(Efficiency) and strategic awareness to handle
changes (Changeability).

The warehouse process can also be measured using “soft” methods. One of these is the Benchmark-

Even the most efficient systems for measuring
the effectiveness of the warehouse process have
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Figure 3. Measuring the Effectiveness of the
Warehouse Process
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certain shortcomings. The quality of logistics services has a direct impact on the total costs arising
from the warehouse process of a company. A good
logistics service results in increased end-user satisfaction, but at the same time, it also generates
more costs. If we take this into account, there is
a clear need for finding the right balance between
the best and worst logistics service, which affects
warehouse costs and hence the effectiveness of the
warehouse process. At what point do we achieve
the optimum ratio between costs and service levels? The answer is very complex. Illustrating cost
optimization by balancing the elements of logistics
provides some answers to the question. Logozar
[12] highlighted a method of balancing which essentially consists in comparing various conflicting
costs and other elements of logistics and choosing
the ones that recorded the lowest overall costs in
a certain ratio. The level of service should then be
balanced or reduced to the point where a company
can still retain customers.
4. Systematic warehousing decision-making
model (SWDM)
The main application for a Systematic Warehousing Decision-Making Model (SWDM) would
be to help improve the effectiveness of the warehouse process, thereby lowering warehouse costs
in different companies, regardless of their activity.
Based on the results, the objective of the model
is to provide information that would enable management to make quality strategic and operational
decisions. The basis of the model’s operation is
the use of a warehouse management information
system that records all movements in a company’s
warehouse process. The model takes into account
the factors of labour, space and equipment, which
form the internal warehouse process and are combined in the following formula:
=
Pwp
Ewp
Ews
ηvv

ηvv (%).................... 1

Effectiveness of the warehouse process
Effectiveness of the work process
Effectiveness of the use of space
Value-time-degree of capacity utilization

Description of the individual items that are part
of the formula.
Volume 9 / Number 2 / 2014

1. Warehouse work (Ewp): We start by calculating the hourly cost per warehouse worker,
based on monthly data on gross personal income,
number of working days and hours. To determine
the effectiveness of the work process, we divide
the number of processed pallets each month by the
number available palettes. The result is the basis
for calculating lost labour costs, which gives us
an estimate of the unnecessary costs incurred per
hour in the warehouse process.
........................... 2
where:
Osc – operational staff costs(€/h)
Gpi – gross personal income per month
Nwd – number of work daysper month
Nwh – number of work hoursper month
............................ 3
...................... 4
where:
Ewp –effectiveness of the work process (%)
Ppm – processed pallets per month
Apm – available pallets per month
Llc – lost labour costs (€/h)
2. Warehouse space (Ews): The effectiveness
of the use of space, which is the basis for calculating lost warehouse space, is calculated by dividing
the space used by the total available space for each
month.
............................. 5
where:
Ews – effectiveness of the use of space (%)
Us – used space (m²)
Tas – total available space (m²)
If a company has its own storage facilities, of
which not all are utilized, each score lower than
100 indicates that the company has recorded opportunity loss. This can be calculated as lost profits, as the company could have rented the unused
storage facilities at market price. In the case of
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rented facilities, the cost arising from an irrational
use of storage space can be calculated directly via
the following formula:
.................... 6
where:
Lsc - lost space costs (€)
Rpm - cost of rent per month(€)
3. Warehouse equipment (ηvv): A forklift is
an indispensable part of the equipment in every
warehouse. Below is an example of a formula
used to calculate forklift operation costs on a perhour basis. Modern warehouse managing information systems allow users to record every single
movement, which is also the basis for calculating
the time degree of forklift capacity utilization or
similar warehouse technology. Lost forklift costs
illustrate the ineffectiveness of the use of a forklift
expressed in costs.

equipment depending on its value and use. It can be
calculated using the following formula:
............................. 10
where:
ηi – time degree of capacity utilization of i machine
αi– value indicator (the amount of depreciation
of i - machine)
A graphic representation of the model is shown
in Figure 4, where the final formula combines
warehouse work (Ewp), warehouse space (Ews)
and warehouse equipment (ηvv) as the fundamental factors in defining the internal effectiveness of
the warehouse process.

.......................... 7
where:
Fc – forklift costs(€/h)
αf – forklift purchase value (value indicator)
Ap – amortization period (years)
Nwd – number of working days
Nh – number of hours of daily forklift use
.............................. 8
.......................... 9
where:
ηf – time degree of forklift capacity utilization
(%)
Du – duration of use
Tta – total time available
Lfc – lost labour costs (€/h)
In practice, a problem arises because every
warehouse has a lot of equipment that varies in
value and time degree of capacity utilization. In this
case, it is advisable to use the time - value approach
to identify the utilized capacity of the machine [30]
that most accurately identifies the utilization of the
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Figure 4. Systematic Warehousing DecisionMaking Model (SWDM)
4.1. Discussion and analysis of the model
The initially established hypothesis “theSystematic Warehousing Decision-Making Model
(SWDM) provides a clear picture of the internal
cost-effectiveness of the warehouse process, with the
goal of reducing warehousing costs and determining the level of business to individual customers,”
has been confirmed by the following arguments:
–– The model combines three factors (labour,
space and equipment), which have the
greatest impact on the cost arising from
the warehouse process. The formula Pwp =
EwpxEwsx ηvvreflects the interdependence of
these factors and the possibility of measuring
the effectiveness of the internal warehouse
Volume 9 / Number 2 / 2014
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process. The results obtained using this
formula enable management to make quality
decisions in a timely manner in order to
reduce costs and increase or decrease the
level of services provided to customers;
–– The model can be used to directly analyse
an individual cost activity. The model
determines the unnecessary warehouse costs
incurred by a company due to irrational use
of labour, equipment and space ;
–– The results obtained allow the user to
analyse the impact of other logistics
processes and business functions on the
warehouse process. The warehouse process
as part of the logistics system often has
no effect on internal costs. Through the
use of the model, it is therefore possible to
determine how individual logistics activities
and business functions within a company
affect the warehouse process and identify
any opportunities for achieving the joint
synergistic operation of these functions.
Different companies have different levels of
development in terms of their warehouse processes, which is why the model allows the user to upgrade warehouse indicators. The model requires
the use of modern warehouse management information systems, although the use of modern technological solutions is not a possibility for every
company, due to high initial investment costs. In
any case, the first companies to use the most modern warehousing technology will reap the greatest
benefits in terms of managing warehousing costs
and improving their overall processes.
5. Conclusion
In addition to modern methods of managing the
warehouse process and the use of advanced warehouse technology, every company should devise a
system for measuring the effectiveness of the processes. Measuring the warehouse process is even
more important because of its dependence on the
logistics system of the company and its impact on
warehouse costs. The SWDM model enables users to internally measure warehouse costs and the
effectiveness of the warehouse process in order to
find possible improvements within the warehouse
Volume 9 / Number 2 / 2014

function. The results obtained provide the basis for
identifying synergies within the entire logistics system of a company in order to reduce overall logistics costs and provide quality services to customers.
This article introduces new possibilities for the
further development of warehouse cost models,
as we can predict that the development of modern
technology solutions in the field of warehousing
will open the door to new cost control methods
and ways for improving warehouse processes.
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Abstract
The goal of the article is to examine the relationship between government expenditure and output in
the Portugal, Ireland, Italy, Greece and Spain (PIIGS) in a period 1995-2010. The results state significant differences in size and importance of public
sector in analyzed countries. The article provides direct empirical evidence on cyclicality and the longterm and short-term relationship between selected
variables. Johansen cointegration test and the error
correction model were used on adjusted annul data
of GDP and government expenditure in compliance
with the COFOG international standard. Research
confirms procyclical development of government
expenditure functions on GDP in the PIIGS. Moreover, output and government expenditure are cointegrated for at least six of the expenditure categories
in every country and it implies a long-term relationship between government expenditure and output
consistent with the Wagner’s law. The values of the
coefficients for the short-run relationship between
expenditure and output confirm the voracity hypothesis, as they suggest that in response to a given
shock to real GDP, government expenditures rise by
even more in percentage points.
Key words: government expenditure, cyclicality, voracity effect, Wagner´s law, COFOG classification
1. Introduction
Due to the economic recession which started
in 2008, several members of the European Union
became historically known as PIIGS. These states
include Portugal, Italy, Ireland, Greece and Spain.
The reason why these countries were grouped together is the substantial instability of their economies, which was an evident problem in 2009. Government expenditure and their growth are seen as
an essential problem in these countries.
Volume 9 / Number 2 / 2014

Actually, development of government expenditure is often associated with Wagner´s law and
voracity effect. Wagner’s law states that government activity increases as economies grow, with
the pace of increase being different for different
branches of government. Voracity effect occurs if
a positive shock to income leads to a more than
proportional increase in public expenditure, even
if the shock is expected to be temporary. The voracity is usually attributed to weak institutions and
ethnic fractionalization, manifested in the presence of multiple interest groups seeking to secure
a greater share of national wealth by demanding
larger public expenditure on their behalf.
On the other hands, government expenditure is an
important tool for national governments to mitigate
the uneven economic development and economic
shocks across individual countries. From a Keynesian perspective, government expenditure should act
as a stabilizing force and move in a countercyclical
direction. But procyclical fiscal policy is generally
regarded as potentially damaging for welfare: it can
raise macroeconomic volatility, depress investment
in real and human capital, hamper growth, and
harm the poor [1]. If expansionary fiscal policies
in “good times” are not fully offset in “bad times”,
they may also produce a large deficit bias and lead
to debt unsustainability and eventual default. If a
government respect a basic prescription that fiscal
tools should function counter-cyclical, the optimal
ﬁscal policy involves a decreasing of government
spending in “good times” and a increasing of government spending in “bad times.”
The aim of the article is to examine the relationship between government expenditure and output
in the Portugal, Ireland, Italy, Greece and Spain (PIIGS) in a period 1990-2010. Although the theory
implies that government expenditure is countercyclical, recent evidence suggests that it is procyclical. Previously published studies are weakly sup453
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ported by the data from PIIGS in which results can
vary. The research is based on direct empirical evidence about the cyclicality and the short-term and
the long-term relationship between government
expenditure and output. We apply cointegration approach on annul data of GDP and government expenditure in compliance with the COFOG international standard. The paper is organized as follows.
In the second section, short literature review is summarised. In the third section, we describe the dataset
and used empirical techniques. Next we present the
results of government expenditure cyclicality and
long-run and short-run relationship between output
and government expenditure. We conclude with a
summary of key findings.
2. Literature review
As [2] mentioned, the economic theory provides
two main categories of arguments that explain the
public sector size in time and among countries. The
first category has as starting point the Wagner law,
according to which the elasticity of government expenditure compared to GDP is greater than one. As
countries become more developed, the demand for
public goods raises and is consistent with the increasing ability to collect the necessary funds. On
top of the “Baumol cost disease”, explains that the
percentage of government expenditure increases
because the raise of public servants’ salaries is higher than their productivity, while the price related to
public services demand is relatively non-elastic.
The second category of arguments is political. For
election purposes, the fiscal policy, especially those
concerning the government expenditure tends to be
inconsistent in time and focuses on greater deficits
and greater public sectors.
The relationship between government expenditure and output has often been debated in economic
literature. [3] proposed that there is a long-run tendency for government activities to grow relative to
total economic aktivity. He stated that during the
industrialization process, as the real income per
capita of a country increases, the share of its public
expenditure in total expenditure increases. Three
main reasons are argued to support this hypothesis: the administrative and regulatory functions of
the state, the cultural and welfare services and the
state participation to finance large-scale projects
454

for technological needs. It means that government
grows because there is an increasing demand for
public goods and for the control of externalities.
The existing literature testing Wagner‘s law varies considerably in terms of the dependent and independent variables chosen to “test” the law. Wagner originally proposed that as industrialization or
social progress proceeded, public sectors would
grow in relative importance. How [4] summed up,
the empirical works on Wagner’s law can be divided in two groups, based on the different types of
used econometric methodology: (1) studies which
are performed until the mid-1990s, assume stationary data series and apply simple OLS (ordinary
least squares) regressions to test alternative versions of the law; (2) cointegration-based studies,
which are performed from the mid-1990s and on,
test for cointegration mostly between government
expenditure and national income. Early studies of
this group use the Engle and Granger methodology
[5], whereas more recent works mostly apply the
Johansen technique [6]. Many recent studies also
perform Granger causality tests to indicate the direction of causality between the variables.
The empirical studies have produced mixed and
sometimes contradictory results. Some of these
conflicting conclusions have been attributed due to
using the different econometric methodology and
the different features characterizing different economies during alternative time periods. Above that,
[7] pointed out on the fact that there are at least 14
different measures of government expenditure that
have been used in the literature (e.g. government
expenditure at current prices, government expenditure plus transfers at current prices, government
expenditure at constant prices, government expenditure plus transfers at constant prices, government
consumption expenditure at current prices, government consumption expenditure at constant prices,
central government expenditure only, government
capital expenditure at constant prices, etc.), and at
least 13 different possible measures of output (e.g.
total output Y, output per capita, proportion of Y
generated in manufacturing sector, proportion of
Y generated in primary sector, permanent income,
total commercial energy consumption per capita,
exports plus imports divided by Y, etc.).
Next, [8] investigated empirically the traditional Wagner’s hypothesis in the case of Greece
Volume 9 / Number 2 / 2014
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using disaggregated data of public expenditures
and employing an error correction approach. The
empirical findings confirmed Wagner’s law only
in the case of military expenditure. [9] analysed
the experience of six developed economies (Denmark, Germany, Italy, Norway, Sweden and the
UK) from the mid-19th century to 1913, and reported results in accordance with the Wagner´s
law. Then [10] applied six alternative functional
forms, using data for the EU-15 countries over the
time period 1949-1998. The results are ambiguous accordingly to the method applied. The major
points that emerge from the Εngle and Granger
test are that in most of the EU countries, no long
term relationship has been observed, except for
some subcases in Finland, Italy and the Netherlands. In contrast, the Johansen test supports the
existence of Wagner’s law in most EU countries,
with the exception of France and Italy. As far as
the Granger causality test is concerned, patterns of
causality between income and government expenditure display dramatic differences across various
countries. Moreover, there is limited support for
the pattern of causality; Wagner’s law was completely verified only in Finland and Italy. Later
[11] analyzed the evidence of the USA, United
Kingdom, France, Germany and Italy for the period 1870-1990. They observed that the increase
in the public expenditure to national income ratio
is faster for the period until the mid-20th century
and develop a model based on Wagner’s law.
The short- and long-term behaviour analysis of
government spending with respect to output in 51
developing countries was done by [12] using an
error-correction model. They find evidence that is
consistent with the existence of cyclical ratcheting
and voracity in government spending in developing
countries, resulting in a tendency for government
spending to rise over time. They presented three
main policy conclusions of the research: (1) the
long-term and short-term elasticity of capital spending in relation to GDP is relatively high; (2) there
may be scope for fiscal rules or fiscal responsibility laws in some countries that limit the discretion
for pro-cyclical fiscal policy; (3) in many countries,
there is a long-term relationship between the level
of output and government spending. As noted, [4]
investigated the long-run tendency for government
expenditure to grow relative to national income usVolume 9 / Number 2 / 2014

ing Greek data from 1833 to 1938. Cointegration
analysis validates the existence of long-run relationship between the variables, as expressed by the
six most popular versions of the Law. Moreover,
Granger causality tests indicate causality running
from the variables approximating income to the
government expenditure variable.
Also [13] analysed the development of public
expenditure and aggregate income in 23 OECD
countries. Using panel cointegration, the empirical
evidence provides findings of a structural positive
correlation between public spending and per capita
income, consistent with the Wagner’s law. The correlation is usually higher in countries with lower per
capita income, suggesting that the period of catching-up is characterized by a stronger development
of public activities than more mature economies.
[14] studied the linkages between public expenditure and GDP for Italy. Empirical evidence
suggests that only for gross public investment
expenditure the hypothesis is satisfied. Instead,
Granger-causality brings unclear results. Later
[15] examined the empirical evidence of Wagner’s
law and of Augmented Wagner’s law, according to
which subsists a long-term relationship amongst
public expenditure on one side and aggregate income and public deficit on the other side. He has
employed six alternative functional forms of Wagner’s law, using data for the EU-27 countries over
time period 1970-2009. With regard to Keynesian
hypothesis, he has found no clear evidence of government expenditure causing national income and
he has concluded that the Keynesian proposition
of government expenditure as a policy instrument
to encourage and lead growth in the economy is
not supported by the data used.
There is a direct empirical evidence on cyclicality and the long-term and short-term relationship between government spending and output in
eight Central and Eastern European (CEE) countries in a period 1995–2009. The results confirm
cyclical development of government spending on
GDP, Wagner´s law and voracity effect in the most
CEE countries [16].
The literature testing the cyclicality of government expenditure also provides variety of results.
Many of researches focused on Latin America [17,
18]. On the one hand, [19] showed in his research
that expenditure is countercyclical. However, oth455
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er papers have shown no discernible pattern. [20]
documented for G7 countries, the correlation between government consumption and output indeed
appears to show no pattern and be clustered around
zero. The differences in these results depend on the
components of expenditure being measured. Government transfers and subsidies are found to have
become substantially more countercyclical.
Contrary to the theory, many of empirical studies have found evidence that government expenditure is procyclical. Analysis of [21] found procyclicality in a single-country time series study of
Irish fiscal policy. [22] also showed that the level
of cyclicality varies across expenditure categories
and across OECD countries. [23] concluded that
fiscal procyclicality is evident in a much wider
sample of countries. Studies by [24-28] presented similar conclusions. [29] tested differences in
the cyclicality of government expenditure across
functional categories. Their evidence from 20
OECD countries suggests that procyclicality is
more likely in smaller functional budgets, but capital expenditure is more likely to be procyclical for
the larger expenditure categories.
3. Data and methodology
In this paper we adopt the simplest formulation
of Wagner‘s law by focusing on the relationship
between aggregate economic activity and government expenditure in compliance with the COFOG
international standard. Most studies analyzing the
cyclicality of government expenditure and output
have used a panel data methodology that has not
fully exploited the time-series properties of the
data. On the other hand, studies testing for a longrun relationship, such as Wagner‘s law, have ignored the short-term aspects of this relationship.
In the literature on cyclicality, many studies use
panel data models that are not well suited to exploring short-term versus long-term relationships.
We exploit both the time-series and cross-sectional aspects using an error-correction framework.
The dataset consists of annual data on GDP
and government expenditure in compliance with
the COFOG international standard during the period 1995–2010. It is not possible to use longer
and higher frequently time series data as COFOG
classification analyzes and reports only annual data.
456

The countries included in the analysis are Portugal,
Ireland, Italy, Greece and Spain. All time series are
collected from the Eurostat database and adjusted
at constant prices (deflators in 2005 prices are taken
from the World Bank). In line with [12], we investigated fiscal and output co-movements by the approach proposed by [22]. We estimated the elasticity
of government expenditure with respect to output,
based on country-by-country time-series regressions. Next we used an error-correction approach,
which allows us to distinguish between the shortterm effect of output on government spending and
any longer-term effect between these two variables.
Most of the results were calculated in econometric
program Eviews 7.
Many studies point out that using non-stationary
macroeconomic variable in time series analysis
causes superiority problems in regression. Thus, a
unit root test should precede any empirical study
employing such variables. We decided to make
the decision on the existence of a unit root through
Augmented Dickey–Fuller test (ADF test). The
equation (1) is formulated for the stationary testing.
k

D x t = δ 0 + δ 1 t + δ 2 x t −1 + ∑ a i D x t − i + u t
i =1
.........................................
(1)
ADF test is used to determine a unit root xt at
all variables in the time t. Variable Δxt-i expresses
the lagged first difference and ut estimate autocorrelation error. Coefficients δ0, δ1, δ2 and αi are
estimated. Zero and the alternative hypothesis for
the existence of a unit root in the xt variable are
specified in (2).
H0: δ2 = 0, Hε: δ2 < 0 ....................... (2)
Testing the stationary is the essential assumption for implementation of cointegration approach.
It is necessary to confirm that time series are nonstationary at level data but stationary at first difference. The results of ADF test confirmed the
stationary of all time series on the first diference.
We suppose there is a steady-state relationship
between government expenditure and output given by (3).
................................. (3)
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G represents government expenditure, Y means
output and Eq. (3) can also be written in linear form:

ent from zero in (8), then output and government
spending are cointegrated.

.............. (4)
If the adjustment of government expenditure
is gradual, then the level
G to its steady-state
of government expenditure will respond to transitory changes in output, and G will move gradually
toward its steady-state, or equilibrium level. To
capture this gradual move, we specify a general
autoregressive distributed lag specification for
spending category i in period t:

......................................... (8)
where φ = γδ. The above derivation makes
clear the underlying assumption that there is a
elasticity relationship between output and expenditure, while the transitory deviations are random.
4. Results and discussion
4.1 The structure of government expenditure

│α│<1 .................................. (5)
We can solve for the static, steady-state equilibrium by assuming that output is at its steadystate level

and ignoring the error term:
........ (6)

More generally, we could allow output to grow
at rate g. In this case, the only difference is that the
, which depends
constant term becomes
on g. To reflect the steady state, (5) can be rearranged as the error correction model (7).

......................................... (7)
In (7), we can interpret β0ΔlogYt as the short-term
impact of output on government expenditure and
β0 as the short-run elasticity of government expenditure with respect to output. The error correction
term γ(logGit-1− δlogYt-1) captures deviations from
the steady-state, or long-run equilibrium, where δ is
the long-run elasticity of government expenditure
with respect to output, and γ is the rate at which
government expenditure adjusts to past disequilibrium. μ is constants of the model, εt means residual
component of long-term relationship.
Above that, (7) can be rewritten as (8) and then
used to test if there is a long-run relationship between government spending and output. In particular, following [30], if γ is significantly differVolume 9 / Number 2 / 2014

The structure and an amount of government expenditure is very important for economic policy of
each country as it can help in overcoming the inefficiencies of the market as well as in smoothing
out cyclical fluctuations in the economy. We used
government expenditure in compliance with the
COFOG (Classification of the Functions of Government) international standard in our analysis.
The COFOG is one of the four classifications of
expenditure according to purpose (functional classifications) used in the national accounts. COFOG
classifies government expenditure into ten main
categories / divisions:
CF01: General public services
CF02: Defense
CF03: Public order and safety
CF04: Economic affairs
CF05: Environment protection
CF06: Housing and community amenities
CF07: Health
CF08: Recreation; culture and religion
CF09: Education
CF10: Social protection
Figure 1 shows development of government
expenditure in the PIIGS countries in a period
1995–2010. Government expenditure relative to
GDP progressively decreased in the PIIGS, except
Greece, between 1995 and 2000, next stagnated
till 2006, followed by a rise in 2007 and 2008 and a
more emphatic increase in 2009. The development
is influenced by the consequences of the economic
and financial crisis. The related need for public in457
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tervention are the main factors behind the upward
trend between 2008 and 2009, and its remaining
high level in 2010, as the breakdown of expenditure by functions confirms. The main contributors to the increase in expenditures were social
protection and health (for details look at Eurostat
database). For example, government expenditure
reached 67% of GDP in Ireland in 2010, whereas
it was the countries with the lowest levels until
2008. This jump is largely explained by specific
government support to banks during the financial
crisis, in the form of capital injections. This type
of support is classified as government expenditure
in certain conditions (it belongs to CF04).

Figure 1. Government expenditure in the PIIGS
(in % GDP)
Source: authors´ compilation based on data from Eurostat

The average value of total government expenditure is the smallest in Ireland (38% GDP), the
highest in Italy (50% GDP), while the average is
48% GDP in the whole EU15. It means that the average value of total expenditure in PIIGS, except
Italy, is lower than the average value in the EU15,
although these countries are often criticized for
the excessive government expenditure.
Table 1 shows the average share of government
expenditure by functions on total expenditure in
each PIIGS country during the analyzed period.
Data states sizeable differences in importance of
public sector and a priority of government expen-

diture functions and confirms that the PIIGS is not
a homogenous group of countries.
The three biggest expenditure functions, on average, account nearly 65% of the total expenditure:
Social protection, Health and General public services. In the PIIGS as a whole as well as in all individual member states, social protection is the most
important function of government expenditure. Social protection expenditure (CF10) takes the third
of all government expenditure in average. It contains, for example, expenditure on sickness and disability, old age, survivors, family and children, unemployment, housing, social exclusion and R&D
social protection. The highest value of CF10 is in Italy, although the value decreased by 10 percentage
points in selected period (from 26.7% to 16.4%).
On the other hand, the average value is less than
a half in Ireland. The value of General public services (CF01) is the second highest category (17%).
We can find the highest value of CF01 in Greece
(23.86%), followed by Italy (21.66%); it is due to
a high expenditure on public debt services. On the
other hand, Ireland has the smallest CF01 expenditure (less than 11%). Economics affairs (CF04)
and (CF09) Education expenditure are in average
very similar (11.18% resp. 11.06%), but the share
differs in each country. Education expenditure is
twice as high in Portugal as in Greece. Contrary,
Greece has the absolutely highest expenditure on
Defense (CF02) compare to the rest of the PIIGS in
analyzed period.
4.2 Cyclicality of government expenditure
As was already noted, government expenditure
is a possible automatic stabilizer. The cyclicality
of government expenditure is typically defined in
terms of how expenditure moves with the output
gap. If government expenditure increases when

Table 1. Government expenditure - COFOG classification (in % of total G)
Country
Greece
Spain
Ireland
Italy
Portugal
Average

CF01
23.86%
13.95%
10.72%
21.66%
15.18%
17.08%

CF02
6.11%
2.77%
1.61%
2.67%
3.29%
3.29%

CF03
2.58%
4.67%
4.51%
3.99%
4.21%
3.99%

CF04
11.19%
12.03%
13.70%
8.58%
10.42%
11.18%

CF05
1.17%
2.13%
2.34%
1.65%
1.43%
1.74%

CF06
0.81%
2.53%
4.33%
1.72%
1.78%
2.24%

CF07
11.50%
13.63%
17.64%
12.73%
14.72%
14.04%

CF08
0.85%
3.51%
1.81%
1.71%
2.68%
2.11%

CF09
7.19%
10.99%
13.17%
9.47%
14.50%
11.06%

CF10
34.73%
33.80%
30.18%
35.81%
31.81%
33.27%

Source: authors´ compilation based on data from Eurostat.
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Table 2. The value of adjustment coefficient γ
Country G total
-0.91*
Greece
(0.45)
0.23*
Spain
(0.06)
0.29
Ireland
(0.18)
-0.00
Italy
(0.03)
-0.01
Portugal
(0.11)
Average
0.57
Share
40%
significant

CF01
0.32*
(0.09)
0.37*
(0.15)
-0.01*
(0.00)
-0.56**
(0.18)
-0.69**
(0.14)
0.39

CF02
-0.60*
(0.22)
-0.37*
(0.19)
-0.32*
(0.14)
-0.27*
(0.11)
-1.11*
(0.37)
0.53

CF03
-0.25
(0.34)
0.41
(0.41)
0.23*
(0.12)
-0.07*
(0.34)
-0.06
(0.19)
0.23

CF04
-1.28*
(0.30)
-1.18*
(0.34
1.41
(1.03)
-0.62*
(0.24)
-0.40
(0.43)
1.2

CF05
-0.01
(0.12)
-0.29
(0.21)
-0.04
(0.05)
-0.39*
(0.16)
-0.23*
(0.13)
0.31

100%

100%

20%

60%

40%

CF06 CF07 CF08
-0.49
0.03 -0.80*
(0.31) (0.11) (0.28)
-0.17 -0.17* -0.35
(0.32) (0.07) (0.25)
-0.91* -0.18** 0.28
(0.39) (0.11) (0.36)
-0.66* -0.31** -0.13
(0.30) (0.08) (0.24)
-0.52* -0.02 -0.48*
(0.14) (0.23) (0.24)
0.69
0.22
0.64
60%

60%

40%

CF09 CF10
-1.10* -0.39*
(0.45) (0.20)
-0.04* 0.05*
(0.02) (0.03
-0.06* -0.28*
(0.02) (0.07)
-0.31* -0.34**
(0.11) (0.09)
-0.56* -0.16**
(0.23) (0.05)
0.41
0.24
100%

100%

Note: Symbols *and ** and denote significance at the 1% and 5% level, standard deviation are in parenthesis. Average means
average absolute values of significant coefficients only. Share significant means share of significant cases.
Source: authors´ calculations.

there is a positive output gap, then expenditure is
countercyclical. If potential output were observable or easy to estimate, one could define countercyclicality as above-average expenditure to output
ratio whenever output was below its potential.
As [12] mention, measuring potential output is
difficult. As a consequence, it is not easy to discuss business cycles or cyclicality per se. Therefore we focus on co-movements of government
expenditure and output as a proxy for cyclicality.
Table 2 reports the estimates of the adjustment
coefficient γ from equation (7), which is estimated
by OLS with a correction for an autoregressive error term. γ is the rate at which government expenditure adjusts to past disequilibrium. In cases where
γ is significant, we can conclude there is a cointegrating relationship between government expenditure and output. The results indicate significant
difference across expenditure functions. There is a
long-term relationship between total government
expenditure and output consistent with Wagner’s
law, the share of significant results is 68% for all
categories in all countries. Although the error correction term is not significant for all expenditure
functions in any country of the sample, all countries have a significant error correction term for at
least six of the expenditure functions (six in Greece
and Spain, seven in Ireland and Portugal and eight
in Italy). Moreover, the error correction term for
General public services (CF01), Defense (CF02)
Volume 9 / Number 2 / 2014

Education (CF09) and Social protection (CF10)
are significant in all countries. As expected, the
adjustment coefficients are mostly negative (in
86% of cases), indicating dynamic stability. These
findings are in line with [12] as they have found
that all adjustment coefficients are negative and
although the error correction term is significant in
about 30% of countries in the sample for all expenditure aggregates, 70% of the sample countries
have a significant error correction term for at least
one of spending aggregates. Similarly, the error
correction term not significant for all expenditure
functions in any CEE country of the sample, all
countries have a significant error correction term
for at least four of the spending functions and the
adjustment coefficients are mostly negative [16].
The implication of a significant error correction
term is that there is in fact a long-term relationship
between government expenditure and output. But
it is suitable to point out that the existence of cointegration does not imply causality, which is consistent with Wagner’s view that there is not necessarily a cause and effect relationship between
economic development and government activity.
Table 3 summarizes the results about the longrun elasticity of expenditure with respect to output. The long-run elasticity coefficient δ is significant in 84% cases. A positive value of δ is consistent with a wider interpretation of Wagner’s law, as
it implies that government expenditure rises with
459
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national income. If δ is higher than one then this
would be consistent with a narrow interpretation
of Wagner’s law, where government expenditure
rises faster than national income.
The long-term elasticity of government expenditure and output δ is mostly positive (in 92% of
cases) and it is in line with a wider interpretation
of Wagner’s law; the highest elasticity coefficient
is for Public order and safety (CF03) due to the
extremely high δ in Italy (it greatly increased the
average). Moreover, δ is for total expenditure larger than one (1.17), average value is 1.30 for all
expenditure functions. It is in accordance with the
narrow interpretation of Wagner‘s law and indicates that in the long-term, the public sector is increasing in relative importance. The coefficient for
long-run elasticity was significant in all countries
for all expenditure functions with the exception
of Public order and safety (CF03), Environment
protection (CF05) and Housing and community
amenities (CF06). In Table 3, we can also find the
long-run δ lower than one, it means that the expenditure function rises slower than national income.
Table 4 summarizes results about the short-run
elasticity of expenditure with respect to output. The
results and conclusions for the short-run elasticity
are not so unequivocal. For all expenditure categories, the average coefficient is 2.09. Although the
short-run elasticity is positive for 79% of the cases
in the sample, it´s needed to points out on 51% sta-

tistical significant of results. However, the coefficient value above one is consistent with the voracity
hypothesis, as it suggests that in response to a given
shock to real GDP, government expenditure rises
by even more in percentage points.
The Public order and safety expenditure (CF03)
indicates the highest short-run elasticity, with a
mean coefficient of 2.59 for the 80% of cases where
the coefficient is significant. This implies that governments cut and expand CF03 expenditure proportionally more during recessions and expansions,
respectively, than other types of expenditure.
Elasticity results confirm conclusions of earlier studies [9, 22, 12, 4, 16, 29]. But the size of
the elasticity with respect to output varies greatly
across countries. Following [22], we try to explain
the cross-country variation in the short-term elasticity, using a wide range of variables, including
output volatility, index for power dispersion, per
capita GDP, the standard deviation of terms of
trade volatility or financial risk. However, the results were not statistically significant. On the other hand, [14] did not find clear evidence between
government expenditure and GDP, but he used
panel data instead of separate time series.
5. Conclusion
The aim of this article was to examine the relationship between government expenditure and

Table 3. The long-run elasticity coefficient δ
Country G total
1.02*
Greece
(0.06)
-0.06
Spain
(0.13)
0.36*
Ireland
(0.15)
0.94**
Italy
(0.01)
2.34**
Portugal
(0.40)
Average
1.17
Share
80%
significant

CF01
-1.50*
(0.27)
-0.65**
(0.14)
1.38**
(0.21)
-1.97**
(0.18)
0.77**
(0.01)
1.26

CF02
1.43*
(0.55)
0.74**
(0.09)
0.55**
(0.01)
1.36*
(0.62)
0.64*
(0.0)
0.95

CF03
4.20**
(0.32)
0.81**
(0.07)
0.14
(0.14)
3.13**
(0.41)
0.68**
(0.02)
2.20

100%

100%

80%

CF04 CF05 CF06 CF07 CF08
0.88** 0.58 1.19** 0.76** 2.69*
(0.14) (0.01) (0.23) (0.01) (0.30)
1.23** 1.37** -0.20 1.94** 0.98**
(0.09) (0.07) (0.32) (0.33) (0.10)
0.56** 0.13 1.11** 1.20** 0.79**
(0.08) (0.59) (0.09) (0.05) (0.09)
0.77** 1.66** 0.58** 2.37** 1.96**
(0.01) (0.18) (0.00) (0.27) (0.21)
0.73** -0.22** 0.58** 2.55** 0.63**
(0.00) (0.72
(0.01 (0.25) (0.00)
0.83
1.08
0.86
1.76
1.41

CF09
2.07**
(0.15)
2.85*
(0.93)
2.46**
(0.61)
0.78**
(0.00)
0.77**
(0.00)
1.79

CF10
0.78**
(0.09)
0.91**
(0.01)
0.86**
(0.01)
0.88**
(0.14)
0.89**
(0.02)
0.86

100%

100%

100%

60%

80%

100%

100%

Note: Symbols *and ** and denote significance at the 1% and 5% level, standard deviation are in parenthesis. Average means
average absolute values of significant coefficients only. Share significant means share of significant cases.
Source: authors´ calculations.
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Table 4. The short-run elasticity coefficient β
Greece
Spain
Ireland
Italy
Portugal
Average
Share
significant

G total
-0.54
(1.14)
1.21**
(0.21)
-0.20
(0.70)
0.44*
(0.23)
0.07
(0.35)
0.83

CF01
2.34*
(0.83)
1.01*
(0.54)
-0.63
(0.39)
1.05*
(0.50)
-0.69**
(0.14)
1.27

CF02
5.97*
(2.07)
0.19
(0.34)
0.83*
(0.31)
-0.43
(0.77)
1.00
(0.76)
3.40

CF03
4.23*
(2.36)
2.11*
(1.10)
1.39*
(0.48)
0.18
(0.89)
-2.63*
(1.24)
2.59

CF04
0.96
(1.73)
-0.29
(0.76)
1.11
(4.68)
0.52
(1.53)
0.49
(1.14)
-

CF05
1.92*
(0.80)
-0.65
(0.88)
1.43*
(0.60)
0.64
(0.38)
0.19
(0.91)
1.68

CF06
0.96
(1.38)
0.38
(2.28)
-1.65
(1.52)
-0.35
(5.01)
4.38*
(1.30)
4.38

CF07
3.45*
(1.33)
0.79*
(0.33)
-1.25*
(0.49)
-0.55
(0.36)
1.13*
(0.57)
1.65

CF08
-4.02
(2.56)
-0.29
(1.24)
2.92*
(1.50)
1.14*
(0.55)
0.49
(0.84)
2.3

40%

80%

40%

80%

0%

40%

20%

80%

40%

CF09 CF10
0.12
0.47
(1.62) (0.62)
0.89** 1.21*
(0.22) (0.51
0.55* -1.44*
(0.15) (0.58)
0.60* -0.67**
(0.27) (0.22)
0.42 -1.34*
(0.88) (0.69)
0.68
1.16
60%

80%

Note: Symbols *and ** and denote significance at the 1% and 5% level, standard deviation are in parenthesis. Average means
average absolute values of significant coefficients only. Share significant means share of significant cases.
Source: authors´ calculations.

output in the Portugal, Ireland, Italy, Greece and
Spain in a period 1995-2010. We analyzed cyclically adjusted annual data and provided direct empirical evidence on cyclicality and the long-term
and short-term relationship between output and
government expenditure in compliance with the
COFOG international standard.
Johansen cointegration test and the error correction model were used as basic research methods.
Results document that output and government expenditure are cointegrated for at least six of the expenditure functions in every country and it implies
a long-term relationship between government expenditure and output. The government expenditure
functions are procyclical in most countries (68%
cases in the sample). Average value of long-run
elasticity coefficient is 1.30 for all expenditure functions, 1.17 for total government expenditure. It is
consistent with the wider interpretation of Wagner’s
law and indicates that the public sector is increasing
in relative importance in the long-term. The δ coefficient was significant in each country for all expenditure functions with the exception of Public order
and safety (CF03), Environment protection (CF05)
and Housing and community amenities (CF06).
The research is focused also on short-run relationship between expenditure and output. Results
are not unambiguous due to a relatively low statistical significance (51%). However, the coefficient values (average is 2.09) confirm the voracity
Volume 9 / Number 2 / 2014

hypothesis, as they suggest that in response to a
given shock to real GDP, government expenditure
rises by even more in percentage points.
When comparing the short-run and the long-run
coefficients for countries where there is a long-term
relationship between government spending and output as found in most cases, the short-run elasticity is
larger than that for the short term. This is similar with
development in Central and Eastern European countries [16], but opposite findings are in most developing countries, where the long-run elasticity is larger
than that for the short term in 65% of cases [12].
It is possible to conclude that although the
theory implies government expenditure is countercyclical, this research does not prove that. The
results confirm procyclical development of government expenditure on GDP, Wagner´s law and
voracity effect in PIIGS countries during 1995–
2010. Found result is consistent with the empirical
literature using the identical methodology.
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A Hands-on approach based courseware
on network packet filtering for information
security education
Zouheir Trabelsi
College of Information Technology, UAE University, Al Ain, UAE,

Abstract
Network security is an important field in information security education at both undergraduate
and graduate levels. A courseware on network
security covers usually network packet filtering,
firewalls, network traffic analysis, network attacks, Virtual Private Networks (VPN), and intrusion detection and prevention. The courseware
should be designed in a way that it offers extensive
hands-on laboratory exercises to bring operational
experiences to students, in additional to the regular lectures that explain the fundamental concepts
relative to the field of network security.
This paper is concerned solely with the network packet filtering topic, particularly firewall
filtering rules implementation. Network packet filtering is the selective passing or blocking of packets as they pass through a network interface, and
allows protecting a local network from unwanted
traffic. With the objective of enhancing information security education, the paper discusses what
fundamental concepts the students need to know
about network packet filtering. In addition, the paper describes a set of comprehensive hands-on lab
exercises that allow students to acquire hands-on
skills on network packet filtering using firewall
technology. Four major subtopics that cover network packet filtering and firewall filtering rules
have been identified and discussed in details using
examples of security policies. The paper does so
in the hope that it will encourage the teaching of
these subtopics when offering courses on network
security. Throughout this paper, it will be shown
the importance of using a hands-on approach
when teaching network security. The paper evaluates the impact of the hands-on approach on the
students’ grading performance and course learning outcomes achievement.
Volume 9 / Number 2 / 2014

Key words – Network security, Network packet
filtering, Firewall filtering rules, Security policy,
Hands-on lab exercises, Course learning outcomes.
1. Introduction
Information security programs offer courses
that cover various security fields, including mainly network security, cryptography, database and
distributed systems security, software security,
computer forensics, biometrics, operating systems
security, and ethical and legal issues in computer
security. Network security is a complicated course
to teach requiring extensive hands-on experience
to fully develop the students knowledge base
[1]. The network security field covers typically
network packet filtering, firewalls, network traffic analysis, network attacks, VPN, and intrusion
detection and prevention topics. All these security topics are included in NSTISSI 4011 [2] and
CNSSI 4013 [3], which are required by the USA
National Security Agency to certify an institution
as a National Center of Academic Excellence in
Information Assurance Education (CAE/IAE).
Commonly, information security classes require both the preparation of regular lectures to
teach students the fundamental security concepts,
and the development of hands-on laboratory exercises. The courseware should be designed in a
way that the laboratory exercises bring to students
effective operational experiences on the use and
implementation of security techniques and solutions. It is important to mention that nowadays the
need to use a practice and application oriented approach in information security education is paramount [4]. In fact, a security education curriculum
that does not give the students the opportunity to
experiment in practice with security techniques
cannot prepare them to be able to protect efficient463
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ly the confidentiality, integrity, and availability of
computer systems and assets.
Recently, with the increase of information security programs, a number of laboratory experiments and laboratory-based courses have been developed for information security education [5-13].
However, even though, network packet filtering,
particularly firewall filtering rules, is an import
topic in network security, there are few hands-on
approach based textbooks and academic papers
that discuss courseware structure and contents
relative to this topic [1, 14-15]. Hence, to contribute to fill the aforementioned void in information
security education, this paper proposes a hands-on
approach based courseware that includes what the
students need (1) to know about the fundamental
security concepts of network packet filtering and
firewall filtering rules, and (2) to acquire as handson skills. In fact, to enhance information security
education, this paper discusses the fundamental
security concepts that are essential for security
courses on network packet filtering, as well as a
set of comprehensive hands-on lab exercises.
Four major fundamental security concepts that
mostly cover network traffic filtering and firewall
filtering rules have been identified, including basic
packet filtering, nonstandard service filtering, packet content filtering, and firewall filtering rules consistency and efficiency verification. The following
subsections discuss the identified concepts along
with their corresponding hands-on lab exercises.
The rest of the paper is organized as follows:
Section 2 discusses the network architecture and
security tools required to run the hands-on lab exercises. Section 3 discusses the four fundamental
concepts on network packet filtering and their corresponding hands-on lab exercises. Section 4 evaluates first the impact of the proposed hands-on lab
exercises on the course learning outcomes and
how effective the students think the courseware is,
and then measures the students’ satisfaction level.
Finally, Section 5 concludes the paper.
2. Network Architecture and Security Tools
A. Network architecture
To enhance the students’ hands-on skills, the proposed courseware includes comprehensive hands-on
lab exercises for each discussed subtopic on network
464

packet filtering. The hands-on lab exercises require
the use of a network architecture consisting of two or
more small Local Area Networks (LANs) with few
hosts. The traffic exchanged between the LAN networks is filtered by a firewall which can be a standalone firewall hardware device or a computer with
multi network interfaces and running a firewall software tool. In addition, among the hosts connected to
the LAN networks, some hosts are running a Web,
FTP or Telnet server. During the hands-on lab exercises, various security policies are provided and the
students are requested to implement and test the appropriate filtering rules using the network’s firewall.
As an example, the proposed courseware in
this paper, uses the network architecture shown
in Figure 1 and consisting of three LAN networks
(LAN#1, LAN#2 and LAN#3). There are three
servers running in these LAN networks. That is, in
LAN#1, a host with IP address 192.168.1.10 hosts
a Web server. In LAN#2, a host with IP address
192.168.2.20 hosts an FTP server. In LAN#3, a host
with IP address 192.168.3.30 hosts a Telnet server.
The traffic exchanged between the three networks is inspected and filtered by a standalone firewall hardware device (Juniper Network SSG20 Appliance). It is important to mention that this network
architecture uses Juniper firewall device to filter the
network traffic, however, any similar firewall hardware device or software tool offering the same filtering rules implementation capabilities, can be used
to implement the discussed hands-on lab exercises.

Figure 1. Network architecture used to run the
hands-on lab exercices
B. Security Tools
The discussed hands-on lab exercises on network packet filtering require the use of a set of
software security tools, including:
Volume 9 / Number 2 / 2014
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–– LiterServer tool (http://www.cmfperception.
com): Used to setup the Web, FTP and
Telnet servers, as shown in the network
architecture of Figure 1.
–– LeapFTP tool (http://www.leapware.com):
Is a graphical interface based FTP client tool.
–– CommView Packet Analyzer tool (http://
www.tamos.com): Used to sniff and analyze
network traffic.
3. Network Packet filtering Concepts and
hands-on Lab exercises
Four fundamental concepts that mostly cover
network packet filtering and firewall filtering rules
have been identified, including basic network
packet filtering, nonstandard service filtering,
packet content filtering, and firewall filtering rules
consistency and efficiency verification. The following subsections discuss the identified concepts
along with their corresponding hands-on lab exercises. This paper assumes that the user has basic
knowledge about TCP/IP protocols [16], common
Internet services [17], and network configuration.
A Basic Network Packet Filtering
1. Fundamental concepts
Network packet filtering is the process of passing or blocking packets at a network interface,
and allows protecting a LAN network from unwanted traffic. Network packet filters are usually
standalone hardware devices, such as a firewall or
router, or software tools.
The criteria that packet filtering uses when inspecting packets are usually based on the Layer 3
(IPv4 and IPv6) and Layer 4 (TCP, UDP, ICMP,
and ICMPv6) headers of the OSI model. The most
often used criteria are source and destination IP
addresses, source and destination TCP/UDP ports,
TCP flag bits, type and code fields in an ICMP
header, and the protocol field of the Layer 4 header. The packet filter examines the header of each
Rule
R1

Direction
Incoming

Source IP address
Any

packet based on a specific set of filtering rules, and
on that basis, decides to prevent it from passing
or allow it to pass. The filtering rules represent
the security policy that an institution or a network
administrator wants to enforce and implement, by
specifying the criteria that a packet must match
and the resulting action. The resulting action is either Pass (Let the packet through), Drop (Do not
forward the packet) or Reject (same as Drop, except that a special ICMP packet is sent back to the
sender informing it that the packet was filtered).
Commonly, the filtering rules are evaluated in sequential order, first to last. There is an implicit “Pass
all” or “Deny all” at the end of a filtering rule set
meaning that if a packet does not match any filtering
rule, the resulting action will be to pass or deny. The
recommended practice when implementing filtering
rules is to take a “default deny” approach. That is, to
deny everything and then selectively allow certain
traffic through the firewall. This approach is recommended because it errs on the side of caution and
also makes writing a rule set easier.
For example, to filter out all Ping traffic coming to the network; block all incoming ICMP echo
request packets (Type=8 and Code=0). To filter out
all incoming requests to access internal FTP servers;
block all incoming traffic that is directed at TCP port
21. For these two security policies, filtering rules
should be defined and implemented in the selected
packet filtering technology (Firewall, router, operating system, etc.). The following two filtering rules
(R1 and R2) reflect the above two security policies:
2. Hands-on lab exercise
The learning objective of this hands-on exercise
is for students to learn how to implement firewall
filtering rules for basic security policies. Practically, students are asked to implement the appropriate
filtering rules for a variety of basic security policies, using Juniper firewall. The example security
policies allow applying filtering rules on network
traffic exchanged between client hosts and servers

Destination IP address
Any

Protocol
ICMP

Type
8

Code
0

Action
Deny

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R2 Incoming
Any
Any
TCP
Any
21
Deny
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of the network architecture shown in Figure 1.
Phase 1: Filtering rules implementation
The following is examples of security policies
and their corresponding filtering rules:
1. Security Policy #1 (SP#1): LAN#1’s hosts
are allowed to ping LAN#2 and LAN#3’s
hosts. However, LAN#2 and LAN#3’s hosts
are not allowed to ping LAN#1’s hosts. The
default security policy is “Deny all”.
Figure 2 is a screenshot showing the filtering rules
implemented in Juniper firewall, and corresponding
to the security policy SP#1. The filtering rule with
ID 1 allows LAN#1’s hosts (192.168.1.1/24) to
ping LAN#2’s hosts (192.168.2.1/24) and LAN#3’s
hosts (192.168.3.1/24). The filtering rule with ID 2
does not allow LAN#2’s hosts and LAN#3’s hosts
to ping LAN#1’s hosts. The filtering rule with ID 3
is the default security.

2. Security Policy #2 (SP#2): LAN#3’s
hosts are allowed to access the Web site
(192.168.1.10/32) in LAN#1. However,
LAN#2’s hosts are not allowed to access the
Web site.
Figure 3 is a screenshot showing the filtering
rules implemented in Juniper firewall, and corresponding to the security policy SP#2. The rule with
ID 1 allows LAN#3’s hosts (192.168.3.1/24) to
access the Web site (192.168.1.10/32) in LAN#1.
The rule with ID 2 does not allow LAN#2’s
hosts (192.168.2.1/24) to access the Web site
(192.168.1.10/32) in LAN#1.
3. Security Policy #3: The only host in
LAN#1 that is allowed to telnet the host
(192.168.3.30) in LAN#3 is the host
(192.168.1.10).

Figure 2. Firewall filtering rules corresponding to the security policy SP#1

Figure 3. Firewall filtering rules corresponding to the security policy SP#2

Figure 4. Firewall filtering rules corresponding to the security policy SP#3
466
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Figure 4 is a screenshot showing the filtering
rules implemented in Juniper firewall, and corresponding to the security policy SP#3. The rule with
ID 1 allows the host (192.168.1.10/32) in LAN#1
to access the Telnet server (192.168.3.30/32)
in LAN#3. The rule with ID 2 does not allow
LAN#1’s hosts (192.168.1.1/24) to access the Telnet server (192.168.3.30/32) in LAN#3.
4. Security Policy #4: LAN#1’s hosts are
allowed to access any FTP server in LAN#2.
However, LAN#3’s hosts are not allowed to
access any FTP server in LAN#2.
Figure 5 is a screenshot showing the filtering
rules implemented in Juniper firewall, and corresponding to the security policy SP#4. The rule with
ID 1 allows LAN#1’s hosts (192.168.1.1/24) to access any FTP server in LAN#2 (192.168.2.1/24).
The rule with ID 2 does not allow LAN#3’s hosts
(192.168.3.1/24) to access any FTP server in
LAN#2 (192.168.2.1/24).
Phase 2: Filtering rules testing
The objective of this phase of the hands-on lab
exercise is to test the efficiency of the implement-

ed filtering rules by verifying whether they reflect
exactly the corresponding security policies. Practically, each security policy is tested by generating
the appropriate network traffic, and then checking
the content of the log event in Juniper firewall. For
example, in case of the security policy SP#1, when
a host in LAN#2 tries to ping a host in LAN#1, the
event log of Juniper firewall (Figure 6) shows that
a Ping request has been issued from a host with
IP address (192.168.2.20), and has been denied by
the filtering rule with ID 2.
B Nonstandard Services Filtering
1. Fundamental concepts
Standard services run usually on standard
ports. For example, the standard ports for HTTP
and FTP services are 80 and 21, respectively. Client program, such as Web browsers, usually do
not require from the user to specify the ports on
which standard services are running. They require
just the IP address (or domain name) of the target
server hosting the service. However, for a given
reason, such as for security reason or for the unavailability of the standard ports, standard services can be run on alternative ports. In such a case,
the client program requires that the user provides

Figure 5. Firewall filtering rules corresponding to the security policy SP#4

Figure 6. The event log of Juniper firewall for Ping traffic
Volume 9 / Number 2 / 2014
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Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Any
Any
TCP
Any
80 (HTTP)
Deny
Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Any
Any
TCP
Any
3000
Deny

the alternative port number of the target service.
Otherwise, the client program will not be able to
connect to the service, since it is running on an unknown port. For example, to access a Web server
running on port 3000 and located in a host with
IP 192.168.1.1, the user needs to enter the URL
http://192.168.1.1:3000 in the Web browser.
Therefore, predefined filtering rules that filter
services running on standard ports are useless for
filtering services running on nonstandard ports. For
example, the following filtering rule does not allow
preventing external hosts from accessing internal
nonstandard Web servers running on port 3000.
However, the following filtering rule works since
it prevents external hosts from accessing internal
nonstandard Web server running on port 3000.
Firewalls include usually predefined rules to
filter standard services, and are unable to filter
nonstandard services unless the user provides the
firewall with the TCP or UDP ports of the nonstandard services. In practice, this is achieved by
creating a new service profile for the nonstandard
service and specifying its corresponding TCP or
UDP port number.
2. Hands-on lab exercise
The learning objective of this hands-on exercise is for students to learn how to implement
firewall filtering rules for services running on nonstandard TCP and UDP ports. Practically, students
are asked to implement on Juniper firewall the appropriate filtering rules for security policies using
services running on nonstandard TCP and UDP
ports. The following is an example of security
policy and its corresponding filtering rule.
Phase 1: Setup a nonstandard service
The objective of this phase is to setup a service running on a nonstandard TCP port. As an
example, LiterServe tool is used to setup a Web
server running on the nonstandard port number
3000 (Figure 7).
468

Figure 7. Web server configuration running on
the nonstandard TCP port 3000
Phase 2: Create a nonstandard service profile
As an example, Figure 8 is a screenshot showing
how to create a new profile for a nonstandard service, named Web server (3000), in Juniper firewall.

Figure 8. New service profile creation in Juniper
firewall
Phase 3: Filtering rule implementation
As an example, we assume that we want to create a filtering rule for the following security policy:
LAN#3’s hosts (192.168.3.1/24) are not allowed to access the nonstandard Web server
(192.168.1.10) in LAN#1.
Figure 9 shows how to create a filtering rule for
the above security policy, in Juniper firewall. The
selected service should be the nonstandard service
Web server (3000).
Volume 9 / Number 2 / 2014
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from receiving emails from a specific email address. You may also want to block the access to
any Web page that contains the word “Bomb”, or
a URL that includes the word “sex”.

Figure 9. Filtering rule creation for a nonstandard service
Phase 4: Filtering rule testing
To test the correctness of the implemented filtering rule, a host in LAN#3 should try to connect
to the nonstandard Web server in LAN#1, using
the URL address “http://192.168.1.1:3000”. In
principle, Juniper firewall will deny this request
and the event log of the firewall will show that an
attempt to access the nonstandard Web server in
LAN #1 has been prevented.
C Packet Content Filtering
1. Fundament concepts
Packet content filtering, known also as Deep
Packet Inspection (DPI), is a form of network
packet filtering that examines the data part (Payload data), and possibly also the headers, of a
packet as it passes an inspection point, such as a
firewall. Usually, packet content filtering searches
for protocol non-compliance, viruses, spam, intrusions or predefined criteria to decide if the packet
can pass, or if it needs to be routed to a different
destination. Packet content filtering enables advanced network management and security functions, as well as internet data mining, eavesdropping, and censorship.
In classic packet filtering, the protocol, destination port, source port, destination IP, and source IP
fields are inspected. However, in packet content
filtering process, all the packet’s fields, mainly the
payload data, can be inspected to detect if they
contain malicious signatures (usually malicious
strings of characters), Figure 10. Packet content
filtering process uses a set of signatures, usually
created by the firewall administrator. For example,
you might want to prevent your network’s users
Volume 9 / Number 2 / 2014

Figure 10. Classic packet filtering vs. Packet
content filtering (Deep Packet Inspection)
The application layer in the TCP/UDP model
contains the fields and payload data of the packets
exchanged in TCP and UDP sessions. For example,
in an email (SMTP/POP3) session, the body (content
text) is always preceded by header lines that identify
particular routing information of the message, including the sender, recipient, date and subject. Some
headers are mandatory, such as the FROM, TO and
DATE headers. Others are optional, but very commonly used, such as SUBJECT and CC headers.
2. Hands-on lab exercise
The learning objective of this hands-on exercise is for students to learn how to perform packet
content filtering. Practically, students are asked
to implement the appropriate filtering rules for
security policies that are concerned with the inspection of the payload data of network packets,
using Deep Packet Inspection (DPI) capability of
Juniper firewall. The following is an example of a
security policy and its corresponding filtering rule
implemented in Juniper firewall.
Phase 1: Filtering rules implementation
The following is a security policy that is concerned with the inspection of the payload data exchanged in a Web session:
Security Policy #1 (SP#1): LAN#1’s hosts are
not allowed to access any Web server, in LAN#2,
with Web pages containing the word “bomb’.
469
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In Juniper firewall, to implement the filtering
rules for the security policy (SP#1) using Deep
Inspection, an attack signature should be first created. An attack signature indicates the part of the
payload data on which the deep inspection will
be applied. For the security policy (SP#1), the attack signature states that the payload data of the
Web (HTTP) traffic is inspected to verify whether
it contains the word “bomb” (Figure 11). The attack context (which is the part of the payload data
that will be inspected) is “HTTP Text and HTML
Data”, and the attack pattern (.*bomb.*) is any
string that contains the word “bomb”.

Figure 13. Filtering rule for security policy
(SP#1)
Phase 2: Filtering rules testing
The objective of this phase of the hands-on
lab exercise is to test the efficiency of the implemented filtering rules by verifying whether they
reflect exactly the corresponding security policies.
For this purpose, we assume that the Web pages of
the Web server running on host (192.168.2.100)
contain the word “bomb’, as shown in Figure 14.
In addition, we assume that host (192.168.1.2) in
LAN#1 attempts to access the Web pages of the
Web server (192.168.2.100).

Figure 11. Attack signature creation
Secondly, an attack group should be created.
An attack group includes all the attack signatures
that Deep Inspection process will use in a given
filtering rule. Therefore, an attack group may include more than one attack signature. In the case
of the security policy (SP#1), only one attack signature is used (Figure 12).

Figure 14. Example of a Web page containing
the word ‘bomb’
Figure 15 is a screenshot of the event log of
Juniper firewall, and shows clearly that host
(192.168.1.2) has been denied from accessing the
Web server (192.168.2.100). This is due to fact
that the filtering rule uses Deep Inspection to deny
access to Web pages that contain the word “bomb”.

Figure 12. Attack group creation
Once the appropriate attack and group signatures are created, the filtering rule can be now
implemented in Juniper firewall for the security
policy (SP#1), as shown in Figure 13. The Action
column indicates that the filtering rule uses Deep
Inspection capability.
470

D. Firewall Filtering Rules Consistency and
Efficiency Verification
Firewalls play an important role in the enforcement of access control policies in contemporary
networks. Network perimeter security policy is
generally described by the implemented filtering
rules in a firewall. Generating such rules is considered a formidable task, due to the network comVolume 9 / Number 2 / 2014
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Figure 15. Event log of Juniper firewall
plexity (many network segments), the diversity of
network’s equipment (personal computer, servers,
routers, etc.), and the large number of vulnerabilities within such equipment.
However, firewalls are effective only if they are
configured correctly, such that their filtering rules
are consistent, and implemented according to the
intended security policies. Unfortunately, due to the
potentially large number of rules and their complex
relationships with each other, the task of firewall
configuration is notoriously error-prone. In practice, firewalls are often misconfigured leaving security holes in the protection system. In addition, since
the majority of firewalls are custom-configured devices, manual generation of firewall filtering rules,
which is subject to human errors, can produce faults
which can be transformed into anomalies that alter
the normal operation of the filtering process. That
is, weak or ill-defined filtering rules can modify
the expected and desired responses of the firewall
and as a consequence may increase the possibility
of the firewall allowing undesired packets to enter
or leave the network. Misconfiguration errors result
in inconsistencies in the firewall. An example for
a critical inconsistency is when all the packets that
are intended to be denied by a given filtering rule
are accepted by some preceding rules. Therefore,
the intended effect of the deny rule is cancelled by
the preceding accept rules.
The consistencies and effectiveness of a firewall is strongly dependent on the ability of the
administrator to develop well defined and coherent filtering rules, and to be able to continuously

clean and verify the correctness of these rules. It
is important to mention that in cases where there
are dozens or hundreds of filtering rules, inconsistent and inefficient filtering rules with anomalies
might not be easy to spot.
Three types of inconsistencies are considered:
shadowing, generalization, and correlation; and one
inefficiency: redundancy. The definitions of these
inconsistencies and the inefficiency are as follow:
Shadowing: A filtering rule is shadowed by a
preceding rule if it is a subset of the preceding rule;
and the two rules define different actions. That is,
an upper rule shadows a lower rule, when the upper
rule matches all the packets that are also matched
by the lower rule, such that the lower rule will never
be reached by the firewall. Firewalls perform rule
lookup starting from the top of the filtering rule list.
When it finds a match for traffic received, it stops
the rule lookup in the filtering rule list. Shadowing
is a critical error in the security policy, as the lower
filtering rule never takes effect. The upper rule is
called the shadowing rule. The lower rule is called
the shadowed rule. Figure 16 shows an example of
shadowing rules. To correct this situation, simply
remove one of the filtering rules, or reverse the order of the two filtering rules, putting the more specific one (shadowed rule) first.
Shadowing is a critical inconsistency, because
it is likely that the rule with the denial action is
there to stop some well-known malicious traffic.
However, due to the shadowing, that traffic is not
actually stopped by the firewall. Such inconsistencies can easily occur when the firewall has a

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Allow
Any
Any
TCP
Any
80
R2 Incoming
Deny
192.168.3.30
Any
TCP
Any
80

Figure 16. Shadowed and Shadowing rules
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distributed implementation and/or when it is managed by multiple administrators; both being frequent cases in large organizations.
Generalization: A filtering rule is a generalization of a preceding rule if it is a superset of the
preceding rule and the two rules define different
actions. Figure 17 shows an example of generalization rules. Generalization is often used by firewall administrators to make a ruleset compact.
Nevertheless, it may be the case that some of the
generalizations are not intentional, in which case,
it is useful to detect them and let the administrator
decide if they are harmful or not.
Correlation: Two filtering rules correlate if
their intersection is not empty, they are not related
by the superset or subset relations, and they define
different actions. Packets that match the intersection will take the action of the preceding rule. Figure 18 is an example of correlation rules.
Redundancy: A redundant filtering rule performs the same action on the same packets as another rule such that the removal of it would not
affect the operation of the firewall. A redundant
rule may not contribute in making the filtering
decision, however, it adds to the size of the filtering rule list, and might increase the search time
and space requirements. There are two types of
redundancy, namely masked redundancy, and par-

tially masked redundancy. In case of masked redundancy the successor rule is unnecessary. However, in case of partially masked redundancy the
preceding rule is unnecessary. Figures 19 and 20
are examples of masked redundancy and partially
masked redundancy, respectively.
Note that not all these inconsistencies and redundancies are equally critical. Usually, only shadowing is considered to be a configuration error, while
generalization and correlation are in fact often used
by firewall administrators to make a ruleset compact. Nevertheless, it may be the case that some
of the generalizations and correlations are not intentional, in which case, it is useful to detect them
and let the administrator decide if they are harmful or not. Redundancy is not considered a serious
configuration error either, but redundant rules are
clearly useless, therefore, it is worth identifying and
removing them, and increasing the efficiency of filtering by doing so.
1. Importance of the order of filtering rules
The order of filtering rules is a crucial and
important factor during the filtering process. In
fact, any reorganization of the filtering rules can
change completely the filtering process results.
The example illustrated by Figures 21, 22, and 23
shows clearly how the reordering of the filtering

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Deny
192.168.3.30
Any
TCP
Any
25
R2 Incoming
Allow
Any
Any
TCP
Any
25

Figure 17. Generalization rules

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Deny
192.168.3.30
Any
TCP
Any
Any
R2 Incoming
Allow
Any
Any
TCP
Any
25

Figure 18. Correlation rules

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Deny
Any
Any
TCP
Any
80
R2 Incoming
Deny
192.168.3.30
Any
TCP
Any
80

Figure 19. Masked redundancy rules

Rule Direction Source IP address Destination IP address Protocol Source Port Destination Port Action
R1 Incoming
Allow
Any
Any
TCP
Any
25
R2 Incoming
Allow
Any
Any
TCP
Any
Any

Figure 20. Partially masked redundancy rules
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rules may alter the whole expected filtering results
for some packets.
Figure 21 shows two filtering rules and their
order (AB). The firewall uses the two rules to filter all incoming and outgoing packets. Figure 22
shows the results of the filter process of two packets (Packet 1 and Packet 2). While filtering the
two packets, the filtering process keeps the order
specified by Figure 21, which is “AB”. Figure 22
shows clearly that the filter process results (Real
action) are similar to the expected results (Desired
action). However, Figure 23 shows that when the
order of the filtering rules changes to “BA”, the filtering process generates a Desired action (Deny),
which is not similar to the Real action (Allow).
Rules
A
B

Source IP
10.*.*.*
10.1.99.*

Packet

Source
IP

Destination IP
172.16.6.*
172.16.*.*

Action
ALLOW
DENY

Figure 21. The filtering rules order “AB”
Target
IP

Desired
action

Real
action

1

10.1.99.1 172.16.1.1 DENY

DENY(B)

2

10.199.1 172.16.6.1 ALLOW ALLOW(A)

Figure 22. The filtering process results for the
order AB

Packet

Source
IP

Target
IP

Desired
action

Real
action

1

10.1.99.1 172.16.1.1 DENY

DENY (B)

2

10.199.1 172.16.6.1 ALLOW DENY (B)

Figure 23. The filtering process results for the
order BA
Checking a large firewall (i.e., hundreds of filtering rules) for inconsistencies and inefficiencies
is difficult and prone to errors when it is done manually and in an ad-hoc manner. Thus, automated
tools are required to assume such a task. However,
very few firewalls integrate inconsistency and efficiency verification capabilities of the filtering
rule set. For example, Juniper firewalls provide
a simple online command that identifies redundant and shadowed rules. There are also very few
standalone software tools, such as FirePAC tool
(http://www.solarwinds.com) and Firesec tool
(http://www.niiconsulting.com) that are able to
verify the inconsistency and inefficiency of filtering rules set.
2. Hands-on lab exercise
The learning objective of this hands-on exercise is for students to learn how to verify the consistency and efficiency of firewall filtering rules.
Practically, students are asked to implement filter-

Figure 24. Inconsistent and inefficient firewall filtering rules
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ing rules and then verify their consistency and efficiency using Juniper firewall.
For example, the following inconsistent and inefficient filtering rules are implemented in Juniper
firewall (figure 24):
– Rules R1 and R2 are Shadowing rules.
– Rule R3 and R4 are Generalization rules.
– Rule R5 and R6 are Correlation rules.
– Rules R7 and R8 are Masked redundancy
rules.
– Rules R9 and R10 are Partially masked
redundancy rules.
Juniper firewall provides an online command
that allows verifying the consistency and efficiency of filtering rules. Using the list of filtering
rules, shown in Figure 24, as input data, Figure
25 shows the results of the execution of Juniper
firewall’s online command (“exe policy verify”).

Figure 25. Filtering rules consistency and efficiency verification results
Juniper firewall was able to identify that Rule 2
is shadowed by Rule 1, and Rule 8 is shadowed by
Rule 7. Hence, Juniper firewall classifies Masked
redundancy rules as Shadowed rules. However,
Juniper firewall was unable to detect the presence
of Generalization rules (R3 and R4), Correlation
rules (R5, and R6), and Partially masked redundancy rules (R9 and R10), among the list of the
filtering rules. It is clear that Juniper firewall does
not include a powerful mechanism for verifying
the consistency and efficiency of filtering rules.
It is important to indicate that usually standalone software tools, such as FirePAC tool, provides more detailed analysis of the filtering rule
set and generates more detailed reports. For example, in contrast to Juniper firewall, FirePaAc
tool makes difference between redundant and
shadowed rules, and is able to identify partially
masked redundancy rules (rules 9 and 10). Also,
FirePAC tool is able to identify order-dependent
474

rules, such as rules 3, and 4. In addition, FirePAC
provides recommendations on how to clean and
optimize the input set of filtering rules.
4. Evaluation
A. Learning Outcomes
The discussed security concepts on network
packet filtering and firewall filtering rules have
been covered in our Network Border Control
course (SECB 358) since the academic year
2008/2009. The course covers mainly network
packet filtering, firewall technology, stateless and
stateful firewalls, firewall based network architectures, and VPN. However, the discussed hands-on
lab exercises have been offered to students only
since the last three academic years.
This section discusses the effect of introducing the hands-on lab exercises on the achievement of the SECB358 course learning outcomes
(COs). SECB358 course has five COs as shown
in Table 2. Since SECB358 is an advanced course
in information security, the outcomes have been
selected carefully to reflect the top three levels in
the bloom’s taxonomy of cognitive domain (analysis, synthesis, and evaluation). After creating the
course outcomes, eight course topics were identified and mapped to the course outcomes. Four
assessment tools are also selected to assess the
achievements of COs including quizzes, exams
(midterm and final), lab reports, and term project.
Table 2. Mapping SECB358 course outcomes to
Blooms Taxonomy
Level of Bloom’s
Taxonomy

Outcome

CO1: Describe TCP/IP
Analysis (4)
protocols and network services
CO2: Identify common security
Analysis (4)
threats
CO3: Configure personal
firewalls, network firewalls,
Synthesis (5)
and VPNs
CO 4: Implement firewall
filtering rules for different
network architectures and
services
CO 5: Evaluate different types
of network architectures

Synthesis (5)

Evaluation (6)
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To assess the course outcomes, we follow the
course assessment process adopted by our institution. A nominated course coordinator assembles a
course committee that includes all the lecture and
lab instructors teaching the course in a given semester. During the first week of the semester, the
course committee meets to decide on the assessment tools that will be used to assess the COs.
They also decide on the corrective actions that
will be applied to address the recommendations
from the previous assessment cycle. Throughout
the semester, the course committee applies the assessment tools to collect assessment data. By the
end of the semester, the collected assessment data
are mapped to the COs. The achievement level of
each CO is then calculated in terms of mean and
standard deviation using (1) and (2).

m (C O i

∑m ×n
)=
∑n
t

t

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

t

t

s (C O i ) =

t

∑s × n
∑n
2
t

t

t

t

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

t

where µt and si denote respectively the normalized mean, and standard deviation of the students’
marks when assessment tool t is used, and nt denotes the number of students. For example, if three
quizzes and two final exam questions are used to
assess COi, the normalized mean and standard
deviation of the students’ marks are calculated
separately for each tool, then (1) and (2) are used
to calculate the achievement level for COi. After
calculating the achievement level for each CO,
the course committee meets again to discuss the
assessment results and decide on the needed recommendations to address any discovered shortcoming. To close the assessment cycle, the course
committee also discuss the effectiveness of the
corrective actions applied during the semesters on
the new assessment results.
During the 2008/2009 and 2009/2010 academic
years, students enrolled in SECB358 course were
not offered any hands-on lab exercise on network
packet filtering and firewall filtering rules. Only
Volume 9 / Number 2 / 2014

the theoretical concepts were described during the
lecture time along with a limited number of class
exercises. However, starting from fall 2010, the
course committee decided to offer the hands-on
lab exercises proposed in this paper as a corrective
action to improve the COs achievement levels.
Three quizzes are used to compare the achievement of the COs before and after the introduction
of the new hands-on lab exercises on network
packet filtering and firewall filtering rules. The
three quizzes are offered to evaluate the students’
comprehension of network packet filtering and
firewall filtering rules. These quizzes are directly
mapped to CO3 and CO4 course outcomes which
are concerned with network packet filtering and
firewall filtering rules. The grades of the students
in the three quizzes are measured, normalized, and
then aggregated using (1) and (2) to calculate the
achievement level of the two COs.
1. Assessment results
Figure 26 shows the students average grades
for the three quizzes. It clearly shows that starting from 10/11 academic year, the students’ average grade has started improving. This is mainly
due to the fact that the offered hands-on lab exercises allowed students to better anatomize and
assimilate the taught security concepts on network
packet filtering. The students have learned better
with the exercises which had a positive effect on
their performance. For example, in case of Quiz
1, introducing the lab exercises improved the students’ average grade by 11.4% from 0.7 to 0.78
and maintained the improvement for the following
two academic years.

Figure 26. Student performance in the three
quizzes before and after introducing the hands-on
lab exercises
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Figure 27 illustrates the achievement of the two
course outcomes for five consecutive academic
years (from 08/09 to 12/13). It shows a considerable improvement in the COs achievements level
after introducing the hands-on lab exercises. For
example, the introduction of the exercises in 10/11
academic year improved the CO achievements
level by 4% and 12% for CO3 and CO4, respectively, compared to the achievement levels in the
year before.

Figure 27. Course learning outcomes achievement
B. Student’s Survey Questionnaire
In order to evaluate how effective the students
think the courseware is and measure their satisfaction level, we solicited students’ opinions using an anonymous questionnaire at the end of each
semester and during there consecutive academic
years (From Fall 2010 to Spring 2013). Precisely,
the purpose of the questionnaire is to assess how
closely the hands-on exercises mapped to our lectures from students’ point of view and if students
have learned more about course topics after taking
the hands-on lab exercises.
The questionnaire consists of questions in
four categories: the contents of lectures, the
hands-on lab exercises, the relevance between
the lecture and hands-on lab exercises, and the
overall impact of the course on students. Each
category contains a number of positive statements about the course. Questions were presented using a five-point Likert scale. Students were
asked to rate the statement based on a scale from
1 (strongly disagree) to 5 (strongly agree). Table
4 shows a summary of the results of the anonymous questionnaire that was administered to 95
students, who over there academic years had participated in the hands-on lab exercises.
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1. Results analysis
In general, students gave favorable evaluation,
as shown in Table 4. The averages of all questionnaire items are between 4.0 and 4.77 with standard deviations from 0.6 to 1.06. This result shows
that students mostly either agree or strongly agree
with the positive statement about the class’s contents and the hands-on lab exercises on network
packet filtering and firewall filtering rules. Among
the four categories, “Hands-on lab exercises”
(category two) has the highest average (4.77) and
“Overall impact of the course on students” (category four) has the lowest average (4.0). This result
shows that students are satisfied with the hands-on
lab exercises but are less certain about the overall
impact of the classes on their career.
The results of the questionnaire showed that
students mostly either agree or strongly agree that
the lab exercises to be useful and helped them
better understand the underlying theoretical concepts associated with network packet filtering and
firewall filtering rules. The questionnaire also revealed that students mostly are strongly interested
in similar hands-on lab exercises in other security
classes, and would strongly recommend the exercises to other students.
However, the survey item number 3 in the category “Overall impact of the course on students”
has received the lowest average but with the highest standard deviation. This result shows that some
students are less inspired by the class in terms of
pursuing a future career in information security.
This is due probably to the fact that the students
are not giving enough importance to their professional career at this time of their study, or lack professional experience that allows them to answer
adequately this survey item.
The results of the questionnaire indicate that students enjoyed the classes when the hands-on lab exercises are combined as a part of the class activities.
The results have implications on information security curriculum development. First, we found that
hands-on lab exercises allow students to understand
the course topic better than lectures alone. We would
recommend information security educators to incorporate hands-on lab exercises into their courseware
whenever possible. Second, we found that hands-on
lab exercises make the course more interesting and
informative to students. Students often raise quesVolume 9 / Number 2 / 2014

technics technologies education management

tions whenever they encounter problems that prevent them from completing the exercises but they
do not usually ask questions during a lecture.
5. Conclusion
The importance of experimental learning in information security education has long been recognized in the learning theory literature. Hence, to
enhance information security education throughout
experimental learning, this paper discussed a handson approach based courseware design that combines
information security practice with theory. This experience should help information security educators

in planning their information security courses and
in bringing more interesting and informative learning environment to the students. Such hands-on
approach based courseware would contribute considerably to better prepare the students to work as
security administrators with better chances of landing jobs than students without these hands-on skills.
The discussed security courseware has three
unique features. First, regarding the implementation of the hand-on lab exercises, it is simple to
setup the lab environment for both the instructor
and the students. Second, the hands-on lab exercises packages are adaptable in a limited budget
and are portable to most computer laboratories in

Table 4. Summary of the results from the courseware questionnaire
Item Item Standard
Average
Deviation
Lecture contents (Average = 4.6, Standard deviation = 0.65)
The contents of the lectures improve my knowledge in network packet filtering and
4.6
0.5
firewall filtering rules.
Each lecture has a well-designed theme in network packet filtering and firewall
4.6
0.5
filtering rules.
Each lecture has sufficient supporting course materials, such as slides and exercises,
4.5
0.8
for me to understand and review the weekly topic.
The contents of the lectures cover topics that I would like to learn in network
4.7
0.8
security.
Hands-on lab exercises (Average = 4.77, Standard deviation = 0.67)
I enjoyed the hands-on lab exercises on network packet filtering and firewall
4.9
0.7
filtering rules.
I think the lab exercises are easy to follow and straightforward.
4.7
0.9
I have better understanding regarding the weekly topic on network packet filtering
4.8
0.6
after finishing the corresponding lab exercises.
I will definitely recommend the lab exercises to others.
4.7
0.5
The relevance between the lecture and lab exercises (Average = 4.72, Standard deviation = 0.6)
The combination of the lectures and lab exercises makes the class more interesting
4.8
0.7
and informative than a class with only lectures.
I know better about putting the technologies or concepts being taught in practice
4.6
0.9
after finishing the related lab exercises.
Lab exercises stimulate my further interests in learning the technology and theories/
4.8
0.6
concepts behind the security solutions.
I will be interested in taking other security classes that blend in lab exercises with
4.8
0.5
lectures.
Overall impact of the course on students (Average = 4.0, Standard deviation = 1.06)
The course improves my knowledge and skills in the area of network security.
4.2
0.8
After taking the course, I am even more interested in the network security area than
4.2
0.9
I did.
After taking the course, I am even more interested in having a career in the
3.6
1.5
information security area, particularly in the network security area, than I did.
Survey Item

1.
2.
3.
4.

1.
2.
3.
4.
1.
2.
3.
4.

1.
2.
3.
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universities. Third, each hands-on lab exercise is
closely tied to a related security concept or principle, on network packet filtering and firewall filtering rules, covered in the lecture.
On the other hand, the paper has discussed a
process to evaluate the impact of the hands-on exercises on the students’ grading performance and
course learning outcomes achievement, such that to
improve the proposed courseware to better combine
theory into practice . In addition, the paper has developed a sample evaluation instrument that measures
students’ feedbacks and satisfaction levels regarding
the courseware contents. Using this survey instrument, we found evidence that suggests students indeed feel that they learn better about contents of the
lectures after taking the hands-on lab exercises.
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Application of bacterial foraging optimization
algorithm for improving control and stability
Anbarasi Soundarapandian, Muralidharan Srinivasan
Mepco Schlenk Engineering College, Sivakasi, India.

Abstract
This article presents the dominance of Bacterial Foraging Optimization Algorithm (BFOA) to
improve control and stability in engineering applications. The Automatic voltage Regulator (AVR)
which is one of the predominant research areas in
electrical domain is considered to demonstrate the
effectiveness of the algorithm. The BFOA is used
to assess the control parameters of supplementary Proportional Integral and Derivative (PID)
controller of the AVR test system. The control
performances and the stability are distinctly demonstrated by comparing with three of the investigated swarm based intelligence techniques named
Differential Evolution (DE), Particle Swarm Optimization (PSO) and Artificial Bee Colony (ABC)
algorithms using Matlab simulations. The comparative analysis clearly reveals that the transient
performances, stability and the robustness of the
test system are much improved with the proposed
BFOA algorithm over others.
Key words: automatic voltage regulator, bacterial foraging optimization algorithm, PID controller.
1. Introduction
Optimization algorithms are becoming increasingly popular in engineering design activities, primarily because of availability and affordability of
high speed computers. They are widely used in engineering design problems where, the emphasis is
on minimizing or maximizing certain goals [1]. In
recent years, many of the optimization techniques
are developed with the inspiration of social behavior of swarms. These techniques are commonly known as Swarm Intelligent (SI) techniques
which is one of the active and fruitful research areas. SI systems consist of a population of natural
or artificial swarms, interacting locally with one
another and also with their environment. The SI
Volume 9 / Number 2 / 2014

techniques prove their supremacy over other optimization algorithms in way of, providing good
quality of solutions within a short duration of time
for mixed integer nonlinear optimization problems, for which solutions were difficult to obtain
with conventional methods [2]. Although, these
techniques have been used in almost all fields of
engineering the effectiveness is dreadfully confirmed in control and stability domain.
This paper deals with BFOA, an interesting SI
algorithm that has been widely accepted as a global
optimization algorithm of current interest for enhancing the control and stability in engineering
realm. BFOA mimics the group foraging strategy
of Escherichia Coli (E.Coli) bacteria in multi- optimal function optimization and is proposed by K. M.
Passino [3]. The BFOA has already been applied to
many of the electrical power system studies like optimal power flow, distributed generation, economic
power dispatch and Load Frequency Control (LFC)
[4-7] in addition to the real world problems [8, 9]
and proved its effectiveness over ultimate algorithms like Genetic Algorithm (GA) and PSO.
The potency of the BFOA algorithm is tested
in this paper by scrutinizing the performances of
AVR, the most crucial research area in power systems [10]. In general, the reactive power deviations affect the terminal voltage of the system and
the role of AVR is to hold the voltage magnitude
of synchronous generator at a specified level. AVR
in power systems also plays another important role
of enhancing the system stability by controlling the
reactive power. The primary means of generator reactive power control in this AVR loop is done with
the excitation control and the supplementary control action is provided with conventional controllers
like Proportional (P), Proportional Integral (PI) and
PID controller or with an intelligent controllers.
In this research work, the fundamental optimal
gain parameter of supplementary PID controller in
AVR is tuned with BFOA in relation to the dy479
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namics of the load. The transient performance of
the system is analyzed with its output voltage deviation responses for step change in load. For investigating the results from another point of view,
the stability of the system is also examined by root
locus analysis and Bode analysis. In order to determine the contribution of this BFOA tuned PID
controller to the robustness of the AVR system,
simulation studies were done with varying the system parameters in different ranges. The efficacy
of proposed BFOA tuned PID controller is confirmed by comparing the results of all the above
analyses with the documented results of DE, ABC
and PSO tuned PID controller [11]. All the studies
clearly reveal the superiority of proposed BFOA
approach in way of enhancing the system transient
performances, robustness, control and stability.

tinuously measured with a potential transformer,
commonly known as a voltage sensor.

Figure 1. Linearised model of AVR

2. Description of linearised AVR model
AVR is an essential area of power system operation and control that determines the stability
and quality of power supply. The main objective
of AVR is to maintain the magnitude of terminal
voltage of a synchronous generator at its nominal
value. A linearised model of simple AVR system is
shown in Figure 1 and the corresponding parameter ranges are listed out in Table 1. The system
comprises four main components, namely sensor,
amplifier, exciter and generator. The variation in
terminal voltage of synchronous generator is con-

Figure 2. Output response of AVR without
controller
This measured voltage is rectified, smoothed
and compared with a reference signal in the comparator. The output error voltage of the comparator is amplified with an amplifier for increasing
the sensitivity of the system and is used to control
the field windings of the generator by means of an
exciter. The output response of AVR system without any controller is depicted in Figure 2.

Table 1. Parameter limits of AVR system
Model Name

Parameter limits

PID controller

Used parameter values
Optimum values

Amplifier
Exciter
Generator

Kg depends on load (0.7-1)

Sensor

480
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An additional controller such as P, PI, and PID
controller is installed in AVR system to reduce the
steady state error and also to improve the dynamic performances. Amid the performances of other
controller the conventional fixed gain PID controller is very popular in industrial control process owing to its main contribution for the enhancement of
control and stability of system as follows [12]:
– The steady state error is zeroed with an
integral part by adding pole to the origin and
by increasing the system type by one.
– The presence of derivative part leads to
increase the stability of the system and
reducing the overshoot.
– The derivative action also adds a finite
zero to the open loop transfer function
of the system and improves the transient
performances of the system.
– Gratify the essential selection criteria
of controllers such as proper control
performance, maximum speed and its
robustness towards the non linearity,
dynamics and disturbances.

steps will be continued until achieving an optimal
solution [14].
The E. Coli bacteria undergo four stages during this foraging strategy. They are chemotaxis,
swarming, reproduction and elimination- dispersal correspondingly. The detailed descriptions of
these stages are in the next clauses.
Chemotaxis simulated the locomotion of E. coli
via a set of relatively rigid flagella, with two types
of alternate movement named run and tumble,
which enables the bacterium to search for nutrients.
Let S be the total population of bacterium in search
space, i represents the iteration and the index of
chemotactic step is j, reproduction is k and elimination- dispersal is l then the movement of bacterium
may be represented as indicated in (1)

The gain parameters of PID controllers are normally tuned with Ziegler Nichols method [13]. To
improve the transient response and to minimize
the steady- state error of system the gain parameters should be suitably tuned relative to the variation in parameter/ load which leads to the development of optimization algorithms. The optimal
tuning of PID controller with BFOA algorithm is
proposed in this paper.

for minimization problems then another
step will be taken in same direction. Otherwise the
bacterium will tumble in random direction.
Swarming is the interesting grouping behavior
of the motile species. In this mechanism the E. coli
cells are arranged themselves in a travelling ring
and moving towards the nutrients with a cell to
cell signaling. The cells when stimulated by a high
level of succinate will release an attractant known
as aspartate which helps them to align in a group.
In optimization problem this phenomenon is used
to move the solutions towards an optimal point.
The mathematical representation of this swarming
with the combined attractant and repellent can be
termed as specified in (2):

3. Bacterial Foraging Optimization
Algorithm (BFOA)
The BFOA, mimics the foraging (locating, handling, ingesting food) of E.Coli bacteria in a nutrient search space. On this accord, initially random
set of solutions are generated in a search space
at first in which each solution represent a bacteria. Further the fitness values of these individuals
are evaluated. The excellent individuals are then
located with the usage of objective function and
retain other individuals according to the fitness
value with certain operations. Finally with these
procedure effective set of solutions are yield for
next iterations. The repetition of these algorithmic
Volume 9 / Number 2 / 2014

........... (1)
Where,

is the size of

step taken in random direction defined by

.

When the fitness value evaluated for the current
iteration

is less than the previous one
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of squared-error (ISE), or the integrated of timeweighted-squared-error (ITSE) as an objective
function because, it can be evaluated analytically in
the frequency domain [15].
......................................... (2)
Where,

and

are the depth and

width of attractant respectively,
and
are the height and width of repellant respectively
and is the dimension of optimization problem.
Reproduction phenomenon is one of the major
driving forces of BFOA. During reproduction, the
least healthy bacteria which means, the solution
with worst fitness value (Maximum fitness value
in minimization problems) are eventually die and
the other healthier bacteria each split into two,
which then starts exploring the search place from
the same location. This maintains the population
size as constant.
Elimination- Dispersal is happened due to the
occurrence of sudden environmental changes or
attack. Each bacterium in the population is subjected to elimination-dispersal with the small assigned probability. The frequency of chemotactic
steps is greater than the frequency of reproduction steps, which in turn greater in frequency than
elimination-dispersal event. This process helps in
reducing the behavior of stagnation often seen in
parallel search algorithms.
Bacteria parameters chosen for this case study are:
– Number of bacteria =10;
– Number of chemotatic steps =10;
– Number of reproduction steps = 2;
– Probability of elimination-dispersal = 0.25;
– No. of elimination- dispersal events = 2.
4. Results and Discussions
4.1 Transient response analysis with BFOA
tuned PID controller
In this paper, the PID controller is optimized
with BFOA approach to improve the performances of AVR as illustrated in Figure 3.
In general, the tuning of PID controller with any
of the optimization techniques may consider minimization of integrated absolute error (IAE), or integrated time absolute error (ITAE), or the integral
482

Figure 3. BFOA tuned PID controller for AVR
system
A new objective function ( ) specified in (3) is
designed in this paper with the time domain specifications which includes maximum peak, rise time,
settling time, and steady-state error. This can yield
optimal control parameters with good step responses in the time domain.
.......... (3)
,
and
are deviation in
where,
frequency and voltage correspondingly, the value
of constant is taken as 0.5,
in the maximum
simulation time and it is taken as 10s in this paper,
is the maximum peak of the output wave form,
is the steady state error and , are settling
time and rise time respectively.
The tuned optimal gain parameters of PID controller are represented in Table 2. The output responses of AVR system obtained with these tuned
PID parameters are compared with a few recently
reported heuristic algorithms as shown in Figure 4.
Table 2. Tuned optimal gain parameters of PID
controller for different algorithms
Gain

1.087

ABC
[11]
1.6524

PSO
[11]
1.7774

DE
[11]
1.9499

0.83064

0.4083

0.3827

0.4430

0.4077

0.3654

0.3184

0.3427

BFOA

The measuring parameters of transient responses such as Maximum peak (MP), Settling Time
Volume 9 / Number 2 / 2014
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with 5% bant (ST), Rise Time (RT) and Peak Time
(PT) related to Figure 4 are tabulated in Table 3.

Figure 4. Comparison of output transient
responses of AVR system
The Table 3 clearly demonstrates that in the
proposed method the maximum peak is reduced
to 93.88%, the settling time is reduced to 82.59%,
the rise time is reduced to 99.04% and the peak
time is reduced to 93.14% with respect to the results obtained with ABC algorithm which is a potential competitor as suggested earlier [11]. The
reduction in these transient indices confirms that
better transient performances can be obtained with
the optimal control parameters of PID controller
which are tuned by the proposed BFOA compared
to other optimization algorithms.
4.2 Stability analysis with bode plot and root
locus methods
The stability of any system is examined with
two of the familiar approaches in control system
domain namely bode plot and root locus [16]. Bode
analysis gives information about the frequency response of the system. The substantial stability measures of AVR system computed with bode plot for
different approaches are specified in Table 4.
Large value of resonant peak corresponds to
small amount of damping in the system, so large
overshoot and oscillations are expected in the
step response. In contrast to the other approaches

peak gain is considerably reduced with the BFOA
hence assures the improvement in transient stability of the system. The gain margin of the system is
evaluated as infinite. The phase margin, and bandwidth are also considerably increased in BFOA
tuned controller as illustrated in Table 4. This increased phase margin, gain margin and bandwidth
with the proposed approach are also ensuring the
enhancement of system stability.
Table 4. Comparative stability measures of test
system for different algorithms
Stability
measures
Peak
Gains(dB)
Phase
Margin (deg.)
Delay
Margin (s)
BW (HZ)

BFOA

ABC
[11]

PSO
[11]

DE
[11]

0.965

2.87

3.75

4.20

91.45

69.4

62.2

58.4

0.156

0.111

0.103

0.092

13.04

12.88

12.18

12.80

Another good measure of stability margin is
the delay margin which is also increased in the
proposed approach. The above reviews persuade
that the stability of the AVR system is much improved with the proposed BFOA tuned PID controller compared to other optimization algorithms.
Table 5. Comparative root locus analysis of the
test system using ABC and proposed BFOA
BFOA
Eigen values
-1.26+0.56i
-1.26-0.56i
-4.94+9.18i
-4.94-9.18i
-101.12

ABC [11]
DR
0.913
0.913
0.474
0.474
1

Eigen values
-100.98
-3.75+8.40i
-3.75-8.40i
-4.74
-0.25

DR
1
0.4
0.4
1
1

The Eigen values and Damping Ratios (DR)
are calculated for the test system with root locus
analysis and the results are enumerated in Table
5. It is clear from the table that all the poles are

Table 3. Results of transient response analysis of AVR system
Types
DE[11]
PSO[11]
ABC[11]
BFOA
Volume 9 / Number 2 / 2014

MP(V)
1.330
1.300
1.250
1.174

ST(s)
0.952
1.000
0.920
0.759

RT(s)
0.152
0.161
0.156
0.154

PT(s)
0.360
0.380
0.360
0.335
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located in left half of the S plane. The damping
ratios of dominant complex poles in AVR system
tuned by BFOA algorithm is increased by 56.18%
comparing with ABC algorithm. Hence, the stability of the system with the proposed approach is
again further using root locus analysis.
4.3 Robustness analysis of AVR test system
One of the ways to analyze the robustness of
the system is to vary the linear time-varying parameters of the system with respect to nonlinearities and/ or uncertainties. Accordingly, the time

Figure 6. Output response of AVR for percentage
change in Te

constants of the amplifier ( ), exciter ( ), generator ( ) and the sensor ( ) of the test system
are varied in the adequate range of -50% to +50%
in steps of 25% to examine the robustness.

Figure 7. Output response of AVR for percentage
change in Tg

Figure 5. Output response of AVR for percentage
change in Ta
The Figure 5-8 exhibits the output voltage deviation responses of the test system under parameter variations and the corresponding transient
measuring parameters are depicted in Table 6. It
can be observed from the table that for the adequate variations of system parameters the deviations evaluated in the transient indices Maximum
peak (MP), Settling Time with 5% bant (ST), Rise
Time (RT) and Peak Time (PT) are within the tolerable range.
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Figure 8. Output response of AVR for percentage
change in Ts
For detailed analysis the Range of Deviations
(ROD) and the percentage of Maximum Deviation
(MD) of various transient measuring parameters
related to the parameter variations indicated in Table 6 are calculated apart and depicted in Table 7.
The average deviation of maximum overshoot is
0.675% and for settling time (5% bant), rise time
and peak time are 9.81%, 17.18% and 19.17% respectively. The ROD and MD of all transient measures are within the limit and less than the results
obtained with ABC algorithm. Therefore, it can
be concluded that the robustness of the proposed
BFOA tuned PID controller for AVR system is increased comparing to other tuning methodologies.
Volume 9 / Number 2 / 2014
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Table 6. Robustness analysis of test system with
parameter variations
PD
MP(V)
Variation of
-50%
1.0842
-25%
1.1643
+25%
1.1936
+50%
1.1627
Variation of

ST(s)
RT(s)
PT(s)
between (-50% to +50%)
0.4648
0.1616
0.3297
0.4584
0.1438
0.3024
0.8674
0.1725
0.3824
0.9945
0.1961
0.4155
between (-50% to +50%)

-50%
1.1624
-25%
1.1603
+25%
1.1691
+50%
1.1386
Variation of

0.7368
0.1416
0.3152
0.7643
0.1581
0.3400
0.5644
0.1759
0.3725
0.5509
0.1831
0.4163
between (-50% to +50%)

-50%
1.1624
-25%
1.1603
+25%
1.1691
+50%
1.1386
Variation of

0.7368
0.1416
0.3152
0.7643
0.1581
0.3400
0.5644
0.1759
0.3725
0.5509
0.1831
0.4163
between (-50% to +50%)

-50%
-25%
+25%
+50%

1.1739
1.1785
1.1528
1.1578

0.7295
0.7385
0.7893
0.8014

0.1440
0.1448
0.1494
0.1657

0.3174
0.3267
0.3191
0.3467

Table 7. Maximum percentage deviation of transient measures for ABC and BFOA
Parameters
ROD
MD (%) MD[11] (%)
Variation of between (-50% to +50%)

5. Conclusion
This study presents the amenity of using BFOA
in control and stability oriented problems. An
AVR system is considered as a test system in this
case study in which the PID controller is effectively tuned with the proposed BFOA approach.
The selection of objective function is one of the
main factors to be considered for all optimization algorithms. Hence, a new objective function
is introduced here which includes all the essential
time domain specifications. Several algorithms
have shown their better tuning performances earlier in the same test system. The potency of the
proposed algorithm is confirmed by comparing
with the recently reported modern heuristic algorithms such as ABC, PSO and DE algorithms in
many ways. At first, the enhancement in transient
performances when using BFOA tuned PID controller in AVR system is confirmed by comparing
the fundamental transient measuring parameters
such as maximum peak, settling time, rise time
and peak time with the above mentioned heuristic algorithms. Further, the superiority of the proposed approach in terms of stability is proved by
comparing the most essential stability measures
computed through bode plot and root locus analysis. Finally, the robustness of BFOA in control is
verified by comparing their range of deviations
and the percentage of maximum deviation of all
transient measures under parameter variations. All
these analysis assures that effective tuning of controllers, better control performances and enhancement in system stability can be obtained through
the proposed BFOA approach.
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11.2
MP(V)
ST (s)
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30.87
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RT (s)
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Variation of between (-50% to +50%)
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0.8
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Abstract
The aim of this article is to study the influence
of tool geometry and cutting parameters onto the
initial wear. Although many works have been conducted on the tool wear-cutting parameter relations,
there are not many works related with the initial
wear development. In the experiments austempered
ductile iron was used as the work piece material and
ISO TNMG 160408 (K10) sintered carbide inserts
were used as the cutting tool. No cutting fluid was
used. Two different approach angles (60° and 93°)
were employed and the effects of cutting parameters, such as the depth of cut, cutting speed, feed
rate as well as the approach angle onto the initial
wear development were investigated.
Key words: Initial wear, dry machining, cutting parameters, austempered ductile irons
1. Introduction
Tool life is often the most important practical
consideration in selecting cutting tools and cutting
conditions.
Tool wear and fracture rates directly influence
tooling costs and part quality. For these reasons
tool life is the most common criterion used to rate
cutting tool performance and the machinability of
materials. An understanding of tool life requires
an understanding of the ways in which tools fail.
Broadly, tool failure may result from wear, plastic
deformation or fracture.
In turning, catastrophic tool failure is to be
avoided since it can damage the component, the
tool and/or the machine tool and thus interrupt
the machining process substantially. Instead, the
useful life of a tool can be defined in terms of the
progressive wear that occurs on the tool rake face
(crater wear) and/or clearance face (ﬂank wear).
Of these two, ﬂank wear is often used to define the
end of effective tool life [1].
Volume 9 / Number 2 / 2014

Tool wear is always an undesirable phenomenon, and many efforts are made in order to minimize its rate. The nature of tool wear, unfortunately, is not yet clear enough in spite of numerous
investigations carried out over the last 50 years.
Several mechanisms of cutting tool wear were
defined: abrasion (related to thermo-mechanical
action), adhesion (related to micro-welding and
built-up edge formation and removal), diffusion
(chemical alteration due to atomic migration at
high temperature), and fatigue. Because different
“simple” mechanisms of wear act simultaneously with predominant influence of one or more of
them in different situations, identification of the
dominant mechanism is far from simple, and most
interpretations are subject to controversy [2,3].
Among all the types of wear, flank wear affects
the workpiece dimension, as well as the quality of
surface finish obtained, to a large extent. Asibu[4].
found that flank wear results changes in the mechanics of the cutting process, an increased tendency for chatter and changes in the dimension of
the product. In practice, the extent of flank wear is
used as the tool life criteria [5].

Figure 1. Description of tool wear rate [7]
The tool wear versus cutting time curve for
most cutting tools follows a pattern similar as
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shown in Figure 1. Normally there are 3 distinctive regions that can be observed in such curves:
initial wear, steady wear and severe wear [6].
Wear rate shows a high increase at the beginning, but later on it goes on rising linearly in a
steady state region. When tool life comes closer
to an end, wear rate begins to increase and on the
condition cutting process goes on, tool life expires.
The less the linear slope of wear is, the further the
tool life extends. Therefore, as the hardness of cutting tool increases, the wear linear slope decreases.
Normally, the initial wear is on a scale of
VB=0.05 to 0.1 mm. Because of micro crack, surface oxidation, carbon loss layer and tool wear on
the cutting tool edge during production, there occurs a roughness at micro level. For the new cutting edge, because of small contact area and high
contact pressure, a higher wear occurs. After the
initial wear, micro roughness goes on developing.
At this point, wear width and cutting time is directly proportional and it means that wear rate is
linear. When wear rate reaches a critical value, machined surface roughness decreases, cutting force
and heat rate increase rapidly, wear rate develops
and tool loses its cutting ability. Therefore, practically this value of wear rate should be avoided.
Tool life and directly related tool wear influence the production method to a great extent. To
reduce the tool wear to a minimum, practically it
is necessary to select cutting parameters and tool
geometry properly. Proper selection of cutting parameters and machining conditions increases tool
life and thus machining productivity.
According to ISO 3685 [8] (International Standard 1993) test for single-point turning tools, the
life of carbide tools, which mostly fail by wearing, is assessed by the actual machining time after which the average value of its principal flank
wear (VB) reaches a limiting value of 0.3 mm. In
the initial wear stage tool reaches 0.1 mm of flank
wear (which is the one – third of the total flank
wear) in a very short time.
Up to now, several works [9,10,11] have been
conducted upon tool wear for different workpiece
materials. In those experimental studies, parameters that effect tool wear were investigated by
changing alloying elements of the material, the
tool type and geometry, cutting parameters and
type of cutting fluid used during machining, etc.
488

However, not much work concerning about the
initial wear, more precisely, about the factors that
effect initial wear exists in the literature.
Anerio et al.[12] have studied some aspects of
the turning process applied on hardened steel using multilayer coated carbide tools at high cutting
speeds. The influence of cutting parameters (Vc, f
and depth of cut) on tool temperature, tool wear, cutting forces, and surface roughness were analyzed.
Matsumura et al. [13] have applied abrasive
model to the flank wear prediction. Abrasive wear
model gives the wear rate with the stress and the
temperature on the flank wear land. They also
identified initial wear offsets to minimize the error between the predicted and the measured flank
wear lands. A neural network is trained by the
identified offsets.
In the present work it is not our intention to
make a comprehensive study on tool wear in machining austempered ductile irons (ADI) and to
investigate the wear development during the tool
life. There are many works about the machinability of ADI in the literature [14-17] Instead, only
the rapid wear development in initial wear zone is
taken into consideration.
3. Experimental procedure
3.1. The type of cutting tool and material
In this work, ISCAR TNMG 160408-TF (K10)
sintered carbide inserts were used as the cutting tool
(Figure 2). Two different tool holders, MTENN
2020K – 16W with a 60º of approach angle (κ) and
MTJNR 2020K – 16W with a 93º of approach angle were employed in the experiments (Figure 3).

Figure 2. Cutting insert
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and wear rate are evaluated. In the present paper the
wear rate is described as the variation in initial wear
and is equal to the slope of each line related.
4.1. Effect of feed rate on initial wear

Figure 3. Tool holders employed in the
experiments
The workpieces used in the experiments (Φ 90 x
240 mm) were ductile iron bars austempered at 400
°C with hardness of 47.3 HRC. Chemical composition of the workpiece material is given in Table 1.
Table 1. Chemical composition of the workpiece
C Si Mn Ni Cu
P
S
Mo
3.72 1.95 0.198 0.015 0.582 0.0283 0.0093 0.0012

Machining tests were carried out according with
Standard ISO 3685 (International Standard 1993)
which involves turning of a bar at a constant cutting
speed (Vc). New inserts were used in each experiment. Cutting process was paused at the first 10 seconds of the machining and the flank wear width was
measured by means of Nikon104 microscope with
a magnification of X10. No cutting fluid was used
in the experiments. The cutting parameters used in
the experiments were shown in Table 2. 340 m/min
of cutting speed was normally above the limit that
was specified as the cutting insert’s premature failure, but, since a conventional 5.5 KW TOSS lathe
was used in the tests, there was no other choice.
Table 2. Cutting parameters
Cutting Parameters
Cutting speeds [m/min]
Feeds [mm/rev]
Depth of cuts [mm]
Workpiece
Cutting type
Cutting fluid

Contents
200, 270, 340
0.14, 0.18, 0.22
1.0, 1.5, 2.0
Austempered ductile iron
(ADI)
Single point turning
None (dry cutting)

4. Results and discussion
In the following sections the effects of cutting
parameters and approach angle onto the initial wear
Volume 9 / Number 2 / 2014

First of all, keeping the cutting speed and approach angle constant, variations on initial wear
with respect to the depth of cut (doc) and feed rate
were investigated. It was observed that increase in
doc from 1 mm to 1.5 mm almost doubled the initial wear (Figure 4). However, as it is seen in the
figure, initial wear for 1.5 and 2 mm doc, at 0.14
and 0.18 mm/rev feed rates were almost the same,
which can be interpreted as the increase in doc
under these conditions has no effect upon initial
wear. For the depth of cuts less than 2 mm, wear
rate is more or less the same for all feed rates (the
slopes of lines seems to be equal), which supports
the argument that doc effect is minimal. As the
feed rate increases to its highest value (0.22 mm/
rev) the effect of doc becomes more significant.

Figure 4. Initial wear vs. feed rate (κ = 93º, V =
200 m/min)
4.2. Effect of cutting speed on initial wear
Next, feed rate and approach angle were held
constant and the effect of cutting speed on initial
wear was investigated. As depicted in Figure 5, increase in cutting speed and doc increase initial wear.
As seen in Figure 5, for 1 mm doc the wear rate
decreases as the cutting speed increases. As described above wear rate in this context is the slope
of the line related. Since the cutting inserts were
broken at 340 m/min for 1.5 and 2 mm doc, no wear
measurements were made. Increase in doc from 1
mm to 1.5 mm almost doubled the initial wear, yet
no change in wear was observed when doc is in489
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creased from 1.5 mm to 2 mm. This can be interpreted as the fact that under the cutting conditions
shown in Figure 6, doc has no effect upon wear.

In both cases wear patterns for the specified cutting speeds are very similar, which again supports
the argument mentioned above. The cutting speed
increases, so does the initial wear, but whatever the
depth of cut is, increase in initial wear is constant.
In other words, the effect of depth of cut on initial
wear related to cutting speed is insignificant.
4.4. Effect of approach angle

Figure 5. Initial wear vs. cutting speed
(κ=93º, f = 0.14 mm/rev)
4.3. Effect of depth of cut on initial wear
As the last cutting parameter, the depth of cut
was taken into consideration and initial wear related to the depth of cut and cutting speed was compared. As in Figure 6, as doc increases initial wear
increases, but the wear rate decreases. However,
when the feed rate increases, wear rate increases
as doc increases (Figure 7).

To investigate the effects of approach angle upon
initial wear, two different tool holders with 60º and
93º approach angles were employed in the experiments. Cutting speed and depth of cut kept constant,
and the relation between the feed rate, the approach
angle and the tool wear was investigated (Figure 8).
Label κ in the figure represents the approach angle.
For both approach angles, wear rates are very close
to each other and wear characteristics are very similar. It is noticed that by increasing the feed rate, there
occurs an increase in wear rate at both approach angles. The highest initial wear is obtained at κ=60º.
An increase in feed rate leads to a further rise in wear
rate when the approach angle is 93º. Initial wear values come closer as the feed rate increases (Figure 8),
which can be interpreted as the fact that keeping cutting speed and depth of cut constant, approach angle
at high feed rate has less effect upon initial wear.

Figure 6. Initial wear vs. depth of cut
(κ=93º, f = 0.14 mm/rev)
Figure 8. Initial wear – approach angle - feed
rate relation (Vc = 200 m/min, ap = 1 mm)

Figure 7. Initial wear vs. depth of cut
(κ=93º, f = 0.22 mm/rev)
490

When cutting speed and depth of cut are increased, the highest wear rate is acquired at 0.22
mm/rev of feed rate and 60º of approach angle
(Figure 9). It is evident in the figure that the approach angle at 0.14 mm/rev and 0.18 mm/rev of
feed rates has no effect upon initial wear. Increasing feed rate causes a noticeable increase in initial
wear (especially when κ=60º).
Volume 9 / Number 2 / 2014
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Figure 9. Variations in initial wear
(Vc = 270 m/min, ap = 1.5 mm)
As the depth of cut reaches to 1.5 mm, the load
on cutting edge increases. Heat that affects the cutting edge rises as well, as the cutting speed reaches
to 270 m/min. In such a case, the effect of first impact (when the tool is entering the workpiece) has
a greater influence on tool wear at high feed rates.
That a 60º approach angle results a higher initial
wear can be explained by the fact that the longer
cutting edge is in contact at the first impact.
Lastly, by keeping feed rate constant, the relation between the cutting speed - approach angle
and tool wear were investigated. The graphics of
two different approach angles at 0.14 mm/rev constant feed rate were shown in Figure 10.

It is observed that at both approach angles, as
the depth of cut increases, wear rate decreases. The
decrease is more obvious for 93º of approach angle.
When the approach angle is small, with an increase
in depth of cut, initial wear values verge upon to
each other. However, when the approach angle is
big, increase in initial wear related to the cutting
speed is constant. As seen in the figure the effect
of cutting speed upon initial wear is less at smaller
approach angles compare to the bigger one. Similar
to the condition in which the depth of cut is kept
constant, it is observed that as the approach angle
gets smaller, initial wear increases. This is true for
all depth of cuts. Similar graphics can be depicted
for 0.18 mm/rev of feed rate (Figure 11). Here, especially for 270 m/min of cutting speed and 60º of
approach angle, wear rate appears to be linear.

a) κ=60º

a) κ=60º
b) κ = 93º
Figure 11. Initial wear vs. depth of cut and cutting speed (f = 0.18 mm/rev)
5. Conclusion and suggestions
b) κ = 93º
Figure 10. Initial wear vs. depth of cut and cutting speed (f = 0.14 mm/rev)
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Results of the experiments can be summarized
as below:
– Effect of feed rate upon initial wear: it has
been observed that depth of cut does not
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–

–

–

–

have any effect upon initial wear at low
(0.14 mm/rev) and medium (0.18 mm/rev)
feed rates and medium (1.5 mm) and high
(2 mm) depth of cuts. However, increase in
feed rate increases wear significantly.
Effect of cutting speed upon initial wear: it
is noticed that increase in cutting speed and
depth of cut increases the initial wear as
well. Increasing the depth of cut from low
to medium values almost doubles the initial
wear. Nevertheless, wear does not change
for medium and high depth of cuts, which
can be interpreted as the fact that under
these cutting conditions depth of cut has no
effect upon wear.
Effect of cut depth upon wear rate: it can be
claimed that as the depth of cut increases,
wear rate decreases. However, for low feed
rate and low, medium and high depth of
cuts; increase in initial wear is almost the
same, which supports the argument that
depth of cut does not have any effect upon
initial wear. For high feed rate (0.22 mm/
rev), as the depth of cut increases, wear rate
increases as well.
For the constant cutting speed, as the feed
rate increases, wear rate increases as well
and this is true for both approach angles.
Initial wear values come closer as the feed
rate increases, which can be interpreted as
the fact that at constant cutting speeds and
depth of cuts but high feed rates, approach
angle has less effect upon initial wear.
When the approach angle is small, with
an increase in depth of cut, initial wear
values verge upon to each other. However,
when the approach angle is big, increase in
initial wear does not change. Similar to the
condition in which the depth of cut is kept
constant, it is observed that as the approach
angle gets smaller, initial wear increases.
This is true for all depth of cuts.

In the light of the conclusions given above and
the fact that initial wear reaches up to 0.1 mm in a
very short time, the following suggestions can be
made in turning austempered ductile iron.
– On the condition that the machining is
done at low or medium feed rates, there is
492

–
–

–

–

no difference in tool wear when machining
the workpiece either in 1.5 mm or 2 mm of
depth of cuts. Therefore 2 mm depth of is
desirable in economical aspects.
On the condition that the machining is done
at low or medium feed rates, approach angle
has no effect upon initial wear.
Machining at high feed rates should be
avoided. Increase in feed rate introduces the
negative effects of doc and also the approach
angle. The highest wear rate is obtained at
high feed rates.
When the cutting speed is constant, small
approach angle leads to greater wear
(especially at high feed rates); therefore, κ
= 93º of approach angle is more preferable.
On the condition that machining is done at
a small approach angle, the effect of cutting
speed upon initial wear is less especially
working at high depth of cuts. Thus, a higher
cutting speed is more economical.
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Abstract
Awareness about indoor environmental quality (IEQ) is very lower than where it should be.
Consequences of this unawareness can be more
devastating and can extend from inefficient energy consumption to non-affordable business. It
has caused extensive economic and health related
issues for humans. It should be envisaged that
IEQ even in residential buildings could effect on
workers performance in their workplaces as they
spend approximately 50 percent of their time including sleeping hours in their places of residence.
Moreover, workers’ salaries cost some times more
than energy costs for large commercial buildings
thus reducing absenteeism and increasing workers
performance and productivity can provide large
amount of cost saving for commercial sector.
In this study, combinations of practical and theoretical approaches are proposed to illustrate different
aspects of IEQ. First of all, IEQ is introduced comprehensively. After that relation between building
post occupancy economy and IEQ is investigated.
Then, from varies methods of IEQ evaluation, one
method is chosen and applied through residential
buildings in Istanbul. Results have shown that inappropriate thermal conditions, noise and mold are
three main indoor problems which can be solved by
considering some evaluations during design stage
of building at no or less possible cost.
Key words: Indoor Environmental Quality,
Health, Building Economy, Human Performance,
Productivity
1. Introduction
After Arab Embargo at 1970s and fuel resource
shortage, estimation of building energy consumption became an important issue and variety of energy consumption reduction methods have entered
to building design process. As time went on, some
symptoms occurred in buildings due to inappro494

priate quality of indoor environment resulted from
unawareness about influence of indoor environment on human well-being. After that period, Sick
Building Syndrome (S.B.S) and Building Related
Illness (B.R.I.) have been entered to scientists’
investigations. Indeed, less energy consumption
was not an appropriate solution for related matter
while it leads to inappropriate indoor conditions.
Combination of appropriate indoor conditions and
less energy consumption entered a new meaning
to our world, which was indoor environmental
quality (IEQ).
Although, it seems that less energy consumption bring economic benefits for building owners,
it is concluded that inappropriate IEQ make more
economic crisis for them and occupants. Even a
little bit improvement in quality of indoor environment can make economic benefits for owner
and occupants. However, there are some investigations related to influence of IEQ on economy
of office buildings, there aren’t enough investigations about residential buildings. As most of people spend at least half of their diurnal time in a
residential building, it seems that residential buildings IEQ could have significant influence on their
diurnal activities even in their work places.
The main aims of this investigation are to find
different items that have special influence on IEQ
of residential buildings, to introduce different assessment methods, to find influence of it on energy
consumption of residential buildings and to find
economic benefits of improved IEQ with less energy consumption. In order to reach to the aims,
the first step is to define the exact meaning of IEQ;
the second step is to introduce the importance of it,
then the factors of IEQ and benefits of improved
IEQ will be discussed. Assessment methods and
items with some samples are the next step and
then some methods of improving IEQ which effects on economy of related buildings in Istanbul’s
climate will be introduced.
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2. Indoor Environmental Quality

2.2 Indicators of IEQ problems

2.1 What is Indoor Environmental Quality
(IEQ)?

Some indicators of IEQ problems are as follows:
– Noticeable odors
– Noticeable noises
– Damaged building materials and components
such as pipes
– Feel better outside of building
– Excessive humidity feeling
– Dirty/faulty heating or air conditioning
equipment
– Visible mold & mildew
– Stale or stuffy air
– Visible dust/dirt
– Increase in hospital logs and doctor visits
– SBS symptoms such as headache, eye
irritation, asthma and …

According to Clements Croome [1]indoor environment is a dynamic interaction of spatial, social, and physical factors, which affects productivity, health, and comfort. Drogans[2]mentioned
that IEQ is a mixture of factors such as indoor
temperature, humidity, noise, lighting, space design and layout, building envelope, and structural
systems.
In general all indoor factors and items influence on occupants’ health, comfort, satisfaction
and productivity are considered as IEQ. These
factors can be biological, chemical, physical or
psychological and may come from occupant activities, building characteristics or the ambient environment.
2.1.1 IEQ Factors
Many studies indicate that indoor environmental factors such as ventilation, air temperature and
humidity can have profound effects on occupant
performance. These are discussed in detail below.
The effect of the luminous environment on worker
productivity was covered elsewhere. [3]
According to America Society of Heating,
Refrigerating and Air-conditioning Engineers[4]
IEQ’s factors are as follows:
– Indoor Air Quality (IAQ) (air contaminants
and Volatile Organic Compounds)
– Temperature (Thermal Comfort)
– Ventilation
– Indoor Environment Health
– Odor
Beside those mentioned above, followings are
other factors:
– Visual Comfort
– Daylight
– Sound (Acoustic)
– Air Velocity
– Operators’ Needs, Expectations, Clothing
and Metabolism Rate and …
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2.3 Importance of IEQ
A man who sleep 8 hour, work 9 hour at his
work place and take 5 with his family at home,
coffee or restaurant spend more than 90 percent of
his time indoor. Thus, indoor environment factors
have special influences on human well-being and
health. A little bit change even at their home indoor environment can affect workers performance
and productivity, which can earn or cost billions of
dollars for owners every year due to the fact that
workers salary is some times more than energy
and maintenances cost. Sick leaving not only can
reduce workers’ salaries but also can reduce performance of workers for some days. An inaudible
noise from a computer case can make a headache
and reduce the concentration rate of workers or
high or less temperature can make heat stress and
then reduce the performance of workers.
Indoor air quality (IAQ) that is a factor of IEQ
is important to the health, comfort, and wellbeing
of building occupants. It is believed that poor IAQ
is associated with a number of different phenomena, most notably, the Sick Building Syndrome
(SBS), Building-related Illness (BRI), and Multiple Chemical Sensitivity (MCS), which, of course,
have major effects on productivity. Figure 1 indicates results from previous studies regarding to
health gain from improving IAQ. Besides, the cost
of providing the appropriate indoor environment
is more than an order of magnitude smaller than
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Figure 1. Health gain from improving IAQ according to some previous investigation. (Kate, 2006)
the cost of the workers in that place, providing a
superior environment may well be the most costeffective way of increasing worker productivity.
[5] According to some investigations, about 30
percent of new and renovated buildings are suffering from SBS symptoms. [6]
Furthermore, performance of students is in direct relation with IEQ. Absenteeism due to illness
not only prevents students from learning related
course but also causes to spend money for parents.
Inappropriate design can make a glare on student
desk and reduce students’ concentration, less or low
humidity has the same influence on student. The
costs of poor indoor environmental and air quality
in schools, including higher absenteeism and increased respiratory ailments, have generally been
“hidden” in sick days, lower teacher and staff productivity, lower student motivation, slower learning, lower tests scores, increased medical costs, and
lowered lifelong achievement and earnings.[7]
It is obvious due to insufficient ventilation, indoor air can be more harmful and pollutant than
outdoor air. Wind and also volume of outdoor air
make outdoor air more clear than indoor. Indoor
air velocity in comparison with outdoor wind
speed is negligible. To provide enough air velocity, large amount of energy should be consumed;
this is more sensible in hospital and therapy industries. In halls and hospitality industries such as
restaurant, bars and coffee shops large number of
496

participant and less amount of fresh air can result
in epidemic disease as well.
2.4 Benefits of Improved IEQ
Improved IEQ can causes to followings:
– Increased performance and productivity
and improved decision making up to 14.4
percent. Other studies’ results regarding to
performance and productivity is shown in
Figure 2.
– Increased occupant satisfaction and health.
Figure 3 illustrates the influence of natural
ventilation, window view, indoor plant
and daylight on IEQ problem indicators
according to previous studies.
– Reduced absenteeism up to 35 percent
according to Abdouand others [5] or up to
35 percent in offices and up to 15 percent in
schools and 35 percent in offices, according
to Fisk [8].
– Reduced respiratory illness up to 70 percent.
[9] (Figure. 3)
– Marketing advantage.
– Reduced liability and responsibility.
– Lower operations and maintenance costs.
2.5 Influence of IEQ on Economy of Buildings
As indicated previously, there are some investigation related to influence of IEQ on economy of
Volume 9 / Number 2 / 2014
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Figure 2. Productivity gains from improved IEQ. (Kate, 2010)

Figure 3. Health gains from improved IEQ.(Kate, 2010)
none residential buildings such as office buildings,
hospitality industries (bars, restaurant and hotels)
schools and medical buildings. It is concluded by
Moller that in the United State “there is at least
a $4 per square foot impact on productivity due
to 60% of the facilities being classified as having
poor indoor air quality.” [10]
According to Seppänen and Fisk, [11] “benefits
from IEQ improvements may be transferred to a
building owner (lessor) via increased rent; however, minimal information is available about how
Volume 9 / Number 2 / 2014

IEQ affects rent. The market value of a building
and the ability to renew leases or attract new lessees may also be increased by a reputation of high
IEQ”. It is one of marketing advantages of improved IEQ, which is recognizable in all type of
buildings. Additionally they indicated that “a reduced job turnover may significantly reduce costs
to employers” and also “The potential benefits of
improved IEQ include reduced medical care cost,
working days gained due to reduced sick leave,
better performance in work, lower turnover of em497
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ployees, and lower cost of building maintenance
due to fewer IEQ complaints.”Furthermore they
mentioned to their previous studies by following
word: “Some calculations show that the cost of
deteriorated indoor environments is higher than
building heating costs. Macro-economic estimates
indicate that large economic benefits are possible
from improved IEQ”.
“Worker salaries in offices exceed typically
building energy and maintenance costs by a factor
of approximately 100 and they exceed the annual
amortized cost of construction or rental by nearly
as much. An increase in office productivity of a few
percent should thus be sufficient to justify the increased energy, maintenance and construction costs
when outdoor air supply rates are increased above
minimum requirements.”[12]“Because worker
salaries exceed building energy, maintenance, and
annualized construction costs by a large factor,
the cost-effectiveness of improvements in indoor
environments will be high even when the percentage improvements in health and productivity are
small.” [13]On the other hand Wargocki[14] illustrated that improved air quality in office building
can increase the productivity of office worker by 5
percent and therefore provide economic benefits for
owners. It is estimated that decreasing the amount
of dissatisfaction in 10 percent steps, which causes
to productivity increase by 1.1 percent in each steps
according to previous study would result in an economic benefit of $0.194 per hour per person and
annual maintenance costs would be 5 percent of
initial HVAC costs. According to results, increase
in air quality can result in increase in productivity
even 10 times more than increase in annual energy
and maintenance cost and the payback period for
initial HVAC cost is not more than 4 month. [12]
Productivity loses resulted from SBS was estimated
by Fisk and Rosenfeld [13] for United States’ offices. They indicated that however the estimation is
quiet uncertain, this amount is about 2 percent for
office workers which cost approximately $50 billion annually.
Fisk [14] revealed that potential U.S. annual
savings or productivity gain from reduced respiratory illness, reduced allergies and asthma, reduced
SBS symptoms and improved worker performance from changes in thermal environment and
lighting are $6 billion to $14 billion, $1 billion to
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$4 billion, $10 billion to $30 billion and $20 Billion to $160 Billion respectively.
Another investigation by Wargocki and Djukanovic[15] insisted that improving Indoor Air
Quality (IAQ) can reduce Life Cycle Cost (LCC)
of office buildings by increasing productivity and
performance rate of workers. The previous study
by Djukanovic illustrate that however improving IAQ in an office building can increase the
cost of annual energy and maintenance, benefits
of improved performance is several times more
than it. They estimate annual economic benefit of
$368.75when a 1.1 percent increase in productivity occurred. The payback time of IAQ improvement is estimated 1.4 years and it is indicated that
benefits resulting from reduced health costs and
reduced absenteeism was not considered.
3. Methodology
Theory and practice have a very close relation
and an interaction with each other. Indeed, every
research could be theoretical, practical, but if a research be a combination of those methods, it can
be more applicable to scientific approaches. Thus,
in this research, it is endeavored to combine those
two methods to reach valuable results, which can
be used in the future scientific researches. Theoretical parts are based on library investigations
and practical parts have been focused on one of
IEQ evaluation methods, questionnaire, and results from related evaluation.
3.1 IEQ Evaluation Methods
There are two methods of IEQ evaluation, post
occupancy and before occupancy methods. Post
occupancy method is more reliable than before occupancy as post occupancy evaluation (POE) rely
on real conditions but before occupancy evaluation is a kind of prediction. IEQ evaluation methods are categorized in Figure 5.
3.1.1 Post Occupancy Evaluation (POE)
method
POE method consists from 2 main methods:
– Monitoring
– Simulation
Volume 9 / Number 2 / 2014
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of an existing building. Some problems related to
indoor environment is observable with the naked
eye such as mold, inappropriate visual environment and some light defects, on the other hand if
indoor environment be in a dangerous condition, it
can be sensible in personal visit.
Figure 4. Building indoor environmental quality
evaluation methods

3.1.1.1.3 Hardware
There are lots of instruments and data loggers
that can measure indoor air quality, illumination
rate and noise level. By using those instruments
it is possible to measure different IEQ items and
make an evaluation based on related measurement.
3.1.1.1.4 Human Behavior
Human behavioral monitoring is another method for assessing IEQ, but due to privacy problems
it is difficult to monitor human behavior in different indoor conditions in long-term investigations
and it is preferred to use this method in short term
and investigations in specific circumstance with
the aid of volunteer participants.

Figure 5. General relation between building indoor environmental quality and buildings’costs
3.1.1.1 Monitoring
Building POE monitoring has five sub methods. Each of those methods provides researcher
with valuable information regarding to human
health, requirements, satisfaction and building
general circumstance.
3.1.1.1.1 Questionnaire
As IEQ is not a quantitative data and it is something related to human expectation, questionnaire
could provide assessor with valuable information
regarding not only human expectation but also
buildings characteristics. The first item that should
be focused on it in each questionnaire is personal information, and then building information should be
gathered. Problem statement and symptom information should be gathered in the next steps. Appendix
1 shows a sample of IEQ questionnaire in Turkish.
3.1.1.1.2 Survey
Building in-site survey could make a general
overview for researcher about the circumstance
Volume 9 / Number 2 / 2014

3.1.1.1.5 Human Neurobehavioral
However, neurobehavioral testis a little complicated, it could be an alternative to human behavioral monitoring. In this method, some instruments have been installed on human body and reflection of human body in different conditions has
been recorded by them. Indeed, neurobehavioral
monitoring is a combination of behavioral and
hardware monitoring.
3.1.1.2 Simulation
Building POE simulation can provide more accurate information than before occupancy simulation as inputs are more close to reality. In the
case that it combine with instrumental information
and in-site results, the outputs can be examined to
reach accurate results.
3.1.2. Before Occupancy Evaluation (BOE)
method
Before occupancy assessing can be done
with the aid of simulation tools and software.
Some software such as e-Quest, Design Builder,
ASHRAE Thermal Comfort and ParaSol give
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valuable information about post occupancy indoor
environment conditions, but it is obvious that they
can’t indicate the exact IEQ, energy consumption
or post occupancy conditions of buildings. However, if the inputs be closer to real characteristic
of a building the results can be more accurate and
reliable. Difference between POE simulation and
before occupancy simulation is that in POE, using
instrumental result is possible but in BOE, there
aren’t any kinds of instrumental results as there
isn’t any real building.

tion between building indoor environmental quality and buildings’ costs is shown in Figure 5 and
comprehensive Relation between building indoor
environmental quality and building post occupancy economy is illustrated in Figure 6.

3.1.3. Appropriate Method
The combination of POE and before occupancy evaluating methods can be more beneficial than
using an independent method because in order to
improve IEQ by using POE cost a lot for owner, on
the other hands before occupancy is not an exact
method and cannot estimates indoor conditions.
It means that it is better to use before occupancy
methods of indoor environmental evaluation to
predict indoor condition during design stage of a
building and then use POE methods to improve
conditions slightly and regularly.
4. Discussion and Results
Indoor environmental quality of a building
which is in direct influence by outdoor environmental quality and also envelope of related buildinghas an indirect influence on post occupancy
economy of the building. It can affect directly
on building energy consumption and also occupant health and satisfaction. Occupant health as
occupant satisfaction has effect on building post
occupancy economy through occupant and building’s owner cost and economy which consist from
performance and productivity, time, health, insurance and sick leave costs. On the other hand, occupant satisfaction has another influence on post
occupancy economy of building through the influence on user factor and requirement, which has
relation with energy consumption of the building.
In a simple way, IEQ has a direct and an indirect
influence on energy consumption of building and
also has an indirect influence on occupant and
owner cost, both of these items has a direct relation with post occupancy economy. General rela500

Figure 6. Relation between building indoor environmental quality and building post occupancy
economy
Occupant health and satisfaction, which have
an interaction with each other, are in direct influence by IEQ factors. Figure 7 indicates the relation
among IEQ factors and occupant health and satisfaction. Beside ventilation, each of IEQ factors
has an influence on occupant health or satisfaction
but ventilation can effect on health and satisfaction of occupant. Ability to control of different indoor environmental factors such as temperature,
humidity, light noise and ventilation is a factor of
IEQ which can influence on occupant satisfaction.
As indicated in the previous parts, there are lots
of investigations about IEQ of workplaces and its
influence on workers which can call direct influence, but in the case of influence of home IEQ on
workers which can call indirect influence, there
Volume 9 / Number 2 / 2014
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isn’t any. By considering the fact that most of
people spend approximately 50 percent of their
diurnal time in a residential building, it will be
concluded that IEQ of residential building could
be as important as IEQ of workplaces where occupants are exposed to variety of epidemical disease.
Additionally, residential building’s size is bigger
than most of other building types’ size, other types
of buildings’ energy consumption and efficiency
can be more under control and also the operation
time of residential buildings are longer than most
of other building types thus it consumes more energy than other types. As IEQ has a close relation
with energy consumption of a building according to previous discussion, it seems that IEQ of
residential building requires more investigation.
On the other hand initial time of working is in influence by IEQ of residential building as most of
workers choose their homes near to workplaces
and start their working time as soon as they’re left
their homes.

ings in Istanbul suffer from inappropriate acoustic
design and approximately 58 percent suffer from
high temperature and in general more than 70 percent of related buildings suffer from unpleasant
thermal conditions. Mold with 50 percent prevailing is in third rank. Passive smoking with more
than 40 percent complains is another prevailing
condition, whichhas been occurring in investigated buildings. Dust and dirt, inappropriate lighting and air velocity ranked in the next places with
34, 32 and 32 percent respectively. Odor with 22
percent, fluctuation of room temperature with 21
percent, static electricity with 19 percent and air
infiltration with 18 percent are pursuing air velocity. Low temperature and glare are other less
important IEQ matters in related sector. Figure 8
illustrates investigation’s results about prevailing
of various conditions in residential sector.

Figure 8. Prevailing of various conditions in
residential sector of Istanbul

Figure 7. Relation among IEQ and occupant
health and satisfaction
Results of this investigation based on questionnaire among 100 persons in different region
of Istanbul indicated that almost all occupants
of residential buildings suffer from at least two
symptoms of inappropriate IEQ. It means that it is
necessary to focus on this type of building in Istanbul in order to improve post occupancy economy
of them which as indicated previously is in direct
influence by inappropriate IEQ. The results illustrate that almost 65 percent of residential buildVolume 9 / Number 2 / 2014

According to Figure 9 which indicates prevailing of various IEQ problem symptoms in this research, among different symptoms of inappropriate
IEQ, thermal discomfort with almost 65 percent is
ranked in the first place and shortness of breath by
44 percent is in second place. Stress and tightness
in chest with 38 percent are ranked in third place
together. Approximately 36 percent of participants
complained from headache in their homes. Each
of backache and sneeze has 34 percent complain
rate. Dizziness, difficulty of concentration, muscle
twitching and eye irritation with more than 30 percent plus sinus congestion, joint pain and skin irritation with more than 25 percent are in the next
row where all other symptoms have less than 20
percent prevailing rate and there aren’t any cases of
developed IEQ problem which result in fainting or
hearing problems.
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Figure 9. Prevailing of various IEQ problem
symptoms in residential sector of Istanbul
5. Conclusions and Recommendations
Indoor environment has indirect but important
influence on diurnal activities and performance
of human, as they spend about 50 percent of their
time in residential buildings, thus IEQ of residential building plays a special role in their performance and needs to be more probed. On the other
hand, energy consumption of every building is in
direct and indirect influences by IEQ. Energy consumption and IEQ play a significant role in buildings post occupancy economy, hence, in order to
reach economic buildings, not only IEQ should be
improved but also energy consumption should be
efficient. Occupant health and satisfaction that is
in direct effect by IEQ cost a lot for occupant however by a little improvement in IEQ, that cost can
be decreased significantly.
Workers’ salaries cost some times more than
energy consumption, thus any improvement in
workers’ performance can provide a huge economic benefits for office owners and also reduce
job turn over or mistakes. Also residential building’s IEQ can effect on absenteeism and reduce
sick leaves amount, hence it can increase income
amount of householders and reduce health costs.
According to Fisk et. al.[16] “Estimated savings
from increased work performance and reduced
illness-related absence is 50 times the energy cost
savings” thus very small percentage improvements
in work performance will pay for large percentage
increases in operation and maintenance costs.
Post occupancy improvement costs more than
before occupancy improvement, thus it is recommended that before occupancy IEQ evaluation
methods be used to assess post occupancy circumstances at the design stage of buildings and shifts
502

have been made according to the results of related
evaluations.
Based on the results indicated above most of
residential buildings which is investigated during
this research in Istanbul have been suffering from
thermal discomfort conditions, acoustic problems
and mold which are solvable by using appropriate
building materials and designing according to climatic information and in some cases by reducing
air infiltration rate or increasing ventilation rate.
Appropriate calculation should be done before
choosing envelope materials in order to prevent
condensation to reduce and destroy molds. Also
most of other complains are due to inappropriate
indoor air quality and air pollution rate, however
controlling pollutant sources usually consumes no
energy and costs very low.
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