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Abstract

Quality is a complex and interdisciplinary 
concept, especially in the maritime sector where 
technical knowledge and the ability to adapt to 
multiethnic working environments are necessary 
features. Evaluation requires appropriate methods 
which objectively take into account the human 
factor as well as specifications. 

Higher institutions of maritime education and 
training have the task of forming appropriate human 
resources for the maritime industry. This article pre-
sents standards which guarantee quality of the aca-
demic process, of the specific education and training 
process in maritime institutions and of the institu-
tions - universities as part of the public sector. The 
evaluations results, especially those concerning the 
process of higher education, are usually qualitative 
- verbal and are part of reports or are summarized in 
statistical reports. The article uses fuzzy reasoning to 
create a common evaluation model which quantifies 
all three aspects and provides an evaluation model 
with greater objectivity and ease of use.

Key words: MET Institutions, quality, assess-
ment, fuzzy assessment

1.  Introduction

The complexity and difficulty of the work in the 
maritime industry requires the appropriate educa-
tion and training, since transshipping is the most 
important forms of transportation of goods. As 
well, the economic instability of recent years re-
quires quick and effective adjustments in maritime 
transport (see [1], [2], [3], [4], [5]). Thus, higher 
education is becoming an increasingly important 
factor in providing efficient and safe transporta-
tion (see [6]). The standards and quality of higher 
education in the countries of the European Union 
are unified by the Bologna Process, see [7].

The structure of higher education is usually 
composed of three cycles:  the first ending in a 
bachelor’s degree (which generally takes 3 years), 
the second cycle ending in a master’s degree 
(which generally takes 2 years) and the third and 
last ending in a doctoral degree (which generally 
takes 3 years) (see [8]). The quality and compara-
bility of higher education inside the EU is guar-
anteed by the European Association for Quality 
Assurance in Higher Education (ENQA) (see [9]).

The minimum qualification of seafarers must 
also be in line with standards defined by the Inter-
national Maritime Organisation (IMO) and sum-
marized in the STCW Convention (Standards of 
Training, Certification and Watchkeeping of Sea-
farers) as revised in 1978 (see [10]).

The revised STCW code introduced the mat-
ter of quality standards in Maritime Education and 
Training with the subsequent related quality con-
trol and quality assurance requirements. The re-
vised STCW explicitly tackles the matter of qual-
ity standards in chapters I/8 of the Annex, Part A 
and Part B (see [11]).

Most of the Higher Maritime Education and 
Training (MET) institutions are public institutions in 
Europe, so they could use self-evaluation tools de-
signed for the public sector. The European Institute 
of Public Administration (EIPA) developed a Euro-
pean quality management tool for the Public Sector - 
Common Assessment Framework (CAF) that could 
be used in higher education as well (see [12, 13]). 

The CAF evaluation method is a Total Quality 
Management (TQM) tool which could be incorpo-
rated into a joint quality assessment tool that takes 
into account all aspects which are below explained.

CAF is not the only way to explore quality in 
higher education, but we decided to apply this 
method since it allows for the inclusion of evalu-
ation of the entire education process, employees 

Maritime education institutions: a review 
of quality assessment methods and the 
development of a fuzzy assessment tool
Danijela Tuljak - Suban, Valter Suban
University of Ljubljana, Faculty of Maritime Studies and Transport, Portoroz, Slovenia.
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and customers (see [14]). In the next section other 
methods to estimate quality in higher education 
will be presented.

2.  Quality in education and quality assess-
ment methods 

Quality evaluation in higher education could be 
done in many ways, using methods that are devel-
oped within academia itself and which take into 
consideration only the academic sphere (individu-
alized control) (see [15] and [16]) or using meth-
ods which introduce the concepts of manufactur-
ing management and propose a more systemized 
control (see [17], [18], [19] and [9]).

In the next section some of the most commonly 
used methods to determinate and evaluate quality in 
higher education will be presented. Since the concept 
of quality is very difficult to explain, it is often char-
acterized by subjective definitions and assessments. 

The first method presented is Boyer’s Six Princi-
ples of Community (see [20]), wherein the six prin-
ciples (Purposeful, Open, Just, Disciplined, Caring, 
Celebrative) defined the kind of community that 
every higher education institution should be.

The second method developed by Chickering 
and Gamson, is based on the authors’ belief that 
Higher Education Institutions could improve under-
graduate education “themselves-with a little bit of 
help” by promoting good teaching and learning (see 
[21]). The Seven Principles highlights the most im-
portant aspects of good practice in higher education:

– Good practice encourages student - faculty 
contact.

– Good practice encourages cooperation 
among students.

– Good practice encourages active learning.
– Good practice gives prompt feedback.
– Good practice emphasizes time on task.
– Good practice communicates high 

expectations.
– Good practice respects diverse talents and 

ways of learning.

The third method is the Baldrige Criteria for 
Performance Excellence in Education which is 
based on the system’s perspective of understand-
ing performance management (see [22]). The set 
criteria are divided into seven categories:

– Leadership.
– Strategic planning.
– Customer focus.
– Measurement, analysis, and knowledge 

management.
– Workforce focus.
– Operations focus.
– Results.

The Baldrige criteria form a Total Quality Man-
agement (TQM) tool for managing and performing 
the critical aspects of a higher education institution.

The fourth method is Total Quality Manage-
ment (TQM) applied to education. TQM promotes 
objective and measurable outcomes in the educa-
tional process and provides mechanisms for qual-
ity improvement that involve the institutions and 
the outer demand for education (see [23]). The ori-
gins of TQM could be found in industry, since the 
ideas of quality control, total quality and quality 
assurance were originally developed in the 1930s 
and 1940s in the United States by Deming. The in-
troduction of the total quality concept in education 
is recent. There were few references in the litera-
ture before the 1990s. The recent economic crisis 
has stimulated the development of education - 
business partnerships that have brought education 
and business closer and have introduced industrial 
quality concepts to education. 

The fifth method, based on the so-called The-
ory of Seven Vectors was developed in 1969 by 
Chickering (see [21] and [24]). This theory is 
based on the idea that students have to experience 
seven vectors of development throughout their 
student experience:

– Developing competence.
– Managing emotions.
– Moving through autonomy toward 

interdependence.
– Developing mature interpersonal 

relationships.
– Establishing identity.
– Developing purpose.
– Developing integrity.

The sixth method is the I-E-O Model devel-
oped by Astin in 1984, where higher education 
outcomes are proposed as function of three sets 
of elements: inputs (demographics, student back-
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ground and previous experiences), environment 
(range of student experiences) and outcomes 
(characteristics, knowledge, attitudes, beliefs and 
values after graduation) (see [25], [26] and [27]).

The seventh method of quality assessment is 
based on Perry’s Cognitive Theory of Student 
Development (see [28]) based on the explanation 
of how students come to understand knowledge 
as part of the cognitive processes of thinking and 
reasoning. On the basis of these assumptions the 
seven solutions are proposed (see [29] and [30]):

– Measuring teaching efficiency and 
effectiveness.

– Publicly recognize and reward 
extraordinary teachers.

– Split research and teaching budgets to 
encourage excellence in both.

– Require evidence of teaching skill for tenure.
– Use “Results-Based” contracts with 

students to measure quality.
– Put state funding directly in the hands of 

students.
– Create results-based accrediting alternative.

3.  Higher maritime education and training 
institutions in the European Union

MET institutions must be accredited by an autho-
rized professional or governmental authority, either 
national or international, in order to ascertain that 
recommendations from the STCW convention are 
assured. Generally the minimum qualification of sea-
farers prescribed in the STCW is achieved at the end 
of first cycle of the higher education phase (see [31]). 
Maritime transport is generally international, per-
formed by ships sailing under various flags that are 
operated by a multi-ethnic crew, so the knowledge 
and skills of seafarers are vitally important. Europe-
an Maritime Safety Agency (EMSA) is responsible 
for monitoring and reducing the risk of maritime ac-
cidents, loss of human life at sea and pollution (see 
[32]). In order to achieve those objectives, periodic 
verifications are made to monitor if the courses of 
study found in MET Institutions meet the require-
ments of the STCW convention. The EMSA collects 
and publishes information about MET institutions. 

Maritime universities and faculties are associ-
ated with the International Association of Maritime 
Universities (IAMU), the scope of this association 

is to provide an incentive for the collaboration be-
tween Maritime Universities and to improve the 
studies in the field of maritime education and train-
ing (see [33]). In Table 1 MET institutions in the EU 
collected by EMSA and European higher education 
institutions which are members of IAMU are listed.

4.  Quality control in European higher mari-
time education and training institutions

Maritime higher education institutions have char-
acteristics that are particular in the academic sphere: 
the specificity of the maritime sector, adaptation 
to international conventions and the importance of 
the social factor in multiethnic workplaces. Quality 
evaluation most takes into account both the study 
process and the “final product”. We therefore pro-
pose that it is expedient to include an individualized 
assessment factor into a systemized control tool.

The STCW convention does not force institu-
tions to use a particular method of evaluation, but 
allows them to choose a quality assurance system 
suitable for their requirements such as ISO stan-
dards, European Foundation for Quality Manage-
ment standards (EFQM), Balanced Scorecard 
method (BSC) or a self–developed Quality Assess-
ment (QA) system (see [34]). 

According to the STCW convention, Section 
B-I/8 “Guidance regarding quality standards” it is 
stated that “Each Party should take account of ex-
isting national or international models”, see [11].

It is recommended that evaluation models con-
tain the following basic concepts:

– an expressed policy regarding quality and 
the means by which such policy is to be 
implemented;

– a quality system incorporating the 
organizational structure, responsibilities, 
procedures, processes and resources 
necessary for quality management;

– the operational techniques and activities to 
ensure quality control;

– systematic monitoring arrangements, 
including internal quality-assurance 
evaluations, to ensure that all defined 
objectives are being achieved; and

– arrangements for periodic external quality 
evaluations as described in the following 
paragraphs.
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Among other things, the European Institute of 
Public Administration (EIPA) monitors the quality 
inside the European public administration (see [12, 
13]). For this purpose, a suitable, easy to use tool has 
been created for use by public institutions, including 
educational and training institutions. Specifically, it 
is the European Quality Management tool for the 
Public Sector - Common Assessment Framework 
(CAF) (see [35]). This model involves five evalua-
tion areas describing operations (‘enablers’): leader-
ship, strategy and planning, human resource man-
agement, partnerships and resources, and process 
and change management. The results are presented 
in the following evaluation areas: people results, 
customer and citizen-oriented results, society results 
and key performance results (see [36]).

CAF is a Total Quality Management (TQM) 
tool where all the requirements to improve perfor-
mance organizations across Europe in the public 
sector are structured in a simple manner through 
the use of quality management techniques. 

The CAF has four main purposes (see [37], and 
[12, 13]):

– familiarise public administration with the 
principles of TQM and with the use and 
understanding of self-assessment, from 
the usual “Plan-Do” sequence of activities 
to a more effective “Plan-Do-Check-Act 
(PDCA)” cycle;

– facilitate the self-assessment of public 
institutions to obtain a diagnosis of 
the situations and actions needed for 
improvement;

– unify the various models used in quality 
management;

– facilitate benchmarking between public 
institutions.

MET higher institutions are often part of pub-
lic universities which are, in turn, also part of the 
public administration. The main purpose of uni-
versities is to ensure the quality of study and re-
search programs. Generally, these objectives are 
common to university institutions from all the 
countries within the EU (see [38] and [39]).

The concept of quality and improving quality are 
becoming more and more important among the uni-
versities. Often in the past individualized methods 
were used e.g. by questioning students, but gradu-
ally universities are switching to total quality assess-
ment tools such as generic quality ISO standards. 

We propose the creation of a total quality model 
based on CAF which also includes requirements 
that are particular to MET higher institutions 
(STCW convention) and individualized methods 
that permit the consideration of the social role of 
the university. The structure of the model is shown 
by the diagram in Figure 1.

Figure 1.  Diagram of the modified CAF with particular requirements for MET institutions
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This model creates a joint evaluation where the 
feedback process is not duplicated. In this way it is 
possible to create a rational and unitary total qual-
ity model where the number of necessary evalua-
tions is minimized.

5.  Evaluation model and fuzzy approach

Evaluation of the study and training processes 
of MET higher institutions is often composed of 
verbal reviews and numerical assessment. The 
evaluators, based on their own assessment objec-
tivity and quality recommendations, compose a 
joint assessment. To improve the assessment pro-
cess, based on a large number of qualitative and 
quantitative criteria, multi-criteria decision analy-
sis (MCDA) is a structured way to establish an 
appropriate assessment tool. The analytic network 
process (ANP) is an MCDA upgrade, applicable 
when the decision situation involves interactions 
and feedback between the decision elements (see 
[40]). Since qualitative criteria often produce eval-
uations that include a high level of uncertainty, a 
fuzzy approach could solve those problems of un-
certainty and provide an effective evaluation and 
in those cases it is better to use the Fuzzy-ANP 
approach (see [41], [42], [43] and [44]).

The ANP decision making tool is based on pair-
wise comparisons among the elements, the evalu-
ation of the relevant weights of the elements and 
the aggregation and synthesis of relevant element 
in process of finding the final decision (see [45]).

Pair-wise comparison is a very complicated 
process and one in which experts are often in dis-
agreement. Composing the matrix formed by the 
relative weights of the considerate criteria requires 
is also very complicated. The network structure 
developed in this article is based on the multi-cri-
teria fuzzy ANP decision making tool: the matrix 
of relative weights will be replaced by fuzzy rule 
blocks aggregated in a network system. This per-
mits the experts to create a system of rules which 
define the evaluation, therefore avoiding direct 
pair-wise comparison. 

One of the most important characteristics of the 
ANP models is the possibility of taking into ac-
count the relationships between and within clus-
ters of elements. We assume that main model’s 
rule blocks do not affect one another, since we 

suppose that each group of evaluators is indepen-
dent from the other groups. The structure of the 
system is composed by the decision-making ele-
ments presented in Figure 1. 

All input linguistic variables are defined with 
three terms (Low, Medium and High) that speci-
fy the degree of implementation of the approach 
and in doing so replace the scale that is used in 
the CAF evaluation tools. The evaluation process 
could become more objective and standard since 
the recommendations, requirements and the cu-
mulative scoring system, based on the “Plan-Do-
Check-Act” (PDCA cycle), of the CAF manual 
are all included in the fuzzy rule blocks. 

The fuzzy assessment model is composed of 
four main rule blocks which in turn are composed 
from smaller (specific) rule blocks:

– Process evaluation
– Leadership
– Strategy-planning
– Partnership
– Learning processes
– Staff-Student assessment
– Staff assessment
– Student assessment
– Key performance and result evaluation
– Customer orientated results
– Social impact - Industry impact
– Final evaluation

All assessment processes are performed 
through the evaluation of the Plan, Do, Check and 
Act stages. Input linguistic variables are common: 
Plan, Do, Check and Act. Membership functions 
of all variables are linear (see Table 2).

Membership function of a low term is S shaped, 
membership function of a medium term is triangu-
lar and membership function of the high term is Z 
shaped. Terms limit point are defined on the bases 
of the CAF evaluation tables.

Despite the input variables being defined in the 
same way in decision blocks, in each block they 
represent different aspects of the estimation pro-
cess. Figure 2 shows the complete structure of the 
fuzzy decision model.

The output linguistic variables are also defined 
by three terms with linear membership functions. 
The crisp numerical values are computed by the 
Centre of Maximum (CoM) defuzzyfication meth-
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od. The CoM first determines the most typical val-
ue for each term and then computes the best com-
promise between the fuzzy logic inference results. 
The CoM method is very often used in fuzzy logic 
applications, since the obtained crisp result con-
tains all the properties of partial values (see [46]). 

In the Final evaluation rule block, the final crisp 
numerical assessment is computed by the Mean of 
Maximum (MoM) defuzzyfication method, which 
delivers the “most plausible result” and selects the 
typical value of the term that is most valid (see [46]).

Fuzzy production rules conditions consist of 
four preconditions linked together by AND opera-
tor. The fuzzy inference – aggregation in the IF-
part of the rules is done by the minimum operator 
(MIN). The validity of the entire condition would 
be calculated as an extension of the classical in-
tersection of sets to a fuzzy intersection (see [47]) 
using the following formula:

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

where  is the membership 
functions of .

Result aggregation is done by the maximum 
operator (MAX) where only the dominant rules 
are evaluated.

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

where  is the membership 
functions of .

Table 2.  Input fuzzy variables: terms, shape and definition points.
Variable Name Term Names Shape Definition Points

Plan Low linear (0,1) (25,1) (50,0) (100,0)

Do
Medium linear (0,0) (25,0) (50,1) (75,0)

Check

High linear (0,0) (50,0) (75,1) (100,1)Act

Figure 2.  Structure of the Fuzzy model
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All the rule blocks are composed of rules that 
emphasize those aspects that must be marked. The 
Process Evaluation rule block does not point to 
any stages (Plan, Do, Check and Act), the rules 
are composed so that all aspects are considered 
equally. The Staff-Student assessment rule block 
provides evidence of planning, execution (do 
phase) and checking. The Key performance and 
result evaluation rule block point to planning ex-
ecution (do phase) and verification (check phase).

The Final evaluation rule block computes 
the assessment of the key performance which is 
a compromise between all the computed assess-
ments. In spite of the other decision blocks where 
some aspects have been deliberately highlighted in 
this case, the final evaluation is computed objec-
tively, so that certain values are not emphasized.

6.  Application of the fuzzy evaluation 
model

The proposed fuzzy evaluation method was 
tested on a fictitious MET higher institution that 
was created by a team of experts from our Faculty 
in order to verify the effectiveness of the model, 
since evaluation data are often confidential and 
not available and only final reports are available.

Based on the findings proposed in this article, it 
could be concluded that the aforementioned mari-
time higher education institutions are all subordi-
nate to a unitary quality regime.

Quality assessment is generally based on the 
reports of external experts who play a crucial and 
at the same time delicate role in the evaluation 
process, since the expert’s evaluation is based on 
their knowledge and experience.

Assessment through the CAF model is based 
on predefined assessment panels showing achieve-
ments, conditions, and associated estimates from 
0 to 100. The estimation of the process is cumula-
tive. The proposed model substitutes this concept 
of evaluation with fuzzy variables (see Table 2) 
and decision rule blocks (see Figure 2) based on 
the PDCA-cycle.

The Fuzzy model was designed with Fuzzy-
TECH 6.00 Professional Edition and includes all 
the factors and evaluation methods that are part 
of the CAF manual, as well as ENQA and STCW 
recommendations. Since the whole evaluation 

procedure is complex and formed by multiple 
panels, Table 3 presents the assessment process 
using a classical panel evaluation method and by 
the fuzzy evaluation procedure only of the Strate-
gy-planning portion of the process evaluation. 

In the simulation the following verbal assess-
ment - characteristics were used: 

– The processes, at the MET higher institution 
are carried out in accordance with the Higher 
Education Act required by the Supervisory 
Authorities (defined in the article). 

– The academic first-cycle study programme 
is a holder of an international verification 
and carried out in accordance with prescript 
quality standards. 

– The first-cycle professional study 
programmes are verified by required 
international institutions.

Table 3.  Comparison of panel evaluation method 
and of the fuzzy evaluation procedure

Phase Panel 
evaluation

Fuzzy evaluation 
- RB12

PLAN 60 “medium”
DO 80 “high”

CHECK 90 “high”
ACT 80 “high”

Total /400 310
SCORE /100 77.5 75

The proposed fuzzy model simplifies the as-
sessment method because more on-going evalua-
tion through the tables is not necessary since all 
the conditions and scales are already entered in the 
structure of the model. The fuzzy approach allows 
the direct use of verbal estimates as input linguis-
tic variables in the model. Such an approach al-
lows a uniform interpretation and more objective 
evaluation of the institution. 

Simulations made on the fictitious MET insti-
tution produced results that are very close to those 
obtained using a classical evaluation process, but 
in this case it is not necessary to additionally ag-
gregate all proposed aspects of the common TQM 
evaluation.
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7.  Conclusions

In this article the quality evaluations proce-
dures in the MET Higher Institutions within the 
European system are presented. The authors have 
attempted to lay the foundations for a unique as-
sessments tool within MET Institutions, composed 
of evaluation methods that are used in the public 
sphere today (CAF), specificity of education and 
training in the maritime sector (STCW Conven-
tion) and quality and comparability of higher edu-
cation inside the EU (ENQA). Joint evaluation of 
all these aspects provides a global assessment of 
future seafarers. The Fuzzy approach also contrib-
utes to a more objective assessment and simplifies 
the evaluation process.

It is known that the comparison of scores ob-
tained classically, e. g. with CAF, is of limited value 
if done between different institutions; the fuzzy ap-
proach reduces this risk because it minimizes the 
subjectivity that can result from inexpert evaluators.

This allows for the appropriate and prompt cor-
rections that positively influence the educational 
and organizational processes of MET institutions, 
but also the relationship with the shipping in-
dustry, thus guaranteeing the adequate skills and 
training of the staff present in a crew.

This allows for the appropriate and prompt cor-
rections that positively influence the educational 
and organizational processes of MET Institutions, 
but also the relationship with the shipping indus-
try, thus guaranteeing adequate skills and training 
of staff present in a crew.

This article has highlighted the key aspects re-
lated to evaluation: quality approaches, guidelines 
for the improvement of activities, and recognition 
of Good Practices.

In addition, the fuzzy evaluation method allows 
for the simplification and unification of the assess-
ment, and the reduction of the influences caused 
by the human factor.

We hope that these proposals could become a 
useful tool for periodic and regular use (quality 
reviews and audits), which would allow for the 
consolidation of the relationships between MET 
institutions and employers and the development 
of highly qualified cadres that ensure safety and 
quality shipping.
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Touchscreens are hardly accessible to the blind. 
Assistive technologies offered by mobile device 
manufacturers do not eliminate all the obstacles. We 
propose new solutions that would improve the acces-
sibility of touch interfaces in Android-based devices. 
We present the concept of services that provide func-
tions and resources of the touchable Android-based 
devices for blind with Braille notetakers.

Key words: User Interfaces – Input devices and 
strategies, User-centered design, assistive technol-
ogy, mobile accessibility, touch screens, blind users

1. Introduction

Advanced functions of Android-based de-
vices are hardly accessible to the blind using a 
touchscreen. One example of barrier is the virtual 
QWERTY keyboard, other examples include lack 
of haptic points on the screen (these would im-
prove spatial orientation) and poor suitability of 
touchscreen gestures for the blind (preferred ges-
tures start on the edge of the screen or in its close 
vicinity). The concept of our solution improving 
the accessibility is based on two assumptions, test-
ed positively for example in [1] and [2]:

– most of the tested blind smartphone users 
deem notetakers to be indispensable, 
especially for taking notes quickly;

– the use of a linear-sequential Braille 
interface by the blind, especially for entering 
text using a physical Braille keyboard, is 
much more efficient than the use of a virtual 
keyboard (QWERTY or Braille).

Advanced smartphone functions are made avail-
able through software that we developed as part of 
concept implementation. This part operates under 
the Android system and provides services for the 
notetaker operating under Windows CE like most 
ones. These services are called by specific software 

operated under Windows CE and developed as sec-
ond part of the concept. Both of these parts of soft-
ware also support the application layer protocols 
and transmission layer. The Bluetooth it is trans-
mission layer protocol and it is supported by the 
lowest level of communication software. Bluetooth 
protocol software runs on both devices and con-
nects either the smartphone to the notetaker or the 
other way. And the application layer XML-based 
protocol has been developed by us. The protocol 
that transmits data from the notetaker of the service 
to be performed with the necessary parameters. As 
well as transfers to notetaker result of the service. 

Pilot implementation of the concept involved 
a Samsung Galaxy S III smartphone and a Polish 
notetaker Kajetek SD, see [3]; it included access 
to contact management and message composing 
services. Results of pilot implementation tests 
conducted on 5 blind users with different Braille 
and technical experience indicate a need for fur-
ther development of the concept. 

2. Related Work

There are many different ways to interact with 
interfaces of touchscreen-based devices: a simple 
single tap, several simultaneous or successive 
taps, directional and scanning gestures as well as 
fixed and adaptive layouts of function fields com-
prising the screen. However, software developers 
often neglect to adapt their methods to the needs 
of a blind user. 

This is because researches are focused on over-
coming the two greatest difficulties faced by the 
blind when using touchscreen-based mobile devic-
es: enabling efficient navigation through graphical 
elements and their correct selection and develop-
ing a method for quick and correct text input.

Findings of Kane et al. presented in [4] point to 
differences in preferred gestures and ways of mak-
ing them between sighted and blind users. Oliviera 
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et al. demonstrated in [5] that the blind input text 
using different methods more or less efficiently 
depending on their personality traits and personal 
experience. D’Andrea found out that most of the 
tested blind students prefer using smartphones with 
Braille notetakers and value their Braille skills, es-
pecially for the possibility of taking notes, see [1]. 
Southern et al. in turn noticed lower erroneousness 
in case of entering text in Braille, using a physical 
or virtual keyboard, see [2] and [5]; according to 4., 
the use of a physical Braille keyboard is the most 
efficient method. Azenkot et al. confirmed these 
findings in [6] and [2]. The virtual QWERTY key-
board has been enhanced e.g. by Findlater et al. in 
[7], applying extensions available through specific 
user gestures. In [8] Costagliola and Capua suggest 
implementing into the virtual keyboard an addition-
al menu displayed upon making certain gestures 
around a given character. In [9] Ruamviboonsuk et 
al. suggest entering numbers sightlessly (to enable 
quicker dialling), using specific multi-touch combi-
nations. Improvements suggested in [7], [8] and [9] 
have not been tested by the blind nor designed for 
this group of users.

In [4] the authors suggest a fixed virtual Braille 
keyboard that would have 6 keys: 3 on the left and 
3 on the right side of the screen, near its edges .[6] 
in turn suggests a dynamic virtual Braille keyboard 
appearing where 3 fingers of one hand or 6 fingers 
of two hands are placed. In [10] Kocieliński and 
Brzostek-Pawłowska have proposed multi-touch 
gestures preferred by blind to speed up navigation 
through the lists of items.

3.  Concept of increasing the accessibility 
through the facilitated access to  
specialized services 

Our goal is allowing blind people to easily use 
such advanced functions of smartphones as speech 
recognition, cloud data (e.g. contacts) management, 
file sharing (e.g. Dropbox), web-based search en-
gines, instant messaging, phonecalls or GSM and 
GPS navigation. Our concept makes it possible 
blind user to effective use all the functions of a 
smartphone using developed specialized services 
launched with Braille notetaker. Our solution elimi-
nates the need for development aimed at imple-
menting smartphone functions into notetakers. This 

way the blind would be able to use common mobile 
devices, not only to selected functions of smart-
phones developed in Braille notetaker.

This goal we will achieve using integration of 
the two environments – Windows CE of the no-
tetaker and Android of the smartphone.

In this research we have applied the results of 
our earlier researches presented in[10]. Their aim 
was to find ways of transforming the graphical ob-
jects on a Braille interface. As a results we have 
formulated basic assumptions concerning Versa-
tile Multimodal Linear Interface (VMLI) and we 
have tested its pilot version. VMLI transforms a 
graphical objects and their features into the hierar-
chy of linear lists.

In research in on the integration of smart-
phones and notetakers presented in this paper we 
have used the VMLI to be able generate a lists of 
items transmitted to the notetaker as an output pa-
rameters of executed services. We developed set 
of Android services and the protocol of access to 
services (application layer protocol) and of pro-
viding results of services.

By integrating user will have easier access to 
advanced functionalities of smartphone using the 
physical Braille keyboard. Operation of notetakers 
is based mainly on Braille keystrokes and sequen-
tial-hierarchical access to smartphone functions. 
Preferred interaction methods, which speed up 
and facilitate blind users’ action, include:

– function selection lists activated by pressing 
appropriate navigation keys,

– handy menus available through hierarchical 
navigation or called using keystrokes,

– sets of Braille keystrokes that provide access 
to all the important notetaker functions at 
any time,

– editing functions that allow using six- and 
eight-dot Braille and navigating through the 
text quickly.

4.  Description of Braille notekers 

The Braille notetakers are provided with 
Braille keyboard (6 or 8 keys) and with synthesis 
speech module which allow a user to access no-
tetaker’s functionalities. Less advanced notetakers 
are mainly used to edit text notes with the aid of 
Braille keyboard and to record voice notes. More 
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advanced notetakers also have Braille displays 
which allow a blind user to read and edit notes in 
a more comfortable way. Notetakers can also be 
provided with complex editor, calculator, media 
player, Internet browser, mail client etc. Those 
notetakers are similar to the smartphones consid-
ering their functionality. The most advanced ones 
are similar to laptops of sighted users. On figure 
1 there are examples of the notetakers: from sim-
plest to most complex ones.

Figure 1. a. A simple Braille notetaker which al-
lows to edit text with the aid of Braille keyboard.
b. A Braille notetaker which is provided with 
Braille keyboard and Braille display.
c. A complex Braille notetaker which is provided 
with advanced functionality, such as Internet 
browser, media player etc.

In general the Braille notetakers are operated 
under mobile operating systems (such as Windows 
CE, Windows Mobile), they can operate external 
SD/SDHC memory cards and (through build-
in USB ports) another external memory drivers, 
printers etc. Simple Braille notetakers usually have 
limited editing functions; on the other hand more 
complex devices can be provided with MS Office 
package (Word, Excel), Internet browser, mail cli-
ent, synchronizing functions with PC (for example 
to synchronize personal documents and contacts) 
etc. Braille notetakers can have a number of addi-
tional attractive functions such as e-book’s player, 
dictaphone, speaking colour tester, stopwatch etc..

As opposed to the case of graphical smartphone 
interfaces, where users interact with applications 
by making touch gestures on items displayed on 
the screen, operation of notetakers is based mainly 
on Braille keystrokes and sequential-hierarchical 
access to functions. Preferred interaction methods, 
which speed up and facilitate blind users’ actions 
and are usually integrated in notetakers, include:

– function selection lists activated by pressing 
appropriate navigation keys,

– handy menus available through hierarchical 
navigation or called using keystrokes,

– sets of Braille keystrokes that provide access 
to all the important notetaker functions at 
any time,

– editing functions that allow using six- and 
eight-dot Braille and navigating through the 
text quickly.

5.  Principles of communication between 
an Android-based device and a Braille 
notetaker 

Our concept assumes that the Android-based 
device and the Braille notetaker communicate 
via Bluetooth, which is common in smartphones, 
programmable via API (Application Interface 
Programming) using the android.bluetooth pack-
age and supported by many Braille notetakers. 
Notetakers not equipped with an integrated Blue-
tooth adapter may be expanded with an external 
Bluetooth adapter.

The Bluetooth protocol is a carrier layer for 
commands (queries) sent from the notetaker and 
for answers sent from the smartphone. A layer for 
the developed communication application pro-
tocol is provided by the Bluetooth protocol. The 
XML format is used for application protocol writ-
ing. The application used for communication be-
tween the two devices consists of two modules: 
Commander, which operates in Windows CE 
environment of the Braille notetaker, and Con-
troller, which operates in Android environment. 
Commands generated by Commander and sent to 
Controller as well as answers generated by Con-
troller, including any requested data and sent to 
Commander are based on the XML format. The 
notetaker sends queries with identifiers of services 
to be provided by the Controller module, which 
works as a service server. 

Figure 2 shows an example of a request-related 
XML command for service execution “Create-
ContactEntry”.

Figure 3 shows an example of an XML answer 
(transmitting service result.)
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Figure 2. Example of a command with a request 
sent from the notetaker to the smartphone

Figure 3. Example of an answer with the data 
sent from the smartphone to the notetaker after 
service execution

The Controller module, developed in its pilot 
version as an Android service, can connect with 
the notetaker via Bluetooth in two ways: by manu-
ally choosing the notetaker from a list generated 
by Controller and sending a connection request to 
Commander or by accepting a Bluetooth connec-
tion request incoming from the notetaker’s Com-

mander module. Controller generates a list of de-
vices available via Bluetooth as a result of detect-
ing them by scanning, using the BluetoothAdapter 
class instance provided in the Android system. A 
link between the two devices is established upon 
successfully confirming the connection request 
sent to the notetaker or upon accepting the con-
nection incoming from the notetaker. Then the 
Controller module waits for Commander com-
mands and executes them.

The smartphone’s Controller module works in 
the following modes:

– sending Bluetooth connection requests to 
the notetaker (if chosen from the list by the 
user),

– waiting for Bluetooth connection requests 
incoming from the notetaker,

– accepting a Bluetooth connection request 
incoming from the notetaker,

– receiving and sending text and binary data 
(executing commands incoming from the 
notetaker).

For the purposes of providing services request-
ed by the notetaker, the Controller module works 
in server mode in relation to the Commander mod-
ule. For running in server mode the Controller 
module keeps an open server socket (an instance 
of the Android BluetoothServerSocket class), 
which waits for incoming queries. The connection 
is accepted only if the notetaker has sent a query 
with a specific UUID value of ControllerService.

The Commander module performs the following 
functions for the purposes of smartphone access:

– detecting Android-based devices (with the 
Controller module running) present within 
the range of Bluetooth communication,

– receiving text data from the paired Android-
based device,

– sending the input text commands to the 
Android-based device.

The essential function of the Commander mod-
ule is to send commands and data to the Android-
based device with a request of service execution. 
The transmitted commands they begin execution 
of services that allow e.g. employing the wire-
less keyboard functionality when the user inputs 
characters using a Braille keyboard. Characters 



525

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

are then sent as corresponding commands to the 
smartphone’s Controller module via Bluetooth. 
Besides transmitting commands the Commander 
module receives answers as a result of services. 
All text data contained in answers is sent to the 
speech synthesiser and/or a Braille line.

The following types of commands have been 
implemented in the Commander module for the 
purposes of sending:

– character – a command of this type simulates 
inputting a given character by the user; 

A command corresponding to inputting the let-
ter “a” by the user will have the following form:

<command type=”character”>a</command>

– navigating – a command of this type 
simulates pressing a certain navigation key 
(routing);

A command corresponding to pressing the left 
arrow will have the following form:

<command type=”navigating”>left</command>,

– function – a command of this type simulates 
pressing a certain function key.

Such command will have the following form:

<command type=”function”>function_key</
command>

Figure 4 shows an overview of the proposed 
communication concept.

Figure 4. Communication layers between an 
Android-based device and a Braille note taker

6. Methodology

In order to test the concept we have developed 
communication protocol as a sequence of XML 
query-response messages; the Bluetooth protocol 
serves as the transport layer.

We have developed also two interacting mod-
ule. One module runs on an Android-based smart-
phone and one on a notetaker (Kajetek SD - Pol-
ish product) operated under Windows CE 5. Both 
modules support wireless Bluetooth connectivity. 

The module on Android system has been im-
plemented in Java, using Android API level 17, 
and tested on a Samsung Galaxy S III smartphone. 
Feedback is realised using text-to-speech, with the 
TalkBack screen reader.

The notetaker software is a C++ library that ex-
tends Kajetek application with support for a proto-
col used to communicate with the Android module. 

During the research the basic concept assump-
tions have been tested by managing contacts us-
ing the remote interface of the notetaker. The pilot 
software allows the user to operate the smartphone 
using Kajetek as a physical Braille keyboard; this 
way he or she can quickly navigate through smart-
phone interface items using notetaker keystrokes. 
The software also provides easy wireless access to 
contact management functions of the smartphone. 
The following contact management services have 
been implemented in the Kajetek notetaker:

– browsing contact lists (using specific Braille 
keystrokes),

– reviewing details of selected contacts,
– adding new contacts (using the editing 

functions integrated in Kajetek software),
– deleting contacts.

Several methods of inputting text into a smart-
phone have also been tested during the research. 
The test application provides three ways of com-
posing messages to selected recipients: using a 
virtual QWERTY keyboard, a virtual Braille key-
board or the editing functions of the notetaker. 
Practical tests of text input speed have been con-
ducted on a virtual QWERTY keyboard and on the 
physical keyboard of the Kajetek notetaker.

The tests have been conducted on a group of 5 
users with different experience in the use of smart-
phones: from a few weeks to a couple months. The 
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test was carried out on the iPhone with VoiceOver 
screen reader and on the smartphones Android-
based (version 4.02 or later) equipped with the 
TalkBack screen reader. All the testers knew 
Braille well and they were ones with experience 
in the practical use of Braille notetakers.

7.  Results

Practical tests of pilot application have shown 
that the use of a notetaker to operate the inter-
face of a smartphone is not only a solution that 
improves a blind user’s work efficiency and con-
venience, but also a practical alternative for those 
for whom a touch interface is manually inacces-
sible. Feedback from the test group confirms that 
the existing accessibility mechanisms of the An-
droid system (such as TalkBack and BrailleBack), 
especially the ones related to navigation based on 
the available gestures (e.g. implemented through 
TalkBack) and text input using a virtual QWERTY 
keyboard, are subject to significant limitations. 
The tests have proven that managing contacts with 
the interface of the Kajetek notetaker and its phys-
ical Braille keyboard is more efficient than doing 
so using the standard smartphone application for 
managing contacts combined with the TalkBack 
screen reader, gestures and the virtual QWERTY 
keyboard. Selecting desired contacts from the list 
using Kajetek is more efficient primarily because 
of lesser erroneousness of browsing actions; op-
erating a touch interface requires greater manual 
precision. One of the testers suggested extending 
the list item selection functionality of Kajetek e.g. 
with a quick search function looking for the first 
few entered letters of a contact.

The received feedback also confirms that the 
existing smartphone accessibility mechanisms re-
lated to text input are insufficient. Message com-
posing tests indicated a significant advantage of 
the physical Braille keyboard of a notetaker over 
a virtual QWERTY keyboard. The use of a Braille 
notetaker with its editing functions is much more 
efficient than using a virtual QWERTY keyboard: 
the slowest and the fastest tester reached a text 
input speed of 11 and 38 characters per minute 
(CPM) in the case of the latter and respectively 87 
and 160 CPM in the case of the former.

8.  Conclusions

The results of preliminary research on pilot im-
plementation into the Android system, concerning 
functions like managing contacts and composing 
messages to selected recipients, confirm that the ad-
opted concept of using interaction mechanisms for 
touchscreen-based mobile devices and Braille no-
tetakers is a promising direction for further research 
and give grounds for continuing works. The research 
suggests new ways of solving the essential problem, 
which is the inaccessibility of new, advanced tech-
nologies to the blind. The main cause of this prob-
lem is that hardware manufacturers and software 
developers usually marginalise this group of users 
by providing (mostly behindhand) only accessibility 
tools (such as screen readers) that rather adapt meth-
ods of operating graphical touch interfaces than 
provide other, suitable ones. The proposed solution 
for improving the accessibility of touch interfaces is 
quite unusual compared to those currently provided 
in smartphones: it is based on using a Braille inter-
face, smart notetaker mechanisms and a dedicated 
communication protocol for convenient operation 
of advanced mobile device functions and services. 
The feedback from blind users is very positive.

Currently we develop that conception and its 
application in national research project concern-
ing the PlatMat platform [11] which aims is in-
creasing efficiency of real-time math-related com-
munication between teacher and blind students 
using mobile devices.
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Abstract

To investigate the myopia in high school stu-
dents, and provide strategies to protect eyesight, 
5257 students’ eyesight were measured in Yang-
zhou High School. Questionnaire survey was 
conducted to participants meanwhile. The results 
showed that nearsighted rate of senior high school 
students was extremely significantly higher than 
that of junior high school students (P<0.01) and 
the nearsighted rate of female students was ex-
tremely significantly higher than that of male stu-
dents (P<0.01). The survey showed that with the 
increase of time spent on computer and cell phone, 
homework and decrease of outdoor excises, the 
percentage of nearsighted students increased ob-
viously. We concluded that myopia has become a 
serious problem in high schools in China and in-
ferred that the heavy study burden, over-exposure 
to the screen and the lack of outdoor activity were 
the crucial factors on students’ nearsightedness. 

Key word: investigation; myopia; high school 
students

1. Introduction

Nowadays, myopia, which can also be called 
nearsightedness, gradually becomes the most com-
mon eye disorder worldwide, especially in China. 
In nearsighted people, the image of distant objects 
falls in front of the retina and objects look blurred. 
This may not only bring much inconvenience to our 
daily life but also cause eye problems that will do 
harm to health [1]. Preventing myopia is becoming 
a concern for parents, schools and even the whole 
society [1-2]. In order to raise people’s awareness 
about the causes of myopia and provide strategies 
to prevent this problem, we did some research on 
the students from Yangzhou High School of Jiang-
su Province in which I enrolled.

2. Material and Method

2.1 Data

The eyesight data came from Yangzhou High 
School, which consisted of 2937 junior students 
and 2320 senior students, transferred and sick stu-
dents not included, which was less than 10 students. 
Among the participants, the gender distribution 
was: 2538 male students and 2719 female students. 

2.2 Method

The national standard logarithm visual chart 
was used to measure students’ eyesight. The de-
gree below 5.0 was considered myopia. Later, 
questionnaires were given to participants. All the 
finished questionnaires were valid. The items on 
questionnaires included the time spent on comput-
er and cell phone, the time spent on homework, 
the time spent on physical exercise and partici-
pants’ opinion about myopia.

2.3 Statistics

x2 was used to test the significance.

3. Results and analysis

3.1. Result of eyesight test

The result of eyesight test in students was 
shown in Table 1 and Figure 1. By looking into 
the data of male and female students, from junior 
to senior high school, we found that myopia has 
become a common phenomenon among students 
in high schools. 

The result showed that the nearsighted rate of 
junior high school students was extremely sig-
nificantly higher than that of senior high school 
students for both male and female students 

Investigation of myopia among students in 
Yangzhou High School
Tangjie Zhang¹, Huiling Zhang²
¹  Yangzhou University, Jiangsu Yangzhou, China,
²  Yangzhou HS Jiangsu Province, Yangzhou, China.
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(x2
GR=117.38, P<0.01). The nearsighted rate of fe-

male students was extremely significantly higher 
than that of male students for both junior and se-
nior students (x2

GE=35.3, P<0.01). Therefore, as 
teenage students are growing up, the nearsighted-
ness becomes more serious, and the eyesight situ-
ation of girls was even worse.

Figure 1.  Students’ myopic percentage in Yang-
zhou High School

3.2 Results of survey

In order to explore the causes of myopia, we 
gave out questionnaire to participants. We picked 

up three most possible causes as following: the 
time spent on computer and cell phone, the time 
spent on homework, the time spent on physical 
exercise. Another item was participants’ opinion 
about myopia.

3.2.1  The correlation between myopia and the 
time spent on computer and cell phone 

The assessment of myopia and the time spent 
on computer and cell phone per day was in Table 
2. This result showed that with the increase of time 
spent on computer and cell phone, the percentage 
of myopic students increased obviously. 

3.2.2  The correlation between myopia and the 
time spent on homework

The assessment of myopia and the time spent 
on homework per day on weekdays was displayed 
in Table 3. It was shown that with the increase of 
time spent on homework, the percentage of myo-
pic students increased obviously.

Table 1.  Result of students’ eyesight test in Yangzhou High School
Grade Gender Number of participants Normal students Myopic students Myopic percentage

Junior high 
school

Male 1451 529 922 63.5
Female 1486 416 1070 72.0

Senior high 
school

Male 1087 234 853 78.5
Female 1233 205 1028 83.4

x2
GR=117.38, P<0.01; x2

GE=35.3, P<0.01

Table 2. The assessment of myopia and the time spent on computer and cell phone
Time on computer 

and cell phone
Normal students Myopic students

Number Percentage (%) Number Percentage (%)
Less than 0.5 hour 782 52.7 1137 29.4
From 0.5 to 1 hour 411 27.7 1412 36.5
More than 1 hour 291 19.6 1324 34.2

x2=264.4, P<0.01
Table 3. Myopia and the time spent on homework 

Time on homework
Normal students Myopic students

Number Percentage (%) Number Percentage (%)
Less than 1 hour 563 40.7 682 17.6
From 1 to 3 hour 596 43.1 1588 41.0
More than 3 hour 225 16.3 1603 41.4

x2=415.4, P<0.01
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3.2.3  The correlation between hours spent on 
physical exercises and myopia

The assessment of myopia and the time spent 
on physical exercise per day on was in Table 4. 
This result showed with the increase of time spent 
on exercise, the percentage of myopic students in-
creased obviously.

3.2.4  Students’ opinion about myopia 

Participants were also asked to write down 
their comments and suggestions regarding myo-
pia. Even though students mentioned some other 
causes of myopia such as inheritance [2-3] and 
inappropriate reading behavior, many students 
claimed too much homework was mainly respon-
sible for the myopic problem. As for suggestions, 
the participants almost unexceptionally chose less 
homework.

4.  Discussion 

Yangzhou High School is a famous school in 
Jiangsu Province. In the recent year, it has been 
advocating all-round development in students. 
However, the nearsighted problem is still serious 
based on the data and current situation. Therefore, 
myopia must be paid great attention to from par-
ents, teachers and the whole society. Considering 
the positive correlation between age and myopia, 
we should try to prevent the germination of myo-
pia as early as possible.

In this research, three factors were inferred to 
be responsible the myopic issue. Firstly, the heavy 
study burden is widespread in many schools. 
Facing such competitive entrance examinations, 
teachers and school have to assign lots of home-
work to students. School authorities should take 
effective measure to encourage all-round develop-

ment and take consideration of a student’s admis-
sion from all aspects, rather than mere entrance 
examination. Secondly, being indulged in com-
puter and Internet is also a non-ignorable factor. 
At the same time, as the functions of cell phones 
are getting more diversified, people tend to spend 
more time on them than in the past. Many research 
found the over-exposure to the screen of cell phone 
and computer would be harmful to our eyes [4-5]. 
Finally, outdoor activity is indicated to be another 
influence on our eyesight. As shown in our sur-
vey, less physical exercise leads to higher myopic 
rate. Female students’ high nearsighted percentage 
could be explained by their propensity for stay-
ing indoors to do reading or other things. In all, in 
order to protect students’ eyesight, what students 
should do is to spend less time on computer and 
cell phones, and do more outdoor exercise.

Since the time, resource and staff were limited, 
we didn’t collected data from primary school, and 
neither did we do dynamic research on different 
years, both of which would make our research 
more comprehensive. Also, during our survey, it 
is inevitable that some students may intentionally 
give answers that will help prove our final conclu-
sion. This bias may affect our statistics. However, 
our current conclusion was still convincing based 
on the situation of China, even though the near-
sighted rate is very high compared to America and 
some other countries.
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Table 4.  Myopia and the time spent on physical exercise

Time on exercise
Normal students Myopic students

Number Percentage (%) Number Percentage (%)
Less than 0.5 hour 266 19.2 1673 43.2
From 0.5 to 1 hour 620 44.8 1215 31.4
More than 1 hour 498 36.0 985 25.4

x2=251.8, P<0.01
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Abstract

At the present time, in which technological de-
velopments often occur, the use of these technolo-
gies in educational environments is seen as nor-
mal and very suitable. Increasing technological 
devices help education and training environments 
to diversify and develop. Within the scope of this 
study, by re-handling the subjects that under-
graduate students of Atatürk University, Turkey, 
Elementary Mathematics Department received in 
previous years, with the computer-assisted mathe-
matics programme (Mathematica 7.0), the change 
in the mathematics perceptions of students and its 
relation with gender were researched. Within the 
scope of this study, there were 163 undergradu-
ate students in four groups, receiving education 
in formal and evening education, who took the 3rd 
grade Computer- Assisted Mathematics class in 
the 2011-2012 academic year of Atatürk Universi-
ty Faculty of Education, Elementary Mathematics 
Department. In education environments, generally 
it is seen that the use of the computer is effective 
on the perceptions of students towards subjects, 
their ideas towards the education which is given, 
and keeping their interests alive. This situation 
makes a positive change on their perceptions in 
regard to the subject they learn. Furthermore, it is 
also seen among the important findings that an ed-
ucation, practiced with the assistance of computer, 
does not vary by the gender of students.

Key words: CAI, CAMI, Mathematics Teach-
er Trainees, Mathematica, Turkey Universities

1.  Introduction

Nowadays, the constant varying of education 
environments and the educational instruments 

which are increasing day by day, cause a change 
also in teaching methods and techniques. From 
this aspect, it became a necessity for societies to 
follow the technological developments and adapt 
them to themselves [1]. Besides, the rapid devel-
opment in computer and internet technologies also 
intercedes for the use of these technologies in edu-
cation environments very often.

Thanks to the rapid advances in technology, ev-
ery day the new ones supervene to the materials 
which can be used in education processes. Today, 
the computer is seen as the most important techno-
logical tool used in education activities [2].

“Computer-Assisted Instruction (CAI)” can be 
defined as “the teaching type that the student can 
use to progress at their own learning pace by being 
in mutual interaction with a lesson programme on 
the computer, designed by considering the diverse 
reactions that students can show, an application in 
relation to this problem and a research area” [3] . 
When the literature is examined, it is seen in studies 
that the success rate of computer-assisted education 
is higher than the traditional education’s [4, 5, 6 ].

In general, the computer is used in different 
fields of education and this use brings many advan-
tages. In education environments, the computer is 
generally used in the activities of educational re-
searches, the management of training services, as-
sessment and evaluation, guidance services, com-
puter training, and teaching-learning [7]. Through 
computer-assisted education, students can carry 
out their education which is far from memoris-
ing, and targeting comprehension by achieving 
high level of thinking skills [8]. In addition, an 
environment can be created in which students can 
come to the fore in the class and interact with each 
other more when they are on a computer. Behav-

The Effect of computer-assisted mathematics 
instruction on the perceptions of university 
students
Aslan Gulcu1, Ali Babapour Golezani2, Saadettin Aydin3

1  Ataturk University Educational Faculty, Department of CEIT, Erzurum, Turkey,
2  Ataturk University, Institute of Education Sciences, PhD student, Erzurum, Turkey,
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iours such as cooperation, being curious about 
what others’ are doing and excitability also can be 
increased with the use of computers in education 
[9]. It is seen that there is an increase in building 
self-confidence in students who use computers in 
education environments.

With the start of using computer in education 
environments, the situation of teaching with com-
puters also occurred. As a result, the term com-
puter-assisted education started to be used in lit-
erature. “CAI (Computer-Assisted Instruction) is 
a method of learning in which the student partici-
pates in her own learning process, takes respon-
sibility of their own learning. This method also 
ensures the participation to the lesson rather than 
only “listening”. As it keeps the student active in 
the class, it is a way of learning which gives more 
importance to the discovery of student’s own in-
terests, skills, and values. Students’ active partici-
pation to learning process, creates her own interest 
and curiosity towards the lesson” [10]. Besides, 
the lesson software is used, such as in a private 
lesson, exercise and analogy, in CAI” [11].

1.1.  Positive Aspects of CAI Systems

Every technological development has some 
positive and negative aspects. The positive aspects 
of CAI are as below:

– In CAI systems, the student is always active.
– Every student can process learning at their 

own pace.
– Students can learn by asking, examining 

everything in detail in the system.
– Pilots, which are expensive and dangerous 

in laboratory environments, can be 
implemented easily with the analogy 
method in CAI systems.

– With well-conceived CAI systems, a subject 
can be taught to a student efficiently in a shorter 
time period. By seeing the progress in the 
student’s own learning level, the acceleration 
of their learning and the development of their 
creativity skill can be provided.

– Learning is faster and more permanent.
– The teaching programme can be prepared 

according to the learning needs of the student.
– Although the student studies by themself in 

CAI systems, the training process is controlled 

by the teacher. The teacher can monitor the 
student’s study and check if required.

– With CAI systems, the range of students 
can be extended. Physically and mentally 
disabled people can carry out learning, 
which is suitable to their personal learning 
pace, with the specially programmed CAI 
systems [12, 13].

1.2.  Negative Aspects of CAI Systems

– Individualisation of teaching with CAI 
systems prevents the interaction of the 
learner with other people.

– To use CAI systems, well-equipped 
computers are required.

– CAI systems should support the training 
programme and make the student gain the 
targets and objectives, determined in the 
programme. For this reason, CAI systems 
should constantly be renewed and developed.

– In the design of CAI systems, not only experts 
who can use computer technologies, but 
also teaching experts should work together. 
Otherwise the pedagogical quality of the 
prepared system can remain weak [13].

1.3.  Computer technologies for mathematics 
teaching 

When the positive and negative aspects of com-
puter-assisted education are considered, it is seen 
that it would be efficient to use computer-assisted 
education in education environments as long as it 
is well-designed. Accordingly, computers in math-
ematics teaching can be used in some subject learn-
ing, building some algorithms, performing the op-
erations, creating solutions, analysing and making 
research, leading to the conclusion through predic-
tion and intuition, constitutes a part of mathematical 
research. Sight, calculation, hypothesising, proof 
and generalisation phases complete mathematical 
research. In traditional settings, these phases are 
practised with the help of paper and pencil. Com-
puters can help these phases to be practised more 
efficiently. When calculations, solutions, modelling 
and graphics are practised electronically, this can 
lead to new intuitions, sights, predictions, generali-
sations and discoveries [14, 15] .
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“In applications to be created, technological 
developments can be utilised. After students cre-
ate ways to solve the problem of mathematics, 
they can do the process phase on a computer at 
short notice. Therefore long operations which take 
a lot of time to solve on paper can be concluded 
in a short period of time with the packaged soft-
ware prepared for mathematics. This means solv-
ing more examples in a limited lesson time. Con-
versely, packaged software provides convenience 
to us in many operations which are very difficult 
to solve in math” [16]. Besides, by using more 
multimedia units, more permanent and more ef-
ficient learning can be provided.

When the rapid development of computer-
assisted instruction and its positive contributions 
to learning environments are considered, the im-
portance of the efficient use of this technology is 
seen as significant. In Europe and the USA, in ele-
mentary and secondary schools of different states, 
computer-assisted math training is provided in 
computer labs as well as theoretical math training. 
When considered from this point of view, it is im-
portant also in our country to make more studies 
on the computer-assisted math field and to desig-
nate perceptions of learners’.

Within the scope of this study, by re-handling 
the subjects that undergraduate students of Atatürk 
University Faculty of Education, Elementary 
Mathematics Department received in previous 
years, with the computer-assisted mathematics 
program (Mathematica 7.0), the change on the 
mathematics perceptions of students and its rela-
tion with gender were researched.

In line with this purpose, we attempted to look 
for answers to the research questions below.

What kind of change occurred on the mathemat-
ics perceptions of students in the process of relearn-
ing the mathematics subjects that they learned in 
previous years, on subject basis with CAMI (Com-
puter-Assisted Mathematics Instruction)?

In the process of CAMI, is there any relation 
between the change of perception and the gender 
on subject basis?

2.  Method

In this study, in which by re-handling the subjects 
that undergraduate students of Atatürk University 

Faculty of Education, Elementary Mathematics De-
partment received in previous years, with the com-
puter-assisted mathematics program (Mathematica 
7.0), the change in the mathematics perceptions of 
students and its relation with the gender were re-
searched, the Descriptive Case Study (Merriam, 
1998) method was used. [17]. defines this method 
as a period of gathering information systematically 
about a certain person, social surroundings, a case or 
a group on the purpose of understanding case stud-
ies, how a current matter happens. The lesson was 
given in Computer and Instructional Technologies 
Department’s computer labs during a semester in 
weekly course hours (2 hours) and in its day, there 
was no postponing or compensation. Subjects were 
given in the form of units according to the course 
schedule given at the beginning of the semester.

2.1.  Sample

The sample consists of 163 undergraduate stu-
dents in 4 groups, receiving education in formal and 
evening education, taking 3rd grade Computer- As-
sisted Mathematics class in the 2011-2012 academ-
ic year of Atatürk University (Turkey) Faculty of 
Education, Elementary Mathematics Department.

2.2.  Data Gathering Instruments

The subjects were discussed, in the autumn se-
mester of the 2011- 2012 academic year with 3rd 
grade total 163 undergraduate students of Atatürk 
University (Turkey) Faculty of Education, El-
ementary Mathematics Department, during a se-
mester in computer labs 2 hours in a week. The 
first lesson was conducted as an adaptation and 
orientation lesson to    Mathematica.

In the lesson, the subjects that students received 
in previous years were discussed during a semes-
ter (15 weeks) by re-handling with Mathematica 7 
software. At the end of the semester, in order to de-
termine the change on the perceptions of students, 
a written examination was done. In data analysis, 
qualitative and quantitative methods were used.  

In order to use this in research, an “Interview 
Form” was developed for gathering qualitative 
and quantitative data. A prepared interview form 
was applied on a pilot group of 15 people, feed-
back was provided and after the interview form 
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passed the evaluation and regulation of expert 
faculty members, got ready to apply. Due to the 
importance of getting objective results from the 
research, the interview form which will be applied 
on the student at the end of the training process 
was re-updated with regards to the reliability and 
validity of questions by basing it upon research 
made in previous years in the direction of the ideas 
of expert faculty members working in this field. 

In the interview form there are 7 questions. Be-
sides, after the subjects were completed; a ques-
tionnaire consisting of 7 questions was developed 
and applied.

2.3  Data Analysis

In the analysis of the data, obtained from par-
ticipants as qualitative and quantitative, Descrip-
tive Statistical Methods were used. Besides, to 
determine if there is a correlation, the Main With-
ney-U test was used.

3.  Findings

Within the scope of this study, data gathered 
through the questionnaire were put to qualitative 
and quantitative analysis with IBM SPSS 20 soft-
ware. Since the data did not show normal distribu-
tion, it was analysed with the Main Whitney-U test 
and also with the Kruskal-Wallis test since the data 
at the beginning of weighted grade point average 
(WGPA) was in 4 groups. Obtained outputs, inter-
preted separately on charts, are presented below.

Within the scope of the study, 163 people com-
pleted questionnaire. 63 of the responders were 
male (39%), 100 were women (61%). In this group 
of 163 people, 87 were students of formal education 
(53%), 76 (47%) were students of evening educa-
tion. From 163 attendants, 74 people have (45%) 
2.00-2.49 WGPA; 57 have (35%) 2.50-2.99 WGPA; 
24 have (15%) between 3.00 and 3.49 WGPA, and 
8 people (5%) between 3.50 and 4.00 WGPA.

From 163 students completing the question-
naire, 95 were interested in analysis (58%), 42 were 
interested in algebra (26%), 75 were interested in 
geometry (46%), 33 were interested in the probabil-
ity field (20%), 74 were interested in the mathemat-
ics instruction field. In this part of data collection, 
students selected more than one choice. Besides, 

from 163 students 138 people wanted to be a teach-
er (85%), 15 wanted to be an academician (9%). 6 
people wanted to work in private teaching institu-
tions (4%), 4 wanted to work in other fields (2%).

The great majority of the students completing 
the questionnaire; think that the software used, 
is simple (70%). Conversely, students, who indi-
cated that the software is difficult, have problems 
arising from the language of the software which 
is English and the complexity of instruction typ-
ing (30%). Within this context, in general students 
want to use this software in their lessons (96%).

What kind of a change occurred on the math-
ematics perceptions of the students in the process 
of relearning the subjects that they learned in pre-
vious years, on subjects basis with CAMI (Com-
puter-Assisted Mathematics Instruction)?

With this study, in which the subjects that students 
learned before were received with CAMI, generally 
it is seen that there is a positive change on their per-
ceptions. If we discuss these subjects separately;
Chart 1.  Perception change in the number systems 
subject

Number Systems f %
Strongly Disagree 2 1
Disagree 27 17
Neutral 21 13
Agree 95 58
Strongly Agree 18 11
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered 
the question as “my perceptions about operations 
have changed on number systems”. (N=113). Be-
sides, the students who indicated that there is no 
change in their perceptions remained limited to 
N=29. The students who indicated that they are in-
decisive on this subject equal to 13% of the group. 
Chart 2.  Perception change in the rational  
numbers subject

Rational Numbers f %
Strongly Disagree 2 1
Disagree 29 18
Neutral 27 17
Agree 90 55
Strongly Agree 15 9
Total 163 100
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There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
rational numbers” (N=115). Besides, the students 
who indicated that there is no change in their per-
ceptions remained limited to N=31. The students 
who indicated that they are indecisive on this sub-
ject equal to 17% of the group. 
Chart 3.  Perception change in the roots numbers 
subject

Roots Numbers f %
Strongly Disagree 2 1
Disagree 28 17
Neutral 24 15
Agree 88 54
Strongly Agree 21 13
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
roots numbers” (N=109). Besides, the students 
who indicated that there is no change in their per-
ceptions remained limited to N=30.  The students 
who indicated that they are indecisive on this sub-
ject equal to 15% of the group. 

Chart 4.  Perception change in the powers 
numbers subject

Powers Numbers f %
Strongly Disagree 1 1
Disagree 29 18
Neutral 22 13
Agree 90 55
Strongly Agree 21 13
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
powers numbers” (N=111). Besides the students 
who indicated that there is no change in their per-
ceptions remained limited to N=30. The students 
who indicated that they are indecisive on this sub-
ject equal to 13% of the group. 

Chart 5.  Perception change in the mathematical 
constants subject

Mathematical Constants f %
Strongly Disagree 3 2
Disagree 22 13
Neutral 28 17
Agree 70 43
Strongly Agree 40 25
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
mathematical constants” (N=110). Besides, the 
students who indicated that there is no change in 
their perceptions remained limited to N=25.  The 
students who indicated that they are indecisive on 
this subject equal to 17% of the group. 
Chart 6.  Perception change in the typing of equa-
tion of every degree subject 

Typing of Equation of Every Degree f %
Strongly Disagree 0 0
Disagree 7 4
Neutral 11 7
Agree 65 40
Strongly Agree 80 49
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
typing equation.” (N=145). Besides, the students 
who indicated that there is no change in their per-
ceptions remained limited to N=7. The students 
who indicated that they are indecisive on this sub-
ject equal to 7% of the group. 
Chart 7.  Perception change in the factorisation 
and binomial expansion subject 
Factorization and Binomial Expansion f %
Strongly Disagree 1 1
Disagree 14 9
Neutral 14 9
Agree 74 45
Strongly Agree 60 37
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
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the factorisation and binomial expansions subject” 
(N=134). Besides, the students who indicated that 
there is no change in their perceptions remained 
limited to N=15. The students who indicated that 
they are indecisive on this subject equal to 9% of 
the group. 
Chart 8.  Perception change in the equations of 
first and second degree subjects
Equations of First and Second Degree f %
Strongly Disagree 0 0
Disagree 9 6
Neutral 8 5
Agree 54 33
Strongly Agree 92 56
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
the equations of first and second degree subject” 
(N=146). Besides, the students who indicated that 
there is no change in their perceptions remained 
limited to N=9. The students who indicated that 
they are indecisive on this subject equal to 5% of 
the group. 
Chart 9.  Perception change in the drawing of 3d 
graphics subject

Drawing of 3D Graphics f %
Strongly Disagree 0 0
Disagree 1 1
Neutral 3 2
Agree 29 18
Strongly Agree 130 80
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered 
the question as “my perceptions have changed 
about the drawing of three dimensional graphics 
subject” (N=159). Besides, the students who indi-
cated that there is no change in their perceptions 
remained limited to N=1.  The students who indi-
cated that they are indecisive on this subject equal 
to 2% of the group. 

Chart 10. Perception change in drawing and sol-
ving of system of the inequalities subject

Drawing and solving of
system of inequalities f %

Strongly Disagree 0 0
Disagree 15 9
Neutral 25 15
Agree 89 55
Strongly Agree 34 21
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
the drawing and solving of system of inequalities 
subject” (N=123). Besides, the students who indi-
cated that there is no change in their perceptions 
remained limited to N=15. The students who indi-
cated that they are indecisive on this subject equal 
to 15% of the group. 
Chart 11.  Perception Change in the Limits Subject

Limits f %
Strongly Disagree 1 1
Disagree 12 7
Neutral 31 19
Agree 81 50
Strongly Agree 38 23
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
the limit subject” (N=119). Besides, the students 
who indicated that there is no change in their per-
ceptions remained limited to N=13. The students 
who indicated that they are indecisive on this sub-
ject equal to 19% of the group. 
Chart 12.  Perception change in the derivative subject

Derivative f %
Strongly Disagree 0 0
Disagree 16 10
Neutral 17 10
Agree 86 53
Strongly Agree 44 27
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered 
the question as “my perceptions have changed 
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about the derivative subject” (N=130). Besides the 
students who indicated that there is no change in 
their perceptions remained limited to N=16. The 
students who indicated that they are indecisive on 
this subject equal to 10% of the group. 
Chart 13.  Perception Change in the Integrate Subject 

Integrate f %
Strongly Disagree 0 0
Disagree 13 8
Neutral 20 12
Agree 80 49
Strongly Agree 50 31
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered 
the question as “my perceptions have changed 
about the integral subject” (N=130). Besides, the 
students who indicated that there is no change in 
their perceptions remained limited to N=13. The 
students who indicated that they are indecisive on 
this subject equal to 12% of the group. 
Chart 14.  Perception Change in the Matrix Subject

Matrix f %
Strongly Disagree 2 1
Disagree 20 12
Neutral 22 13
Agree 80 49
Strongly Agree 39 24
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
the matrix subject” (N=119). Besides, the students 
who indicated that there is no change in their per-
ceptions remained limited to N=22. The students 
who indicated that they are indecisive on this sub-
ject equal to 13% of the group. 
Chart 15.  Perception Change in the Trigonometric 
Functions Subject

Trigonometric Functions f %
Strongly Disagree 1 1
Disagree 15 9
Neutral 11 7
Agree 76 47
Strongly Agree 60 37
Total 163 100

There is a change seen in perceptions of the 
great majority of these students, who answered the 
question as “my perceptions have changed about 
the trigonometric functions subject” (N=136). Be-
sides, the students who indicated that there is no 
change in their perceptions remained limited to 
N=16. The students who indicated that they are in-
decisive on this subject equal to 7% of the group. 

What kind of a difference is there between the 
perception of mathematics and gender?

Within the scope of the study, the subjects that 
students received in their previous learning envi-
ronments were taught with CAMI and how the 
perceptions changed on these subjects were re-
searched. Furthermore, all subject results obtained 
from the Mann-Whitney U test, which was used to 
research its relation with gender element in chang-
ing of these perceptions, are presented in Chart 16.

 According to the findings received from this 
study with CAMI, the perception changes of stu-
dents in mathematics subjects, taught to them be-
fore, and its relation to gender were researched. 
In this study, no meaningful difference between 
gender and the perception change generally could 
be found. However; it is seen that there is just a 
difference in the Drawing and Solving of System 
of Inequalities Subject.

4.  Discussion and Results

The use of computers in education environ-
ments is seen as efficient in the perceptions of stu-
dents towards the subject, their opinion towards 
the education received, and keeping their curiosity 
alive. In general, a computer-assisted education’s 
not differing in regard to the gender of students is 
also seen as among the important findings. 

In this study, the effects of Computer-Assisted 
Mathematics Instruction on the students of Facul-
ty of Education, Department of Mathematics were 
researched. It is seen that in the process of re-learn-
ing the subjects, taught to the students in previous 
years, with CAMI; the mathematics perception of 
students has changed positively towards the sub-
jects after Mathematica was used. The perception 
changes were between 65% and 100%. The sig-
nificant point here is that the perception changes 
are 80% and higher in the subjects that were seen 
as more difficult by students. It can be interpreted 
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that computer-assisted mathematics instruction is 
of more help to the students to understand subjects 
seen as more difficult. 

Furthermore, in the other part of the study, in 
which the perception changes according to gender 
were researched, it is seen that generally there is 
no change in perception of students in line with 
gender towards computer-assisted mathematics 
instruction. Merely in one subject, the gender of 
students caused a change in their perceptions of 
the subject. It can be explained that the received-
education comprises every individual and has 
similar effects on everyone. It is thought that indi-
viduals’ progress of learning at their own pace is 
also effective in this situation. 

It is thought that generally computer-assisted 
instruction contributes positively to the academic 
developments of the learners. Its difference from 
conventional education environments and its pro-
vision to individuals to progress at their own pace 
can cause a change in their perception towards the 
education received previously. 

5.  Suggestions

The suggestions deriving from the findings of 
this study can be presented as follows:

Designing lessons as computer-assisted can be a 
significant factor in changing learners’ perception. 
From this point of view, the efficient use of comput-

er technologies either partly or entirely of the class 
can be effective in configuration of the subject. 

By adding CAMI courses as optional to the 
curriculum, students can achieve higher levels of 
cognitive skills. 

By making different computer-assisted math-
ematics software available for students, some tasks 
can be assigned via these programmes. This situa-
tion can be important both in the self-development 
of students and also in the regurgitating of subjects.
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This study aims to find out the behavior of the 
students towards online shopping in India, as it has 
the potential to become an online trading hub in 
near future. Numerous Research Papers had been 
published in the area chosen by taking working ex-
ecutives as respondents. But this study considers 
students as the respondents because the researcher 
felt that the students are potential customers as well 
as the determining force for the e-tailing compa-
nies. So studying the behaviors of the students is 
very essential and mandatory so as to provide the 
better solutions for the e-commerce companies. 
This study examines students’ purchase and brows-
ing behaviors and capacity and income patterns. 
This study also sheds light on the relationships and 
intersections between student gender, educational 
qualification, family income, parental employment, 
Internet expense, duration of online shopping, and 
online purchase intentions of the students, as well 
as student age and frequency of online shopping. 
Financial and delivery risks are positioned as nega-
tively impacting attitudes toward online shopping.

Key words: Online Shopping, Purchase Be-
havior, e-tailing, Purchase Intention

1. Introduction

The use of Internet among the masses is be-
coming very frequent. This has enabled consum-
ers to online shop at their convenience around the 
clock conveniently, with no need for consumers to 
waste their valuable time traveling, comparing and 
selecting, and physically involving themselves in 
making purchases. It is understood that the major-
ity of the world’s online population (85%) has or-
dered goods over the Internet in the recent years. 
This study has a dual focus, namely, to investigate 
1) the online purchase intention of students, and 

2) their online Purchase Satisfaction. The respon-
dents in this study range from 18 to 27 years, with 
their education are classified as undergraduate, 
master degree, doctorate degree and post gradu-
ate. The demographic information gathered on the 
respondents included: gender, age, education sta-
tus, and parents’ occupation, as well as socio-eco-
nomic variables such as parents’ monthly income 
and monthly and Internet charges.

The capability of purchasing without leaving 
your place is of great interest to many consum-
ers. Moreover, the use of Internet tools for price 
searching and comparison shopping provides an 
additional advantage for consumers’ purchase de-
cisions, as they can buy their desired products in 
the lowest available price [1].This advantage is 
tempered in that privacy and security have been of 
great concern [2, 3, 4], resulting in many people 
browsing the Internet more for informational mat-
ters than for buying online.

2. Literature Review

The Internet was originally designed to be an 
environment accommodating a free flow of com-
munications (Paul, 1996); thus, the legal frame-
work for web-based transactions are incomplete 
and unclear, or contradictory [2] There is no gov-
erning body for this platform and handshake stan-
dards are used, which can work only as long as 
users have an implicit agreement to cooperate and 
show respect for one another [5]. Although there 
are many governmental and non-governmental 
units working to develop generally applicable 
legal impositions and rules for the cyber market, 
ethical concerns and the perceived risks regard-
ing privacy and security problems remain as the 
most important factors deterring consumers from 
engaging in commercial transactions in the online 
market without hesitation.

Online shopping: purchase intention and 
satisfaction among the student community
R. Rajendra Kumar1, S. Asokkumar2

1  Anna University, Chennai, Tamilnadu, India,
2  Department of Management Studies, Mahendra Engineering College, Namakkal, India.
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Privacy – One of the most commonly men-
tioned problems about online markets is the intru-
sion of privacy, which refers to the improper ac-
cess, collection, monitoring, analysis, transfer, and 
storage of confidential consumer information [6] 
Jerome D. Williams,2007). The power of technol-
ogy might be intentionally abused by marketers 
for the purpose of improving their market knowl-
edge and response mechanisms. Thus balancing 
beneficial use of data sources with the privacy 
rights of individuals is one of the most challeng-
ing public policy issues of the information age [7] 
since consumers have to give up some privacy in 
exchange for the benefits of the Web [8].

This gave rise to concerns of how consumers 
could be protected as well as how firms could 
reduce privacy and security concerns. There are 
many studies offering guidelines to win consum-
ers’ trust. [9] add to this concern the length of time 
that companies can access consumers’ informa-
tion and the degree of intrusiveness. 

[10] conducted a study of online shopping 
trends in the 21st century. They contend that al-
though technology s teadi ly  evolves over the 
years, people take more time to accept it and 
adopt it in their daily lives. Lack of customer ac-
ceptance towards new technology remains a big 
challenge for the marketers. The Internet users in 
Pakistan, for example, have increased at a phe-
nomenal rate during the last five years, but the 
adoption of online shopping there is still slow. 

The purpose of this research paper is to create 
a model based on technology, the Acceptance 
Model, to find the other factors that influence 
online shopping intentions. The researchers con-
ducted a survey of 150 respondents that included 
professionals from various fields and university 
students. With the help of regression analysis, 
the proposed model was developed and imple-
mented. The findings reveal that perceived ease 
of use and enjoyment are the factors that affect 
online shopping intention. Surprisingly, the effect 
of perceived usefulness was not significant on on-
line shopping intentions. This paper also found 
that perceived ease of use has a significant posi-
tive effect on perceived usefulness.

[11] conducted a study that analyzed factors 
affecting the online shopping behavior of con-
sumers to uncover what might be one of the most 

important issues in e-commerce and marketing. 
However, there is very limited knowledge about 
online consumer behavior because it is a compli-
cated socio-technical phenomenon that involves 
very many factors. One of the objectives of this 
paper is to address the shortcomings of previous 
studies that failed to examine main factors that 
influence online shopping behavior. This study 
has used a model to examine the impact of per-
ceived risks, infrastructure variables, and return 
policy on attitude towards online shopping behav-
ior and subjective norms, perceived behavioral 
control, domain specific innovation and attitudes 
on online shopping behavior, to investigate these 
hypotheses, 200 questionnaires were dispersed 
among online stores in Iran. 

The respondents were online store consum-
ers in Iran and were randomly selected. Regres-
sion analysis was performed on the data in order 
to test the study’s hypotheses. This study can be 
considered descriptive-survey with regard to the 
nature and method (type of correlation). The 
study identified that financial risks and the risk of 
non-delivery negatively affected attitudes toward 
online shopping. Results also indicated that do-
main specific innovation and subjective norms af-
fects online shopping behavior. Furthermore, an 
attitude toward online shopping affects the online 
shopping behavior of consumers. 

The consumer-oriented view involves custom-
ers’ understanding or views about online shopping. 
In this paper the extended Technology Acceptance 
Model (TAM) [12] is used to understand the vari-
ables that affect online shopping. The Technol-
ogy Acceptance Model provides a foundation for 
the examination of customers’ approval of online 
shopping [13]. Perceived ease of use (PEOU) and 
perceived usefulness (PU) are the two external 
variables of TAM (Davis, 1989).

Demographics. [14,15,16,17,18] have been 
widely considered in the study of online consumer 
behavior. Researchers primarily investigated factors 
such as age, gender, income and education to deter-
mine the consumer online purchasing behavior. 

Internet usage history and intensity also affect 
online shopping potential. Consumers with lon-
ger histories of Internet usage who educated and 
equipped with better skills, and more familiar-
ity with the Web environment have significantly 
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higher intensities of online shopping experiences, 
and are better candidates to for drawing into the 
cyber world flow [19,20,21].

Those consumers using the Internet for a longer 
time from various locations and for a higher variety 
of ser-vices are considered to be more active users. 
[22], as [14] mention, demographics are not so im-
portant in determining online purchasing potential. 
Whether the consumer has a wired lifestyle and the 
person’s time constraints are much more influential.

Identifying pre-purchase intentions of consum-
ers is the key to understanding why they ultimately 
do or do not shop from the Web market. One stream 
of research on online consumer behavior consists of 
studies that address the variables influencing these 
intentions. A compilation of some of the determi-
nants researchers have examined are: transaction 
security, vendor quality, price considerations, infor-
mation and service quality, system quality, privacy 
and security risks, trust, shopping enjoyment, the 
valence of online shopping experience, and per-
ceived product quality [21, 23, 24, 25 ].

3.  Significance of the Study

Most of the researches had been undertaken 
dealt with the behavior of the consumer group 
of working executives, as various data show that 
these people occupy 55% of the activity of online 
shopping. However, the second most dominant 
consumer group is the age group of 17-25 with a 
market size of 35%.This is why this research fo-
cuses on this population. Apart from that, the re-
searchers also considered the following reasons 
for selecting students as respondents. 

This customer group is deeply penetrating into 
the online shopping arena at a growing rate. 

There is no study conducted in India investigat-
ing students as consumer groups.

3.1  Objectives of the Study

To know the demographic factors of the col-
lege students and their online purchase intentions. 
To find out the students’ levels of satisfaction of 
students who have purchased products through 
online shopping.

3.2  Hypotheses

1)  There is a significant relationship between 
demographic variables and online purchase 
intentions of students. 

2)  There is a significant relationship between 
the independent variables and its impact on 
satisfaction towards online shopping. 

3.3  Methodology 

This study was conducted using a descriptive re-
search method. The use of the Internet among col-
lege students is found to be very high and, as such, 
a descriptive research methodology has been used 
to investigate the existing situation rather than to ar-
rive at an interpretation or make a judgment.

3.4  Sampling Design 

Educational institutions, particularly Arts and 
Sciences colleges, form the basis of the sampling 
process. In Coimbatore City there are 30 Arts and 
Science colleges with undergraduate and gradu-
ate students who were considered for this study. 
A convenience sampling technique was used and 
participants were recruited from colleges inside 
the city. The resulting sample size was 140 stu-
dents. The population of the ten colleges randomly 
selected for the study was 14,000 from which the 
researcher selected 1% from each Arts and Sci-
ences college to arrive at the total population for 
the study of 140 college students. Primary data 
was used to collect the samples with the help of a 
structured questionnaire. Secondary sources were 
published research and articles collected from 
various journals, books, the Internet, etc. For this 
study, the percentage method, chi-square test, and 
Structural Equation Modeling (SEM) were used.

3.5  Need for the Study

The success of any online industry solely de-
pends on their performance in the marketplace 
at a given point of time. Online shopping is be-
coming an emerging niche market demonstrating 
high potential. In this study, even though the on-
line purchasers studied were dependents (i.e., stu-
dents) who did not generate income on their own, 
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and whose only source of income is their parents, 
well wishers, family members, friends, etc., their 
attitudes and intentions towards online purchase 
were highly influencing the online store whose 
promotional activities mainly focus on the stu-
dent category of potential consumer. Hence, this 
study sought to analyze the intentions of the stu-
dents at various ages and their level of satisfaction 
achieved from online shopping.

3.6  Limitations of the Study

Resources and time constraints, and the sam-
pling frame for the purpose of the present research 
are considered major limitations. The results were 
confined to only the particular geographical loca-
tion and generalization of the results is not appli-
cable for other locations.
Table 1.  Distribution ofsample colleges

3.7  Analysis

H0: Null Hypothesis: There is no significant 
relationship between demographic variables and 
the online purchase intentions of the students.

H1: Null Hypothesis: There is significant re-
lationship between demographic variables and the 
online purchase intention of the students.

From Table 2 it is clear that more than half 
(55%) of the respondents are female and 45% of the 
respondents are male. 32.9% of the respondents are 
above 27 years of age; whereas the age of 28.6% are 
between 25 and 27 years, 23.6% are 21 to 24 years 
of age, and the remaining 15% of the respondents 
range in age from 21 to 20 years. 42.9% of the re-
spondents are working toward a Master of .Philoso-

phy Degree, while 30% of the respondents are pur-
suing professional degrees, 17.1% o are engaged in 
post graduate work, and the remaining 10% of the 
respondents are undergraduates. It is clear that 40% 
of the respondents’ monthly family income ranges 
from Rs.16000 to Rs. 20000, 27.9% of the respon-
dents’ monthly income is below Rs.10000, while 
20% of the respondents’ monthly income is from 
Rs.11000 to 15000 and the remaining 12.1% of the 
respondents’ monthly family income is between 
Rs.21000 and 25000. 
Table 2.  Relationship between demographic va-
riables and online purchase intention 

Sample size: 140 respondents
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A majority (80.7%) of the respondents’ parents 
(both husband and wife) are employed, and 19.3% 
of the respondents’ parents (either husband or wife) 
are employed. 39.7% of the respondents stated their 
parents are engaged in their own businesses, 20% 
of the respondents revealed that their parents are 
working in private limited companies, 19.3% of the 
respondents indicated that their mother is a home-
maker, while 15.7% of the respondents revealed 
that their parents have other sources of occupa-
tion, and the remaining 14.3% of the respondents 
opined that their parents are working in public lim-
ited companies. It is understood that 40.7% of the 
respondents’ monthly expenses for internet usage 
is from Rs.300 to 400, 22.1% of the respondents 
stated the cost to be between Rs. 200 and 300, while 
20.7% of the respondents revealed more than Rs. 
400 expense, and the remaining 16.4% stated their 
internet costs range from Rs. 100 to 200. 40% of the 
respondents are rarely engaged in online shopping 
while 32.1% of the respondents frequently engage 
in online shopping, and the remaining 27.9% of the 
respondents are sometimes engaged in online shop-
ping. Table 2 shows that nearly half (45.7%) of the 
respondents have been engaged in online shopping 
between 1 and 2 years, while 24.3% of the respon-
dents have been engaged in online shopping less 
than 1 year, 22.1% of the respondents have been 
engaged in online shopping from 2 to 3 year, and 
the remaining 7.9% of the respondents have been 
engaged in online shopping above 3 years.

Regarding the hypothesis set to analyze the re-
lationship between demographic variables such 
as gender, age, educational qualification, monthly 
family income, parents’ occupation, employment 
of parents, monthly Internet expenses, frequency 
of online shopping, and duration of online shop-
ping and online purchase intention of the students, 
it is clear that there is no significant relationship 
between gender, educational qualification, month-
ly family income, employment of parents, monthly 
Internet expenses and duration of online shopping 
and online purchase intentions of the students; 

However, there is significant relationship be-
tween age, parents’ occupations, and frequency of 
online shopping and online purchase intentions of 
the students.

Table 3 shows that the majority (59.29%) of the 
respondents agree that they intend to use the Inter-

net for shopping for products, whereas 10% of the 
respondents disagree. 29.29% of the respondents 
disagree about their intentions of using the Inter-
net whenever appropriate to do shopping, whereas 
24.29% of the respondents agree. 28.57% of the 
respondents agree that they intend to purchase 
products using the Internet to get experience do-
ing online shopping, whereas 8.57% of the respon-
dents strongly disagree. 39.29% of the respondents 
strongly agree that they would like to continue pur-
chasing products using the Internet in the future, 
and least number of respondents (12.86%) strongly 
disagree about purchasing products online in future.
Table 3.  Opinion of the respondents towards onli-
ne purchase intention

Source: Survey data (Figures in parenthesis indicate  
percentage)

Table 4 shows that the majority (37.86%) of the 
respondents are highly satisfied with the purchase 
of cosmetics / herbal products through online shop-
ping and the least (12.14%) of the respondents are 
dissatisfied with their cosmetics / herbal products 
purchased through online shopping. 30% of the re-
spondents are satisfied towards purchase of house-
hold items through online shopping and 7.86% of 
them are highly dissatisfied. 37.14% of the respon-
dents are highly satisfied with their purchases of 
electronic items through online shopping, whereas, 
9.29% of the respondents are highly dissatisfied. 
37.86% of the respondents are highly satisfied with 
booking movie / travel tickets online with the least 
satisfaction experienced by 9% of the respondents. 
32.86% of the respondents are highly satisfied 
about food item purchases online, while 6.43% of 
them are dissatisfied. Finally, 31.43% of the respon-
dents are satisfied purchasing other items (mobile 
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recharge technology, bill payment, purchases of 
stocks / insurance / mutual funds, etc.) online while 
5.71% of the respondents are dissatisfied.
Table 4. Online purchase satisfaction of the res-
pondents

Source: Survey data (Figures in parenthesis indicates  
percentage)

3.7.1 Henry Garrett Ranking Technique

This technique was used to rank the problems 
faced by the respondents in using malls. Respon-
dents were asked to rank according to the magni-
tude of the problems. The order of merit given by 
the respondents was converted into ranks by using 
the following formula.

j

ij

N
)5.0100(R

 Position  Percentage
−

=

Table 5 demonstrates that the students’ ratings, 
based on the factors considered during online pur-
chase, show that the highest rating, 77.26, was 
achieved by secured online purchase, followed by 
rate tag and discount information which secured 
second position with the mean score of 65.95. 
Unique product selection comes in third for online 
shopping with the Garret Mean of 63.33; conve-
nient timing for purchase obtained fourth position 
with a mean of 49.17; and coming in fifth is range 
of selection with a mean of 46.67. To sum up, it is 

clear that majority of the students (mean=77.26) 
found online purchase a secured way of shopping.
Table 5.  Ratings based on factors considered du-
ring online purchases

3.7.2  Factor Analysis on Perception of Online 
Purchase

Table 6.  Factor analysis showing perception of 
online purchase

The Third Factor shows ‘Electronic Items’, 
(0.596), ‘Movie / Travel Ticket Bookings’, (0.626); 
and ‘Toys / Gifts / Greeting Cards’, (0.570). Online 
purchase satisfaction of the respondents supports an 
Eigen Value of 1.263 with a variance of 11.485%. 
Finally, the values loaded towards ‘Intend to use 
the Internet whenever appropriate to do shopping’ 
is 0.686 and ‘Household Items’, 0.534, reveals the 
“Purchase Attitude and Satisfaction” with an Ei-
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gen Value of 1.166 and a variance of 10.599% that 
shows the level of purchase attitude and satisfaction 
derived from the online purchase of products with 
the cumulative percentage found to be more than 
half (50.927%) which shows the influence of online 
buying among students and their level of satisfac-
tion. Here, the other factors which is found to have 
Eigen Value below 1 and their respective variance 
found to reach 100 per cent with that of the eleven 
components taken for factor analysis. To sum up, 
the analysis reveals that the rating for purchase atti-
tude and level of satisfaction from online shopping 
among students studying in colleges is more than 
half (50.927%) who intend to purchase online and 
are satisfied after purchase.

3.8  Structural Equation Modeling (SEM)

Structural Equation Modeling is a very general 
statistical modeling technique and is widely used 
in the behavioral sciences. It can be viewed as a 
combination of factor analysis and regression or 
path analysis. The interest in SEM is often on the-
oretical constructs, which are represented by the 
latent factors. The relationships between the theo-
retical constructs are represented by regression or 
path coefficients between the factors. The struc-
tural equation model implies a structure for the co-
variance’s between the observed variables, which 
provides the alternative name covariance structure 
modeling. However, the model can be extended to 
include means of observed variables or factors in 
the model, which makes covariance structure. 

Structural Equation Modeling provides a conve-
nient framework for statistical analysis that includes 
several traditional multivariate procedures, for exam-
ple, factor analysis, regression analysis, discriminate 
analysis, and canonical correlation, as special cases. 
Structural Equation Models are often visualized by a 
graphical path diagram. The statistical model is usu-
ally represented in a set of matrix equations. 

Structural Equation Modeling has its roots in 
path analysis, which was invented by the geneti-
cist Sewall Wright .It is still customary to start an 
SEM analysis by drawing a path diagram. A path 
diagram consists of boxes and circles, which are 
connected by arrows. In Wright’s notation, ob-
served (or measured) variables are represented by 
a rectangle box, and latent (or unmeasured) fac-

tors by a circle or ellipse or square box. Single 
headed arrows or “paths” are used to define causal 
relationships in the model, with the variable at the 
tail of the arrow causing the variable at the point. 
Double-headed arrows indicate covariances or 
correlations without a causal interpretation. Statis-
tically, the single-headed arrows or paths represent 
regression coefficients and double-headed arrows 
covariances. Extensions of this notation have been 
developed to represent variances and means.

3.8.1  Research Model and Hypothesis Formulated

The research hypotheses have been defined on the 
basis of the constructs outlined above. The following 
figure is a graphical representation of the developed 
hypothetical model. On the basis of the presented 
model the following hypotheses are proposed.

3.8.2  Hypothesis of the Study

Figure 1.  Hypotheses supporting research model 
(online purchase satisfaction)
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There is a positive impact of selected indepen-
dent variables regarding the students and their 
level of satisfaction towards online shopping. To 
obtain un-standardized and standardized regres-
sion weights, a variance estimate is given for the 
residual errors and the squared multiple correla-
tion of the dependent variable “Online Purchase 
Satisfaction among Students.”
Table 7.  Regression weights (Group number 1 - 
RR Model)

Table 7 shows the regression coefficients of the 
exogenous variables. It is noted that the critical 
ratio of online purchase satisfaction towards food 
items (2.325, sig.0.020) is found to be significant 
at the 5% level whereas the critical ratio of online 
purchase satisfaction towards other items [(fash-
ion accessories, shoes, mobile recharge, payment 
of bills, etc.) (2.614, Sig.0.009)] is found to have 
significance at the 1% level. Among the selected 
seven variables, only the specified two variables 
are found as influencing factors towards online 
purchase attitude among college students.
Table 8.  CMIN

CMIN is a chi-square statistic comparing the 
default and the independence models with the sat-

urated mode. Table 8 infers that the default mode 
has been associated at 0.63 percent with the satu-
rated mode, while the independence model has 
been associated at 1.8% with the saturated model.

The Root Mean Square (RMS) residual is the 
mean absolute value of the covariance residuals. 
RMS is the co-efficient which results from taking 
the square root of the mean of the squared residu-
als. The closer RMS is to 0, the better the model 
fit. The GFI is the goodness of fit and is equal to 1. 
Table 9.  RMR, GFI

Table 9 reveals that the model is a good fit by 
the influence of RMS [value which is closer to one 
i.e., 0.098.GFI (Goodness of Fit Index). The GFI 
of 98.2% has been fitted in the default model for 
the proportion of variance – covariance matrix. 
On the other hand, 92.8% percent fit is reflected in 
independence model.
Table 10.  Baseline comparisons

Table10 shows that the model fit indices are 
a good fit as shown by the NFI of 0.768, which 
is greater than 75% and a CFI of 1.00 which is 
greater than 1. 
Table 11.  RMSEA
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The Root Mean Square of Approximation 
(RMSEA) in Table 11 is the popular measure of 
fit as it does not require comparison with the null 
model. It is one of the fit indexes less affected by 
sample size. There is a good model fit if RMSEA is 
less than or equal to 0.05. It could be noted that the 
RMSEA value is 0.000 which is less than 0.001% 
level of significance and that the online purchase 
satisfaction of the students resulted good fit.

Figure 2.  Standardized Estimates

Table 12.  Boot Strapping

4.  Discussion of the Result

From the path diagram, measured variables, 
with latent variable of online purchase satisfaction 
among college students have a positive relation-
ship and are also significant at the 1% and 5% lev-
els. The analysis of the online purchase satisfac-
tion of student’s model from the viewpoint of per-
ceived purchase intention suggests that, except for 
the purchase of other products, all the measured 
variables are significantly influencing the satisfac-
tion of students towards online purchase. 

5.  Findings

It is clear that there are no significant relation-
ships between Gender, Educational 

Qualification, Monthly Family Income, Em-
ployment of Parents, Monthly Internet Expenses, 
and Duration of Online Shopping and the online 
purchase intention of the students; whereas, there 
is significant relationship between Age, Parents’ 
Occupation and Frequency of Online Shopping 
and Online Purchase Intention of the Students.

It is noted that the critical ratio of online pur-
chase satisfaction towards food items (2.325, 
sig.0.020) is found to be significant at the 5% 
level; whereas the critical ratio of online purchase 
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satisfaction towards other items [(Fashion Acces-
sories, Shoes, Mobile Recharge, Payment of Bills, 
etc.) (2.614, Sig.0.009)] is found to have signifi-
cance at 1% level. 

Among the selected seven variables, only the 
specified two variables are found as most influ-
encing factors towards online purchase attitude 
among college students.

It is clear that majority (mean=77.26) of the 
students found online purchase to be a secured 
way of shopping.

The analysis reveals the purchase attitude and 
level of satisfaction with online shopping is such 
that more than half (50.92%) of college students 
intend to purchase online and are satisfied after 
purchase.

6.  Summary and Conclusion

Online Purchase has enabled the consumers to 
think of through online at their convenience and 
can get the product delivered on hand. It is under-
stood that majority (85%) of the world’s online 
population has ordered goods over the internet in 
the recent years. People occupy 55% of the space 
on the online shopping process. But the second 
most dominating segment of consumer group 
belongs to the age group of 17-25 with the mar-
ket size of (35%).Hence, the focus is on students. 
The sample size is considered to be 140 students 
of arts and science colleges Coimbatore and their 
online purchase intention and satisfaction.

The objective is to know the students demo-
graphic factors of and their online purchase inten-
tion. To find out the students online purchase and 
their post purchase satisfaction. The hypothesis is 
in line with the objectives and the results shows 
that online purchase intention had significant rela-
tionship with the demographics such as age, par-
ent’s occupation and frequency of onl ine shop-
ping. The results of the study are taken for dis-
cussion of Mohammad Hussein et al. (2012), 
identifies the financial risks and non-delivery 
risk negatively affected attitude toward online 
shopping conducted which suggests the risk 
in online shopping. Whereas the result of SEM 
Model reveals that there is a positive impact of 
selected independent variables and the student’s 
level of satisfaction towards online shopping. 

From the study, it is found that the students are 
highly satisfied towards online purchase of Elec-
tronic Products, cosmetics / Herbal products, House 
Hold items, etc. However, it is suggested that few 
studies conducted by various authors found the 
level of dissatisfaction arises due to various factors 
which is discussed in the study conducted by Liao 
and Cheung, 2001; Saeed et al., 2003; Miyazaki 
and Fernandez, 2001; Chen and Dubinsky, 2003 re-
vealed that the compilation of some of the research-
ers have examined are: transaction security, vendor 
quality, price considerations, information and ser-
vice quality, system quality, privacy and security 
risks, trust, shopping, enjoyment, valence of online 
shopping experience, and perceived product quality 
which may lead to dissatisfaction levels. The study 
concludes that the Online Purchase Intention and 
Post Purchase Satisfaction of student’s respondents 
found to be positive.

In summary, a comparison of demographic 
variables in relation to purchase intention demon-
strates clearly that there was a significant relation-
ship found for students with reference to purchase 
intention of other products, but no significant dif-
ference found among the respondents’ satisfac-
tion towards online purchase of other products. It 
is clear that the purchase intention towards oth-
er products among students is found to be high 
whereas the level of satisfaction towards online 
purchase of other products was to be found low. 
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Abstract

Manufacturing companies must constantly in-
crease their operational efficiency in order to remain 
competitive in the market. Operational efficiency 
is expressed by three target values: time, costs and 
quality. Target values allow formation of a variety 
of process-oriented indices that refer to an order, 
equipment, quality and leanness of a process chain.

The paper first presents an index for the im-
provement of the effectiveness of an individual 
operation (overall equipment effectiveness) and 
an index for the improvement of an entire process 
chain (lead time and process efficiency of a pro-
cess chain). Then potentials for the improvement 
of the process chain are shown. Finally, we define 
a roadmap that brings us to the leanness index of 
the selected process chain.

The paper shows results of assessing leanness 
of a company and a leanness index of the process 
chain of manufacturing of a cooling cover, and 
suggests measures needed for the improvement of 
the leanness index. It emanates from a portfolio 
analysis of the process chain that a potential for 
the improvement of the process chain resides in 
shortening of the lead time of the chain. 

Key words: Process chain, indices, lead time, 
leanness index, effectiveness

1.  Literature review

Literature is abundant in papers focused on 
reducing expenditures in an organisation with 
the purpose of achieving organizational leanness 
[1], [2], however it still remains unknown what 
the leanness means in the long run. Leanness is 
a philosophy of an organized bunch of specific 
tools and techniques [3]. Several researchers have 
studied leanness in an organization by performing 
various measurements. Karlsson and Ahlstrom [4] 
used measurements in the form of a check-list, 
Soriano-Meier and Forrester [5] used various key 
variables to evaluate the degree of leanness of a 

company. Radnor and Boaden [6] came to a con-
clusion that leanness values are strongly dependent 
on the context of needs and goals of an organiza-
tion. Srinivasaraghavan and Allada [7] measured 
leanness of a company by way of the Mahalanobis 
distance between the existing situation and bench-
marking properties, whereas Vinodh and Balaji 
[8] used fuzzy logic.

Various ways of measuring or rather calculat-
ing the leanness index have also emerged. One 
of the ways is presented in the work by Wong et 
al. [9]. They used an approach combining several 
criteria. Another way is presented in the work by 
Singh et al. [10] on the basis of expert opinion.  

However, the literature fails to show someone 
calculating the leanness index of a process chain 
by considering the overall equipment effective-
ness (OEE) and the process efficiency (PE).

2.  Introduction

When desiring to improve a process chain, a 
majority of companies set as a goal reduction in 
costs of an individual process chain operation, e. 
g. purchase, construction, storage or manufactur-
ing. The results of improvement of an individual 
process chain operation often have a negative im-
pact on previous and further operations (Figure 1).

Figure 1.  Process chain

So it is wrong to think that a sum of more cost 
efficient operations of a process chain leads to 
the improvement of the entire process chain. It 
does not imply that the improvement of an indi-

Leanness index of a process chain
Tomaz Berlec, Gregor Jus, Marko Starbek, Janez Kusar,
University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia.
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vidual operation of a process chain is unnecessary 
though. It is necessary but proper target values 
should be used for the improvement of operations 
in a way that all operations of a process chain lead 
to the improvement of the entire process chain. 

The effectiveness of a process chain is deter-
mined by three target values [11]: time, costs and 
quality (Figure 2).

Figure 2.  Target values of a process chain
 
The more rapidly a customer’s order is pro-

cessed, the less the machines and the workers are 
burdened. If during the lead time of a customer’s 
order only those times were performed on the pro-
cess chain operations that create a value, the or-
der would be rapidly handed over to the customer. 
Due to the fact that the times that do not create a 
value (disturbances, waiting times, maintenance) 
are present as well, the delivery time of the prod-
ucts to the customer is very long. 

Process costs can be reduced by lowering the 
costs of machines needed for the implementation 
of operations, by lowering material costs and by 
lowering the tied-up capital. The quality is repre-
sentative of a share of non-created value due to 
scrap and finishing. 

The target values time, costs and quality, may 
be used to form various process-oriented indices 
that refer to an order, equipment, quality and man-
ufacturing process leanness.

3.  Indices for the improvement of  
effectiveness of an individual operation 
and the entire process chain

A suitable index for reducing waste and in-
creasing the effectiveness of an individual opera-
tion of a process chain is the overall equipment 
effectiveness – OEE that is comprised of tree sub-
ordinate indices [11], [12], [13]: 

– degree of availability A,
– degree of effectiveness E and 
– degree of quality Q.

The degree of equipment availability A represents 
a ratio between equipment run time and the antici-
pated time of equipment operation (see Figure 3):

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

An average time between errors is:

A – degree of equipment availability [-]
trun – equipment run time [min]
top – anticipated time of equipment operation [min]

– average time between errors (tool change, 
           defects, failures) [min]

 –  average time used to eliminate errors [min]
ne – number of errors

The degree of equipment effectiveness E repre-
sents a ratio between the IS- effectiveness and the 
DESIRED - effectiveness of the equipment:

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

E – degree of equipment effectiveness [-]
EIS – IS-effectiveness of equipment [min]
EDES – DESIRED-effectiveness of equipment [min]

The degree of equipment quality K represents 
a ratio between the quantity of good products and 
the total quantity of products:

  
 ............................  (3)
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Q – degree of equipment quality [-]
qgood – quantity of good products [piece]
qtotal – total quantity of products [piece]

The overall equipment effectiveness OEE index 
is a product of the degree of availability, the degree 
of effectiveness and the quality of equipment:

 OEE = (A × E × Q)  ....................... (4)

OEE – overall equipment effectiveness [-]

The overall equipment effectiveness (of ma-
chines, devices, assembly stations) joins all types 
of waste that occur on the equipment in one indi-
cator (Figure 3).

Improvement of the degree of equipment avail-
ability A can be achieved by shortening:

– equipment failure time, and
– waste time in equipment preparation.

Methods for reducing the equipment failure 
time are:

– 5S methodology for the improvement of 
organization of a workplace [14], [15],

– preventive maintenance, the purpose of 
which is to rapidly replace wearable parts 
in exactly defined cycles thus reducing the 
equipment failure times,

– autonomous maintenance, the goal of which 
is to assign simple maintenance tasks to 
production workers.

Methods for reducing failures in equipment 
setup are:

– 5S methodology for the improvement of 
organization of a workplace,

– SMED method for the shortening of 
equipment setup time [16], [17].

The shortest equipment setup time is achieved 
by minimizing or eliminating all non-value added 
activities [18].
a. Improvement of the degree of equipment 

effectiveness E can be achieved by shortening:
– equipment idle time, and 
– time of equipment tact loss.

Idle time and equipment idleness shorter than 
5 minutes are considered as idle time wastes. Idle 
time and idleness longer than 5 minutes are con-
sidered to be the failure time of a device. 

The methods for shortening the idle time of the 
equipment are:

– 5S methodology for the improvement of 
organization of a workplace,

– method of a continual improvement of a 
manufacturing process KVP and KAIZEN 
[19], [20],

– method for preparing instructions and 
carrying out workers’ training, which makes 
the workers learn how to rapidly eliminate 
short equipment idle times.

Figure 3.  Overall equipment effectiveness OEE



555

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

The waste of tact time occurs in the case when 
the predefined equipment tact cannot be reached 
and the manufacturing process runs at a lower rate 
than anticipated. The methods for shortening the 
time of tact waste are:

– 5S methodology for the improvement of 
organization of a workplace,

– method for standardization of manufacturing 
process flows,

– method for training workers,
– Six-Sigma method for assessing optimal 

parameters of the manufacturing process as 
a function of the current status of influential 
values [21], [22].

The wastes of the tact time are created by the 
processes that are executed at a reduced rate.
b. Improvement of the degree of equipment 

quality Q can be achieved by reducing:
– problems related to equipment startup, and 
– scrap and finishing.

The term problems related to equipment startup 
signifies a number of products that are excluded 
from the manufacturing process after a new order 
has been prepared, or after a long interruption of 
the process. The method for reducing the equip-
ment startup problems is the Six-Sigma method, 
with which the influential values are analysed that 
have impact on the quality of products with the 
purpose of achieving stable conditions of process 
execution as soon as possible.

The quality waste comprises the products 
which fail to meet specifications and need to be 
rejected or finished.

The methods for reducing the quality waste are:
– Poka-Yoke method serves to prevent or 

detect mistakes [23],
– self-control, the goal of which is to reduce 

errors by early detection [24].

Optimization of an individual process chain 
operation based on OEE incorporates all sorts of 
waste with respect to availability, effectiveness 
and quality of equipment. OEE is thus the target 
value of effectiveness of an individual operation 
in a process chain.

Figure 4 shows opportunities for the improve-
ment of OEE without investments [13].

Monitoring and evaluating the entire process 
chain is enabled by the »leanness index of a pro-
cess chain LIpc« which combines two process-ori-
ented indices, namely:

– overall equipment effectiveness à OEE,
– process efficiency of a process chain à PEpc. 

Figure 4.  Opportunities for the improvement of 
OEE

 
Once the OEE and PEpc are known, the lean-

ness index of a process chain can be determined:

 LIpc =  [OEE × PEpc] × 100  ................  (5)

LIpc – leanness index of a process chain [%]
OEE – overall equipment effectiveness [-]
PEpc – process efficiency of a chain [-].

By positioning a process chain with respect to 
OEE and PEpc in the portfolio, the leanness index of 
a process chain LIpc can be determined (Figure 5). 

Figure 5.  Portfolio analysis of a process chain
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The overall equipment effectiveness OEE is 
determined by using the expression (4). In order 
to determine the process efficiency of a chain we 
need data on the lead time of a process chain LTpc 
and the processing times of operations Tproc.

The lead time of a process chain LTpc [25] is 
shown in Figure 6.

The process chain lead time is:

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

LTpc – process chain lead time [min]
LTi  – lead time of the ith operation [min]
TTRi – transition time of the ith operation [min]
ITi – implementation time of the ith operation [min]

–  waiting time after the previous 
                   operation (i-1) [min]

 – transport time to the ith operation [min]
 – waiting time before the ith operation [min]

Tpi – preparation time for the ith operation [min]
 – processing time of the ith operation [min]

m – number of measure units [piece]
tei – time per measure unit [min/piece]
n – number of operations [-]

A short lead time of a process chain is the most 
important target value because a short lead time con-
tributes to high flexibility and short delivery times. 

Figure 6.  Process chain lead time

The most successful method for shortening the 
lead time of a process chain is the value stream 
analysis [18-21], [26-27], with which the process 
efficiency of a process chain PEpc can be consider-
ably improved.

The process efficiency of a process chain PEpc 
represents a ratio between the sum of processing 
of operations of a process chain  
and the lead time of a process chain LTpc:

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

PEpc – process efficiency of a process chain [-]

A small index of the process efficiency of a 
process chain indicates that there are still non-val-
ue adding times in a process chain. 

By inserting the expressions (4) and (7) into the 
equation (5) we get the final equation for the cal-
culation of the leanness index of a process chain:

   

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

LIpc – leanness index of a process chain [%]
OEE – overall equipment effectiveness [-]
PEpc – process efficiency of a process chain [-]
Trun – equipment run time [min]
Top – anticipated time of equipment operation [min]
EIS – IS-effect of equipment [min]
EDES – DESIRED-effect of equipment [min]
qgood – quantity of good products [piece]
qtotal  – total quantity of products [piece]
m – number of measure units [piece]
tei – time for measure unit [min/piece]
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– waiting time after the previous 
                    operation (i-1) [min]

 – transport time to the (i+1)th operation [min]

 – waiting time before the ith operation [min]
Tpi – preparation time for the ith operation [min]
n – number of operations [-]

The leanness index of a process chain LIpc in-
dicates how effective individual process chain op-
erations (OEE) are and how lean the entire process 
chain PEpc is.

Equations 7 and 8 describe a leanness index 
for a case, where one product is going through all 
operations of the logistics chain. When we calcu-
late the leanness index of a process chain for more 
products, the lead time of one product in equations 
7 and 8 needs to be replaced by the average lead 
time for a selected time period.

Indices for the improvement of the effective-
ness of an individual operation and the entire pro-
cess chain help us discover potentials in a process 
chain and support continual improvements [20] of 
a process chain (Figure 7).

Figure 7.  Circle of continual improvements of a 
process chain

 
Figure 8 shows how the costs of personnel, ma-

chines, tied-up capital and material of a process 
chain increase by time.

Figure 9 shows potentials for the improvement 
of a process chain.

The indices for the improvement of the effective-
ness of a process chain can be collected as follows:

– manually – times, quantities, idle times, 
scrap and finishing are collected,

– machine-assisted – by the manufacturing 
information system MES that supports a 
regulation circle of determining process-
orientation indices (Figure 10). 

Figure 8.  Costs increase by time

Figure 9.  Potentials for the improvement of a 
process chain 

Figure 10.  Regulation circle of process-orienta-
tion indices

 
Process oriented indices are used:
– for carrying out a process chain analysis with 

the purpose of detecting potentials in a chain,
– for checking whether the measures taken 

have generated desired results.

The manufacturing information system MES 
represents an ideal system for the regulation of 
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Table 1.  Checking leanness of elements of the company

Characteristic Lean
Evaluation

Not lean
completely half half completely

1.
 C

o-
w

or
ke

rs Assuming responsibility Prepared × Reluctant 
Absence from work Low × High 
Interest in improvements High × Low

Reaction to mistakes Opportunity for 
improvements × Looking for a person to 

blame
Semi-products with defect Eliminated × Passed forward

2.
 C

us
to

m
er

 
or

ie
nt

at
io

n Manufacturing control In relation to 
customer’s demand × Based on an internal 

plan of capacities
Respecting delivery High × Low
Reaction to customer’s wishes Quick × Slow
Criteria for measuring 
customer satisfaction Questionnaires × Company’s reports

3.
 Q

ua
lit

y 
m

an
ag

em
en

t Quality function Integrated in 
functions × Own field

Quality goal Constant 
improvements × Observation of 

tolerances and norms
Quality management Preventing errors × Removal of errors

Reporting errors Source for 
improvements × Disturbing element

4.
 M

an
uf

ac
tu

re

Mode of manufacturing Continuous material 
flow × Manufacturing in series

Manufacturing orders From customers, 
sellers × Internally depending 

on capacity
Warehouses, stock Only urgent stock × Huge warehouses
Preparation times Minutes × h, Wd
Percentage of equipment use Above 80 % × 40 – 75 %
Equipment defects Rare × Frequent 
Transport times Short × Long 
Scrap, finishing Low × High
Share of added value High × Low
Staff Highly qualified × Semi-skilled
Learning for work Extensive × Insignificant
Lead times Short × Long
Delivery Accurate × Inaccurate

5.
 D

el
iv

er
y

Supplier’s status Partner × Order taker
Type of order Long-term 3-5 years × Short-term up to 1 year

Price determination
At the beginning 
(based on the price in 
the market)

× Tender, fight for prices

Delivery Just In Time × In series, stocks

6.
 S

al
e

Sale target Optimal product for 
a customer × Maximum sales profit

Customers’ loyalty High × Low

Attitude towards customers The customer is the 
king × The company is the 

king
Attitude towards claims Helpful × Reluctant

Delivery terms
Short delivery terms  
(production upon 
order)

× Long delivery terms 
(sale from the stock)
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process chains as it supervises real-time manufac-
turing and rapidly provides data on indices [27]. 
With its vertical integration the MES system is 
used for data exchange between the ERP system, 
the MES system and production. In fact, the MES 
system is a tool used for the optimization of a pro-
cess chain.

4.  Leanness index of the process chain of 
manufacturing a cooling cover

A company whose activity is machining of me-
tallic products wanted to assess company leanness 
in collaboration with the Laboratory for Manufac-
turing Systems LAPS of the Faculty of Mechani-
cal Engineering of the University of Ljubljana.

In order to assess rough leanness of the com-
pany a questionnaire was prepared, which needed 
to be filled in by the managing staff of the compa-
ny. A creativity workshop [28] was organized and 
the results of the creativity workshop are shown in 
Tables 1 and 2.

On the basis of the questionnaire a rough esti-
mate of the company leanness LIVcomp was assessed.

The results show that the company is not lean 
as LIcomp =16.25 %, whereas production is by far 
the most unlean.

Having examined the results of the company 
leanness the company’s management and produc-
tion decided to organize a team assisted by the 
collaborators of the LAPS laboratory to precisely 
assess the leanness index of the process chain of 
the cooling cover (Figure 11).

The company anticipates an annual production 
of 50,000 pieces of cooling covers.

Figure 11.  Machined cooling cover

The production will be performed in two shifts 
with a 30-minute break per shift and 240 Wd/year.

A working day production should comprise:

DQ – daily quantity of cooling covers [pcs/Wd]
AQ – annual quantity of cooling covers [pcs/year]
ANWd – annual number of working days [Wd/year]

The process chain of machining of the cooling 
cover includes the operations as set in Table 3.

On the basis of the collected data on imple-
mentation of operations (tproc, Tp and SR) the team 
created an IS-flow of manufacturing value of the 
cooling cover (Figure 12):

The presentation of the IS-flow of manufacturing 
value of the cooling cover allowed us to determine:

Table 2.  Checking leanness of the company

Check-List Elements
Estimate

Lean Not Lean
Completely Partly Partly Completely

1. Co-workers 1 2 1 1
2. Orientation towards the customer 0 3 2 0
3. Quality management 0 0 0 4
4. Production 0 0 4 10
5. Delivery 0 0 2 2
6. Sale 0 2 2 1
Sum of scores 1 7 11 18
 x factor x 4 x 3 x 2 x 1
Points 4 21 22 18

Total number of points      65 : 4 = 16.25 % company leanness
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– manufacturing lead time of production of 
the cooling cover LTpc = 10.83 Wd

– sums of machining times of the cooling 
cover Stproc = 167.3 sec

– process efficiency of production of the 

cooling cover 

The company does currently not measure 
wastes of availability, effect and quality, the man-
agement has therefore decided that the production 
manager should assess waste values.

The production manager provided the follow-
ing estimates of waste values:

– time of equipment failure and time of 
equipment preparation 38 %, thus A=0.62,

– time of equipment idle time 10 %, thus 
E=0.90

– quality of products à 3 % scrap and 17 % 
finishing, thus Q = 0.80

Overall equipment effectiveness is:

OEE=A×E×Q = 0.62 × 0.90 × 0.80 = 0.45

The obtained values of the overall equipment 
effectiveness OEE and of the process efficiency 
PEpc allow us to calculate the leanness of the pro-
cess chain of manufacturing a cooling cover:

LIpc=(OEE×PEpc)×100=0.45×0.00025×100=0.011 %

Figure 13 shows the current status of the manu-
facturing process of the process chain of manufac-
turing a cooling cover.

Figure 13.  Portfolio analysis of the process 
chain of manufacturing a cooling cover

Based on the research of OEE and PEpc we 
came to a conclusion that these two values do not 
increase or decrease linearly, as improvements are 
much more significant and faster at initial optimi-
zation when a disordered production is optimized 
than at later optimization stages. The closer we get 
to the optimal values of OEE and PEpc, the less 
significant and slower the improvements are. This 
is a characteristic of constant improvements.

Figure 12.  Presentation of the IS-flow of manufacturing value of the cooling cover
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Assessment
The production of the cooling cover shows that 

a “poor manufacturing process” is in question. Im-
provement potentials reside both in shortening of 
the lead time of the process chain and in a better 
overall equipment effectiveness OEE.

5.  Conclusion

Customers demand short delivery terms at low 
prices and high quality.

This paper presents indices for the improve-
ment of effectiveness of an individual operation 
and the complete process chain of manufacturing 
of products.

Special attention was paid to determining over-
all equipment effectiveness OEE, determining the 
lead time of the process chain LTpc, determining 
the process efficiency of the process chain PEpc 
and collecting indices for the improvement of the 
effectiveness of the process chain.

To assess the company leanness a questionnaire 
was formulated, which was filled in by the manag-
ers of the company. The results of evaluation of the 
questionnaire showed how lean the company is.

When assessing the leanness of the process chain 
of manufacturing the cooling cover LIpc the actual 
process efficiency of the process chain PEpc was 
taken into account. The efficiency was determined 
by a presentation of the IS-flow of the value of the 
process chain and by the assessment of components 
of overall equipment effectiveness OEE.

Further research will be focused on the re-
search of ways of shortening the lead time of the 
process chain LTpc (eliminating wastes), on com-
puter assisted determination of overall equipment 
effectiveness OEE. Experiments will be needed to 
assess a relation between OEE and PEpc and gath-
ering of indices for the improvement of the effec-
tiveness of the process chain assisted by the MES 
system need to be explored.

Apart from the leanness of the process chain 
it will be important to look into a correlation of 
the lean production with the 6s method which en-
sures high quality of production. The ultimate goal 
will therefore be to find a connection between lean 
production and the 6s method.
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Abstract

As the science of accounting and presentation 
of new evaluation models has been progressed, an 
improvement in the position of accounting infor-
mation in evaluation of the companies by inves-
tors is expected. This study by choosing a sample 
of the companies listed on the Tehran Stock Ex-
change examines the process of the price model 
and its elements 1993-2010. The results of re-
search show that the price model in the examined 
period has been significant. after controlling the 
special factors of the company, according to the 
results, the relation between earning per share and 
the price per share has not significant changes dur-
ing the time, but the relation between book value 
of equity per share and price per share and both 
earning per share and book value per share related 
to the price per share is significantly decreased dur-
ing the research period. The study of the changing 
relation between variables before and after man-
datory adoption of Iran accountings standards and 
new law of the stock exchange, shows that in both 
cases there is no significant change for earning per 
share and book value of equity per share models, 
but the price model in the post standards and new 
law period is significantly decreased.

Key words: value relevance, Ohlson (1995), 
price model, Iran Accounting Standards, law of 
stock exchange

1.  Introduction

Investors play a crucial role in the economic de-
velopment of any country. To make efficient deci-
sions they need to know about effective evaluating 
models and the information included in them. To 
determine the value of companies the investors and 
analysts use different evaluating techniques and at-
titudes. Each of these pricing models has strengths 
and weaknesses. By estimating the intrinsic value 

of share based on these models, one can decide 
whether to buy, sale or keep the present share.

One of the most recent theories of valuating se-
curities that is more consistent with accounting con-
cepts is clean surplus theory which is propounded 
by Ohlson and Feltham and Ohlson in 1995 [1]. Ac-
cording to a simplified model of this theory which 
is known as price model, the market value of equity 
is a linear function of earnings and book value of 
equity [2]. Thus, Ohlson’s model (1995) led to an 
expansion of research studies on value relevance 
of accounting information to include both balance 
sheet and income statement measurements [3]. The 
results of researches, report more apposite value rel-
evance for this model comparing to the return mod-
el. This empirical verification beside theory makes 
Ohlson model an efficient model in stock valuation 
in academic and practical contents. In this study the 
price model is examined in Iranian market, to work 
as guideline for investors in their decision making 
and evaluating investing strategies.

On the other hand, Iran accounting standards 
is set and bound to fulfill and is still developing. 
The effect of these efforts in setting standards is 
manifested in providing useful and transparent 
information used in valuation models. If the in-
formation of financial statements prepared based 
on these standards reflect financial fact better, they 
can be relied on in decision making more widely. 
Therefore, because it is assumed that type of ac-
counting standards is effective in value relevance 
of accounting information, the effect of mandato-
ry adoption of Iran accounting standards on price 
valuation model is examined. Moreover, because 
based on the existing literature it is represented 
that to support the investors by supervisory orga-
nization increases their confidence on informa-
tion, the effect of implementing the new law of 
Iran stock exchange on the price valuation model 
is also examined.

Longitudinal study of price model: before and 
after Iranian Accounting Standards
Mohammad Reza Abbaszadeh 1, Hojatollah Atashi Golestani 2 
1  Ferdowsi University, Mashhad, Iran, 
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Company valuation models and accounting 
information 

Stock evaluating models indicates that stock 
valuation models were largely based on earning 
per share and there was no place for book value 
in them. But Fama and French study in 1992 that 
relates book value to market value ratio with stock 
return, introduced the application of book value 
in stock evaluating models [4]. Under conven-
tional accounting systems, “equity book value” 
measures the amount of (equity) capital invested, 
whereas earnings and equity book value together 
convey profitability. This valuation approach sug-
gests that earnings and book value should be used 
jointly when extracting value-relevant informa-
tion, which is consistent with the view of FASB 
on the complementary nature of the balance sheet 
and the income statement [5]. Clean surplus valu-
ation theory which is developed and analyzed by 
Ohlson in 1995, includes both balance sheet and 
loss and profit criteria and is based on three as-
sumptions of present value of expected dividends 
theory, clean surplus relation and linear informa-
tion dynamics model in which the value of com-
pany is equal to book value plus a liner function 
of current abnormal earning and scalar variable 
represent other information [6]. 

The quality of accounting information, 
accounting standards and effective laws

In positive accounting theory, it is convenient-
ly assumed that accounting is part of the contract 
between a principal and an agent. The two parties 
agree voluntarily on the set of accounting choices 
that can be made, but the agent cannot be the only 
one who is responsible for accounting choices, 
because he will make choices that maximize the 
wealth of the agent [7] and leads the other parties 
to make improper decisions. Accounting and au-
dit methods, therefore, are affected by regulations 
which are set to support deprived people in regard 
to information [8]. To set standards in accounting is 
an appropriate device to improve and harmoniza-
tion accounting choices. By using similar methods, 
information risk for investors and financing costs 
for companies will decrease. It must be noted that 
users must not assume that financial statements 

prepared according standards are inviolable. In re-
ality it is obvious that managers tend to increase the 
stock price by earnings management and compa-
nies accounting scandals, bankruptcies and frauds 
happened in the last decades (such as Enron, Arthur 
Anderson, WorldCom and Tyco), are all happened 
in spite of the existence of accounting standards. 
Therefore, to support people against asymmetrical 
information besides accounting standards to com-
pile regulations such as those related to transac-
tions based on secret information and disclosing 
complete information is proposed. The most basic 
prediction of the legal approach is that investor pro-
tection by making capital market participants con-
fident encourages the development of capital mar-
kets [9]. Studies such as Hung [10], Prather-Kinsey 
[11] and Lourenço and Curto [12] indicated that not 
only the type of accounting standards does not cre-
ate a different quality for accounting information 
but also the investors’ protective mechanisms in 
various countries are effective on value relevance 
of accounting figures.

Likewise, in Iran, regarding the interests of 
disclosing information and investor protection, 
Iran stock exchange law has been authorized by 
parliament in December 2005. According to this 
law, companies must prepare their financial report 
based on accounting standards. It also requires 
companies to publish necessary information in 
primary and secondary market and has assigned 
the securities and exchange organization as the 
supervisor for its implementation. This law has 
considered legal responsibility to compensate the 
investors’ loss because of deficiency or deferment 
or lack of information offered by the companies 
and includes the first criminal regulations to pun-
ish the wrongdoer.

Review of literature

Colins et al. [13] studied the value relevance of 
combination of earnings and book values for Amer-
ican companies 1953 to 1993 and observed that 
earning and book value are effective in valuation 
of equity and the value relevance of combination of 
earning and book value is increased over time.

Ota [14] repeated Colins et al. survey that ex-
amined the price model over time and concluded 
that unlike Collins’ result after controlling scale 
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effect, the value relevance is decreased in Unit-
ed States. They deduced that increasing patterns 
of coefficients of determination (R2) indicated in 
Collins survey are widely attributable to the in-
crease in scale effect.

Chang [15] by using residual income valuation 
approach and developing a new measures of value 
relevance that considers development opportu-
nity and the rate of cost of capital, observes that 
value relevance of both earning and book values 
and also the combined model is decreased in the 
united states over time.

Yaekura [16] studies the value relevance changes 
in japan during 1976 to 2000. results indicates that 
the relationship between accounting numbers and 
share prices experienced a structural change during 
the ’bubble economy era’ and recently the usefulness 
of accounting information in Japan has improved. 

Habib and Weil [17] selected a sample of com-
panies accepted in New Zealand security market 
and did not find a significant difference in value 
relevance before and after reform of financial re-
porting law.

Gjered et al. [18] reported on improvement in 
value relevance after accounting act of 1998 in 
Norway stock market. Also, Barth et al. [19] who 
have studies about twenty one countries, observed 
evidences of improvement in accounting quality 
in period after accepting international accounting 
standards. 

Goodwin and Ahmad [20] research provides ev-
idences of the effect of type of accounting standards 
on accounting usefulness for valuation purposes. 
Since according to Australian GAAP recognition of 
intangible asset is not prohibited, they divided the 
sample group in to firms that capitalize intangible 
assets and those that did not recognition intangible 
assets and conclude that in case of the first group 
of firms the increase of earning value relevance is 
significant. Kholbek and Warfield [21] have inves-
tigated the effect of accounting standards sitting 
on the quality of accounting in United States over 
the years of 1976 to 2005. The price model results 
show that while there is no change in price model 
value relevance, the value relevance of earnings in 
this model is decreased and book values value rel-
evance is increased. Therefore, Increases are con-
sistent with the trend toward an asset/liability focus 
of accounting standards.

Research questions and hypotheses 

According to the former contents, The Follow-
ing research questions are propounded:

1. Is the time trend of the relation between 
earnings and book value equity and 
company’s market value positive in Iran?

2. Is the value relevance of price model 
increased after the mandatory adoption of 
Iran accounting standards (IAS)?

3. Is the value relevance of price model 
increased after implementing the new law 
of Islamic Republic of Iran security market?

To answer these question the Following hy-
pothesis are proposed:

1. The time trend of the relation between Net 
Income Per Share (NIPS) and Book Value 
Per Share (BVPS) with Market Value Per 
Share (MVPS) is positive.

2. The time trend of the relation between 
BVPS with MVPS is positive.

3. The time trend of the relation between NIPS 
with MVPS is positive.

4. After mandatory adoption of IAS, the 
relation between NIPS with BVPS with 
MVPS is changed.

5. After mandatory adoption of IAS, the 
relation between BVPS with MVPS is 
changed.

6. After mandatory adoption of IAS, the 
relation between NIPS with MVPS is 
changed.

7. After administration of the new law of the 
security market, the relation between NIPS 
and BVPS with MVPS is changed.

8. After administration of the new law of the 
security market, the relation between BVPS 
with MVPS is changed.

9. After administration of the new law of the 
security market, the relation between NIPS 
with MVPS is changed.

Research variables

It must be noted that price model has scale 
problem, which can occur if samples differ in 
terms of general share price levels in the follow-
ing research for mitigating the scale effect, mod-
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el’s variables are divided by the stock price at the 
beginning of the period. This controlling method 
is proposed and performed by other researchers 
have applied it.

1.  Dependent variable
In this study the time trend of price model is 

examined. Therefore, the explanatory power of 
price model is the research dependent variable. To 
obtain dependent variable the explanatory power 
of price model must be calculated for each year, 
firstly. Like other studies the adjusted R2 of price 
model regression equations is considered as ex-
planatory power of accounting data. Then, for 
examining the models time trend amounts of ad-
justed R2 obtained for each year in new equations 
are assumed as the dependent variable. Because 
audited financial statements after being authorized 
in annual general meeting is published for public, 
officially, the stock price of First transaction after 
AGM is considered as the price which is affected 
by financial statements’ information and to miti-
gate the scale effect, is divided by the stock price 
after last year’s AGM.

2.  Independent variables 
According to the price model, book value eq-

uity and net income are independent variables of 
the research. As for the available information and 
this fact that performing statistical model is based 
on price after AGM, the information of BVPS and 
NIPS (before tax reduction) authorized in AGM 
are used. Using net income before tax reduction 
in model leads to controlling the effect of change 
in companies’ tax law (1381) on the research’s 
evaluation.

3.  Control variables 
This research aims at investigating price valua-

tion model over years. Because it is assumed that 
firm-specific economic factors effect models ex-
planatory power, firm-specific economic factors 
are added to the evaluation model in separate tests. 
To apply control variables specially in studying 
the effect of changing in accounting standards and 
laws leads to the effect of changes is companies 
and the consequences of changes in accounting 
standards and security market law on model’s ex-
planatory power is examined. After perusing the 

literature they recognize that four possible fun-
damental economic factors that could affect the 
relationship between stock price and accounting 
numbers are negative earnings, leverage, firm size 
and growth opportunities. In following research, 
these factors are considered as control variables 
and their operational definition is offered below.

A)  Negative earnings (LOSS): The criterion 
for negative earnings used in this study is 
some companies that in the examined year 
have reported loss (before tax reduction) 
divided by all sample companies.

B)  Leverage power (LEV): The long term 
debt to total assets ratio is defined as the 
leverage power for company. In this study 
the leverage power is calculated as the 
average of sample companies’ leverage in 
the examined year.

C)  Firm size (SIZE): In this study the firm size is 
measured as natural logarithm of average of 
the MVPS in the first transaction after sample 
companies’ AGM for the examined year.

D)  Growth opportunities (GROWTH): In this 
research growth opportunities are calculated 
as average of MVPS (first transaction after 
AGM) to BVPS (authorized by AGM) ratio 
of sample companies in examined year.

Sample and data collection

The aim of this research has been to study all 
companies listed in Tehran stock exchange over 
the period from 1370 to 1389 HS. According to the 
research model the sample companies’ stock must 
be transacted in the examined year and the year 
before that and be available information needed 
those. Also, because this study is concentrated 
on the differences between accounting numbers’ 
value relevance according to the price model over 
the years and differences in value relevance based 
on different standards, companies with negative 
book value equity are omitted. Firms with nega-
tive book value are likely to be in financial distress 
and may be interesting in their own right. Hence, 
restricting our sample to firms with positive book 
values will allow us to focus on firms where dif-
ferences are mostly likely to reflect accounting 
differences. After fulfilling all above items, the 
numbers of observations are 3603 firm-year.
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Required accounting data is extracted from au-
dited ending financial statements of companies in 
each year. To extract data of study Rahavardeno-
vin software is used.

Research methodology 

This study is classified as a retrospective de-
scriptive research. The description of condition 
and phenomena which are to be examined in the 
following research is a longitudinal study. In this 
survey to study the relationship between research 
variables, simple and multiple linear regression 
analysis is used. Statistical tests of the research are 
done by SPSS statistical software.

Statistical models and testing the Hypotheses

Regression equations 1, 2 and 3 fitted for each 
of the twenty years of the research period, sepa-
rately. Adjusted R2 of each of these equations is 
an indicator of related accounting information’s 
explanatory power. Therefore, to study their time 
trend, each equation’s adjusted R2 is considered 
as a dependent variable and examined years in 
the form of dummy variable is inducted in new 
regression equations as independent variable. To 
examine hypotheses 1, 2 and 3, equation number 4 
without control variables and equation no. 5 with 
controlling company’s special factors, are fitted 
for each hypothesis separately. The significance 
of α1 in number 4 and 5 equations means that the 
value relevance of studied accounting variables 
has changed over the years. 
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 = Adjusted R2 of equation q for the year t. 
q= 1, 2, 3 and t= 1, 2 …, 20 

= trend variable equal with one for the year 
1370 HS, two for the year 1992 and the same or-
der until 2010.

Other variable is defined in the section of re-
search variables.

Regarding fit results of regression equations 1, 
2 and 3, the price model of all years except 1991 
has been significant. In case of components of this 
model, the relation between BVPS with MVPS 
in thirteen years of twenty examined years and 
the relation between NIPS with MVPS in sev-
enteen years is significant. In this stage to deter-
mine whether acquired coefficients are changed 
significantly over the years or not, the regression 
equation number 4 and 5 are fitted. As indicated 
in table no. 1, based on fitting of regression model 
no. 4 the variable of year is not significant for all 
three hypothesis (F-test = 0.134 & 0.307 & 0.401 
> 0.05). Statistical results represented in B 1 and 2 
tables indicates that after controlling variables of 
GROWTH, LOSS, LEV and SIZE of sample com-
panies in each year (regression equation no. 5), in 
combined model, variable of year has become sig-
nificant with negative coefficient. This means that 
value relevance of price model is not increased 
over the years but decreased (Beta = -1.139). The 
hypothesis number one is not confirmed.
Table 1. 
A)  Regression no. 4 result for hypotheses 1, 2 and 3

H R R 
Square

Adjusted R 
Square

Durbin-
Watson

Sig. 
(F-test)

1 .347 .121 .072 1.896 .134
2 .241 .058 .006 1.775 .307
3 .199 .039 -.014 1.554 .401
B)  Regression no. 5 result for hypotheses 1, 2 and 3
1 .707 .500 .366 2.463 .026*
2 .834 .695 .638 2.415 .000*
3 .498 .248 -.021 2.225 .495

* Significant at the 0.05 level
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In case of hypothesis number two of the re-
search, the changes of value relevance of book 
value equity are significant and decreased (the co-
efficient of variable of year is negative). Of course, 
although the coefficient of variable of year is nega-
tively significant, but according to diagram no. 2 
just for two years of 1992 and 1993 the Adjusted R2 
of the relation between book value equity and stock 
price has been more, therefore in this case a declin-
ing trend for value relevance over the examined 
years is not verified. Generally, the hypothesis no. 
2 of the research is not confirmed. with respect to 
research’s hypothesis no. 3, even after controlling 
the aforementioned control variables, changes of 
earnings value relevance over the research period 
has not become significant (t-test = 0.100 > 0.05). 
Thus, hypothesis no. 3 is not confirmed.

To examine hypotheses no. 4, 5 and 6, another 
dummy variable is added to regression equation no 
4 and 5. Therefore, six other regression equations 
are fitted. These evaluations are done by using Ad-
justed R2 of regression equations no 1, 2 and 3 as 
the dependent variable of each of following equa-
tions. The significance of g2 in these equation means 
that the explanatory power of price model and its 
components has differed in periods before and after 
mandatory adoption of Iran accounting standards.
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ST= is dummy variable which for the period af-
ter standards is one (Years 2001-2010) and for the 
period before that is zero. It must be explained that 
Iran accounting guidelines has been implemented 
by just some of the companies to prepare their fi-
nancial statements authorized in the years 1999 and 
2000, therefore it has been decided to omit these 
two years is examining hypothesis no. 4, 5 and 6).

In tables no. 3 and 4 a summary of statistical 
results and coefficients of significant variables of 
equations no. 6 and 7 is presented and following 
them, there is an analysis of the confirm or rejec-
tion of research’s hypothesis. 

Table 3-A indicates that for none of the hypoth-
esis, equation no. 6 is not significant. It means that 
the interacting effect of examined years and years 
when Iran accounting standards are mandatory 
to adopt, with controlling effects related to each 
year, is not significant. Therefore, hypothesis no. 
4, 5 and 6 are rejected in the stage. But after con-

Table 2.  Regression no. 5 coefficients for hypotheses 1, 2 and 3

H Variable
CO S.D

T Sig. (t-test)
B Std. Error Beta

1

(Constant) 1.835 1.127 1.628 .124
YEAR -.037 .011 -1.139 -3.545 .003*
LOSS 2.947 1.372 .437 2.148 .048*
LEV 11.732 6.391 .510 1.836 .086**
SIZE -.263 .116 -.485 -2.259 .039*

2
(Constant) 2.022 .655 3.085 .007*
YEAR -.021 .005 -.766 -4.493 .000*
LOSS 4.026 .832 .722 4.841 .000*
SIZE -.217 .072 -.485 -2.992 .009*

3

(Constant) -.066 1.472 -.045 .965
YEAR -.022 .013 -.756 -1.764 .100
LOSS 1.227 1.570 .202 .781 .448
LEV 11.340 7.561 .547 1.500 .156
SIZE -.051 .170 -.105 -.301 .767
GROWTH -.011 .020 -.169 -.557 .586

* Significant at the 0.05 level
** Significant at the 0.10 level
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trolling variables of GROWTH, LOSS, LEV and 
SIZE and effects related to each year (regression 
equation no. 7), variable coefficient of interacting 
effect of year and standard in case of hypothesis 
no. 4 has become negatively significant (table 4). 
Hypothesis no. 4, thus, is confirmed. But opposite 
to dis cussed theories, adoption of standards has 
not led to the increase in price model’s value rele-
vance (mark of coefficient is negative). According 
to the tests, hypothesis no. 5 and 6 are not verified.

To examine the effect of administrating the 
new law of security market (hypothesis no. 7, 8 
and 9) since beginning of the year 1385 HS, the 
following equation is examined for all three price 
model and its components.

εqqq
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+++

++++=
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Table 3
A)  Regression no. 6 result for hypotheses 4, 5 and 6

H R R Square Adjusted R Square Durbin-Watson Sig. (F-test)
4 .449 .202 .095 1.720 .185
5 .246 .061 -.065 1.868 .626
6 .369 .136 .021 1.845 .334

B)  Regression no. 7 result for hypotheses 4, 5 and 6
4 .753 .568 .475 2.460 .007*
5 .833 .694 .628 2.398 .001*
6 .510 .260 -.143 2.172 .694

* Significant at the 0.05 level

Table 4.  Regression no. 7 coefficients for hypothesis 4

H Variable
Coefficients S.D

T Sig. (t-test)
B Std. Error Beta

4

(Constant) 1.757 .822 2.138 .051**
YEAR- ST -.018 .005 -.812 -3.942 .001*

LOSS 3.386 1.220 .549 2.775 .015*
SIZE -.175 .093 -.356 -1.889 .080**

* Significant at the 0.05 level
** Significant at the 0.10 level

Table 5.  Regression no. 8 result for hypotheses 7, 8 and 9
H R R Square Adjusted R Square Durbin-Watson Sig. (F-test)
7 .828 .686 .529 2.687 .059**
8 .923 .851 .554 2.344 .208
9 .835 .698 .094 2.839 .492

** Significant at the 0.10 level

Table 6.  Regression no. 8 coefficients for hypothesis 7

H Variable
Unstandardized Coefficients Co

t Sig.
B Std. Error Beta

7

(Constant) 6.165 1.825 3.377 .015*
SIZE -.642 .201 -1.681 -3.187 .019*

GROWTH -.035 .013 -.802 -2.610 .040*
Year – act -.031 .009 -2.114 -3.493 .013*

* Significant at the 0.05 level
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ACT = is the dummy variable that for the 5 year 
period after the new law of security market is one 
and for the 5 years before that is zero.

The significance of q2 in equation no. 8 means 
that the explanatory power of price model and its 
components in periods before and after implement-
ing the new law of security market has differed.

According to tables 5 and 6 in case of price 
models, regression of equation no. 8 becomes sig-
nificant. Considering the negative mark of coeffi-
cient of variable of law and year interacting effect 
(Year- ACT) it can be argued that in years after ad-
ministrating the new law, price model’s value rel-
evance is decreased. With respect to the effect of 
implementing the new law on value relevance of 
BVPS and NIPS there is no statistical significant 
change. Therefore hypothesis no. 7 is confirmed 
and hypothesis 8 and 9 are rejected.

It must be explained that in all fitted regressions 
of the research, observations more than absolute 
value of three standard deviations of residuals are 
omitted as outlier. Also the amounts of variance In-
flation Factor (VIF) are less than ten. Therefore, this 
assumption that there is not collinearity is verified. 
Considering the fact that amount of Durbin-Watson 
statistic is close to two, the assumption of lack of 
autocorrelation between Errors is also confirmed. 
Examining the diagram of normal probability of 
residuals indicates that errors have normal distribu-
tion and finally by examining diagram of regression 
residuals against predicted amounts, the assumption 
of constant variance in all models is not rejected. 

Conclusion and remark

In brief, based on the results of the research 
after controlling company’s specific factors, the 
relationship between NIPS and MVPS has not 
a significant change over time, but the relation-
ship between BVPS and MVPS and the relation-
ship between both NIPS and BVPS with MVPS 
(price model) have significant decrease during 
the research period. The result of examining the 
relationship between variables before and after 
mandatory adoption of Iran Accounting Standards 
and the new law of security market revealed that 
in both cases models of NIPS and BVPS have not 
significant changes, but the combined model sig-
nificantly decreased in period after IAS and the 

new law. The propounded debate has increased 
the complexity of trading context and this has 
decreased the value relevance of financial state-
ments’ information for investors. In the relevance 
of accounting data may be influenced by changes 
in the economic environment which standard set-
ters can hardly influence and, “Hence they may 
play a continual game of “catch-up” where new 
standards are required merely to keep pace with 
changing external circumstances”. Recent litera-
ture has created a widespread impression that fi-
nancial statements have lost their value relevance 
because of a shift from a traditional capital-in-
tensive economy into a high-technology, service-
oriented economy. Also, some researchers have 
argued that because the importance of intangible 
assets which are not reported, has increased, the 
value relevance is decreased. 

With respect to Iran as a developing country, 
this is discussed that information can be useful, 
but the decision markers do not use them properly. 
What is needed in the developing countries, be-
fore a set of complicated accounting standards is 
developed and imposed, is to provide ample expo-
sure and training for the young generation and the 
entrepreneurs and managers on the value of accru-
al accounting and accounting reports. In addition 
to the aforementioned debates, according to many 
foreign accounting researches the value relevance 
of earnings is decreased, but in accordance with 
the trend of focusing on the balance sheet in sitting 
accounting standards the value relevance of book 
value equity is increased. In this study no change in 
value relevance of earnings was observed, but the 
value relevance of book value equity is decreased. 
Because the explanatory power of earnings is 
higher, it can be said that in Iran security market 
the investors make decisions by concentrating on 
earnings. If so, to apply balance sheet perspec-
tive in sitting standards, while the investors are 
concerned with the income statement rather than 
the balance sheet can have adverse consequences 
on accounting information. Finally, regarding the 
value relevance of examined models before and 
after enforcement the new law of security market, 
it can be argued that to protect includes not only 
the rights written into the laws and regulations but 
also the effectiveness of their enforcement. 
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This research examines the external environ-
ment of the textile sector of Pakistan to high-
light the risks that are the major causes of nega-
tive performance of textile sector during the last 
ten years. The business environment in Pakistan 
is unique in its nature. Its attributes and dimen-
sions are comparatively more dynamic than other 
developing countries that survival of the business 
organization is a major challenge for most of the 
managers and entrepreneurs. Textile sector is the 
largest manufacturing sectors in the country and 
currently facing drastic situation due to dynam-
ic external environmental factors. A number of 
textile manufacturing units have shifted to other 
countries like Bangladesh and Egypt due to their 
inability to cope with the existing conditions. Pur-
posive sampling techniques have been used in this 
research in which data was collected through semi 
structured interviews. Data was collected from 
four stakeholders groups which include politi-
cians, corporate managers, business owners, and 
officials from different associations of the textile 
sector. After detailed interviews, content analysis 
technique has been used to identify the key risk 
factors of external organizational environment. 

Key Words: environment, risk, textile, Pakistan 

1.  Introduction

Organizational environment consists of physi-
cal and social factors that have potential to influ-
ence the organization in various ways. Research-
ers have attempted to define the environment by 
elaborating, classifying and analyzing its structure 
and role in organizational performance. Whereas, 
contemporary organizational environment with 
its numerous affecting factors is changing so 
dramatically that prediction about its behavior is 

practically impossible. In developing countries, 
the complex variables existed in organizational 
environment are huge in numbers, therefore, an 
understanding of organizational environment and 
its various complexities is essential for the effec-
tive management of organizational activities. 

In organizational research we presume that the 
major problem a researcher would face is from where 
to start the research enquiry? There are a range of di-
mensions from operational to strategic management 
and institutional planning which could be the points 
of entry into initiating the research inquiry. But if 
we thoroughly analyze the contributions in the field 
of organizational theory, the starting point in most 
of the studies appears to be the analysis of organi-
zational environment, which determines the nature 
and form of activities in the organization. 

The environment of Pakistan is complex in na-
ture. Environmental complexity is the number and 
heterogeneity of factors in the environment [1]. The 
relationship between environmental complexity 
and environmental risks is positive, as elaborated 
by Fariborz [2], who states that; “the more com-
plex and changing the environment, the higher is 
the level of environmental risks and uncertainty (p. 
696).” Keeping in view the notion of organizational 
environment and application of complexity theory 
this research specifically focuses on the business 
environment to identify the risks that adversely af-
fect the performance of textile sector in Pakistan. 

2.  Literature Review

2.1  What is environment?

There is no consensus amongst the contributors 
of organizational theory on the basic definition of 
environment. Over the past fifty years, researchers 
used different approaches to define this concept. 
Some of the pioneering researchers in this field in-
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Department of Management Sciences, Hazara University Pakistan
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clude Dill [3], Burns & Stalker [4], Emery and Trist 
[5], Thomson [6], and Duncan [1]. Dill [3] intro-
duces the notion of task environment, and focuses 
on the external environmental factors. According 
to him, these factors have impact upon organiza-
tional goal settings. He states that “task is cognitive 
formulation, consisting of goals and usually also of 
constraints on behaviors appropriate for reaching 
the goals (P. 411)”. The work of Burns and Stalker 
is basically the extension of contingency theory that 
is: the effective way to organize is contingent upon 
the conditions of the environment. According to 
Burns and Stalker [4] there are two types of orga-
nizational environment: mechanistic and organic. 
The mechanistic environment has specialization of 
parts with more stability and fewer changes in envi-
ronmental dimensions, while organic environment 
has less specialization of its parts, less stability, and 
more changes in environmental dimensions.

Emery and Trist [5] categorize organizational 
environment into four types: placid randomized en-
vironment, placid clustered environment, disturbed 
reactive environment, and turbulent field. Their 
work adds considerable importance to understand-
ing the structure of organizational environment. 
The research of Emery and Trist [5] was followed 
by the work of Thomson [6] on the subject of or-
ganizational domain, which identifies the area of 
potential dependency for the organization. Accord-
ing to him, potential dependencies include range of 
products, population served and services rendered 
etc. Thomson classifies organizational environment 
on the basis of two dimensions: heterogeneity/
homogeneity and stability/dynamism. The first di-
mension describes the elements of the environment 
in terms of their similarity or difference from each 
other. The second dimension describes the status of 
change in these elements, that is, whether these ele-
ments are changing or not. 

Based on the works of previous researchers, Dun-
can [1] also attempts to define the concept of organi-
zational environment. He states that: Environment is 
thought of as the totality of physical and social fac-
tors that are taken directly into consideration in the 
decision making behavior of individual in the orga-
nization (p. 314). Duncan discusses the physical and 
social factors that define both internal and external 
environments, adding to the work of Rice [7], which 
focuses only on the internal environment of the or-

ganization. Osborn and Hunt [8] describe organiza-
tional environment with respect to relevance of fac-
tors. They consider all the relevant factors like other 
organizations, association of individuals, and macro 
forces as the environment. They also attempted to 
identify and define macro, aggregation and task envi-
ronments in the light of work done by earlier scholars 
e.g. Clarke and McCabe [9], and Dill [3]. 

Other researchers who have discussed various 
aspects of organizational environment include Lind-
say and Rue [10], Astley and Fomburn [11], Dess 
and Beard [12], and Boyne and Meier [13]. Lindsay 
and Rue [10] attempted to investigate the effects of 
organizational environment on long range planning. 
They are of the view that organization tends to adopt 
the long-range planning as the complexity and insta-
bility of the business environment increases. Astley 
and Fomburn [11] explain the relationship between 
environment and organizational autonomy. They 
hold the view that organization is not an autono-
mous actor of its strategic choice. There are many 
external factors that compel the organization to re-
vise its strategic planning and implementation. 

Dess and Beard [12] further refine Dill’s notion 
of task environment, and suggest its three compo-
nents: munificence, dynamism, and complexity. 
They explain munificence as the extent to which 
the environment can support long-term organi-
zational growth. They further describe that, orga-
nization looks for an environment that allows for 
organizational growth and stability. Such growth 
and stability may assist the organization to gener-
ate extra resources that could be used for innova-
tion, organizational coalitions and conflict resolu-
tions. According to Dess and Beard, dynamism 
includes unpredictable changes in organizational 
environment. These unpredictable changes create 
uncertainties and complexities for the organization. 
They viewed these complexities to be characterized 
with heterogeneity and the range of organizational 
activities within the organizational environment. 
Dess and Beard also contend that highly complex 
environment generates greater uncertainty for the 
managers than lesser complex environment. While 
explaining the environmental complexity, Dess and 
Beard present it as a dimension of task environment 
but most of the other researchers like Child [14] and 
Duncan [1] consider complexity as a characteristic 
of organizational environment. 
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Walters [15] explains that new business models 
like Virtual Organization and Holonic Organization 
are emerging as a result of environmental turbu-
lence. These are basically the inter-organizational 
networks, in which organizations with different ca-
pabilities join together to exploit emerging market 
opportunities. These structures are characterized as 
non-hierarchical, self-regulating, and with dynamic 
equilibrium among parties. 

Boyne and Meier [13] discuss the relationship 
between environmental turbulence and organiza-
tional stability, and consider environmental turbu-
lence to have a damaging effect on organizational 
stability, growth and performance. After review-
ing the available literature on organizational envi-
ronment, I presume that it is relatively difficult to 
present a coherent and comprehensive concept to 
understand the organizational environment because 
there is no single set of concepts or models on or-
ganizational environment that are widely accepted, 
as describe by Sharfman and Dean [16] in a discus-
sion about environments: “Neither a single set of 
constructs nor a single set of measures of the orga-
nizational environment is widely accepted, making 
it difficult to build a comprehensive literature on 
the impact of the environment on the firm...because 
neither a single approach to conceptualizing the en-
vironment nor to measuring it has received wide-
spread acceptance, we have been unable to build a 
comprehensive, coherent literature about the envi-
ronment and its impact on the firm (p. 681)”

2.2  What is risk?

There is no consensus amongst the researchers 
on the origin of the word ‘risk’. Some researchers 
(e.g. [17]) are of the view that this word is derived 
from Italian word risicare which means ‘to dare’. 
Researchers like Ewald [18] hold the opinion that 
this word is derived from the French word risqué, 
which was used in France for the first time in 1578, 
and the word was used as both a noun and a verb.

Risk, in general, is considered as a difficult 
term to define at which no consensus exists among 
researchers [19]. Lack of consensus on the defini-
tion of risk could be due to various reasons [20], 
and owing to various types of risks: economic 
risks, political risks, and health and safety risk 
etc. As far as the basic definition of risk is con-

cerned, different disciplines in this regard offered 
their unique perspectives. In social sciences, risk 
is considered as a social construct not dependent 
on numerical values, but the social situation and 
conditional knowledge [21]. Engineering sciences 
define risk as a numerical value that is a function 
of probability and consequences [22]. Psycholo-
gists are of an opinion that risk does not exist out-
side the mind; it is simply a concept that humans 
developed to deal with uncertainties of life [23].

In organizational studies, researchers define 
this concept in several ways: Hines and Mont-
gomery [24] consider risk as expected value of a 
loss; Fillmore and Atkins [25] consider it as pos-
sibility of an unwelcome outcome; whereas, the 
Project Management Institute [26] explains risk as 
any factor that keeps the project away from ob-
taining its objective(s). 

2.3  Strategic risk analysis

Strategic risks are those risks which can create 
problems for the organization to achieve its strate-
gic objectives [27]. Strategic risks generate various 
strategic issues for the organization e.g. failure of 
projects, long-term decrease in profitability, and 
high production cost etc. Strategic risk analysis is 
an in-depth study of risks and their strategic effects 
on the organization. In this type of analysis, the ma-
jor task for managers is to compare the potential 
risks with organizational objectives by considering 
different strengths and weaknesses of the organi-
zation. This will generate new opportunities and 
threats for organization in the long-run [28]. Em-
blemsvag and Kjolstad [27] explain strategic risk 
analysis with regards to the following three steps:

1. Identify the objectives of the business;
2. Communicate risks to all the stakeholders, 

and classify the risks by considering different 
strengths, weaknesses, opportunities, and 
threats; and 

3. Calculate the possibilities and consequences 
of risks.

2.4  Textile sector of Pakistan

Textile sector has been operative in Pakistan 
since 1947 with a few spinning and composite 
units. It comprised of yarn manufacturing, weav-
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ing, and dyeing plants. Over the time, Government 
of Pakistan announced a number of incentives for 
the textile sector which motivated the private in-
vestors to install their individual spinning and 
weaving units. Most of these units were installed 
at the places which offered easy availability of raw 
material. Therefore, this sector developed in the 
form of industrial hubs at various localities. Most 
of the ginning factories are located around the 
cities of Multan, Bahawalpur, Rahim Yar Khan, 
Nawab Shah and Larkana, whereas, the majority 
of spinning mills is located around the cities of 
Faisalabad and Sheikhupura. Weaving and dyeing 
mills are mostly located at Lahore and Faisalabad, 
while Karachi and Lahore are the industrial hubs 
for made-ups and garments. 

The textile sector has remained a major contrib-
utor in the GDP, employment and exports of Paki-
stan, but after the emerging energy crisis in recent 
years it is in deep trouble. Therefore, the industry 
is in need of governmental support to regain its 
competitive position in the world market. Textile 
sector of Pakistan consists of the small, medium, 
and large scale industries. In which approximately 
80 Percent units are operating at small scale, 15 
Percent at medium scale and merely 5 Percent 
units are operating at large scale [29]. Small and 
medium scale units mostly deal in weaving, gin-
ning, hosiery, towel, and finishing, while most of 
the large scale units are involved in spinning

Textile is an export oriented industry of Paki-
stan. During the financial year 2010-11, most of its 
export items for example yarn, fabric, readymade 
garments, towel, and bed linen have remained un-
der international competitive pressure. Its share in 
total exports had declined from 66 Percent in FY 
2004-05 to 52 Percent in the FY 2010-11 [30]. 
There are various national and international factors 
affecting the performance of the textile sector. Im-
portant factors in the domestic environment affect-
ing the textile sector include: rapid increase in the 
cost of production, energy crisis, war against terror-
ism, and high interest rates etc. While international 
factors include: global economic crisis, increase in 
global supply of textile products, antidumping du-
ties on Pakistani textile products, and trade barriers.

3.  Methodology

The major focus of this research is to analyze 
the external environment of textile sector of Paki-
stan, only key factors of the external environment 
that can affect the performance of textile sector 
were identified. Keeping in view the focus of this 
research, it was necessary to use the purposive 
sampling, in which, the purpose is not to estab-
lish a representative sample, but to identify the 
individuals having context-specific knowledge 
and expertise about the issue [31, 32]. In pursu-
ing this objective, the data was collected through 
47 semi-structured interviews over the period of 
nine months from four stakeholder groups: politi-
cians, corporate managers, business owners, and 
officials from different associations of the textile 
sector manufacturing units. Beside this, the rele-
vant material produced on the subject by different 
government and non-government sources during 
the period of 2002-12 has been reviewed as well. 

4.  Analysis and Discussion 

To identify the key environmental risks, 109 indi-
viduals were selected for semi-structured interviews. 
These included the top-level executives, corporate 
owners, officials of various textile associations, and 
politicians. Initially, the response rate was very low, 
and after several reminders and administrative sup-
port from Higher Education Commission of Pakistan 
47 persons gave their consents for interview. 

After detailed discussions with the respondents, 
seven perceived risks have been identified by us-
ing the technique of content analysis which are the 
major reasons of negative performance of textile 
sector in Pakistan. These seven perceived risks are: 
high interest rate, energy shortage, terrorism, politi-
cal instability, lack of governmental support, short-
age of raw cotton and negative image portrayed by 
international media. In the following subsections 
these variables will be analyzed in detail.

4.1  High Interest Rates 

Like most of the other developing countries, 
Pakistan also has a history of annual budget defi-
cits. There are several factors like high inflation 
rate, massive debt financing, and pressure of in-
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ternational financial institutions which affect the 
fiscal and monitory policies of its central bank. 

In the year 1996, the interest rate on industrial 
and commercial loans was 20 percent per annum. 
Later on, there was a gradual decrease in the inter-
est rates until it reached at about 7.5 percent per 
annum in the year 2002. This rapid decrease in the 
interest rates motivated the textile sector for tech-
nological up-gradation and expansion. The total 
investment in the textile sector of Pakistan during 
the financial year 1999-2000 was 210.90 million 
USD, while, the interest rate charged by different 
financial institutions was 15 percent per annum. 
Due to a continuous decrease in the interest rates 
in subsequent years, there was a rapid increase in 
investment on technological up-gradation of the 
textile sector, until it reached 928.6 million USD 
in the year 2004-05. 

In the first quarter of the year 2004, the State 
Bank of Pakistan decided to adopt an aggressive 
approach by tightening its monitory policy. As a re-
sult of this policy, the interest rates started increas-
ing from April 2004, mainly to control high infla-
tion rates, to create a state of balance between de-
mand and supply of money, and to stop the abuses 
of loans by the private sector. The details of fluctua-
tions in the interest rates are presented in the Table 1 

Most of the top-level executives and corporate 
owners of the textile units responded that they bor-

rowed their loans from different financial institu-
tions on long-term maturity basis. Due to a rapid in-
crease in the interest rates during the past five years, 
and change in monitory policy of the State Bank of 
Pakistan, these borrowings are now creating prob-
lems for them. The respondents also argued that 
owing to the current energy crisis in the country, a 
number of manufacturing units are not functional; 
therefore, it is impossible to meet their financial 
liabilities on time. Moreover, due to high interest 
rates, the cost of production has increased, which 
is resulting in a rapid decrease in the demand for 
the textile products of Pakistan in the international 
market. Keeping in view the current situation, there 
is a strong need to decrease the interest rates.

APTMA (an association of 500 textile units) 
holds the view that, the reduction in interest rates 
would only decrease the profit margin of different 
financial institutions, and has no effect on govern-
ment’s revenues. Therefore, government should 
not hesitate to reduce the interest rates. Along 
with the other benefits, low interest rates would 
provide extra financial resources to the textile sec-
tor, hence, facilitating the process of risk manage-
ment. Some officials of the APTMA, as well as 
top-level executives of the manufacturing units 
held the view that, the financial cost in Pakistan 
is relatively higher than the other Asian countries 
like India, China and Bangladesh (In Bangladesh 

Table 1.  Fluctuation in Interest Rates
Year Interest Rate (%) Change (%) Period Interest Rate (%) Change (%)

Nov-96 20.0 Nov-02 07.50 -1.50
Jun-97 19.0 -1.00 Apr-05 09.0 +1.50
Jul-97 18.50 -0.05 Jul-06 09.60 +0.60
Oct-97 18.0 -0.05 Aug-07 10.0 +0.04
Jul-98 16.50 -1.50 Feb-08 10.50 +0.05

Mar-99 14.50 -2.00 May-08 12.0 +1.50
Apr-99 14.0 - 0.50 Mar-09 15.0 +2.00
May-99 13.0 -1.00 Apr-09 14.0 -1.00
Jan-00 11.0 -2.00 June-09 13.0 -1.00
Sep-00 12.0 +1.00 Dec-09 12.5 -0.05
Oct-00 13.0 +1.00 Aug-10 13 +0.05
Jun-01 14.0 +1.00 Oct-10 13.5 +0.05
Jul-01 13.0 -1.00 Dec-10 14.0 +0.05
Aug-01 12.0 -1.00 Aug-11 13.5 -0.05
Oct-01 10.0 -2.00 Oct-11 12.5 -1.00
Jan-02 09.0 -1.00 Jan-12 12.0 -0.05

Source: State Bank of Pakistan [33]
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the interest rate in 2009 was 9 percent, in India it 
was 10.25 percent with 5 percent tax exemption to 
textile sector, and in China it was 5.58 percent in 
2010 [34]. Therefore, the officials and executives 
in the textile sector demand for the reduction in 
interest rates, so as to regain the competitive posi-
tion in the international market.

4.2  Energy Shortage

Energy sector of Pakistan comprises of the 
power generation sources of electricity, natural 
gas, petroleum and coal. As gas and electricity are 
the major sources of energy for the textile sector 
of Pakistan, therefore, this subsection focuses on 
these two sources of energy. Pakistan generates 
electricity with three different sources: hydro-
electric (6,463 Megawatts, 33 percent), thermal 
(12,580 Megawatts, 65 percent), and nuclear (462 
Megawatts, 2 percent). There are three major agen-
cies which are generating electricity in Pakistan; 
these are the Water and Power Development Au-
thority (WAPDA), Karachi Electric Supply Com-
pany (KESC) and Independent Power Producers 
(IPP). Their installed operational capacities are: 
WAPDA: 11328 MW; KESC: 1755MW and IPPs: 
5970 MW [35]. Natural gas is an environment 
friendly fuel. There are ten companies which are 
engaged in gas extraction in Pakistan. These agen-
cies are OGDCL, PPL, POL, OPI, LASMO, BHP, 
MGCL, BP (PAKISTAN), OMV and TULLOW. 
According to the statistics given by the oil and 
gas regulatory authority, the recoverable balance 
of natural gas reserves in Pakistan is estimated at 
31.266 trillion cubic feet [36]. 

With an increase in consumption, Pakistan is fac-
ing an immense shortfall in the energy reserves, es-
pecially in the electricity and gas. There are many 
reasons behind this crisis, some of which include 
ineffective management of energy resources like 
dams, changing policies of the government, lack of 
accountability of the policy makers, and inaccurate 
calculations and forecasts of the future requirements. 

The current energy crisis started in the early 
1990s. The government engaged nineteen Inde-
pendent Power Producers to produce electricity 
in Pakistan. At the time of installation, their total 
capacity was 3158MW and total investment was 
4.0 billion USD. Later on, due to the expansion in 

their production capacity, the total installed capac-
ity was raised to 5970MW till March, 2003. Until 
the year 2005, the aggregate supply was more than 
the aggregate demand, but afterwards the ineffec-
tive planning and the need for additional sources 
of power generation resulted in an increasing gap 
between demand and supply [37]. In the year 06-
07 the demand supply gap was 2500 Mega-watt/
day which is 5500 Mega-watt/day in 2012 and ex-
pected to increase 7000 Mega-watt/day in the year 
2015. As far as natural gas is concerned, there was 
a shortfall of 0.7 billion cubic feet (BCF)/day in the 
year 2008-09. It is 1.4BCF/day in the first quarter 
of 2012 and expected to increase up to 2.7BCF/
day in 2015 and 5.9BCF/day in 2020 [38].

Most of the interviewees responded that this se-
rious shortfall of energy (electricity and gas) has ad-
versely affected the productivity of the textile sector 
in Pakistan. They said that most of the units are not 
in a position to afford the alternate means of energy 
like furnace oil, liquefied petroleum gas (LPG), or 
power generators; over and above it, some of the 
units have even closed down their operations. Ac-
cording to a report of the Federation of Pakistan 
Chamber of Commerce and Industry (2010)[39], 
180 textile units in Faisalabad, 80 units in Lahore, 
and 140 units in Multan, Gujranwala and Sheikhu-
pura have been closed due to power shortage. These 
units included both small and large scale manufac-
turing. In this scenario, the textile sector of Pakistan 
demands for major initiatives from the government, 
without which it would become impossible for most 
of the small and medium scale manufacturing units 
to continue their operations.

4.3  Terrorism

The geo-strategic location of Pakistan is very 
important. It shares its border with India, Iran, Af-
ghanistan, and China. Pakistan is considered to be 
a major ally of the United States in its war against 
terrorism in Afghanistan after the September 11, 
2001 attacks in New York. Therefore, Pakistan has 
also been a victim of terrorist attacks by the mili-
tary insurgents from Afghanistan. 

The deteriorating law and order situation in 
the country has also adversely affected the perfor-
mance of business sector organization in Pakistan. 
So far, the economy of Pakistan has suffered a net 



579

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

loss of 68 billion USD, and is continuously suffer-
ing a loss of 7 billion USD per year [30]. 

The interviewees of this survey responded that 
it is a common practice of the foreign buyers to 
check the quality of a product during its production 
processes. Before making an import decision, they 
also consider the environment in which the goods 
are manufactured. Due to the continuous threats of 
terrorist attacks in various cities of Pakistan, the for-
eign buyers are hesitant to visit and place their or-
ders to the textile manufacturers in Pakistan. They 
prefer the exporters of India, China and Bangladesh 
to meet their textile demands. Not only this, ter-
rorism also spoiled the image of Pakistani people, 
products, and industry in the international markets. 

4.4  Political Instability

In 63 years of its history, Pakistan has experi-
enced a great deal of political instability like dis-
missals, assassinations of political leaders, mili-
tary coups, and government changes. This political 
instability has always restricted the policy-makers 
from developing long-term, consistent policies for 
economic development [40]. Most of the policy 
making executives in Pakistan could only enjoy 
a very short stay in their offices and had to leave 
before completing their job tenures. 

Most of the respondents of this survey held the 
view that political instability in Pakistan has ad-
versely affected the performance of the textile sec-
tor. This sector is considered as one of the major 
loss-bearers in the economy during the past ten 
years. They further responded that it is difficult to 
survive in an environment where there are a lot of 
destabilizing elements like long marches, strikes, 
military rule and ineligibility and murders of main-
stream politicians. Hence, most of the respondents 
argued that there is a need to bring political stability 
in Pakistan for the betterment of the textile sector. 

4.5  Lack of Governmental Support

An analysis of data in the earlier subsections 
shows that Pakistan remained politically instable 
since the day of its independence. During most of 
the earlier regimes, not much attention was pro-
vided to the economic development of Pakistan. 
Currently, the situation is getting worse due to the 

higher involvement of government in other issues 
like terrorism, Afghan crisis, and law and order 
situation in the country. 

In response to the question about governmental 
support to the textile sector, most of the respondents 
criticized its role due to its lack of interest in resolv-
ing the issues like high interest rates, power short-
ages, as well as subsidies and tax rebates etc. They 
argue that the textile sectors of other Asian nations 
are enjoying governmental support in a variety of 
ways. For example the Government of India pro-
vides 5 percent subsidy on interest rates if invested 
in textile sector; the Government of Bangladesh 
provides 5 percent cash rebate if manufacturers use 
local yarn; and China has increased its rebate from 
11 percent to 17 percent in February, 2009 to sup-
port the exports of the textile sector. These coun-
tries are the traditional competitors of the textile 
products of Pakistan in international market. In the 
presence of a number of problems faced by the tex-
tile sector of Pakistan, it seems very challenging for 
it to remain competitive in the world market.

4.6  Shortage of Raw Cotton

Pakistan is an agricultural country. Most of 
its labor force is associated with the agricultural 
sector. The major crops of Pakistan are cotton, 
wheat, rice, maize, and sugarcane. However, the 
current performance of the agriculture sector is 
not satisfactory. The per-acre yield of the major 
crops including cotton is continuously decreas-
ing for the past several years. In the year 2008-09 
the production of cotton was 11.40 million bales, 
which was 10.3 percent lesser than the production 
of the FY 2006-07. There is also a prediction of a 
further decrease in the upcoming years [41]. On 
the other side, there is a huge capital investment 
in the textile sector since 1999, which is mainly 
for improving its technology and increasing its 
production capacity. Therefore, the gap between 
demand and supply of cotton has increased during 
this period. The present shortfall of raw cotton in 
the textile sector is 20 percent. In order to meet the 
deficiency of raw cotton, the textile sector of Paki-
stan is importing it from other countries like India 
and Brazil, which turns-out to be quite expensive 
for the country as well as the investors. This could 
be the major reason of the decision taken by the 
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members of APTMA in their extra-ordinary gen-
eral meeting held on January 09, 2009 to close 
their manufacturing units for one day a week (One 
of the author participated in the extra-ordinary 
general meeting with the special permission of 
the secretary of the APTMA, Peshawar region). 
The production of local cotton and its import since 
1991 is presented in Table 2.

In the world yarn market, the yarn manufactured 
in Pakistan has relatively high demand than that of 
India and China, because of its thickness, better tex-
ture, and color. During this research some of the in-
terviewees responded that if the textile manufactur-
ers in Pakistan reduce their productivity by closing 
the manufacturing units for one day in a week, and 
increase the prices for their best quality yarn, then 
there would be only a marginal effect on their total 
revenue, by this way they would be able to handle 
the problem of shortage of cotton in the country. 
However, the closure of the production units for 
one day in a week may not be a viable solution to 
handle this problem. There is a need to develop a 
long-term and comprehensive policy for increasing 
the production of cotton and yarn in the country.

Lastly, most of the respondents of this survey 
criticized the negative policies of the Trading Cor-
poration of Pakistan (TCP). They held the view 
that instead of providing raw cotton to the local in-
dustry, TCP was involved in export of raw cotton 
to the other countries under the government super-
vision. Therefore, there is a need to control these 
activities so as to make visible improvements in 
the performance of the textile sector. 

4.7   Negative image portrayed by international 
media 

Some international agencies are actively in-
volved in spreading anti-Pakistan propaganda 
through the international media. They convey the 
message to the foreign investors as well as the cus-
tomers that Pakistan is not a safe country to invest 
and to travel. Besides, the international (especially 
Western) media also portrays the products of Paki-
stan as having inferior quality. Therefore, many 
private equity partners and buyers are reluctant to 
invest and place their orders in Pakistan. This nega-
tive image and misinformation is adversely affect-

Table 2.  Local Production and Import of Cotton (000 Bales)
Year Carry over stock Local production Imports Total

1991-92 1,188 12,822 25 14,035
1992-93 3,024 9,054 33 12,111
1993-94 1,692 8,041 627 10,360
1994-95 759 8,697 645 10,101
1995-96 1,005 10,595 200 11,800
1996-97 879 9,374 364 10,617
1997-98 1,225 9,184 301 10,710
1998-99 803 8,790 1,313 10,906
1999-00 1,565 11,240 421 13,226
2000-01 2,595 10,732 670 13,997
2001-02 1,934 10,612 1,080 13,626
2002-03 2,694 10,211 1,103 14,008
2003-04 1,760 10,048 2,312 14,120
2004-05 1,997 14,265 2,249 18,511
2005-06 4,120 13,019 1,728 18,867
2006-07 3,619 12,856 2,952 19,427
2007-08 3517 11,655 2852 18024
2008-09 4751 11,819 2134 18704
2009-10 2,693 12,693 2,010 17,396
2010-11 2,348 11,698 2,002 16,048

Source: Pakistan Central Cotton Committee [42]
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ing the growth of the textile sector of Pakistan and 
the buyers are searching new exporters in Bangla-
desh, India and China etc. Hence, there is a strong 
need that the government may make policies for the 
textile sector to cope with this negative propaganda.

5.  Conclusion

This paper identifies the major risks available in 
the external environment of textile sector in Paki-
stan. The results and findings of this research make 
significant contributions to the study of organiza-
tional environment as a major field of investigation 
for risk analysis. This study attempts to contribute 
in the available literature on the context of develop-
ing countries by emphasizing that the environment 
of the developing countries is different than devel-
oped world and demands for in-depth analysis to 
cope with the environmental risks. This study also 
focuses on the analysis of external environment and 
identification of risks for the development of busi-
ness organization in Pakistan. 
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The paper is a study on the usability evaluation 
methods that are currently in practice in the indus-
try. Usability Testing methods alone were taken up 
for the research since Heuristic Evaluation requires 
experience and expertise in the field of Usability. 
The main objectives of the research were to un-
derstand the various Usability evaluation methods 
in practice and to analyse the effectiveness of real 
time usability testing and remote usability testing 
methods. Two methodologies were used - expert 
interviews and experimental research. It was found 
that the remote usability testing has several short-
comings though it is easier and less expensive when 
compared to real time usability testing. It was also 
observed that making few changes to the lab testing 
setup could make the test a lot more effective and 
fruitful. It was observed from the variation in the 
results that of the two methods, remote testing was 
less user-friendly and hence not much feedback 
could be obtained from the participants.

Key words: heritage, group of monument, au-
thenticity, medieval cities, fortresses

1.  Introduction

Until a few years ago, the term ‘usability’ was 
very rarely used. It was found very difficult to de-
fine usability. Lack of usability is recognized as a 
result of the increase in problems faced by every-
one in their day-to-day life. Usability is the ease 
of use and learning ability of a human-made ob-
ject. A usability design is something which tries 
to measure or test the usability of a particular sub-
ject/object; its user-friendliness and perceived ef-
ficiency. Be it a webpage or a computer program, 
it is been designed to provide efficiency and clar-
ity to the user. This fact has been reviewed in a 
number of studies of human-computer interaction 
(HCI). It involves studying and understanding the 

end user’s psychology and physiology so as to cre-
ate a design that will suit the user’s requirements. 
Computer can deliver information or instruction 
contingent upon a learner’s response [1].

Usability is what makes the product/software 
usable. In simple words, a user should be able to 
complete his work/task easily without any prob-
lems effectively and efficiently. This in turn re-
flects on the ease of use, effectiveness and effi-
ciency of the product/software where usability has 
a vital role to play.

With the consumer electronics industry reach-
ing saturation, companies have begun to realise 
and understand the benefits of researching and de-
veloping their products with a user centric design 
process and hence, usability has gained recogni-
tion and demand in the global market in the past 
decade. Though the usability industry is still in its 
nascent stages in the Indian market, it is catching 
up pretty fast and has achieved quite a number of 
remarkable achievements in the field.

1.1  Usability on the web

Usability is found to be vital in website develop-
ment (web usability). According to Jakob Nielsen, 
“Studies of user behavior on the Web find a low 
tolerance for difficult designs or slow sites. People 
don’t want to wait. And they don’t want to learn 
how to use a home page. There’s no such thing as 
a training class or a manual for a Web site. People 
should to be able to grasp the functioning of the site 
immediately after scanning the home page—for a 
few seconds at most. Otherwise, most casual users 
simply leave the site and browse or shop elsewhere.”

Though marketing techniques can bring in 
traffic to a website, it is the usability design and 
the impression that it leaves on the end users that 
makes them come back again. A website’s usabil-
ity goes a long way in defining the success, popu-
larity and image of the website.

A study on the usability evaluation methods 
in computer education practice
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Web usability is very crucial to the survival and 
success of a web site on the web. Web usability has 
evolved phenomenally after the arrival of Web 2.0 
and this has changed the way people interact with 
websites in innumerable ways. This made compa-
nies all over the world take up usability more seri-
ously as they began to realise that building websites 
without paying any attention to usability will take 
them nowhere. And to keep up with the competitors 
it becomes necessary to identify and understand the 
current trends in usability design on the web. Hence 
the study to identify, analyse and understand the cur-
rent/upcoming trends in usability design on the web.

Usability of mobile phone application is be-
coming an increasingly important area as the many 
applications previously run on desktop computers, 
are now running via mobile phone technologies 
[2]. Also, lack of user involvement in software 
development not only affects product quality but 
also resulted in user dissatisfaction [3].

1.2  Usability evaluation

ISO standards define usability as “the extent to 
which a system supports its users in completing 
their tasks efficiently, effectively, and satisfactori-
ly”. Usability evaluation is the process of evaluat-
ing a product’s features and usability in compari-
son to a standard benchmark. Based on the results 
that are arrived at, necessary changes/modifica-
tions are made in the product. Usability evaluation 
is a very important part of usability design as it is 
the process that tells us what the situation is, how 
the user finds the product to be, where the prod-
uct stands etc. It basically gives us a wholesome 
prototype to work on, providing us with direction 
to achieve our target. Usability evaluation can be 
done in many methods depending upon the prod-
uct and the requirements. 

A website evaluation is performed during us-
ability testing which includes the study of people 
who are using a particular product; their comfort 
level; user-friendliness; errors, if any and other 
areas where improvement is required. It also in-
cludes the measurement of user response in terms 
of efficiency, accuracy, recall and emotional re-
sponse. Initially a baseline test is performed which 
is generally compared with the subsequent tests in 
order to indicate improvement.

Usability testing is very different from other 
kinds of opinion research where data collection is 
basically the sample’s opinion. Rather it is a very 
systematic study that too under really controlled 
conditions in order to determine the positive as well 
as negative aspects while a user is using the product. 

During the testing process, the users are made 
to use the product for its intended purpose and not 
for the sake of the research. In most cases, this is 
done in a real life scenario/setting rather than a lab 
setup since a formal lab setup would be too stiff 
for a user to handle.

A usability testing process needs to take into 
account a number of parameters. A common set 
of ‘heuristics’ determine how usable a particular 
product/system is. Heuristics is referred to as the 
measures or the set of vital and standard parameters 
which determine the usability of a product/system. 
Some of the parameters are Navigation, help and 
support, workflow support, error handling, consis-
tency, functionality, control, visual clarity and lan-
guage used.

Navigation is the one which is taking the user 
to every page/content. It pathway and location 
needs to be clear and the user need to have a clear 
understanding on the source from where they have 
navigated and the destination in order to get back 
to the homepage without any confusions. Neat and 
clear navigational elements enable the user to go 
to almost all parts of the application and return 
back without any difficulty. In order to keep the 
users at ease, proper help and support needs to be 
provided in each and every page. They need to get 
the support to return back to their desired page if 
they’re lost in between. The application need to be 
designed in such a way that users need to complete 
their accomplished task and then leave the page; 
this is referred to as the workflow support. In case 
of any errors, which do occur for new users, clear 
explanation in a simple language and step-by-step 
instructions need to be given to handle it by them-
selves. The application need to be internally con-
sistent with all the effective functionalities. The 
user needs to be given control over the applica-
tion. The application need to have a good visual 
appeal and clear visual elements avoiding clutters. 

The advent of Web 2.0 which changed the way 
users interact with websites had an impact on this 
usability testing process too. It requires the usabil-
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ity experts to keep up with the new technologies 
and the avenues that they are opening up for them 
to explore. This way, a number of new parameters 
and technicalities have come into the usability 
testing process. In this study, the same are ana-
lyzed to try and understand how this affects the 
usability of a website.

1.3  Heuristic evaluation

According to the definition of Wikipedia (2013), 
A heuristic evaluation is a usability inspection 
method for computer software that helps to identify 
usability problems in the user interface (UI) design. 
It specifically involves evaluators examining the in-
terface and judging its compliance with recognized 
usability principles (the “heuristics”). These evalu-
ations are done as a small scale research. One to 
three evaluators independently examine a user in-
terface and judge its compliance with a set of stan-
dard usability principles. The result of this analysis 
is a list of potential usability issues or problems.

The usability principles, also referred to as us-
ability heuristics, are taken from published lists. 
Ideally, each potential usability problem is assigned 
to one or more heuristics to help facilitate fixing the 
problem. As more evaluators are involved, more 
true problems are found. According to the content 
referred from Wikipedia (2013) the advantages 
of this evaluation is that the method can provide 
some quick and relatively inexpensive feedback to 
designers. Feedback can be obtained early in the 
design process. Assigning the correct heuristic can 
help suggest the best corrective measures to design-
ers. And the disadvantage is that it requires a cer-
tain level of knowledge and experience to apply the 
heuristics effectively. Trained usability experts are 
sometimes hard to find and can be expensive. Mul-
tiple evaluators are recommended and results must 
be aggregated. The evaluation may identify more 
minor issues and fewer major issues.

1.4  Usability testing methods (Wikipedia, 2013)

 – Hallway testing: 
In Hallway testing (or Hall Intercept Testing), 

five to six random people, indicative of a cross-
section of end users, are brought in to test the 
product. The name of the technique refers to the 

fact that the testers should be random people who 
pass by in the hallway.

 – Remote testing: 
Remote usability testing (also known as un-

moderated or asynchronous usability testing) 
involves the use of a specially modified online 
survey, allowing the quantification of user testing 
studies by providing the ability to generate large 
sample sizes. Similar to an in-lab study, a remote 
usability test is task-based and the platforms allow 
you to capture clicks and task times. Hence, for 
many large companies this allows you to under-
stand the reason behind the visitors’ intents when 
visiting a website or mobile site. 

Also, this style of user testing provides an op-
portunity to segment feedback by demographic, 
attitudinal and behavioural type. The tests are 
carried out in the user’s own environment help-
ing further simulate real-life scenario testing. This 
approach also provides a vehicle to easily solicit 
feedback from users in remote areas, thereby mak-
ing it easier for the researcher.

 – Expert review: 
As the name suggests, this method relies on 

bringing in experts with experience in the field 
(possibly from companies that specialize in usabil-
ity testing) to evaluate the usability of a product.

 – Automated expert review: 
Similar to expert reviews, automated expert 

reviews provide usability testing but through the 
use of programs, given rules for good design and 
heuristics. Though an automated review might 
not provide as much detail and insight as reviews 
from people, they can be finished more quickly 
and consistently. The idea of creating surrogate 
users for usability testing is an ambitious move for 
the Artificial Intelligence community. 

2.  Review of literature

Seth Godin (2005) points out the importance 
of constantly reviewing and updating a website. 
In his book “Knock Knock” he says “You need 
to change your pages all the time. Daily, even. If 
you change your site all the time, you’ll demolish 
any competitor who assumes he/she got it right the 
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first time and is stuck … Whenever you can set up 
an evolutionary system, you win. Evolution is a 
simple idea: lots of semi-random mixing followed 
by an abrupt battle for supremacy. The fit ones win 
and replicate; the ones that lost, disappear” [4]

Jerilyn Prescott and Matt Crichton (1999) in 
their research work titled “Usability Testing: A 
Quick, Cheap, and Effective Method” state that 
for an effective test, it is important to develop a 
concrete plan [5] that:

– States the test’s objectives
– Identifies the participants
– Reflects the actual work environment
– Contains a set of tests to gather observations
– Has performance measurements
– Creates a set of recommendations.

Tasha Hollingsed and David G. Novick in their 
research work titled “Usability Inspection Methods 
after 15 Years of Research and Practice” state that 
many have claimed that usability inspection meth-
ods make for faster and more cost-efficient evalu-
ation of the usability of an interface than empiri-
cal user testing [6]. But while usability inspection 
methods do identify a number of usability problems 
faster and more cost-efficiently, the best performing 
evaluator and method still only found 44 percent 
of the usability problems found in a laboratory set-
ting. While the cognitive walkthrough is useful for 
predicting problems on a given task and heuristic 
evaluation is useful for predicting problems on the 
interface, empirical testing provides lots of informa-
tion throughout the interface and is the benchmark 
against which all other methods are measured.

Shiang-Kwei Wang and Chiachi Yang (2003) 
in their research work titled “The Interface Design 
and the Usability Testing of a Fossilization Web-
Based Learning Environment” state that in order 
to develop an effective user interface, designers 
must investigate and understand the target learn-
ers’ characteristics, including computer skills, pri-
or knowledge of the subject, and visual habits [7]. 
More important, the creation of an educational in-
novation and the interaction of learners with learn-
ing activities (which is the heart of learning itself) 
underlie the design of any computer interface and 
should be analyzed from the beginning.

Morten Sieker Andreasen, Henrik Villemann 
Nielsen, Simon Ormholt Schrøder and Jan Stage 

(2007) in their research work titled “What Hap-
pened to Remote Usability Testing? An Empirical 
Study of Three Methods”, compared four usability 
testing methods [8], namely:

– Laboratory testing (LAB)
– Remote synchronous testing (RS)
– Remote asynchronous expert testing (AE)
– Remote asynchronous user testing (AU)

They arrived at a conclusion that the results on 
asynchronous methods are not as clear and positive. 
The asynchronous methods intend to move the ma-
jority of effort from expert evaluators to ordinary 
users. Our findings confirm that the asynchronous 
methods are more time-consuming for the users 
and identify fewer usability problems. Moreover, 
the tests subjects could not provide a usable cat-
egorization of the usability problems. Despite the 
disappointing results, these methods may still be 
worthwhile to use because they relieve the expert 
evaluators from a considerable amount of work, 
and enable collection of use data from a large num-
ber of participants. Nielsen (1993, p. 165) describes 
usability testing as “the most fundamental usability 
method” and “irreplaceable” because it is the only 
mechanism that allows the researcher to obtain di-
rect, detailed information on the user’s experience 
with the product or tool being tested [9]. 

Nielsen (1997) says “If you stand over some-
one’s shoulder, you’ll get some idea of what’s 
working or not but people generally don’t perform 
well in front of a camera [10]. When someone else 
is watching, people are especially careful not to 
make mistakes — yet mistakes are exactly what 
you’re looking for.” (Dumas & Redish, 1993) Ev-
ery usability test has the primary goal of improv-
ing the usability of the end product, coupled with 
specific goals and concerns, such as the needs of a 
particular group of users or the implementation of 
the product in a particular environment. Accord-
ing to Dumas and Redish, in any usability test, the 
following four key factors must be present [11]:

– The participants represent real users.
– The participants do real tasks.
– The usability researcher observes and 

records what participants do and say.
– The usability researcher analyzes the data, 

diagnoses the problems, and recommends 
changes to fix the problems.
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3.  Learnings from usability training sessions 
(Arvind and Srinivas, 2011)

Interview with Arvind (2011), an usability test-
ing trainee and Srinivas (2011), an usability test-
ing expert has thrown more light on Usability de-
sign and testing [12]. The following is a discus-
sion from the same.

While performing any of the usability testing 
methods, make sure users have understood that the 
test is not on them instead it is on the application. 
The testing is for measuring both performance and 
subjective metrics and not just one of them. Check 
for the percentage of usability of the current ap-
plication. After this, evaluation of the application 
needs to be performed. Design your application 
from the user’s point of view as they are the one 
who is going to use it. Users goal analysis will also 
help you to come up with a successful design. Try 
to study the characteristics of a major user group 
for your application; they may represent the maxi-
mum population. Don’t forget to include scenarios 
i.e., a short story about a particular user with his/
her goal at your application. Measure the usability 
goal of your application for a particular set of us-
ers doing a particular task. Usability testing is not 
a mere project. The findings of the test need to be 
considered to change the prototype or the applica-
tion in order to enhance its user-friendliness. Re-
member to balance the time, budget and resource 
constraints when you are conceiving, designing 
and developing an application.

4.  Objectives of the study

– To understand the various Usability 
evaluation methods in practice.

– To analyse the effectiveness of the Usability 
testing method(s).

The hidden objective was to evaluate the effec-
tiveness of the Usability testing process, which will 
be compared with the other evaluation methods.

5.  Materials and Methods

An experimental research technique was used 
along with expert interviews.

5.1  Expert Interview

Three usability experts were interviewed indi-
vidually. The interviews were carried out in an un-
structured form which included instinctive and in-
tuitive questioning. The experts shared their knowl-
edge on the subject and their real time experience 
in the field to help me understand the concepts in-
volved better. This methodology put a lot of things 
into perspective and gave my research the direction 
that it needed. It also deeply affected the choice and 
the method of execution of second methodology.

The usability experts who were interviewed:
– Srinivas Pachipulusu, Usability expert and 

Technical Lead, UXD, HCL Technologies.
– Srinivasu Chakravarthula, Accessibility 

Manager, Yahoo! India
– Alexis Fernando John, Senior User Interface 

Designer, UXD, HCL Technologies
– Kartik Kannan, Product Manager, eBay

5.2  Experimental Research

Experimental research is a systematic and sci-
entific approach to research in which the research-
er manipulates one or more variable, controls and 
measures any change in other variables. It is a true 
experiment, in the strict sense, wherein the scien-
tist actively influences something/someone to ob-
serve the consequences.

The sample group was decided upon as post 
graduate college going students by the conve-
nience sampling method. This was followed by 
the selection of participants through a screening 
process. The screening questionnaire was used to 
assess the samples’ proficiency and knowledge 
levels with respect to computer usage. A group of 
eight users were selected for the Usability testing 
and another group of eight users were selected for 
the remote usability testing. The test was conduct-
ed at the Department of Media Sciences, College 
of Engineering, Guindy.

Microsoft Word 2007 was the application that 
was tested. The main reason for choosing this ap-
plication was that my user persona uses this appli-
cation in their everyday life to do college assign-
ments and research work.

The Usability test was conducted in a class-
room setup. While the test participants performed 
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the tasks, observations were made and data log-
ging was done. The participants were asked to fill 
two post-task questionnaires, a post test question-
naire and a product reaction sheet after the test. 
Laptop with a USB mouse for the users. A sec-
ond monitor screen, connected to the laptop and 
placed 5-6ft away from the laptop. A web camera 
cum screen capture software called Camtasia was 
used to capture the user’s reactions as well as the 
user’s onscreen performance of the tasks.

A pilot study was conducted before the actual 
usability test was carried out to ensure everything 
was in order for the actual test. Based on the re-
sults obtained from the pilot study, minor changes 
were made to the task script and the test set-up to 
make them as close to the ideal set up as possible.

The final test setup included a dual monitor 
arrangement connected serially to the laptop, Mi-
crosoft Word 2007 (evaluation copy), Camtasia 
Studio 7 (trail version) for screen capture and web 
cam video capture. The administrator was seated 
beside the user at the laptop booth while the data 
logger and observer were seated at the monitor 
booth which was placed at a distance from the 
user. This setup made it easier for the user and they 
did not feel conscious at all about the fact that they 
were being observed. It also made it easier for the 
observer and the data logger to do their part in the 
process without any difficulty.

Two employees of HCL technologies were inter-
nally recruited for the testing process. The test was 
carried out one participant at a time. The participants 

were made comfortable and briefed about the test 
process to make it easier for them to get started. The 
administrator walked them through the entire test, 
interacting with them, making sure that they were 
feeling comfortable and eliciting valuable feedback.

After each task, the administrator asked the 
participant to rate the task that they had just com-
pleted based on its ease of use on a five point likert 
scale. The scale had values ranging from Very Dif-
ficult to Very Easy.

After all the tasks were completed, the admin-
istrator asked the participant to rate Microsoft 
Word 2007 using a five point likert scale in terms 
of user-friendliness. The scale had values ranging 
from Strongly Disagree to Strongly Agree.

The participants were then asked to fill a product 
reaction sheet by ranking in order of one to five, any 
five words from the provided list that would best 
describe their reaction after using the Microsoft 
Word 2007. Apart from the observer sheet, the data 
logger sheet and the questionnaires, the video feeds 
recorded during the test were used for data analysis.

In the remote usability testing method, all the 
eight users’ computers/laptops were connected to 
the administrator computer via broadband inter-
net. Skype was used for video calling and Team 
Viewer (evaluation copy) was used for screen 
sharing. Camtasia Studio 7 (trial version) was 
used from the administrator’s end to capture both 
the screen feed that was relayed via Team Viewer 
and the web-cam video feed from Skype in Picture 
in Picture (PIP) format.

Table 1.  User feedback
Tasks Task Rating User Impressions

Task 1
Inserting a rank 
column 4/5 1 participant who took 190 seconds to complete this task initially gave up since 

he had no idea about it, and completed this task by a trial and error method.

Changing page 
orientation 3.87/5

Users found it difficult to perform this task as they felt that, in the previous 
version of MS Word, the ‘page setup’ option was available in the Office button. 
All the users exhibited the Baby Duck Syndrome.

Task 2
Coloring the table 
header 4/5 1 participant told that he found it difficult to spot the background shading option.

Rearranging table 
data 2.25/5 1 participant told that ‘Sort’ icon looks very similar to the ‘Style-change’ icon.

1 participant told that she was not able to identify the ‘Sort’ icon.
Saving in 2003 
compatible format 5/5 -

(1 – Very difficult, 2 – Difficult, 3 – Moderate, 4 – Easy, 5 – Very easy)
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Table 2.  Average time taken for each task and sub task
Task Average time taken by users who completed the task

Task 1 116 seconds
Sub Task 1 – Inserting columns 67.5 seconds
Sub Task 2 – Changing page orientation 48.5 seconds
Task 2 183.60 seconds
Sub Task 1 – Coloring the table headers 51.60 seconds
Sub Task 2 – Rearranging the table 114.50 seconds
Sub Task 3 – Saving in a compatible format 17.50 seconds

Table 3.  Completion rate for each sub task
Task Completion Rate

Task 1
Sub Task 1 – Inserting columns 100%
Sub Task 2 – Changing page orientation 100%
Task 2
Sub Task 1 – Coloring the table headers 100%
Sub Task 2 – Rearranging the table 75%
Sub Task 3 – Saving in a compatible format 100%

6.  Analysis and interpretation

Expert interview analysis:
Heuristic evaluation is not recommended for 

amateurs and beginners with no prior experience in 
the field of usability. Though freshmen will be able 
to point out valuable pointers that are often missed 
by the conditioned eyes of the senior analysts, they 
are more likely to miss out on noticing major flaws.

User testing is by and large the best method to 
evaluate a prototype. Be it remote or real time, the 
feedback obtained from the users makes a huge 
difference. It if important to classify the users 
based on their capability and experience before 
the testing process since the learning curve in case 
of no-vice users will be very high, thereby result-
ing in inaccurate results.

Workplace testing is better than a formal lab set 
up testing. The workplace testing makes it easier 
for the user as well as the analyst. It is less expen-
sive and very effective.

Though remote testing is cost effective, there 
are several disadvantages in using this method 
such as technical problems, time difference and 
communication gap.

6.1   Experimental Research – Usability test 
findings

6.1.1  User feedback

User Feedback (Table 1).

6.1.2  Data metrics

Average time taken for each task and sub task 
(table 2).

6.1.3  Error rates for Task 1

Error rates for task 1 (Table 4).

6.1.4  Overall Error rates

Overall error rates (Table 5).

6.1.5  User satisfaction Index

User Satisfaction Index (Table 6).

6.2  Experimental Research – Remote Usability 
test findings
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Table 4.  Error rates for task 1
Task 1

Sub Tasks Critical error rate Critical errors
Task 1
Inserting columns - -

Changing page 
orientation 3

•	Right clicked to check for page orientation and browsed for 
options in insert tab.

•	Home tab, checked in design table.
•	Searched for page orientation in alignment and page lay out

Task 1 – Non critical errors
Sub tasks Non critical error rate Non critical errors
Inserting columns - -

Changing page 
orientation 4

•	Two users searched for page set up in office button and table 
layout

•	Two users searched in margins.
Task 2 – Critical errors

Sub tasks Critical error rate Critical errors

Coloring the table 
header 2 •	Searched for option in design tab, used highlight option

•	Searched in table properties
Rearranging table data 1 •	Browsed every tab, had difficulty in naming the columns
Saving in 2003 
compatible format - -

No non critical errors were observed in Task 2.

Table 5.  Overall error rates
Task 1 116 seconds

Sub tasks Critical error Non critical error Over all error
Inserting columns - - -
Changing page orientation 3 2 5
Task 2
Sub tasks
Coloring the table header 2 - 2
Rearranging table data 1 - 1
Saving in 2003 compatible format - - -

Table 6. User Satisfaction Index
Tasks Task Rating Users Impressions

Task 1
Inserting a rank column 3/5 Moderate
Changing page orientation 3/5 Moderate
Task 2
Coloring the table header 4/5 Easy
Rearranging table data 2/5 Difficult to Moderate
Saving in 2003 compatible format 5/5 Very Easy
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6.2.1  User feedback

User feedback (Table 7).

6.2.2  Data metrics

Average time taken for each task and sub task 
(Table 8).

Completion rate for each sub task (Table 9).

6.2.3  Error rates for Task 1 and Task 2

Error rates for task 1 and task 2 (Table 10).

6.2.4  Overall Error rates

Overall error rates (Table 11).

6.2.5  User satisfaction Index

User Satisfaction Index (Table 12).

7.  Findings

Ribbon UI has a high learning curve. The ‘Sort’ 
option is very difficult to locate and has a highly 
unintuitive icon which resembles the ‘Change 
Styles’ option icon. The users mental model also 

Table 7. User feedback of remote usability testing
Tasks Task Rating User Impressions

Task 1
Inserting a rank 
column 3/5 Six users completed this task with difficulty in multiple attempts. Two users 

gave up this task

Changing page 
orientation 3/5

Most notable observation was that one particular user resorted to the inbuilt 
Help option to locate the page orientation option. Seven out of the eight users 
had difficulty in locating the option.

Task 2
Coloring the table 
header 3.5/5 Users resorted to using multiple pathways to complete this task. This showed 

how complexly this option has been mapped.
Rearranging table 
data 2/5 The users right clicked and looked for the Sort option in the context menu. 

Only two users completed this task
Saving in 2003 
compatible format 5/5 -

(1 – Very difficult, 2 – Difficult, 3 – Moderate, 4 – Easy, 5 – Very easy)

Table 8. Average time taken for each task and sub task
Task Average time taken by users who completed the task

Task 1 135.80 seconds
Sub Task 1 – Inserting columns 79.30 seconds
Sub Task 2 – Changing page orientation 56.50 seconds
Task 2 217.12 seconds
Sub Task 1 – Coloring the table headers 60.87 seconds
Sub Task 2 – Rearranging the table 141.25 seconds
Sub Task 3 – Saving in a compatible format 15 seconds

Table 9.  Completion rate for each sub task
Task Completion Rate

Task 1
Sub Task 1 – Inserting columns 75%
Sub Task 2 – Changing page orientation 75%
Task 2
Sub Task 1 – Coloring the table headers 62.50%
Sub Task 2 – Rearranging the table 25%
Sub Task 3 – Saving in a compatible format 100%
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reflected that the Sort option is a frequently used 
option according to them. The ‘Page Orientation’ 
option was not mapped correctly as per the users’ 
mental model who are used to the earlier versions 
of Microsoft Word.

Remote testing was not as effective as real time 
testing in the aspect of interaction with the user. 

The users often got distracted and were not pay-
ing attention to what the administrator was trying 
to say. Technical difficulties included connectiv-
ity issues, poor audio/video feed, audio delay and 
frozen screens at times. It was easier to observe 
the users and drive the test process in the right di-
rection in the real time testing as compared to the 

Table 10.  Error rates for task 1 and task 2
Task 1

Sub Tasks Critical error rate Critical errors
Task 1

Inserting columns -
•	Moved the existing column out of the table.
•	Tried copying and pasting a column resulting in a table in table.
•	 Inserted two columns by mistake using the quick table option.

Changing page 
orientation 6

•	Searched for the option in the view, design and layout options but 
failed to check in the page layout option.

•	Searched in the Office Button menu.
Task 2 – Critical errors
Sub tasks Critical error rate Critical errors
Coloring the table 
header 2 •	Searched in the context menu and the right click menu.

•	Searched in table properties

Rearranging table 
data 1

•	Tried selecting and dragging rows.
•	Selected the column header and right clicked and searched for the 

Sort option
Saving in 2003 
compatible format - -

No non critical errors were observed in both the Tasks.

Table 11. Overall error rates
Task 1 116 seconds

Sub tasks Critical error Non critical error Over all error
Inserting columns - - -
Changing page orientation 3 2 5
Task 2
Sub tasks
Coloring the table header 2 - 2
Rearranging table data 1 - 1
Saving in 2003 compatible format - - -

Table 12.  User Satisfaction Index
Tasks Task Rating Users Impressions

Task 1
Inserting a rank column 4/5 Easy
Changing page orientation 3.87/5 Moderate to Easy
Task 2
Coloring the table header 4/5 Easy
Rearranging table data 2.25/5 Difficult to Moderate
Saving in 2003 compatible format 5/5 Very Easy
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remote testing. It was also noted that, users’ inter-
est levels and focus was higher in the real time 
usability testing. Actuality was lost in the remote 
testing since the scenario was not in the admin-
strator’s control unlike the real time testing.

Remote testing definitely is easy to administer 
and cost effective but is not as effective. Though the 
probability of getting feedback is low in case of re-
mote testing, any feedback obtained is of great val-
ue and will help spot major problems in the design. 
The verbal feedback obtained during the real time 
testing was very valuable in identifying problems. 
Some of the users were being conscious about the 
dual monitor setup initially and were tending look 
at the observer and data logger from time to time. 
Though this did not disturb the process as such, this 
did affect the time logs for the tasks.

8.  Suggestions

Workplace testing or Hallway testing could be 
used in the place of the formal lab testing as it is 
advantageous for both the analysts as well as the 
participants. Contrary to the ideal setup, the data 
logger and the observer could be discounted from 
the test. This is because the video feeds obtained 
in the Picture in Picture (PIP) format can later be 
used for making observations and data logging. 
The main advantage of doing so is that the user 
will be more comfortable and authentic; real time 
feedback can be obtained.

Remote testing is very useful when user perso-
nas across a vast geography are to be involved in 
the testing. Remote testing does save time and cost 
but should be used as the last resort since the con-
venience and ease of administering the test cannot 
make up for the variations and inaccuracy in the 
test results that it causes.
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Abstract

This paper aims to explore the operating ef-
ficiency and the benchmark management for 
accounting firms in the U.S. This study also 
presents an extension to the data envelopment 
analysis (DEA) method for assessing the perfor-
mance of the top 50 accounting firms in the U.S. 
The results show that the Big 4 accounting firms 
operate slightly better on average than non-Big 4 
accounting firms. The primary reason may be due 
to the fact that the Big 4 accounting firms own bet-
ter image, numerous staff, and the advantage of 
possessing economies of scale, therefore, they are 
able to offer various and convenient service. The 
assessment can assist the managers to improve the 
operational management and to help the account-
ing firms on better delivering and efficient service 
to their customers. The potential applications and 
strengths of DEA in assessing the public account-
ing industry are highlighted.

Key words: Data envelopment analysis, Ac-
counting firms, Performance

1.  Introduction 

Accounting firms have witnessed many merg-
ers or shutdowns during the past ten years. In 2002, 
Arthur Andersen was dissolved due to the Enron 
crisis. After 2002, accounting firms in the U.S. 
have merged into four major accounting firms. The 
United States Government Accountability Office 
(GAO, 2008) report showed that these four firms 
account for 94.4% of the U.S. audit market. Of 
that number, PricewaterhouseCoopers accounted 
for 30.3%, Ernst & Young accounted for 23.5%, 
Deloitte & Touche accounted for 21.2%, KPMG 
accounted for 19.4%; non-Big four (Midsize firms 
and Smaller firms) accounted for only 5.6 %. 

The accounting scandals and Sarbanes-Oxley 
Act (SOX) of 2002 have led to large increases in 

required audit work, and corresponding increases 
in audit fees for public companies.  In response to 
increased scrutiny and risk, audit firms have report-
edly increased their efforts, which resulted in higher 
costs [1]. Researchers have found increases in audit 
fees in the post-SOX period are mostly due to Sec-
tion 404, which requires an auditor’s attestation of 
management’s report on internal control [2-4]. 

In addition, [5] argued that public accounting 
firms with profit margins of an auditing firm under 
competition are expected to be squeezed from two 
directions in an effort to win bids: a cost “push” 
due to higher quality service, and reduction in 
audit fees. These reduced profit margins under 
competition should therefore force more efficient 
resource allocation on the part of the audit firms. 
The factors mentioned above are making account-
ing firms face more cut throat competition, which 
relates to the efficiency of each firm, and in turn 
also directly affects the performance of each firm.

With the implementation of Sarbanes-Oxley, 
accounting firms face more intense competition. 
Due to Section 201 and Section 404, the market 
of accounting firms may face restructuring. In 
addition, due to the increase in audit fees, many 
companies are considering using non-Big four ac-
counting firms to replace the big four accounting 
firms [2, 3]. How to enhance accounting firm per-
formance with insights into resources allocation, 
competitive advantage, and strategic decision-
making, especially regarding the issue of opera-
tional style under an intense competitive environ-
ment becomes important issues.

The current study employs the Data Envelop-
ment Analysis (DEA) as the fundamental tool for the 
following reasons: First, the use of a single measure 
ignores any interactions, substitutions or tradeoffs 
among various firm performance measures in per-
formance evaluation [6, 7]. DEA has been proven to 
be effective in performance evaluation when multi-
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ple performance measures are present [8-11]. Sec-
ond, DEA does not require prior information about 
the relationship among multiple performance meas-
ures. DEA estimates the empirical tradeoff curve 
from observations. Finally, a number of studies on 
accounting firm efficiency in accounting economics 
have successfully used DEA [12-16].

This paper discusses four practical issues. The 
first issue concerns different operational charac-
teristics. Various accounting firms’ characteris-
tics are evaluated to determine their relationships 
to the accounting firm industry’s efficiency. The 
accounting firm’s operating characteristics (i.e., 
scale, operation type, main sources of revenues) 
need to be figured out so to provide insight into 
what causes imperfect competition conditions 
for some accounting firms. The results will also 
be used to assist managers in improving their ac-
counting firms by benchmarking their accounting 
firms against similar accounting firms.

The second issue is related to a benchmark-
learning roadmap. The context-dependent DEA, 
by incorporating the stratification DEA method, 
attractiveness measure, and progress measure, can 
draw a benchmark-learning roadmap in order to 
help inefficient accounting firms progressively im-
prove and to identify the best-operating account-
ing firm. By applying the benchmark-learning 
roadmap, an inefficient accounting firm can set 
short-term and medium-term improvement targets 
which are more realistic and reasonable. 

The third issue concerns a situation whereby 
using the DEA model may produce many account-
ing firms with a fully efficient status denoted by 
unity. These efficient accounting firms are worthy 
of further analysis to identify the real benchmark. 
Utilizing the attractiveness and progress measure, 
we list performance ranking and provide strategic 
improvement suggestions.

The fourth issue concerns sensitivity analysis. 
This paper attempts to apply sensitivity analysis 
with different views. To understand the relative 
importance of each item, we measure the relative 
contribution of each factor with various levels. By 
employing the sensitivity analysis, we know the 
advantages and disadvantages of accounting firms 
at various levels.

This paper is organized as follows: Section 2 
reviews the existing literature on the accounting 

firm’s industry. Section 3 introduces the selection 
criteria and description of the sample data. Then, 
an introduction of the methodology is addressed 
in Section 4, empirical results and interpretations 
are provided in Section 5, and Section 6 concludes 
with the findings of this study.

2.  Literature review 

The following are previous studies that used 
DEA to investigate the relative efficiency of the 
accounting firm’s industry. [16] used 5 ratios and 
DEA to evaluate the productivity and the efficien-
cy of 100 top accounting firms published in Ac-
counting Today in 1995. The result showed that 
using income as the basis for ranking overlooked 
resource utilization by firms; the single-productiv-
ity judgment indicated that the resource utilization 
was relatively good. In other words, total income 
would not increase even though productivity was 
increased; the only reason why the small-scale 
firm could increase gains is by providing diversi-
fied service to its customers. There is no significant 
difference in accounting and auditing incomes be-
tween the high-efficiency firms and low-efficiency 
firms. The significant difference is that the top 10 
firms evidently focus on the Management Adviso-
ry Service (MAS), with less accounting, auditing 
or tax service. And the efficiency of small-scale 
firms can be higher than 6 of those top firms.

[15] used the detailed data of the 1994 Survey 
Report on Taiwan Accounting Firms as samples, 
employed DEA to evaluate the technical efficiency 
and used the tobit regression model to check the 
relationship between the technical efficiency and 
external factors. The result showed that on aver-
age, Taiwan accounting firms can keep the same 
level of service by cutting 27.8% input. Besides, 
the low-efficiency firm input is on average 38% 
higher than the high-efficiency firms a year. The 
tobit regression result showed that firm scale, age, 
service density and number of licensed staff have 
significant influence on efficiency.

Based on the data of 64 of the top 100 firms 
released on the Accounting Today from 1995 to 
1999, [12] evaluated the change of related ef-
ficiency using DEA and found that during the 
period of 1995-1999, productivity was lifted by 
9.5% mainly because the technical efficiency in 
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the production function was improved by 12%. In 
the early stage, firms opened the MAS which have 
greatly promoted the progress of technical effi-
ciency in this industry. Many firms have placed 
a strong emphasis on the MAS. Recently, it has 
been found that MAS could have direct positive 
influence on productivity.

[13] employed DEA to evaluate the change of 
related efficiency based on the data of the top 100 
U.S. accounting firms published in Accounting 
Today from 1995 to 1998. This paper replaced the 
single input and output amount with income and 
cost, and used DEA to evaluate the low-efficiency 
of technique and distribution. They found that dur-
ing the period of 1995-1998 there was inefficien-
cy distribution over American accounting firms, 
which meant that those firms did not fully readjust 
their resources to the volatile market. 

[14] investigated productivity growth, technical 
progress, and efficiency change of the 56 largest 
CPA firms in the US between the periods before 
(1996–1999) and after (2003–2006) the Sarbanes–
Oxley Act. They indicated that on average there 
was a productivity growth of approx. 17% among 
CPA firms from the pre- to post-SOX period. In ad-
dition, they also found that the “Big 4” firms per-
formed worse than their non-Big 4 counterparts in 
both productivity growth and technical progress.

There are some improvement suggestions that 
have been provided for inefficient DMUs in a 
number of previous DEA papers. Nevertheless, 
the targets in those improvement suggestions may 
be very difficult or impossible to achieve owing 
to a wide range of improvements. In this study, 
we utilize the context-dependent DEA model to 
solve the above-mentioned problem. By incorpo-
rating the stratification DEA method, attractive-
ness measure, and progress measure, the context-
dependent DEA can draw a benchmark-learning 
roadmap to help inefficient accounting firms im-
prove progressively and to identify the best-oper-
ating accounting firms.

3.  Data selection and description

It has been generally accepted that a multi-factor 
performance measurement model can provide a bet-
ter characterization, since an organization’s perfor-
mance is a complex phenomenon requiring more 

than a single criterion for characterization [17]. From 
a systems perspective, organizational activities re-
fer to the conversion of inputs in various resources 
to output. Output is a concrete measurement which 
shows that an organization has reached its objectives.

Public accounting firms perform a broad range 
of Auditing Services (A&A), Tax Services (TAX), 
and Management Advisory Services (MAS) for 
their clients, which may include corporations, gov-
ernments, non-profit organizations, or individuals. 
A&A includes compilations, special reports, and re-
views in addition to engagements involving the at-
test function. TAX includes tax research, planning, 
and preparation work. MAS is defined as consult-
ing, systems development, integrating and reselling 
computer equipment and software, and any other 
management assistance. These services require a 
lot of manpower to complete. Therefore, personnel 
costs constitute a significant fraction of total costs 
for public accounting firms. Many prior studies for 
public accounting firms take human resources and 
revenue as input and output factors [12-15]. The in-
put and output variables used in this study refer to 
[12-14]. In this study, the production approach is 
used to design the performance model, namely fo-
cusing on operating performance. The performance 
model measures the operating performance of ac-
counting firms using three inputs to produce four 
outputs. The input and output factors used in this 
study are defined as follows.

Input factors:
– Number of partners: refers to number of all 

owners and shareholders.
– Number of other professionals: refers to 

professionally qualified staff who perform 
the accounting and other services offered by 
the firm, including staff accountants, senior 
accountants, and managers.

– Number of other employees: refers to clerical 
and support personnel, usually involved in 
administration, printing of reports, record 
keeping, and the like.

Output factors:
– Accounting and auditing revenues (AA): 

refers to revenues from Accounting and 
Auditing. 

– Tax services revenues (Tax): refers to 
revenues from Tax Services. 
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– Management advisory revenues (MAS): 
refers to revenues from Management 
Advisory Services.

– Other revenues (ROTS): refers to revenues 
other than the three items mentioned above.

This study investigates the top 50 accounting 
firms in the U.S. based on the accounting firms’ 
operation data shown in 2007. In the DEA analy-
sis each of these accounting firms is treated as a 
DMU. Table 1 presents descriptive statistics for 
our dataset. Input/output data are published in Ac-
counting Today in 2007.

Table 2 shows the correlation matrix of inputs 
and outputs. All the correlation coefficients are 
positive and significant. Therefore, these inputs and 
outputs hold ‘isotonicity’ relations, and thus these 
variables are justified to be included in the model 
[18, 19]. [20] suggested that the number of DMUs 
should be at least triple the number of inputs and 
outputs considered. In this study the number of 
accounting firms is 50, which is larger than triple 
the number of inputs (3)/outputs (4), or 50 > 3(3 + 
4) = 21. Consequently, the developed DEA model 
should hold a high construct validity in this study.

4.  Methodology

4.1.  Technical Efficiency Measure

Modern efficiency measurement begins with 
[21] who drew upon the work of [22] to define 
a simple measure of firm efficiency which could 
account for multiple inputs. He proposed that the 
efficiency of a firm consists of two components: 
technical efficiency, which reflects the ability of 
a firm to obtain minimal inputs from a given set 
of output, and price efficiency, which reflects the 
ability of a firm to use the inputs in optimal pro-
portions, given their respective prices. These two 
measures are then combined to provide a measure 
of total economic efficiency [23].

Estimating price efficiency requires the use of 
input, output and price data. If the price data are 
not available, the estimation of price efficiency is 
not possible [13]. Cost information is mainly used 
for the internal management, is usually not show 
in the public financial statements [24]. Since many 
firms treat their price data as confidential or sen-
sitive information, price data are often not avail-
able. Therefore, prior studies for public account-
ing firms only explore for technical efficiency [12, 

Table 1.  Descriptive statistics for the 50 accounting firms
Mean Std. Dev. Minimum Maximum

Inputs Variables
Number of partners (x1) 278.6 598.7 16.0 2,758.0
Number of other professionals (x2) 2,458.0 6,005.6 153.0 29,725.0
Number of other employees (x3) 691.1 1,674.5 30.0 8,515.0

Outputs Variables
Accounting and auditing revenues (y1) 414.4 1,143.4 8.8 5,292.7
Tax services revenues(y2) 203.1 518.2 9.8 2,192.7
Management advisory revenues (y3) 123.8 460.0 0 2,955.0
Other revenues (y4) 37.7 154.8 0 1,044.9

Note: All items of revenues are measured in million dollars.

Table 2.  Correlation coefficients among input variables and output variables
Inputs Variables Outputs Variables

X1 X2 X3 Y1 Y2 Y3 Y4
X1 1
X2 0.994*** 1
X3 0.924*** 0.946*** 1
Y1 0.976*** 0.967*** 0.854*** 1
Y2 0.990*** 0.985*** 0.894*** 0.995*** 1
Y3 0.694*** 0.722*** 0.787*** 0.556*** 0.614*** 1
Y4 0.663*** 0.707*** 0.746*** 0.678*** 0.697*** 0.269* 1

Note: ***Denotes significance at the 0.01 level.;  *Denotes significance at the 0.1 level.
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14, 15]. For the reason, the paper also extends the 
technical efficiency analysis for Accounting Firms 
in the U.S.

Assume that the objective of each DMU is to 
minimize its inputs, keeping the output level con-
stant in the CCR model [25]. The technical effi-
ciency (TE) of the target DMUO (o=1, . . . , n) can 
be computed as a solution to the following linear 
programming problem:
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where n is the number of DMU and m and s are 
the number of inputs and outputs; lj be a weight 
given to jth DMU in the construction of the best 
practice frontier. 

The LP problem is solved n times by varying the 
index ‘o’ over all DMUs. Each LP problem yields a 
set of solution values for q, lj. The optimal value of 
q	is its minimum value over all possible values of 
q	that satisfy the set of constraints in the LP prob-
lem and is the efficiency score for a target DMU, 
TE=q. If TE=one, then the target DMU is techni-
cally efficient. If TE is smaller than one, then the 
target DMU is technically inefficient. The solution 
value of lj  indicates whether the jth DMU serves 
as a role model or peer for the target DMU. If lj =0, 
then the jth DMU is not a peer. However, if lj >0, 
say lj =0.25, then jth  DMU is a peer DMU with a 
25% weight placed on deriving the target efficient 
output and input levels for the target DMU.

4.2.  Context-Dependent DEA

DEA is a methodology for identifying the ef-
ficient frontier for DMUs. The context-dependent 
DEA, by incorporating the stratification DEA 
method, attractiveness measure, and progress 
measure, can draw a benchmark-learning roadmap 
to help inefficient DMUs improve progressively 
and to identify the best-operating DMU. Referring 

to the DEA approach, the context-dependent DEA 
evaluates DMUs against a specific context, or a 
specific performance level [26]. The basic idea of 
the context-dependent DEA is that DMUs can be 
divided into different levels of efficient frontier. 
Once the original efficient frontier is removed, a 
new second-level efficient frontier will be formed 
by the remaining DMUs. While the above process 
keeps operating, a series of frontiers are construct-
ed as a scaling ladder grouping the DMUs into 
several stratifications. 

Context-dependent DEA is developed to meas-
ure the attractiveness and progress of DMUs with 
respect to a given evaluation context. The attrac-
tiveness measure estimates the competitiveness of 
DMU processes; the progress measure estimates 
to which extent a DMU needs to improve. Differ-
ent strata of efficient frontiers instead of the tra-
ditional only-one-first-level efficient frontier are 
used as evaluation contexts. The context-depend-
ent DEA is favoured in this study since it produces 
finer results, which enables us to distinguish the 
performance of the top 50 U.S. accounting firms. 

We illustrate input-orientated DEA using a 
simple example involving thirteen DMUs (G1, 
G2,…, and G13) which use two inputs to produce 
a single input. First, all thirteen DMUs are strati-
fied into three levels including Level 1, Level 2, 
and Level 3 efficient frontiers. The Level 1 effi-
cient frontier consists of the bold line G1G2G3G4. 
The Level 2 efficient frontier consists of the bold 
line G5G6G7G8G9. The Level 3 efficient frontier 
consists of the bold line G10G11G12G13. The rel-
ative attractiveness is obtained when DMUs with 
the worse performances are chosen as the evalua-
tion context and the relative progress is obtained 
when DMUs with better performance are chosen 
as the evaluation context. 

For example, the DMU G7 lying on Level 2 ef-
ficient frontier. To measure its relative attractive-
ness let 7OG , the line from zero to G7, cross the 
Level 3 efficient frontier line at B (see Fig. 1) when 
DMUs (G10, G11, G12, and G13.) lying on Level 
3 efficient frontier are chosen as the evaluation 
context.  Then, the relative attractiveness of DMU 
G7 can be evaluated by 7OB OG . To measure its 
relative progress let 7OG , the line from zero to 
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G7, cross the Level 1 efficient frontier line at F 
(see Fig. 1) when DMUs (G1, G2, G3, and G4.) 
lying on Level 1 efficient frontier are chosen as 
the evaluation context.  Then, the relative progress 
of DMU G7 can be evaluated by 7OF OG . Fig-

ure 1 shows a context-dependent DEA model to 
highlight this principle. The detail linear program-
ming expression of technical efficiency measure is 
given in [26].

Figure 1.  The concept of context-dependent DEA 
(Input-Orientated DEA using two inputs to produce 
a single output)

5.  Empirical Results

5.1.  Performance of the Top 50 accounting 
firms in USA

Based on the controllable aspect from a man-
ager’s point of view, the performance model in this 
study is operated under the assumption of input 
minimization (also known as input orientation). 
The technical efficiency (TE, Mean=0.811) is re-
produced in Table 3. In this study, 17 of 50 account-
ing firms were found to be efficient (34.00%). This 
indicates that the majority of accounting firms still 
have room for improving their efficiencies. To de-
termine whether or not differences exist in scale, 
operation type and main sources of revenues, a non-
parametric statistical analysis (Kruskal-Wallis test 
or Mann-Whitney test) is used [27] for unknown 
distribution scores. A non-parametric statistical 
analysis is presented in Table 4. 

The result is that operating efficiency quality 
of the 50 U.S. accounting firms significantly differ 
due to scale and main sources of revenues. The Big 
4 accounting firms operate slightly better on aver-
age than non-Big 4 accounting firms. The primary 
reason maybe that the Big 4 accounting firms have 
better images and also have the advantage of pos-
sessing economies of scale. Furthermore, the dif-
ference of main revenue sources obviously influ-
ences efficiency. Accounting firms that rely mainly 
on accounting and auditing on average has slightly 
weaker operations than other accounting firms. This 
result shows that in order to raise operating efficien-
cy, accounting firms in the future can strengthen tax 
services and management advisory services.

We further explore the relationship between 
revenue per FTE and operating efficiency. This 
result shows that revenue per FTE and operating 
efficiency is highly relevant (correlation coef-
ficient=0.777). This indicates that the relatively 
efficient firms have generally higher revenue per 
FTE. However, this result is unable to offer specif-
ic improvement suggestions for inefficient firms. 
Therefore, we develop a benchmark-learning road-
map in next section. By applying the benchmark-
learning roadmap, an inefficient accounting firm 
can set short-term and medium-term improvement 
targets which are more realistic and reasonable.

5.2.  Developing a benchmark-learning roadmap

For target improvement, the benchmarks de-
rived from the traditional DEA methods can be-
come un-imitable or unattainable goals for the 
inefficient accounting firms. A series of step-by-
step benchmarks (or called ‘a benchmark-learning 
roadmap’) is used by an inefficient accounting 
firm to learn and to gradually improve its operat-
ing efficiency to be more realistic and reasonable.

The context-dependent DEA, by incorporat-
ing the stratification DEA, attractiveness measure, 
and progress measure, can draw up the accounting 
firms’ benchmark-learning roadmap to progres-
sively improve inefficient accounting firms and 
can help identify those accounting firms. By us-
ing the stratification DEA model, Eq. (2), the four 
levels of efficient frontiers are reported in Table 5. 
According to [28], the benchmark targets of the 
inefficient accounting firms at level 4 should take 
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Table 3.  Efficiency scores of the 50 accounting firms

Code Accounting firms TE Revenue/FTE
(USD) Code Accounting firms TE Revenue/FTE

(USD)
F01 Deloitte & Touche 1.000 240,255.6 F26 Wipfli 0.611 133,533.4
F02 Ernst & Young 1.000 303,654.6 F27 Anchin, Block & Anchin 1.000 246,498.6
F03 PricewaterhouseCoopers 1.000 235,963.8 F28 Berdon 1.000 199,063.2
F04 KPMG 1.000 243,466.8 F29 Marks Paneth & Shron 0.765 174,097.7

F05 RSM/McGladrey & 
Pullen 0.689 168,948.1 F30 Cherry, Bekaert & 

Holland 0.563 126,885.2

F06 Grant Thornton 0.756 186,623.8 F31 Citrin Cooperman & Co. 1.000 224,299.1

F07 BDO Seidman 0.864 211,490.1 F32 Amper, Politziner & 
Mattia 0.647 160,491.1

F08 CBiz/Mayer Hoffman 
McCann 0.757 106,039.8 F33 Goodman & Co. 0.653 145,790.6

F09 Crowe Group 0.946 204,758.3 F34 Parente Randolph 0.612 130,632.4
F10 BKD 0.747 181,818.2 F35 Carr, Riggs & Ingram 0.661 159,228.9
F11 Moss Adams 0.676 165,448.9 F36 Armanino McKenna 1.000 227,482.8
F12 UHY Advisors 0.920 190,584.2 F37 BMC 0.571 135,514.4
F13 Plante & Moran 0.743 174,768.0 F38 The Rehmann Group 0.572 118,634.7

F14 Clifton Gunderson 0.613 127,445.5 F39 The Schonbraun McCann 
Group 1.000 225,666.7

F15 J.H. Cohn 1.000 204,761.9 F40 Vitale, Caturano & Co. 0.802 175,801.7
F16 Virchow Krause & Co. 1.000 177,436.3 F41 Withum Smith & Brown 0.851 193,871.0

F17 Reznick Group 0.546 131,600.0 F42 Schenck Business 
Solutions 0.491 115,374.0

F18 Dixon Hughes 0.757 177,644.7 F43 Morrison, Brown, Argiz 
& Farra 1.000 219,444.4

F19 LarsonAllen 0.629 151,621.4 F44 Beers & Cutler 0.874 176,893.2

F20 Rothstein, Kass & Co. 0.701 158,433.7 F45 Holthouse Carlin & Van 
Trigt 1.000 210,800.0

F21 Weiser 0.753 187,125.7 F46 Friedman 0.706 182,142.9
F22 Marcum & Kliegman 1.000 227,417.0 F47 Aronson & Co. 1.000 232,534.6
F23 Smart 1.000 203,866.4 F48 Hein & Associates 0.696 177,689.5

F24 Eisner 0.936 229,281.0 F49 Suby, Von Haden & 
Associates 1.000 115,589.6

F25 Eide Bailly 0.543 119,824.8 F50 SS&G Financial Services 0.900 136,312.8
Mean 0.811 181,091.0

Table 4.  Difference verification of the efficiency for the 50 accounting firms
Mean efficiency Z- value / Chi-square value Sig.

Scale -2.408 0.016**

Big 4 (n=4) 1.0000
Non-big 4 (n=46) 0.7946

Operation Type -1.350 0.177
Have branches (n=46) 0.8017
No branches (n=4) 0.9191

Main sources of revenues 6.309 0.097*

Accounting and auditing revenues (n=41) 0.7830
Tax services revenues(n=5) 0.9388
Management advisory revenues (n=2) 0.8783
Other revenues (n=2) 1.0000

Note: **Denotes significance at the 0.05 level. *Denotes significance at the 0.1 level.



601

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

the accounting firms at level 3 as initial targets to 
improve efficiency in the first stage. In the second 
stage, after the accounting firms at level 4 have 
achieved the third level efficient frontier, these at 
level 3 can use the second level efficient frontier 
as secondary benchmarks for improvement, etc., 

to proceed stage by stage. We call this composi-
tion of learning tracks for accounting firms at dif-
ferent levels as a ‘benchmark-learning roadmap’. 

For instance, Eide Bailly (F25) which is one 
of accounting firms at level 4 should initially 
decrease the number of partners (x1) from 71 to 

Table 5.  Various levels of efficient frontiers
First Level Second Level Third Level Fourth Level

Code Efficiency Code Efficiency Code Efficiency Code Efficiency
F01 1.000 F07 0.864 F05 0.689 F13 0.743 
F02 1.000 F08 0.757 F06 0.756 F19 0.629 
F03 1.000 F09 0.946 F10 0.747 F25 0.543 
F04 1.000 F12 0.920 F11 0.676 F26 0.611 
F15 1.000 F14 0.613 F17 0.546 F30 0.563 
F16 1.000 F20 0.701 F18 0.757 F33 0.653 
F22 1.000 F24 0.936 F21 0.753 F34 0.612 
F23 1.000 F29 0.765 F38 0.572 F35 0.661 
F27 1.000 F32 0.647 F46 0.706 F37 0.571 
F28 1.000 F40 0.802 F48 0.696 F42 0.491 
F31 1.000 F41 0.851 
F36 1.000 F44 0.874 
F39 1.000 F50 0.900 
F43 1.000
F45 1.000
F47 1.000
F49 1.000

Table 6.  Target improvement values of Eide Bailly (F25) for different efficient levels
Number 

of 
partners

Number 
of other 

professionals

Number 
of other 

employees

Accounting 
and auditing 

revenues

Tax 
services 
revenues

Management 
advisory 
revenues

Other 
revenues

Efficiency 
score

Level 3
Actual 71 573 212 43.1 33.8 14.3 13.3 0.929
Short-term Target 58.2 532.6 139 43.1 33.9 14.3 13.3
Short-term 
Improvement (%) -18.01 -7.05 -34.46 0 0.29 0 0

Level 2
Short-term Target 58.2 532.6 139 43.1 33.9 14.3 13.3 0.694
Medium-term 
Target 43.7 397.5 127.7 43.1 33.8 14.3 13.3

Medium-term 
Improvement (%) -24.93 -25.36 -8.09 0 -0.28 0 0

Level 1
Medium-term 
Target 43.7 397.5 127.7 43.1 33.8 14.3 13.3 0.543

Long-term Target 38.6 311.3 115.2 43.1 33.8 14.3 13.3
Long-term 
Improvement (%) -11.72 -21.68 -9.81 0 0 0 0
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58 (-18.01% improvement), the number of other 
professionals (x2) from 573 to 533 (-7.05% im-
provement), and the number of other employees 
(x3) from 212 to 139 (-34.46% improvement), re-
spectively. In the second stage, after the Eide Bail-
ly accounting firm have achieved the short-term 
target for improvement, it should further decrease 
the number of partners (x1) to 44, the number of 
other professionals (x2) to 398, and the number of 
other employees (x3) to 124, respectively. At last, 
Eide Bailly will become an efficient accounting 
firm by decreasing the number of partners (x1) to 
39, the number of other professionals (x2) to 311, 
and the number of other employees (x3) to 115, 
respectively. The benchmark-learning roadmap 
can provide more realistic and reasonable targets 
for an inefficient accounting firm. The target im-
provement values of Eide Bailly (F25) for differ-
ent efficient levels are reported in Table 6.

5.3.  Performance Ranking and Strategic 
Improvement

[29] presented the procedure referred to as the 
super-efficiency CCR model for ranking efficient 
accounting firms. Their basic idea is to compare 
the DMU under evaluation with all other DMUs in 
the sample; i.e., the DMU itself is excluded. [30] 
offered a super-efficiency BCC model in which in-
creasing, constant, and decreasing returns to scale 
are allowed. The model is based on a reference 
technology constructed from all other DMUs. 
[31] proposed a multiple criteria approach that is 
called the Multiple Criteria DEA, which focuses 
on solving two key problems: a lack of discrimi-
nation and inappropriate weighting schemes. [32] 
offered a super-efficiency model using the slacks-
based measure of efficiency.

We now turn to the attractiveness measure and 
the progress measure of the 50 accounting firms 
when different efficient frontiers are chosen as 
evaluation contexts. Table 7 gives the results. With 
regard to the attractiveness measure, when the 
second level is chosen as the evaluation context, 
Smart accounting firm (F23), at the first level, is 
the best accounting firm because it has the highest 
attractiveness score of 2.67. The accounting firms 
at the first level can be ranked by using the at-
tractiveness measure in the order of Smart (F23), 

Suby, Von Haden & Associates (F49), Armanino 
McKenna (F36), and so on. When the third and 
forth levels are chosen as the evaluation context, 
Smart accounting firm (F23) is still the best firm. 
The findings show that the Smart accounting firm 
(F23) is the most attractive firm, no matter which 
evaluation context is chosen.

With regard to the progress measure, when 
the first level is chosen as the evaluation context, 
BMC (F37) is the worst accounting firm at the 
fourth level, because it has the largest progress 
score of 2.4963. The accounting firms at the fourth 
level can be ranked by using a progress measure. 
Note that the ranking position changes when the 
evaluation context changes. This demonstrates 
that the performance of accounting firms can be 
dependent on the evaluation background.

According to [26], for accounting firms that are 
not located on the first or last level of an efficient 
frontier, we can characterize their performances 
by their attractiveness and progress scores. Each 
accounting firm at the second level is classified 
into a zone by examining (1) whether the attrac-
tiveness score is greater than or less than 2.0, and 
(2) whether the progress score is greater than or 
smaller than 1.6. The attractiveness and progress 
scores in Figure 2 give a two-by-two matrix to 
classify the accounting firms at the second-level.

Figure 2.  Attractiveness/progress scores for the 
accounting firms at the second level

A superior performer shows high attractive-
ness and low progress, while an inferior performer 
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Table 7.  Attractiveness and progress scores for the 50 accounting firms in a different evaluation context
Evaluation Context

First Level Second Level Third Level Fourth Level
Firm 1st-Degreea Rank 2nd-Degreea Rank 3rd-Degreea Rank
F23 2.6675 1 3.6378 1 5.8866 1
F49 2.3264 2 2.9571 4 4.4557 3
F36 2.0351 3 3.0054 3 5.1631 2
F02 2.0028 4 2.3926 5 3.4357 5
F39 1.8121 5 3.1403 2 4.0722 4
F45 1.7737 6 2.1842 6 2.9378 8
F28 1.5997 7 1.9826 10 2.4884 11
F01 1.4976 8 2.0470 8 2.3655 12
F16 1.4386 9 1.9099 12 2.3119 13
F43 1.4100 10 2.1830 7 2.5808 10
F22 1.4051 11 2.0053 9 3.3248 6
F03 1.3876 12 1.9154 11 2.7756 9
F04 1.3492 13 1.6899 14 2.1454 14
F47 1.3109 14 1.6393 15 2.0892 16
F15 1.3039 15 1.8562 13 3.0459 7
F31 1.2935 16 1.6327 16 2.0970 15
F27 1.1495 17 1.3253 17 1.6616 17

Second Level First Level Third Level Fourth Level
Firm 1st-Degreeb Rank 1st-Degreea Rank 2nd-Degreea Rank
F44 1.2654 1 1.8070 1 2.2926 2
F41 1.2703 2 1.6096 3 2.3876 1
F50 1.2975 3 1.5942 4 2.1951 3
F09 1.3164 4 1.2187 10 1.6572 10
F12 1.3649 5 1.3223 6 1.7480 8
F07 1.3653 6 1.2767 8 1.7879 7
F24 1.4577 7 1.1768 11 1.5300 11
F40 1.4640 8 1.4243 5 1.8128 6
F32 1.6124 9 1.1353 13 1.3473 13
F20 1.6140 10 1.2773 7 1.9408 5
F29 1.7840 11 1.2265 9 1.6961 9
F08 1.8266 12 1.7393 2 2.1052 4
F14 1.9235 13 1.1655 12 1.3508 12

Third Level First Level Second Level Fourth Level
Firm 2nd-Degreeb Rank 1st-Degreeb Rank 1st-Degreea Rank
F48 1.5583 1 1.0188 1 1.6468 2
F05 1.5898 2 1.1622 5 1.2899 6
F06 1.6152 3 1.1365 4 1.3760 4
F21 1.6303 4 1.1076 2 1.2001 7
F10 1.6666 5 1.1708 6 1.1178 10
F18 1.6848 6 1.1742 7 1.3405 5
F11 1.7431 7 1.2102 8 1.1317 9
F46 1.7878 8 1.1136 3 1.4170 3
F17 1.8878 9 1.2802 9 1.1745 8
F38 2.0145 10 1.3422 10 1.6495 1

Fourth Level First Level Second Level Third Level
Firm 3rd-Degreeb Rank 2nd-Degreeb Rank 1st-Degreeb Rank
F13 1.8239 1 1.2775 1 1.0968 2
F19 1.8314 2 1.3074 3 1.0897 1
F35 1.9083 3 1.3000 2 1.1678 3
F33 2.0197 4 1.4194 5 1.2179 5
F34 2.0595 5 1.4225 6 1.1740 4
F30 2.0778 6 1.4087 4 1.2757 8
F25 2.1969 7 1.6906 9 1.2475 7
F26 2.2355 8 1.6217 7 1.3371 9
F42 2.3213 9 1.7491 10 1.2223 6
F37 2.4963 10 1.6277 8 1.4655 10

Note:   aThis represents attractiveness;  bThis represents progress
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shows low attractiveness and high progress. High 
progress indicates that the accounting firm needs 
to improve its outputs substantially, and high at-
tractiveness indicates that the accounting firm has 
a better competitive advantage over the others. 
Furthermore, the accounting firms are split sub-
jectively into four groups in zones HH, HL, LL, 
and LH. The accounting firms in each group are 
summarized as follows.

Zone LH: These accounting firms enjoy low 
progress and high attractiveness scores. Three ac-
counting firms are included here: Withum Smith 
& Brown (F41), Beers & Cutler (F44) and SS&G 
Financial Services (F50). The findings show that 
the accounting firms located in Zone LH have a 
better competitive advantage than the others at the 
second level. 

Zone HH: The accounting firms here experi-
ence higher progress and attractiveness scores, in 
which the CBiz/Mayer Hoffman McCann (F8) is 
included. It is suggested that the accounting firms 
in this zone should place more emphasis on ac-
tivities toward improving its outputs substantially. 
The accounting firm CBiz/Mayer Hoffman Mc-
Cann, as to most of accounting firms at the second 
level, has a partial competition advantage, while 
there is still room for improvement. We suggest 
that the firm should learn from benchmark ac-
counting firms, such as Withum Smith & Brown 
(F41), Beers & Cutler (F44), SS&G Financial Ser-
vices (F50), or Level 1 accounting firms. 

Zone LL: These accounting firms have lower 
progress and lower attractiveness scores. Five ac-
counting firms are included here: BDO Seidman 
(F7), Crowe Group (F9), UHY Advisors (F12), 
Eisner (F24) and Vitale, Caturano & Co. (F40). 
It is suggested that these accounting firms must 
make up a short-term or middle-term plan to en-

hance their competitive advantages for moving up 
into Zone LH. Otherwise, they may be replaced 
easily by the third level of accounting firms, be-
cause these accounting firms have weak attractive 
to the third level of accounting firms.

Zone HL: The accounting firms here experi-
ence higher progress and lower attractiveness 
scores. Four accounting firms are included here: 
Clifton Gunderson (F14), Rothstein, Kass & Co. 
(F20), Marks Paneth & Shron (F29) and Amper, 
Politziner & Mattia (F32). It is comparatively 
backward that these four accounting firms be-
have in the second level of accounting firms. It is 
suggested that the accounting firm partners must 
make up improved plans to enhance their operat-
ing efficiency or else they will lose the competi-
tion advantage gradually.

5.4.  Sensitivity analysis in context-dependent 
DEA model

The efficiency sensitivity to perturbations in 
the data is an important issue in DEA research. 
Some DEA sensitivity studies concentrate their at-
tention on the variable and model selection, e.g. 
[33]. Most of the DEA sensitivity analysis studies 
focus on the misspecification of efficiency classi-
fication of a test DMU [34]. [35] studied the sen-
sitivity of DEA model to a single output change. 
Another type of DEA sensitivity analysis is based 
on super-efficiency DEA models in which a test 
DMU is not included in reference set [29, 30]. 

This paper attempts to apply sensitivity analy-
sis with different views. To understand the relative 
importance of each item, we measure the relative 
contribution of each factor to different efficiency 
levels. Through the sensitivity analysis, the ad-
vantages and disadvantages of accounting firms 

Table 8.  Sensitivity analysis in context-dependent DEA model
Variable

Level

Inputs Variables Outputs Variables

Number of 
partners 

(x1)

Number 
of other 

professionals 
(x2)

Number 
of other 

employees 
(x3)

Accounting 
and auditing 
revenues (y1)

Tax services 
revenues (y2)

Management 
advisory 

revenues (y3)

Other 
revenues 

(y4)

First Level 0.32 0.48 0.19 0.29 0.28 0.19 0.24 
Second Level 0.24 0.66 0.11 0.36 0.19 0.20 0.06 
Third Level 0.20 0.71 0.08 0.30 0.22 0.13 0.04 
Fourth Level 0.14 0.81 0.05 0.25 0.22 0.11 0.02 
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at various levels can be identified. Table 8 gives 
the results. From the perspective of each level, the 
accounting firms of the first level have the biggest 
weight in number of other professionals (x2) and 
accounting and auditing revenues (y1). The result 
shows that accounting firms at all levels have rela-
tive advantages in the utilization of professional 
manpower resources. In addition, most account-
ing firms are mainly absorbed in accounting and 
auditing services.

From the perspective of each factor, the ac-
counting firms of first level have a leading role in 
terms of number of partners (x1), number of other 
employees (x3), tax services revenues (y2) and 
other revenues (y4). What merits attention is that 
accounting firms of first level already have some 
standards in each factor. The accounting firms of 
the second level have a leading role in terms of 
accounting and auditing revenues (y1) and man-
agement advisory revenues (y3). The suggestion 
is that the accounting firms of second level can be 
devoted to tax services in order to improve com-
petitiveness. In addition, the accounting firms of 
third and fourth level only have leading roles in 
terms of the number of professionals (x2). We sug-
gest that the accounting firms of third and fourth 
level should make plans to improve the resource 
utilization of partners, shareholders and other em-
ployees. Furthermore, expanding the scale of tax 
services and management advisory services can 
help the inefficient accounting firms to improve 
their operating efficiency.

6.  Concluding Remarks

Performance measurement is a fundamental 
building block of strategic management. This paper 
describes diverse efficiency measures to charac-
terize the operating efficiency of accounting firms 
in the U.S. Operating efficiency ratings should be 
considered as a key element for achieving greater 
management performance and a better market posi-
tion. This study has applied the DEA approach to 
measure the magnitude of performance differences 
between 50 U.S. accounting firms. The findings can 
be briefly concluded as follows. 

Firstly, most accounting firms still have room 
for improving their efficiencies. Secondly, it is 
discovered that the quality of operating efficiency 

of accounting firms in the U.S. significantly dif-
fer due to the scale and main sources of revenues. 
The Big 4 accounting firms operate slightly better 
on average than non-Big 4 accounting firms. The 
primary reason may be due to the fact  that the Big 
4 accounting firms own better image, numerous 
staff, and the advantage of possessing economies 
of scale, therefore, they are able to offer various 
and convenient service. Furthermore, the efficien-
cy is evidently influenced by different main rev-
enue sources. Accounting firms relying mainly on 
accounting and auditing on average have slightly 
weaker operations than other accounting firms. 

Thirdly, a benchmark-learning roadmap is con-
structed for an inefficient accounting firm to learn 
and to gradually improve its performance to its 
optimal state. By using the benchmark-learning 
roadmap, it can provide more realistic and rea-
sonable targets for an inefficient accounting firm. 
Finally, the findings show that most accounting 
firms are mainly absorbed in accounting and au-
diting service. We suggest that the inefficient ac-
counting firms should expand the scale of tax ser-
vices and management advisory services in order 
to improve their operating efficiency.
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Introduction 

The identification of parameters distinguish-
ing best of the best in world championships at 
the same time is very simple and very complex. 
Simple, because in distinguishing the best there is 
a safe way, considering the fact that the one oc-
cupying the first place is always the best, whether 
somebody likes it or not. Nevertheless, martial 
arts are very complex [1, 2, 3, 4, 5, 6]. The com-
plexity of identifying the successfulness of the pa-
rameters is not based on explaining the contestants 
ranking which is already familiar to all, but on the 
analysis indicating the reasons as to why some-
body is the best and others are not. This applies 
if the evaluation parameters are taken out of the 
concrete situational analysis. For that reason this 
article is directed towards establishing the values 
of parameters which indicate genuine situational 
rating of the contestants participating in a Grand-
prix tournament in Tokyo from 1993 to 2004.

Methods

Exceptionally precise methodology which in-
cluded a detailed analysis of DVD recordings, 
registered 102 situational events in all the final 
tournaments from 1993 to 2004. Contestants who 
managed to get to the finals of the annual tourna-
ment were described using each of the 102 situa-
tional variables [7]. The data were processed using 
a special algorithm [8] placing the initial data on 
the universal scale ranging from 1 to 5, enabling 
all the entities in all the variables to share the same 
space, thus the data can be processed even on the 
level of manifest variables. For each of the fighters 
all the data were compiled as to establish a constant 
composition which would explicitly position each 
individual. Since we are dealing with 8 fighters in 
12 tournaments, all the 96 fighters were by the end 
described by 96 parameters. Of course, some of 

them had more than one match (E.Hoost even had 
10 matches). Each of the tournament contestants 
were assigned with an ordinal number from 1 to 
96, for an easier identification in the graph.

Results and discussion

According to the data in Table 1 it can be eas-
ily concluded that the applied methodology discov-
ered the best contestants have the highest values on 
the global universal scale. Out of 96 possible posi-
tions, top 7 are assigned to 7 winners. Likewise, all 
12 winners can be located in the last 19 positions, 
among them there is but one who was not a win-
ner (Musashi who was defeated in 2004 finals), and 
considering the rest 6 positions there are only two 
fighters  (Hug i Hoost) who were nevertheless win-
ners of the competitions but which were held some 
other year. Thus we can conclude that the top of the 
scale belongs only to winners, especially because 
the scale also reveals some other details. So, for 
example among the lower 60 positions (out of 96) 
we can find only one defeated finalist. Likewise, 
among the lowest 36 positions there is only one 
semi-finalist (Abidi) and no finalist.

Figure 1.  Average position values on universal 
scale

According to Figure 1 it is evident that the 
highest value on the scale is assigned to the 2004 
winner R. Bonjaski (and a 2003 winner). Regard-

Identification of situational efficiency 
parameters in elite K-1 fighters
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Table 1.  Contestants from Tokyo 1993-2004 and their positions at the universal scale (some contestants 
are marked with an ordinal number, red are the winners, blue are defeated finalists, green are defeated 
semi-finalists, white are defeated in the first round)

3 1993.  T. Hays 1.81 58 2000.  S. Leko 2.66
11 1994.  A. Hug 1.98 70 2001.  S. Leko 2.68
35 1997.  S. Greko 1.99 74 2002.  B. Sapp 2.69
20 1995.  T. Atokawa 2.00 59 2000.  P. Aerts 2.70
4 1993.  C. Kiatsongrit 2.09 55 1999.  M. Filipovic 2.70
1 1993.  T. Atokawa 2.17 46 1998.  S. Greko 2.72

89 2004.  M. Mo 2.17 51 1999.  A. Hug 2.74
60 2000.  A. Musashi 2.18 69 2001.  A. Ignjasov 2.76
66 2001.  N. Peetas 2.19 61 2000.  F. Filho 2.76
26 1996.  D. V.m.merwe 2.19 90 2004.  R. Sefo 2.76
33 1997.  M. Satake 2.21 73 2002.  P. Aerts 2.77
91 2004.  P. Aerts 2.25 84 2003.  A Ignjasov 2.77
62 2000.  C. Abidi 2.27 31 1996.  M. Bernardo 2.78
85 2003.  C. Abidi 2.27 93 2004.  K. Kaoklai 2.80
50 1999.  A. Musashi 2.27 79 2002.  J. Lebaner 2.80
25 1996.  M. Filipovic 2.28 23 1995.  J. Lebaner 2.81
42 1998.  M. Satake 2.32 63 2000.  R. Sefo 2.82
76 2002.  A. Musashi 2.33 71 2001.  F. Filho 2.82
36 1997.  J. Lebaner 2.35 30 1996.  A. Musashi 2.82
10 1994.  M. Thompshon 2.36 94 2004.  F. Botha 2.83
82 2003.  P. Graham 2.36 86 2003.  P. Aerts 2.84
41 1998.  F. Filho 2.36 2 1993.  P. Aerts 2.84
44 1998.  R. Sefo 2.38 87 2003.  A. Musashi 2.85
68 2001.  J. Lebaner 2.38 15 1994.  M. Satake 2.85
27 1996.  S. Greko 2.38 13 1994.  B. Cikatic 2.85
19 1995.  J. Klein 2.39 7 1993.  E. Hoost 2.86
12 1994.  R. V. Esdonk 2.40 78 2002.  M. Hunt 2.86
65 2001.  P. Aerts 2.40 37 1997.  P. Aerts 2.86
52 1999.  P. Aerts 2.42 38 1997.  F. Filho 2.87
28 1996.  P. Aerts 2.43 80 2002.  E. Hoost 2.88
17 1995.  S. Longinidis 2.47 47 1998.  A. Hug 2.90
34 1997.  M. Bernardo 2.47 92 2004.  E. Hoost 2.98
9 1994.  A. Mannart 2.48 39 1997.  A. Hug 2.99

49 1999.  R. Sefo 2.49 64 2000.  E. Hoost 2.99
57 2000.  M. Filipovic 2.51 22 1995.  E. Hoost 3.00
43 1998.  E. Hoost 2.52 48 1998.  P. Aerts 3.02
14 1994.  P. Smith 2.52 8 1993.  B. Cikatic 3.02
75 2002.  S. Leko 2.53 24 1995.  P. Aerts 3.04
81 2003.  F. Botha 2.54 67 2001.  E. Hoost 3.07
77 2002.  R. Sefo 2.55 95 2004.  A. Musashi 3.07
5 1993.  M. Smith 2.55 29 1996.  E. Hoost 3.13
6 1993.  M. Satake 2.55 56 1999.  E. Hoost 3.13

18 1995.  M. Satake 2.58 88 2003.  R. Bonjaski 3.13
45 1998.  M. Bernardo 2.59 40 1997.  E. Hoost 3.15
21 1995.  M. Bernardo 2.62 16 1994.  P. Aerts 3.15
83 2003.  R. Sefo 2.63 32 1996.  A. Hug 3.16
53 1999.  S. Greko 2.64 72 2001.  M. Hant 3.19
54 1999.  J. Lebaner 2.64 96 2004.  R. Bonjaski 3.20
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ing the included parameters, one can conclude that 
this fighter is the most skilful and most efficient 
K-1 fighter at a Grand-Prix final tournament in the 
period from 1993 to 2004 (projection from 3.20), 
and very close to him is A. Hant from 2001 (3.19). 
By far the lowest on the scale are T. Hays from 
1993, A. Hug from 1994 and S. Greko from 1997 
with projections that are below 2.00 on universal 
scale (Table 1.). Evidently, only 14 fighters (out 
of which even 10 annual winners) were calculated 
with a projection above 3.00. 

Due to the position specificity of the top 7 fight-
ers and R.Bonjaskog from 2004, it is very intrigu-
ing to observe their genuine positions after they 
have been ranked on the scale ranging from 1 to 
5 with the variables which displayed the highest 
values of trend results. 

Conclusion

The article affirms a unique methodology char-
acterised by two special innovations. The first is 
a situational aspect of the initial data compilation 
through DVD recordings of all the fights held in 
Japan at Grand-Prix K-1 tournament from 1993 
to 2004. All the fighters were initially described 
by 102 variables, providing us with some very 
interesting information regarding the situational 
aspects of K-1 competition. Second innovation 
consists of determining universal data scale for as-
signing a precise position to any entity of this re-
search. The results have indicated that this kind of 
meticulous approach identifies the most successful 
fighters within the analysed time period, as well as 
their fundamental global fighting characteristics. 
Finally, the particular illustrated indicators were 
presented for all the fighters together, top 7 on the 
scale and the best of the best R. Bonjaski. 

One can suggest the use of applied methodology 
in all situations, if it is possible to analyse situational 
aspects of sport activities, especially combat sports, 
aiming towards acquiring valuable information 
related to scientific discoveries. Likewise, for the 
purpose of a much precise programming of trans-
formational processes in combat sports because the 
results are undoubtedly indicating towards unique 
and highly convincing conclusions.

Table 2.  Presentation of variables with the biggest 
differences benefiting first 7 

Action Total Avg 7 R.b.
DESDIRGL 2.09 2.58 3.21
LIJKROGL 2.21 3.45 4.79
LIJKROST 1.15 1.10 1.22
DESAPEGL 1.60 2.11 1.82
DESVKRUD 1.84 2.26 3.95
LIJBLRRU 1.87 2.62 5.00
DESBLRRU 1.93 2.55 4.52
OFANZIVT 2.18 3.48 3.67
NAPOBNOK 1.74 3.48 5.00
TSRGAR 3.00 4.22 3.81
TSDISP 3.44 4.92 4.87
TSIZAP 2.99 4.23 3.62
TSUZMP 3.27 4.39 4.25
TSIZVP 3.47 4.60 4.18
TSMANP 3.47 4.64 4.89
TSIMUL 3.96 4.62 5.00
TSKOMB 3.46 4.81 4.87
TSRTPB 3.26 4.76 4.64
TSISGP 3.38 4.70 4.67
TSKPRI 3.44 4.62 4.47
TSKRET 3.27 4.47 4.35
TSPRED 3.27 4.27 4.39
TSFINT 3.31 4.79 4.47
TSPRTA 3.37 4.69 4.39
TSBEZO 3.27 4.76 5.00
TSNRRT 3.21 4.57 4.67
TONAPA 3.41 4.83 4.52
TOODBR 3.29 4.73 4.76
TOKONT 3.26 4.60 4.53
HPDKONC 3.47 4.92 4.56
HPDSAMK 3.25 4.87 4.41
HPDANKS 3.88 4.92 4.41
HPDAGRS 4.07 4.86 4.05
HPDMOTI 3.47 4.83 4.26
HPDUPOR 3.42 4.83 4.41
HPDHLAD 3.25 4.81 4.11
HPDDISC 3.23 4.75 4.26
HPDMORA 3.08 4.70 3.67
HPPOPSB 3.87 4.75 4.44
HPPOPJB 3.53 4.67 4.62
HDTAKLU 3.06 4.92 4.56

 (Total = average value for all fighters, Avg = average value 
for the best 7 on the scale, R.B. = R. Bonjaski 2004.)
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Abstract

Today, one of the topics of interest to research-
ers, teachers and fade the authority of the univer-
sities. Looking at the facts in the case and com-
parison with historical context, researchers have 
come to question Drs Why today; some of the 
professors at the university level have less author-
ity. To this end, this paper tries to focus on the 
economic and demographic factors, the answer to 
this question. The method used in this study was 
a descriptive study using survey techniques and 
tools for data collection, the questionnaire. Popu-
lation, who are masters of PNU Kermanshah, in 
the academic year 2011-2012, the total, is equal 
to 258. Due to the large size of population, the 
sampling schedule Lane, No. 258 of them, were 
selected for the study based on a stratified ran-
dom sample was selected. In the current study, the 
evaluation of face validity, and construct validity 
based on factor analysis, was used. To determine 
the reliability of each variable item, Cronbach’s 
alpha was used. Results using statistical software 
Amos21 SPSS21 and analyzed, respectively.  
Traditional authority equal to the mean after 13.57, 
the authority Charisma 13.54, and the intellectual 
power of 18.72 is. These dimensions compared 
with the mean expected for these dimensions were 
15 traditional authorities, power, charisma, 12, 15 
is rational authority. The results show that, relative 
deprivation and authority between teachers (r= 
-0.301), the use of mass media, and the authority 
of teachers (r=0.161), monthly income, and the au-
thority of teachers (r= -0.153) there is a significant 
relationship. Also, the comparison of means indi-
cates that the average power level of teachers in 
different academic disciplines, and this difference 
is significant f test. Teachers might mean for indi-

viduals with different degrees also vary. Multiple 
regression results show that the level of traditional 
authority (T =4.335), self esteem (T =3.925), char-
ismatic authority (T =3.878), and relative depri-
vation (T =-2.287) Taken together they amount to 
0.42 of the variable changes within the authority of 
the teachers, they explain. It also shows the results 
of the structural equation, insignificant chi-square 
value of CMIN, equal to 211.143, the square root 
of the residual mean square, or RMSEA equal to 
0.075, RMR index, or root mean square of the re-
siduals is equal to 0.098, the ratio of chi-square to 
degrees of freedom CMIN / DF, the model 3.199, 
CFI comparative fit index equal to 0.926, and the 
comparative fit index thrifty PCFI, equal to 0.671 
are. Indicators and adaptive thrifty calculated to 
assess the generality of the model show that, in the 
aggregate, have collected data, support the theo-
retical model will be developed. 

Key words: Social power, self-esteem, relative 
deprivation, teachers, PNU. 

Introduction 

With the rapid development of science and 
technology in this century, to teachers requires sin-
cere, dedicated and expert Accountability younger 
generation is needed, is obvious. Due to this need, 
the need for teacher, administrator, and its position 
is important. Teachers are required, the methods 
and techniques of scientific management, active 
teaching, proper planning, organizing, leading and 
controlling class to be aware of, because every day 
and every hour, new methods of teaching topics 
related The classes course is presented. Therefore, 
teachers Business abilities to proper planning 
classroom, youth problems, have an important 
role in a healthy society, because society depends 

The Relationship between economic and 
Demographic Factors, the Strength of Payame 
Noor University: A Case Study of Kermanshah 
Province
Bahman  Saeidipour
Department of Educational Sciences, Payame Noor University, I. R. of Iran
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Healthy education and training system healthy. 
Entrust the education, non-specialist teachers were 
health, education system, to jeopardize. Master of 
science and technique and skills by moving Match 
generation, and so teach your students with anxi-
eties such as identity crisis, employment, Cultural 
invasion ..., we have to fight, morale and self-es-
teem, and positive perceptions The existence of 
the self is strengthened. One of the issues of inter-
est to scholars of humanities and social authority 
in the study of human groups and communities is. 
Thus, according to Giddens, is a legitimate author-
ity, person or group of persons or other groups. 
It depends on the strength of contrary authority, 
recognizing that subordinates, superiors, and they 
are right and forbidding or to lead it [1] . Teachers 
are people, the transfer of knowledge and social 
values, and social well-off students, play an im-
portant role. It seems that today’s professors and 
academic mentors as they previously did not have 
the authority, or to some legitimate power, most 
of them have faded. Nowadays, the emphasis on 
knowledge transfer is higher education, and the 
role of the university has become very different, 
and instead of addressing curriculum, deals with 
the whole man, and is given to all aspects of his 
life. Teachers in the higher education system, not 
only conveys information, but also as helper in hu-
man development, role-playing, but also with stu-
dents inquiring, rational, active and critical face, 
not a passive and receptive audience. Today, learn-
ers have access to the Internet and various bus in-
formation, and therefore influence the world and 
native cultures, the scientific authority of teachers, 
gradually lose the color [2]. Hence, the system 
of higher education is inevitable; a new function 
fits the zeitgeist for their choice. Selection and 
access to new applications requires a fresh look 
at the system of higher education. The new ap-
proach, the scale and diversity of topics such as 
definitions, principles, objectives, structure, con-
tent, and management of human resources in our 
country, as well as changes arising from changes 
in the present age, needs and expectations of their 
new, higher forms of education . One of the schol-
ars of the humanities, as Max Weber, in line with 
power and authority, in the three-stage model is 
presented, and believe that the social character of 
the community are having one of these kind of 

authority. Including traditional authority, charis-
matic authority is rational authority. Charismatic 
authority: It is based on the belief in and commit-
ment to a wonderful man, because possess typical 
characteristics, and about the trust and confidence 
of the leader is reached. Traditional authority: Tra-
ditional authority and belief is based on the be-
lief that the position and bases those who in the 
past have exercised dominion and authority, cus-
toms and traditions, and values   associated with 
it require respect. Intellectual authority - law on 
intellectual etiquette for social situations, they are 
based. The rules of law, obedience to the person or 
office hereditary, there is also the principle, abide 
the law. The rules are clear, from whom and to 
what extent, must be obeyed. In modern societies, 
relations of domination and authority and wisdom 
of the law is based. 

Research on the authority of teachers and 
teaching in the fields of science, is important in 
several ways: 

1. Potency masters in inciting social change 
and In order to, we are forced to make these 
changes, the authority as a key element in 
understanding the general condition of the 
community should be considered. 

2. Masters, one of the main pillars of access, 
the development of society. Place of study, 
it can track and cultural development, are 
designed in the future. 

3. Given that one of the factors of socialization 
agents in learning environments, are 
university professors, the prestige of their 
position, the students compromised, the 
socialization process, if done poorly is, 
ultimately, its outflow, easygoing and 
responsible people, for the community. 

The overall goal is to investigate the factors 
influencing the amount and type of authority Pay-
ame Noor University in Kermanshah. 

Partial objectives are: 
– The authority of the University of Payame 

Noor, how much and what kind? 
– Economic factors (income, relative 

deprivation and employment status), the 
authority of teachers PNU 

– Demographic factors (age, gender, marital 
status), the authority of teachers PNU 
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Background research 
[3], the study examines the views of teachers 

about classroom management pay. His research 
showed that teachers, their behavior in the class-
room, due to the experience gained during his 
teaching years know. Such a way of thinking, ie, 
learning the art of classroom management, the 
teacher, and work, this can, for new teachers, te-
dious and may be dangerous. Konin (1970), in their 
study, found that the main difference between pro-
fessors are successful in creating discipline in the 
classroom, with Professors who, not the success 
of the reaction when they do not problems, but the 
difference between the Two groups of teachers in 
planning for effective teaching, and management, 
in order to prevent the neglect and create disorder 
and disruption. Therefore, the prevention-based 
management is a method of classroom manage-
ment, and the knowledge of the causes of such 
problems, solutions to its predicted. Pajak (1985), 
classroom discipline problems, the most common 
reasons for failure, consultants, and knows their 
stress. The effect of the failure of such problems, 
the students are also significant. In many situa-
tions, classroom management, discipline and or-
der to establish classes are displaced, but should 
know that most are different. Classroom manage-
ment, namely, planning classroom activities for 
Facilitate learning, but discipline and order, the 
classroom teacher to those actions, refers, Ap-
pear prevent improper behavior of the students, 
classroom activities, impairs or threatens (Growth 
Technology, 2000).  Researches by Doyle (1986), 
some teachers handle classes, prerequisite training 
knows this which means that, the obstacles out of 
the way, picking up teaching, it should be done. 
Some of the teachers believe that discipline should 
exist to teach, done.

Review of Theoretical Research 
School Constructionist: the Principality of 

school building when one of the elements making 
changes, the rest of the building, consequently, 
changes, and possible changes in the pattern of re-
action may occur. Therefore, in order to move ef-
fectively to develop and fulfill fundamental re-
forms in education, the professional managers and 
pragmatic, based on qualifications and selection 
criteria, and their heads are, and the belief is that 

correct and wise management and guidance, along 
with the participation and efforts of public, educa-
tion is key to development, and the development 
of education, in turn, is the base for all-round de-
velopment of the country. Behaviorist theories: 
Maslow’s hierarchy of needs, a framework for 
thinking about motivating students, offers. But 
teachers, as well as specific tools to motivate stu-
dents need, ie practices that increase, decrease or 
modify student behavior, teaching during the day 
leads. In addition, behaviorists, the results rein-
force the behavior conducive to learning and aca-
demic success focus, so teachers can, in this case, 
to guide students [4]. Can be concluded that, from 
a behaviorist perspective, the teacher, the guid-
ance in learning is very important. Correspon-
dence theory: According to this theory, attending 
college and learning environments, inclusive rela-
tive to the economic and social needs of the capi-
talist system, obedient and listen to the command 
makes. The production of human character, in an 
educational setting, are formed [5]. This theory 
can not be, university educational environments, 
as a separate entity from the economic and social 
conditions in the analysis. Following this ap-
proach, a class analysis of the training provided 
and the way the fault of the educational shortcom-
ings, the overall structure of society will move to 
master. Functionalist theory based on the theory of 
functionalism, a whole composed of parts, which 
have, or create, and sustain it, share it, the parts 
and the whole, may be changed or altered. Thus, 
functionalism, attempts to Woven nature of the so-
cial system, in its entirety, to understand [6]. The 
underlying assumption of this theory is that soci-
ety and its institutions, such as education, the com-
ponents that are interconnected, each one impor-
tant and necessary role in maintaining the survival 
of the entire community play. According to the 
functionalist perspective, one of the primary func-
tions of universities, knowledge and behaviors 
necessary to maintain order in society.  Durkheim 
believed that there was discipline, but also a sense 
of authority, for ensuring regularity of behavior is 
essential. The moral discipline, just as long as it is 
directed to a particular group or community, is ap-
propriate. Thus Durkheim, believed that moral be-
havior requires affiliation or belonging to a social 
group (Saha and Zobresky, 1997). In addition, a 



615

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

series of moral education, Durkheim, to project 
their thoughts about moral functioning learning 
environments, and its connection with the pay-
ment. According to him, moral values (which are 
the basis and foundation of the social system) 
through educational institutions, stabilize, and sur-
vival and find. Durkheim, in these works, the 
classroom, the interface between family life and 
serious social and emotional lives, plays, because, 
based on the discipline [5]. Durkheim believed to 
hypnotic suggestion. Suggestion that education 
should be hypnotized, because the fans did not 
change the order and continued to say: hypnotic 
suggestion should, as a society, without dispute, to 
inculcate. Collective goals over individual goals 
to be superior. Induced collective aspirations, the 
person should be. Coach should have the authori-
ty, and the authority has an ethical aspect. As a 
coach, it is powerful, it can achieve the objectives 
of the Community, the student does instituted. He 
believes that one of the transcendent, something 
called society, then we must teach creativity by the 
community. Society depends on the existence of 
consistency and homogeneity among individuals 
in society. Homogeneity and consistency of the 
training, creates, which is the survival of the com-
munity. If you pay attention to your personal goals, 
can not, will institutionalize social characteristics. 
He is a tutor, we can study the characteristics of 
the population, so that the characteristics of the 
community in which institutionalized individuals. 
He believes that education is a bridge to connect 
the individual and society. According to Dur-
kheim’s theory, however properly trained to per-
form their roles, social problems or social prob-
lems, reduces the anomaly decreases. Ernst 
Linde’s theory: First, demand is growing sensa-
tion. He believes that fostering does not affect the 
character of the understanding, and the means can 
not be understood. Everyone Understanding their 
accounts, and mainly intellection and contempla-
tion in teaching content to insist he never succeeds 
in making the character of their Understanding in-
fluence. Growing up in the emotions of the soul, 
nor desire to understand the context of emotion 
and action, how can teaching, training effect be? 
The answer, if he can not emotions, to move, and 
a sense of conformity, to wake up. Emotion, pro-
ductive human morality. The whole purpose of 

moral education, nothing but being human, moral 
order governing the universe. But this moral order 
governing the world, emotions (conscious) form 
because, in humans, is not no truth before it should 
not affect [7]. Conflict theories: the theories agree-
ment on unity and social stability, emphasizing 
theories of persuasion and changing nature of con-
flict in society are emphasized. Theories of con-
flict, power struggle, the dynamics of social life is 
considered. These theories, of which there are 
community groups, stakeholders and competitive, 
conflict and puts the community at risk. This type 
of approach is influenced by the ideas of Karl 
Marx and Max, have emerged. Conflict theories, 
social systems, into two distinct groups, rich and 
poor or the hegemonic and Domination, are segre-
gated. The relationship between the two groups in 
conflict, inequality and exploitation. Dominant 
group, the privileges of power, wealth and control 
of material resources of society has. Oppressed 
groups, is lacking. Consequently, the objectives 
and plans of a group often at odds with the goals 
and programs of other groups. Dahrendorf Au-
thority: Dahrendorf is one of the scholars who has 
authority to issue. According to Dahrendorf, au-
thority, social relations, is universal, the assets and 
property, is the only one of its kind. So, Dahren-
dorf, Class implicitly, groups, social conflict, de-
fines. Classes, participate in the exercise of author-
ity, or lack of it, from each other distinguish. 
Dahrendorf view, the power and authority of Par-
sons’ view, is very consistent. Both agree that one 
of the functions of the authority, consolidate and 
integrate a module, but the major difference in the 
kind of emphasis on this concept is. Parsons and 
the functionalists, the consolidation of power, and 
it emphasizes that address the needs of the entire 
system, however, Dahrendorf, division of power, 
due to the risk of interest, and role expectations, as 
noted, the shows. Dahrendorf, to define the au-
thority of Weber draws inspiration, authority is the 
chance and opportunity based on specific disor-
ders, with specific content, which obeyed a group 
of people, it is. Dahrendorf, structural origins of 
social contradictions, seeks authority, not power. 
Power to force one’s body, talent and ability, his 
spiritual force, and also has a side that is linked to, 
if that authority exclusively to the side, or an indi-
vidual, a social organization, the is associated. 
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Thus, in all human societies, authority exists, and 
a social organization without authority, inconceiv-
able, is. Community groups more or less, with au-
thority, and against individuals or groups also ex-
ist under subjugation, domination and authority 
are located. Hence, we are at all times, structures 
and situations, I saw two opposing groups. Con-
flict theorists, like functionalism, the desire to 
study the structures and social institutions, are. So-
cial relations that are universal authority, assets 
and property, only one of them is. According to 
Dahrendorf, in modern societies, any complete 
definition of the class, the basic concept of author-
ity, will be considered. Terms of class relations, 
not only the conflict between economic groups, 
but the terms in which the struggle between those 
who owned Authority are, and those who are de-
prived of their authority, covers. So, Dahrendorf, 
class, social conflict groups implicitly define. 
Classes’ participation in the exercise of authority, 
or the exclusion of “the other, distinguish [8]. 
Dahrendorf look of power and authority, with a 
view to Parsons, is very consistent. Both agree that 
one of the functions of the authority, consolidate 
and integrate a unit, but the major difference in the 
kind of emphasis on this concept. Parsons and the 
functionalist integration aspects, emphasizing au-
thority, and take it, they do address the needs of 
the entire system, however, Dahrendorf, division 
of power, the threat to the interests and expecta-
tions, as well as consideration shows. The theo-
retical framework: the perspective of Webber and 
types of authority Webber talk about the power of 
relationships - because some people claim to au-
thority, and they feel that they have a legitimate 
right to ask others who own desire to command 
them, people do - use his archetype, As an analyti-
cal tool, and classify a variety of social practices - 
that they, too, are ideal types, makes clear. Weber, 
there are three main method of claim legitimacy, 
can count on. Authority may, on reasonable 
grounds, based on and rooted in an impersonal 
rules have been enacted by law or by contract set-
tlement, are found. This type of authority, have the 
legal authority - rational, considered that the hier-
archical relationships of modern society is. Such 
as administrative authority, but traditional author-
ity, which has been ruling our societies before 
modern society, the belief, sanctify tradition and 

“the eternal” is based. This, then, is the authority, 
based on impersonal rules, the legal form to be 
taken, but it is ingrained in certain people, or the 
authority, to inherit, or is it an authority are higher. 
Such authority to specific individuals, such as 
Clergymen, athletes and ... Finally, charismatic 
authority, the leaders attractions, based on which, 
by virtue of their extraordinary moral and reli-
gious titles, individuals are urged to comply. Some 
of the great leaders of communities such authority 
should bear in mind that, in here, as elsewhere, 
Weber, pure samples, are described. His point was 
well aware that in empirical reality, a mixture of 
types of legitimate authority, can be found. For ex-
ample, although the dominance of Hitler, he was 
based largely on the culture, but still, elements of 
rational authority - legal, constitutional structure 
of Germany, left, and references to popular tradi-
tion in Germany, is also a key element the attrac-
tions of National Socialism, said. Weber argues 
that the core activity of teaching is a culture-specif-
ic basis, both inside the classroom and outside of 
it. Power relations and conflicting interests of indi-
viduals and groups in society, the educational sys-
tem affects because the purpose and benefit of the 
dominant groups in the society, the university’s 
shape. In fact, according to Weber, the University, 
a series of insiders, ie, those whose cultural base, 
it will strengthen the university, but a series, there 
are also outsiders, ie, those with multiple barriers 
University face [5]. University of the organization 
owes, according to Weber, the increased bureau-
cracy, the community thrives. Bureaucracy devel-
opment process, the community, something that is 
related to Weber, it forms changing the legitimate 
authority: traditional, rational Charismatic knew. 
While, based on a belief in traditional authority, 
and the sanctity of tradition and authority, charis-
matic, driven, unique features, rational authority, 
based on the legality of the orders and the rights of 
persons who are in a position to issue commands. 
Weber argued that rational authority, which is 
caused by a specific organizational structure, he 
did it, he called bureaucracy. (New bureaucracy, 
the people in positions of legal authority and pow-
er to give.) [5]. Traditional authority: the deep-
rooted beliefs based on ancient traditions, is based. 
Special receiving societies inherited privileges, 
the deployment, it is so long since, except that, in 
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the light of myths and legends, not in light of the 
facts are through conceptualized not. In addition 
to hereditary authority, such as a ban on dietary 
practices among Jews and Muslims, all the tradi-
tional authority, are derived. Legal-rational au-
thority, which is based on the belief in the legality 
of rules and the right of peoples to the holders of 
power, for a religious person, in the light, those are 
the rules. Here the influence of authority, based on 
principles that can be driven, and are valid for 
holders of power, function or patriarchal Chief of 
success will be. If the traditional power structure, 
only the boys a sense, no matter how corrupt and 
ineffective they are in a situation that could turn 
out to have an understanding of it, but if you build 
the strength of the legal system and intellectual 
Rather, anyone taking any position, the ability to 
import, and provided that he is able to cope with 
the tasks done [3]. Charismatic authority: charis-
matic authority, decision, dedication, devotion and 
special or amazing is that people follow a person, 
to sanctify the title, or the great qualities he has 
brought with him and order him to show that, ac-
cording to Weber, Jesus, and Muhammad (pbuh) 
are examples of this type of authority.

Methods

The method used in this study, depending on 
the target application. Since, the basic principles 
of sample selection, inference and generalization 
of findings, and conclusions about the population 
from which the sample is chosen, in this respect, 
and researcher in the results focus is, therefore, re-
search method applied in this study. In terms of 
methodology, the study of descriptive, analytical 
survey is used. The reason for this approach is that 
the descriptive method of research, regular and 
systematic description of the current situation and 
what it is, and the other deals with the relationship 
between the variables, to investigate, so the survey. 
Data questionnaire is made. The questionnaire, 
based on the theoretical and research background, 
as well as the operational definition of variables, 
was developed and designed. The population in 
this study, all of Payame Noor University in Ker-
manshah, respectively. According to the data ob-
tained from the university in the academic year 
2011-2012, the total equals 258 people are. A 

number of populations, random, stratified study 
was chosen. In this study, the sample size, the ta-
ble was used by Lin [9], and to increase the accu-
racy of sampling, the error level of less than 0.04, 
a sample size of 258 people, has been considered. 
Evaluation methods, formal validation study, and 
construct validity based on factor analysis, was 
used. Each of these variables, the theoretical defi-
nition of a set of appropriate dimensions and refer-
ences relevant to the case and the need, in the form 
of single or multi-dimensional scale, were mea-
sured. To determine the reliability of each variable 
item, Cronbach’s alpha was used.

The definition and measurement of variables
In this study, the dependent variable is the Uni-

versity authority. 
(A) University professors: professors are peo-

ple, eligible public and private, by-laws, the man-
ner of appointment and hiring managers in higher 
education at the graduate and doctorate are. (B) 
Authority: The authority includes the power to in-
terpret attempt, attempt, which will affect the way 
the definition of power, domination and influence 
the situation is allowed to sense [3]. It is also le-
gitimate authority, person or group of persons or 
other groups. Authority, unlike the power, it de-
pends on who, while admitting subordinates, su-
periors, and they are right, they are ordered about 
or leadership [1]. In other words, authority is the 
chance and opportunity-based, special order, the 
contents of which obey certain group of people, 
it is. In this study, type of authority, traditional 
authority in three dimensions (using 6 items), 
charismatic authority, (using 7 items), and ratio-
nal authority (with 12 items), a five-point Likert 
spectrum, were measured. Moreover, the authority 
also using 39 items on a five-point Likert format, 
range, were measured. Relative deprivation: rela-
tive deprivation, as perceived differences between 
men’s value expectations and their value capabili-
ties is defined. In other words, relative depriva-
tion, the actors’ perceptions of the differences be-
tween value expectations and value capabilities is 
defined (Geer, 1998). Expectation value of goods 
and conditions of life are entitled to their own 
people they know. Potential value of goods and 
circumstances, people think, and if you have so-
cial tools, they can make it, to obtain and maintain 
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(ibid.). In this study, feelings of relative depriva-
tion among young people, such as welfare indica-
tors (food, housing, health services, and physical 
comfort, strength, willingness to participate in a 
group decision-making, voting, political compe-
tition, and membership the political groups), and 
values between. Between persons (psychological 
satisfaction, respect and affection), is measured. 
Using these variables, nine items in the range of 
five-point Likert format, were measured.

Findings

Data for this study was obtained from ques-
tionnaires, which by 258 people, Payame Noor 
University in Kermanshah were collected and 
analyzed by the group. After the end of data col-
lection, surveys, extraction, and then transferred 
to the computer, and then use statistical software 
SPSS21 and Amos21, analyzed, respectively. 
Data analysis, spectroscopy was performed in ac-
cordance with the levels measured variables and, 
thus, the use of descriptive statistics, cross-tabu-
lations and statistical samples, all variables were 
described by frequency tables. Also, to analyze the 
relationship between independent variables and 
dependent ANOVA, F-test and Pearson’s correla-
tion coefficient was used. The results show that, 
the sample included 258 patients, 157 patients, 
gender, male, with (frequency 60.9) and 101 were 
female gender, with (frequency of 39.1, respec-
tively). Results show that 193 people, education, 
Postgraduate, with (frequency 74.8), 34 patients, 
the education of doctoral students, with (frequency 
13.2), and 31 cases, the doctoral degree, (with fre-
quency 0.12) are. Sample of 258 patients included 

in the study, 88 of them, with a tuition (frequency 
34.1), 68 of them deal with (frequency of 26.4), 24 
the covenant, with (percent frequency of 9.3), 17 
the official test (percentage frequency of 6.6) and 
61, it officially confirmed, with (frequency 23.6) 
are. Also, the results show that the average age 
of the respondents, versus 88/35, the amount of 
monthly salary, it is equivalent to 1,380,913 USD. 
Table 1 shows the respondents’ mean scores for 
the variables measured at a distance, and relative 
research. One of the variables studied, relative de-
privation is the true mean score for the subjects, 
the 27.172 is compared to the expected mean 
score (27), moderate-, and shows this, the relative 
deprivation of the faculty, is moderate. Another 
indicator is the level of authority, the actual mean 
for teachers equal to 58/50 which, compared to the 
expected mean score (48), the upper limit is. Al-
pha results, showing that ,  are all variables have a 
high alpha level.

Testing hypotheses
Hypothesis 1: between relative deprivation and 

levels of authority, teachers are there.
Table 2 Relationship between relative depriva-

tion and the extent of the authority of the masters, 
show that. Given that, the measurement of the two 
variables, distance - the distance, the Pearson cor-
relation coefficient is used. The Pearson correla-
tion coefficient between two variables, relative de-
privation, and the authority of teachers is to -0.301 
(r=-0.3101). The results of these tests show that 
the two variables, relationship, and there is an in-
verse, so the hypothesis is confirmed.

Hypothesis 2: The use of social media and the 
power level professors are there. Table 3 the rela-

Table 1.  Shows the relative distribution of respondents’ socioeconomic

VariableNumber of 
samples MinimumThe maximum 

amount
Mean

SDNumber 
of items

Cronbach’s 
alpha The actualExpected

Relative 
deprivation258104527.172276.21790.81

Authority 
level258293750.58487.44160.77

Table 2.  Relationship between relative deprivation and the extent of the authority of teachers
VariableAverageStandard deviationThe correlationSig…

Relative deprivation27.1726.217-03010.000 Authority of teachers50.587.44
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tionship between the mass media, and the author-
ity of the masters, show that. The Pearson correla-
tion coefficient between two variables, the use of 
mass media and the authority of teachers, against 
0.161 is (r=0.161). The results of this test indicate 
that there is a significant relationship between the 
two variables, so the hypothesis is confirmed. 

Hypothesis 3: The degree has a significant ef-
fect on the level of teachers’ authority. 

The results in Table 4 show that the average 
power level professors among academic disciplines, 
Humanities, Mathematics - Physics, Engineering 
and Science, respectively, equal to 25.93, 28.28, 
32.30 and 36.27 which is between them, a signifi-
cant difference exists. The differences observed on 
the test f (ANOVA) at 0.095 significance level of 
the hypothesis verification, and is extensible. 

Hypothesis 4: There is a relationship between 
monthly income and level of authority of teachers. 
Table 5, the relationship between monthly income, 
and the authority of the masters, show that. The 
Pearson correlation coefficient between two vari-
ables, monthly income, and the authority of teach-
ers is to -0.153 (r=-0.153). The results of these tests 
show that, between the two variables, given the 
significance level (a=0.014) There is a significant 
relationship, so the hypothesis is confirmed. 

H5: masters degree on the amount of power 
it has significant influence. Table 6, masters de-
gree impact test, the amount of power it shows. 
The results of the table show the average power of 
teachers with master’s degrees, doctoral and PhD 
student, respectively, 48.552, 48.852 and 51.215 
is that the difference between them based on test 
t, independent groups, at least 0.095 significance 
level, therefore, the hypothesis is confirmed. 

PNU authority of teachers is more than one 
type?
Table 7, the authority of the state, among the 

respondents, respectively. In this study, different 
types of authority, according to Weber’s theory, the 
three traditional authority, power, charisma, and 
intellectual authority, each in the form of 5-point 
Likert scale, have been measured, and the distance 
of three variables , are surveyed. Average, equal to 
the traditional authority, 13.57, the authority Cha-
risma, 13.54 and the rational authority, 18.72 is. In 
this dimension, compared with the average of the 
expected size, respectively, 15 traditional authority, 
power, charisma, 12, 15 is rational authority. These 
results indicate the fact that the observed mean for 
traditional authority, less than the expected aver-
age. The result shows that the level of traditional 

Table 3.  The relationship between the mass media and how teachers might
VariableAverageStandard deviationThe correlationSig…

Social Media22.124.130.1610.009 Authority of teachers25.407.56

Table 4.  Mean levels of Teachers of authority between academic disciplines
Field of StudyAverageStandard deviationfSig…

Humanities 25.934.57

3.450.026 Mathematics - Physics28.283.26
Agricultural Engineering 32.305.50

Science36.275.25
Table 5.  Relationship between monthly income and level of authority of teachers

VariableAverageStandard deviationThe correlationSig …
Monthly income 3.921.68-0.1530.014 Authority of teachers25.407.56

Table 6.  Test the impact on the level of authority
Education AverageStandard deviationFSig…

Masters 48.5527.37
2.8070.05 PhD student48.8527.75

PhD51.2157.06
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authority among teachers is lower. For the charis-
ma, the observed mean more than expected. The 
result shows that the authority Charisma professors 
at university. And intellectual authority to the mean 
observed more than the expected average.

Table 8, the results of the Friedman test, the 
mean ratings for different dimensions variable 
power levels, respectively. The results show that 
average rankings in various aspects of traditional 
authority, power, charisma, and intellectual au-
thority, are different, and therefore the same level 
of theory or hypothesis H0, is rejected. Given the 
significance of friedman test, the chi-square test 
is based on, is, therefore, its results, based on chi-
square value is interpreted. Who is the two-fold 
test, 113.468 degrees of freedom, it is equal to 
3. The result, at least 95 percent, the meaningful 
confirmed. Average Rating after rational authority, 
equal to 2.89, Average Rating after traditional au-
thority, equal to 1.58 and an average power level 
equal to Charisma, 1.53 is.

Non-parametric tests
The main hypothesis of this study was to test, 

using non-parametric tests, the original scores of 
the variable, the value of re-encoding sequence, 
and then, using the chi-square test, d Summers, 
Tub and Tuc Kendall , were also tested. Table 9 
Calculation of non-parametric tests for associa-
tions between relative deprivation, and the au-
thority of the masters, show that. The data table 
shows that, whatever the size of relative depri-
vation among teachers exceeds the amount of 
power, it comes down to. This result, based on 
non-parametric tests, chi-square, d summers, Tub 
and Tuc Kendall at least 95 percent confidence 
that is acceptable, and can be the result, the to-
tal population, generalized. The results show that 
the amount of chi-square between relative depri-
vation, and the authority of teachers, respondents 
-27.165 is equal, and this value is significant at the 
95 percent level at least. Therefore, this test can be 
based on the results, the total population, general-
ized. Also, the value of d summers, is -0.256-. It is 
noteworthy that the amount Tub, and Kendall Tuc, 

Table 7.  Style status of the respondents

Variable nameNumber of 
items

Average 
SDLowestMaximum

ActualExpected
Traditional authority513.57153.085624
Charisma authority413.54122.128719

Intellectual authority518.72152.561225

Table 8.  Compares the average test out different sizes varying levels of authority
Authority level Average RatingChi-square testDegrees of freedomSignificance level

Intellectual authority2.89
318.68520.000 Traditional authority1.58

Charisma authority1.53

Table 9.  Calculation of non-parametric tests for associations between relative deprivation and levels 
of authority

Relative deprivation
Groups

TotalThe low level Middle levelTop
4612520Top

A
ut

ho
rit

y 
le

ve
l 

te
ac

he
rs 1781813426Middle level

348215The low level 
2582718051Total

Sig =0.000                                         Chi-Square = -27.165
Somers’ d = -0.256                                      Sig =0.000
Kendall’s tau-b = -0.256                                Sig =0.000
Kendall’s tau-c =-0.180                                 Sig =0.000
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respectively, to this point, is -0180 and -0.256 and 
that is significant.

Multiple Regressions
In the present study, stepwise multiple regres-

sion statistics were used. In this way, different 
variables in order of importance in explaining the 
dependent variable into the equation, and the vari-
ables that affect the dependent variable explained, 
do not fall out of the equation. Of course, leaving 
the variables in this manner means to be minor, it 
is not, in this way, the goal is to select variables, 
predictability, and a further explanation for the de-
pendent variable to have. Also, to use this method, 
nominal variables, the dummy, the analysis said. 
Here is a dummy variable taking on the desired 
number of members of a given class, and the rest 
(subjects that are not classified Member) arbitrary 
number, is displayed. With this method, the vari-
ables in the vicinity of continuous variables, the 
process of my work, and it can be used as continu-
ous variables, can be used. Table 10 independent 
Variable elements into the equation, to predict the 
extent of the authority of the masters, show that. 
Our results indicate that four variables were en-
tered into final regression equation. The first vari-
able is the level of traditional authority. The results 
show that, among these variables, and the author-
ity of teachers, there is a high correlation, so that 
the value for this variable T (T =4.335) and signif-
icant coefficient (0.000=Sig.T) is. Coefficient of 
determination equal to 0.27, respectively. Second-
ly, the level of self-esteem into the equation, the 
value of T, for this variable, (T=3.925) and signifi-
cant coefficient (0.000 = Sig.T) is. Here, entering 
the second variable rate equal to the coefficient of 
determination, = 0.31, respectively. Third, enter-
ing the third variable, the charismatic authority, 
the value of T, (T =3.878) and significant coeffi-
cient, (0.000 = Sig.T) is. At this stage, the rate co-

efficient is equal to 37.0 = obtained. In the fourth 
step, enter the variable of relative deprivation, the 
value of T, (T=-2.287) and significant coefficient 
(0.023 = Sig.T) is. At this stage, the rate coeffi-
cient is equal to 0.42 = obtained. These four vari-
ables, altogether they amount to 0.42 of the vari-
able changes within the authority of the teachers, 
they explain. The quantity F, this is significant, it 
indicates that at least one of the independent vari-
ables in predicting the dependent variable is effec-
tive. After using the individual variables T, tested. 
Significance of F, meaning that, for sure, between 
independent variables and the dependent variable, 
a direct linear relationship exists. It is natural that 
the probability that the quantity F, the magnitude 
of randomly obtained, is extremely low, ie, the 
relationship between the independent and depen-
dent variables can not be random, may happen. 
Constant value of the quantity a, the regression 
equation is equal to, 21.422 is. These values, the 
regression equation, the constant is known.

Accordingly, the multiple regression equation 
in this study is:

Y=a+bx
1
+bx

2
+ . . . bx

n

Power level = 0.263 (traditional authority level) + 
+0.219 (self-esteem) + 0.220 (degree of charismat-

ic authority) + -0.127 (relative deprivation) + Ei

Table 11 Diagnostic Tests for the detection of 
outliers shows. Hit detection, to detect outliers 
and other related statistics, regression coefficients, 
are presented. In addition, following assumptions 
about the distribution of variables in the regres-
sion of , the accuracy of the scores, Perth, inten-
tionally or inadvertently, be enrolled in a exam-
ple. Individual variables may appear to be shy, 
but some combination of two or more variables 
may be combined and uneven Adverse effect will 

Table 10.  Independent Variable elements into the equation for predicting teachers’ authority
StepVariableBBetaAmount TCorrelationRR²

1Traditional authority0.6350.2634.3350.0000.460.27
2Self-esteem0.2340.2193.9250.0000.520.31
3Charismatic authority0.7680.2203.8780.0000.550.37
4Relative deprivation-0.153-0.127-2.2870.0230.570.42

Constant=21.422                                   F=30.520                     Sig=0.000
Durbin-vatson:1.720                                        Method: stepwise
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get. Thus, scores, grades, Perth, say. In this study, 
gathering data, in terms of distance, and influence 
IBD patients. Data from each of the remaining 
parameters remained Resid Rstudent or Rstudent 
were measured, and the influence of this research, 
using D Cook, has been calculated. Also, the av-
erage distance to the remaining 0/004, which re-
flects the fact that the average distance from the 
regression line is not high, and regression normal 
distribution. In other words, in the studied sample, 
the distribution of Y and X are tossing their cor-
responding distribution is normal. However, Cook 
D, mean values, between 3.984 on the show. Cook 
according to the amount of 1, distances, therefore, 
can not scatter in the data, the high estimate.

The test of the measurement model
To assess validity, research instruments and 

data analysis to develop an operating model in 
this study, the software was SPSS 21 and Amos 
21. For data analysis showed that, be authority of 
teachers, using a second-order factor model, was 
measured. To develop a model to measure the au-
thority of teachers, first, several indicators (tra-
ditional authority using five items, with 4 items 
charismatic authority and rational authority, using 
five items) were selected. Then, using the software 
SPSS 21 and Amos 21 factor loadings of each re-
agent, estimation, and the differences between 
them, with a zero on the test, was used. The results 

show that, in addition to the internal consistency 
of the items defined, for each sub-scale, divergent 
validity were also established. The results show 
that, relatively good fit of the measurement mod-
el, is given, and the results of calculations can be 
found at the following show:

In the present study, the chi-square CMIN in-
significant equivalent, 211.143 and a significance 
level of 0/000 desired results, they do not show. 
But, at some point, the study sample size, the chi-
square value, under the influence of sample size, 
placed, and not reliable, therefore, other indicators 
of goodness of fit is used. The square root of the 
mean squared residual or RMSEA indicates that the 
formulation of the model can be accepted or not? 
These indicators, including indicators that fit badly, 
that value ranges from zero to one. So, no matter 
how much smaller it is, the model developed, it is 
becoming more acceptable. In this study, the value 
of this index is equal to 0.075 to nearly zero and 
fitness model, confirms. Index RMR, or root mean 
squared residuals, is much closer to zero, indicat-
ing a better fit of the model there. In the model, the 
amount equal to 0.098. Which is close to zero, and 
fitness model, confirms. Chi-square per degree of 
freedom, CMIN / DF for judging the model has 
been developed. This value is equivalent to the 
Model 199.3 is that; in general, the models show 
a recovery situation. Among other indicators used 
in this study are thrifty indicators. The comparative 

Table 11.  Diagnostic tests for detecting outliers
SDMeanMoreLowestAssociated with multiple regression tests

6.2500.00419.580-17.852Stud. Deleted Residual
5.446.0353.180.141Mahalanobis Distance
3.1763.98423.6110.000Cook’s Distance 
0.0120.0160.0920.000Centered Leverage Value

Table 12.  Overall fit for the model parameters based on the master’s authority, Weber’s theory

IndicatorsIndex namePersian equivalent of index
Model 

The first 
model

The second 
model

The third 
model

AbsoluteChi-SquareThe chi-square327/759253.681211.143
P-valueSignificance level0.0000.0000.000

Relative
RMRThe root mean square residual0.1080.1070.098
RMSEASquare root of the residual mean square0.0830.0830.075
CMIN/DFChi-do to degrees of freedom4.4293.6773.199

ComparativeCFIComparative fit index0.8700.9050.926
ThriftyPCFIComparative fit thrifty0.07070.6860.671
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fit index CFI, 0.926, the desired results will show. 
Comparative fit index values   for thrifty PCFI 0.05 
or higher is acceptable. Results, the values of these 
parameters against 0.671 of the show. Indicators 
and adaptive thrifty calculated to assess the gener-
ality of the model show that, in the aggregate, have 
collected data, support decis i on making model, 
while acknowledging that, tho u gh, adding some 
regression weights, and unidirectional relationship 
between observed variables ca n  reduce the chi-
square results, but such a thing, in terms of the way 
and not much more, not theoretically not feasible 
and is not acceptable.

The first measurement model, all of the positive 
regression weights or factor loadings (Lambda 
parameter X), the result is reasonable and accept-
able, the theoretical basis of Weber’s view, does. 
Second, factors such as charismatic authority, hav-
ing a regression weight 65.1, solidarity between 
the operating authorities of the masters, show that. 

Discussion

Interpretation of findings
Based on the results, we can say whatever uni-

versity professors, the more relative deprivation, 
they showed the same degree of authority among 
them, are reduced. Given that, as a result of relative 

deprivation perceived difference between value ex-
pectations (demands) and the ability to value (that 
of) individuals. If, faculty expectations in many 
aspects, especially in political, economic, or not 
met, frustration, and despair you feel, as well as 
their scientific credibility and prestige, continues 
to decrease. Another factor in the authority of aca-
demics plays an active role, the rate of mass com-
munication and the media. Public awareness of a 
community depends on increasing use of media 
and mass communications, is. Because the pro-
fessors, the intellectuals, and social activists, have 
much knowledge, have, therefore, their use of the 
media is essential. Unlike the simplistic impression 
that considers television as a means of fun, Televi-
sion, willingly or unwillingly, in all of its programs, 
educational goals, said. Television, not just a means 
of education, collaboration and learning popula-
tion is. Even those television commercial and trade 
purposes, rely on, and have the appearance of non 
tutorial, followers, even if it is teaching, not with 
the culture and values   of a society. Consumer edu-
cation, training or to purchase this product, training 
and other business networks, along with cultural, 
educational, political, e conomic, and moral, con-
ventional national television, is found. Even televi-
sion broadcast immoral programs, their reputation, 
their type, job training, conduct, and training to the 

Figure 1.  Three-factor model, the dependent variable of the second factor (social authority of teachers
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community with its intended purpose, is injected. 
After training on the TV, there is little doubt. Anoth-
er result of this study is education. The results of the 
study show that the level of education faculty, level 
of authority and prestige, it also increases. Accord-
ing to Bourdieu (1984), a college education, place 
them in an academic environment, makes clear. In 
this regard, he believes that the structure of higher 
education and academic hierarchies, field strength, 
the University specifies the manner in which those 
with higher social education and teachers become 
more established, the authority of teacher’s new-
comers have higher prestige. The results also show 
that the authority with monthly salaries of teachers, 
is inversely related, so that each teacher’s monthly 
income amount, is increased, the extent of his au-
thority, the academic community is lower. How-
ever, these results may not be generalizable to the 
entire target population, because, from the perspec-
tive of behaviorism and Homnz, increase economic 
opportunities, leading to increased power is.

Since one of the factors associated with the 
authority of teachers, the mass media, so expect 
a variety of television programmers and network 
administrators, teachers, personality, presenta-
tion programs and television series, increased use 
among businesses, and letters in society, teach-
ers are important. Close relationship between the 
community and the teachers, there are many bene-
fits. First, their teachers, their job satisfaction and, 
hopefully, more force continues. To quote today, 
professor of public attention to himself, “positive 
energy” that is, the energy, to our individual chil-
dren, and ultimately, to society, and the future of 
the country, is injected. If the teacher does not be-
lieve that the community respected him, and love, 
know, how can this positive energy, is transferred 
business? But, more importantly than that, accord-
ing to the professor, and his role in our lives and 
society, our children, the teacher is familiar. Our 
children need in their lifetime, decades ago teach-
ers could sit. If he fails to master the WAN, and be 
interactive, and him, not believing, of course, dur-
ing the study, and therefore less successful in life, 
will attend. What better medium of television can 
create knowledge, and to establish this interaction 
is more effective. Share that we are thinkers, phi-
losophers us, and our great poets, the definition 
masters, and his high position, allocated, is strik-

ing. How many of us read, and believe that this 
hemistich: “Master of the kind of love the Father.”

Raising the social status and the expression of 
real value in society by the mass media, university 
professors, which will allow him to, education and 
training, transfer values, and contribute to inclusive 
growth more effectively, to act . Respect the teach-
er’s personality, causing him the greatest spiritual 
influence among learners important, and thus, the 
transfer value, the better and easier it occurs.
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The purpose of this research was focused on 
determination of the concentrations of activity of 
226Ra, 232Th,40К and 137Cs in the soil samples col-
lected from cultivated soil close to several larg-
er cities in the Republic of Macedonia (Tetovo, 
Veles, Bitola), by using gamma spectrometry.

Data show that the average value of activity 
of226Raand 232Thare within the range of (25.58-
36.48) and (36.55-50.45) Bq kg-1, respectively.
While, the concentrations of activity of 40К in 
comparison to those obtained for 232Thand226Ra 
are higherin all analyzed soils samples, showing 
values within the range of (611.59-781.23) Bq kg-

1, the activities of 137Csare generally lower and are 
within the range of(9.33-18.90) Bq kg-1,with the 
highest activity at a depth of 5 cm, which is well in 
accordance with thedata from the literature.

However, 40К is the only radionuclide which 
was determined with a significant quantity in the 
soil samples, and for which one can tell that in all 
locations at a depth to 5 cm it shows highest level 
of activity. It is considered that all other deter-
mined radionuclides which occur naturally, have 
nominal concentrations.

On the basis of the obtained results so far, we 
can conclude that the soil samples which have 
been collected in the environment of the observed 
cities, do not indicate increased radioactivity, 
which could impose a threat for the food produc-
tion that might have negative influence on hu-
man’s health. The concentrations of these radio-
nuclides are comparable to the available data from 
the other countries.

Key words: radioactivity;soil; radionuclides; 
gamma spectrometry;specific activity.

Introduction

People have always been exposed to natural ra-
diations which arise from the interior and the ex-
terior of the soil. Radionuclides come to the sur-
face of the soil in a form of solid particles, or with 
rains, in dissolved or undissolved state. The ones 
that come in a form of solid particles, are being 
mechanically retained on the surface, while the 
ones which have been dissolved with the process 
of filtration, penetrate the soil and most of them 
are connecting to its surface layer. 137Cscomes in 
the soil in a form which is dissolvable in water.

Numerous researches have proved that it is 
mostly retained on the surface of the bottom, and 
its speed of penetration through the soil would de-
pend on the type of soil and the quantity of atmos-
pheric precipitation[1].

On the basis of numerous researches, a conclu-
sion can be made that the migration of radionu-
clides in soil depends on most characteristics of 
the soil such as physical-chemical characteristics 
(pH,mineral composition, content of organic mat-
ter), structure (porosity, mechanical composition), 
water regime (content of water, level of under-
ground waters), agrotechnical measures (fertiliza-
tion, tillage) etc. [2].

Natural radioactivity is widely spread in the 
soil environment and it exists in different geologi-
cal formations in soil, rocks, plants, water and air 
[3,4,5]. Natural radioactivity in the soil samples 
comes from series of U and Th and natural К. 
Artificial radionuclides can also be present, such 
as 137Cs, which is a result of the accident in Cher-
nobyl, and also of the low sedimentation from dif-
ferent atmospheric trials of nuclear weapons in 
certain areas of the planet.

Determination of the vertical distribution 
of 226Ra,232Th, 40К AND 137Cs in samples of 
cultivated soil taken in the vicinity of certain 
cities in Republic of Macedonia
Angjeleska Aleksandra, Uzunov Risto, Hajrulai-Musliu Zehra, Dimitrieska Stojkovik Elizabeta, Stojanovska 
Dimzoska Biljana
Food Institute, Faculty of Veterinary Medicine Skopje, Republic of Macedonia.
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Monitoring of radioactivity in soil provides in-
formation about its nature, hence it is important for 
the evaluation of the radiation dose to which the 
general population is exposed. It turned out that the 
understanding of the behavior of natural radionu-
clides in the environment is very important, since 
such information can be used as the related param-
eter values about radiological assessments [6]. For 
this reason the assessment of the dose of gamma ra-
diation from natural resources has great importance 
since natural radiation is the main contributor for 
the external dose in world population [7].

Lately, radioactive matters due to their specific 
characteristics, have been subject of numerous re-
searches, and they are one of the main problems 
for soil protection. Most attention has been paid to 
artificial radionuclides, and the natural ones have 
been less important, in terms of research, as well 
as in terms of protection [8-9].

However, in order to be able to monitor the ar-
tificial radioactivity in soil, it is also necessary to 
know the natural side of the same.

Many scientists in the world have been work-
ing on this field i.e. on research of radioactivity 
in soils by using gamma spectrometry system in 
order to determine 238U 235 U 40K 137Cs[10-11].

The purpose of this research was focused on de-
termination of concentrations of activity of 226Ra, 
232Th,40К and 137Cs in the soil samples collected 
from threelarger cities in Republic of Macedonia, 
by means of the gamma spectrometry method.

Material and method

In order to measure the natural radioactivity in 
soil, soil samples have been taken from 3larger 
cities in Republic of Macedonia. Each sample has 
been taken by means of a special dosing vessel 
with limiters, which allows sampling of samples 
at a depth of 0-5 cm,5-10 cmand 10-15 cm, there-
by enabling sampling above these soil layers. Soil 
sampling has been performed by taking 3samples 
from every location, for the given depths accord-
ing to the recommendations by IAEA[12].

The sampling was performed in May and June 
2012.

It was insured to have the micro-location as a 
flat terrain, thereby excluding the consequences 
for eventual horizontal translocation of radionu-

clides. Collected samples were carefully cleaned 
of small stones, and then they were dried in an 
electrical oven at a temperature of 110◦С to a 
period of 48 hours depending on the soil depth, 
until the sample gets constant weight. Upon dry-
ing, the samples were crushed, set on a foundation 
and grinded to a previously determined size of 
particles according to the analytical requirements 
and then they passed through a sieve. The homog-
enized soil samples were packed in plastic con-
tainers which had the same geometry as the one of 
the reference materials.

Upon ensuring time balance between the suc-
cessors of 238U and232Thseries (21 days), these 
sealed samples were prepared for analysis.

The spectral analysis of radionuclides of these 
samples has been conducted by applying spec-
trometer for γ-rays with high purity germanium 
detector (HPGe) with 30% relative efficiency and 
energetic resolution (FWHM) of 1.8 keV for 1.33 
MeV reference transition of 60Co [13]. 

The detector has been protected with lead with 
a thickness of 9 cm with an internal line of 0,5 cm 
thin copper plate covered with 1 mm aluminum in 
order to absorb the x-rays from the lead and the 
copper. The internal size of the shell gap was 30 
x 30 x 30 cm.The detector was given high voltage 
through a preamplifier which was afterwards con-
nected with an amplifier with a computer-based 
channel analyser through ADC (analogous to digi-
tal convertor). The software which was used for 
obtaining data is Canberra software package Ge-
nie-2000, including research of maximal value and 
modules for identification of nuclides. The system 
was regularly calibrated for energy and efficiency. 
The energetic calibration was performed by obtain-
ing a spectrum of approved calibration sources of 
known energies such as 60СО, for Еγ=1332.5 and 
1173 keV, and137Сѕ, for Еγ=661.6 keV. The gamma 
rays which were the point of interest were within 
the range from 50 to 3000 keV. The prepared Mari-
nelli glasses (samples) have been placed on a final 
detector at a distance of approximately 10 mm. 
Each sample was counted for a period of 65000sin 
order to get good statistics and the constant time 
was less than 10%. The measurements with an 
empty Marinelli glass, during identical conditions, 
have been also conducted in order to determine the 
background. Then they have been deducted from 
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the measured spectrums of each sample in order to 
get the net activities of radionuclides. The specific 
activity АЕ,i(Bq/kg) is determined [14],

AE,i= NE,i/ εЕxtxIaxm

where:
NE,i–surface at the top of total energy absorp-

tion Е,
εЕ–efficiency of the energy detector Е, 
t–time of measurement,
Ia–absolute intensity of gamma decay of energy 

Е and
m –sample mass (kg).

For the purpose of determination of activity of 
226Ra, gamma lines of 214Bi at 609,3keVand214Pb 

at 351,9 keV, have been used. For the purpose 
of determination of the activity of  232Th, gamma 
lines of 228Ac have been used at 911,2 and 969,1 
keVand the line of214Pb at 238,6 keV. The activity 
of 40K has been determined on the basis of the line 
1460,8keV. The activity of 137Csis on the basis of 
the line 661,66keV[15].

Results

Obtained specific activities of the observed ra-
dio-nuclides in soil samples taken from locations 
of cultivated land in the vicinity of several cities 
in the Republic of Macedonia are presented in the 
Table 1. The table shows the mean values of the 
specific activities of the given elements with the 
appropriate standard deviation.

Table 1.  Mean values of specific activities of226Ra, 232Th, 40Kand137Cs with the appropriate standard 
deviation in samples of cultivated soil

Cultivatedsoil
Specific activities (Bq/kg)

Depth (cm) 226Ra 232Th 40K 137Cs

Tetovo

0-5 36.25±2.54 51.84±3.63 798.0±55 9.38±0.64
5-10 37.08±2.60 50.17±3.51 774.91±54 9.15±0.64
10-15 36.80±2.58 50.44±3.53 794.28±55 9.26±0.65
0-5 36.40±2.52 51.26±3.50 782.00±54 9.70±0.65
5-10 36.28±2.60 49.77±3.51 768.20±55 9.18±0.65
10-15 35.92±2.60 49.70±3.51 759.33±55 9.10±0.63
0-5 37.05±2.50 50.94±3.50 788.0±55 9.88±0.65
5-10 36.28±2.50 50.07±3.51 794.11±55 9.26±0.65
10-15 36.26±2.51 49.84±3.50 772.28±55 9.02±0.65

Veles

0-5 36.68±2.57 47.16±3.30 708.75±49.61 17.77±1.24
5-10 35.96±2.52 46.37±3.24 695.28±48.67 19.33±1.35
10-15 37.09±2.60 47.39±3.32 711.76±49.82 19.34±1.35
0-5 36.02±2.55 46.88±3.33 698.00±49.65 16.81±1.25
5-10 35.48±2.55 46.27±3.31 672.33±49.65 18.86±1.36
10-15 36.42±2.51 47.28±3.33 692.00±48.66 18.09±1.25
0-5 37.08±2.51 46.12±3.31 712.15±49.65 18.27±1.24
5-10 37.06±2.51 46.52±3.30 703.08±49.65 18.33±1.25
10-15 37.58±2.51 47.20±3.31 689.00±49.66 17.51±1.25

Bitola

0-5 25.18±1.69 35.96±2.51 619±42.85 19.60±1.37
5-10 25.06±1.68 38.44±2.68 623.13±43.84 19.89±1.35
10-15 25.42±1.69 37.39±2.50 593.00±43.00 17.22±1.37
0-5 26.20±1.68 35.22±2.50 654.00±43.80 18.77±1.34
5-10 25.91±1.69 37.03±2.55 643.13±42.85 18.65±1.37
10-15 25.00±1.69 36.02±2.50 609.00±42.85 18.02±1.35
0-5 26.50±1.65 36.12±2.51 627.00±43.85 19.77±1.34
5-10 25.75±1.65 36.08±2.50 599.85±43.85 19.65±1.35
10-15 25.16±1.64 36.72±2.50 536.20±43.85 18.53±1.35
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Table 2.  Descriptive statistics of the mean values of the specific activities of 226Ra, 232Th, 40Kand137Csin 
Tetovo

Cultivated soil/Tetovo
Specific activity

226Ra 232Th 40K 137Cs
Mean value 36.48 50.45 781.23 9.33
Median 36.28 50.17 782.00 9.26
Standard deviation 0.40 0.75 13.39 0.29
Minimum 35.92 49.70 759.33 9.02
Maximum 37.08 51.84 798.00 9.88
Rang 1.16 2.14 38.67 0.86
Kurtosis -0.93 -0.29 -1.19 0.49
Skewness 0.54 0.90 -0.29 1.19

Table 3.  Descriptive statistics of the mean values of the specific activities of 226Ra,232Th,40K and 137Cs in 
Veles

Cultivated soil/ Veles
Specific activity

226Ra 232Th 40K 137Cs
Mean value 36.60 46.80 698.04 18.26
Median 36.68 46.88 698.00 18.27
Standard deviation 0.68 0.48 12.82 0.84
Minimum 35.48 46.12 672.33 16.81
Maximum 37.58 47.39 712.15 19.34
Range 2.10 1.27 39.82 2.53
Kurtosis -0.87 -1.91 0.73 -0.44
Skewness -0.29 -0.19 -0.86 -0.23

Table 4.  Descriptive statistics of the mean values of the specific activities of 226Ra, 232Th, 40Kand137Csin 
Bitola

Cultivated soil/Bitola
Specific activity

226Ra 232Th 40K 137Cs
Mean value 25.58 36.55 611.59 18.90
Media 25.42 36.12 619.00 18.77
Standard deviation 0.54 0.96 34.26 0.91
Minimum 25.00 35.22 536.20 17.22
Maximum 26.50 38.44 654.00 19.89
Range 1.50 3.22 117.80 2.67
Kurtosis -1.02 0.73 2.57 -0.37
Skewness 0.62 0.82 -1.29 -0.66

Table 5.  The mean values of the specific activities of 226Ra, 232Th ,40Kand137Cs

Cultivated soil
Specific activity / mean value

226Ra 232Th 40K 137Cs
Tetovo 36.48 50.45 781.23 9.33
Veles 36.60 46.80 698.04 18.26
Bitola 25.58 36.55 611.59 18.90
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Data show that the average value of activ-
ity of232This within the range from 36.55 Bq kg-

1to50.45 Bq kg-1 and it is higher than the one of 
226Ra, which may be due to a longer half-life of232Th 
in relation to226Ra. The activity of 226Rais within the 
range from25.58 Bq kg-1to36.60 Bq kg-1.

The activity of 40К is within the range 
of611.59Bq kg-1 to781.23 Bq kg-1.

The activity of137Csis within the range of 9.33 
Bq kg-1 to 18.90 Bq kg-1,however the highest val-
ues have been measured at a depth to 5 cm.

Graph 1.  Mean values of the specific activities of 
226Ra, 232Thand137Csin the three cities in Macedonia

Graph 2.  Mean values of the specific activities 
of40Kin the surrounding of Skopje and three cities 
in Macedonia

Discussion

In the current study, it has been noted that the 
specific activity of these radionuclides in the soil 
is not uniform, however it is different for different 
soils depending on the geological or the typograph-
ical character of the area. Additionally, it also de-
pends on the type of the past agricultural activities 
and different minerals that are present in soil.

One can notice that the average concentrations 
of the same isotope differ for different soil depths, 

but common relation between the activity and 
the depth for 226Raand232Th has not been found.
The measured values of radioactivity show that it 
is accidentally distributed in different soil depths 
which are beeing examined.  

The concentration of activity of 40К in the soil 
in all locations has higher value than the one of 
232Thand226Ra for all soils which is in accordance 
with the data from the literature [16].However, 40К 
is the only radionuclide determined with an im-
portant quantity in the soil samples for which one 
can say that it shows the highest level of activity 
in all locations at a depth of 5cm. It is considered 
that all other determined radio-nuclides which oc-
cur naturally have nominal concentrations.

Different factors may be responsible for the un-
equal distribution of 137Сѕ. This variation of data is 
not very significant taking into consideration the 
great geographic variations which may be a result 
of the difference in the characteristics of soil, the 
ecological and meteorological factors, especially 
the rain in a period of sedimentation, which is very 
important because it facilitates sedimentation. 
However, from the very research one can perceive 
that in all locations, the highest level of 137Csis at a 
depth of 5cm which is in accordance with the data 
from the literature [17].

All the results from this study have been com-
pletely compared to the international values and the 
ones from other studies in other countries through 
the entire world. It was determined that the levels 
of natural radioactivity in Macedonia are not within 
the range of high risk according to the internation-
al standards i.e. the soil samples which have been 
analyzed in the indicated cities do not indicate in-
creased radioactivity which could impose a threat 
for the food production or which might have nega-
tive influence on human’s health. 

The results for the natural radioactivity have 
been compared to the results for different coun-
tries from the world. The mean value of specific 
activity of 226Rafrom all locations is 32.88 Bq kg-, 
which is less than the average value in the world, 
i.е. 35 Bq kg-1. This level is similar to the one in 
Romania (32 Bq kg-1), and lower than Croatia (43 
Bq kg-1) and Bulgaria (45 Bq kg-1) [7].

The mean value of specific activity of232Th in 
all areas of investigation is 44.60Bq kg-1and it is 
near the average value in the world, i.e. 45 Bq kg-1.
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This level of activity is less than in Brazil [18], 
India, Malaysia, as well as the other areas of Paki-
stan, i.e. the East Salt Range[19].

This level is higher than in Hungary (28 Bq kg-

1) and Bulgaria (30 Bq kg-).
The average level of specific activity of 40К in 

the soil is 696.95 Bq kg-1which is higher than the 
average value in the world, i.e. 400 Bq kg-1[20].

This level is higher than in Algeria, Armenia, 
Bangladesh, China, Cyprus, Denmark, Egypt, 
Greece, Hungary, India, Iran, Malaysia, Norway, 
Poland, Sweden, Syria, USA [20] and Brazil [18].

For countries such as Hungary (370 Bq kg-1), 
Bulgaria (400 Bq kg-), Croatia (423 Bq kg-), and 
Romania (490 Bq kg-1), one can say that they have 
lower level of specific activity of 40К in soil than 
the mean value measured in the three different cit-
ies in Macedonia.

Conclusion

We can conclude that the soil samples that have 
been analyzed in the indicated cities do not show 
increased radioactivity, which would threaten the 
food production or would exert negative influence 
on human health. The data obtained with this work 
can certainly be used as reference values for cur-
rent estimation of the equivalent dose due to natural 
radioactivity. However, on the basis of all measured 
and estimated data, radiation risk does exist, how-
ever what is necessary is continuous and systematic 
examination in order to assess any changes of the 
level of natural and artificial radioactivity.
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Abstract

This research explores the application of an 
alternative operational business model for rural 
revitalization using voluntourism paradigm. It at-
tempted to foresee the possibility of generalizing 
a practical model towards tourism business and 
local partnerships in economic expansion. Hence 
transforming the implementation of economic 
model through voluntourism paradigm to enhance 
rural eco-development using knowledge based 
services. The research adopted three basic meth-
odological stages, firstly, it strengthening theoreti-
cal model of financial and business management 
of voluntourism based on tourist arrivals forecast 
using successful example of volunteer tourism ac-
tivities in Kampung Batu Puteh, Kinabatangan, 
Sabah, secondly, it showcases the efficacy and 
motivations of voluntourists that spur the formu-
lation operational business model. The motiva-
tion of volunteer tourist and tourism business that 
involve local community as a business entity are 
found to have positive correlation and should be 
developed into theoretical and operational model. 
The willingness of the tourist to pay for volunteer-
ing activities has created a new culture of having 
leisure through knowledge-based services in order 
to serve their passion towards personal and com-
munity’s assistance. Lastly, is to generalize a prac-
tical economic model and tourists arrival forecast 
that can be used as a manual or handbook for eco-
nomic transformation of rural communities. 

Key Words: Voluntourism, Rural Revitaliza-
tion, Forecasting, Business Model, Green Econo-
my, Motivation, Economic Transformation

1.  Background of Research

Tourism has become the largest global industry 
[1,2] and the growth of this industry in the 20th 

century had been credited to the “globalization 
of capitalism, movement of populations, tourist’s 
arrival, transportation advancement and modern 
communication technology”. In 2010, [3] project-
ed that the travel and tourism industry would gen-
erate a total of $5,474 billion toward global gross 
domestic product and 219,810,000 jobs (World 
Travel and Tourism Council). Many communities 
have experienced dwindling traditional industries 
as a result of rural urban drift and have increasing-
ly looked towards tourism to help fill the growing 
economic void [4,5,6]. Travel and tourism indus-
try has the potential to offer many benefits to these 
communities which includes improvement in the 
quality of life in a host community by Increasing 
employment opportunities, revenue generation, 
economic diversity, festivals, restaurants, cultural 
activities, and outdoor recreation opportunities, 
[7]. Although, there are two sides to any coins 
thus brought about Specific negative impacts from 
tourism which includes increased overcrowd-
ing, traffic, crime, cost of living, parking prob-
lems, friction between residents and tourists, and 
changes in residents’ way of life [7,8,9]. To arrest 
these ugly situation comes voluntourism as alter-
native form of tourism that aims to limit negative 
impacts while obtaining the benefits the tourism 
industry has to offer Wearing, [10,11,12,13,14]

The Resident support of tourism has also been 
identified as an essential element for successful 
sustainable tourism development [4,5,15,16,17] 
and the establishment of home stay in Batu Puteh 
in Sabah State is a good yardstick to venture into 
forecasting of tourist’s arrival. Home stays are not 
merely a place of accommodation for travelers 
such as a hotel, and should not be confused with 
“Bed n Breakfast”, “Inns” or “Lodging Houses” 
because it is a place that usually seek to amelio-
rate the rural menace through the development of 

The exploration of voluntourism in rural 
revitalization via application of operational 
business concept
Hairul Nizam Ismail, Ojo Kayode Ayobami1
Department of Urban and Regional Planning, Faculty of Built Environment, University of Technology, Malaysia.
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viable resilient sustainable diversified local econ-
omy to improve the quality of life of the area by 
building the community capacity to adapt to and 
benefit from global economic change. In related 
vein, (rural revitalization) focuses on the stimula-
tion of opportunities that will generate additional 
income and jobs, while preserving and enhancing 
the dynamics and features that makes rural life 
special and sustainable [18,19,20] The framework 
of exploration and model testing is lead by several 
questions. These are; why and how volunteer tour-
ist [21], tourism business and local community are 
connected? Then, what kind of relationship they 
are looking for to serve each other interest? Is 
that possible to have a form of ‘mutual benefit’ or 
agreement that can be translated into theoretical 
and operational business model? Is it possible to 
generate innovative economic model using volun-
teer tourism in comparison to current conventional 
approach of rural development.

This study provides alternative potential the-
ory, operational and generalization of model that 
able to explore various boundaries and operational 
method of such relationship. Thus, the expected 
outcome of the research will be as a catalyst for 
innovative economic model using trendy and new 
tourism for pro-poor rural development translated 
into business manual or handbook. 

2.  Literature Reviews

The emergence of volunteer tourism
The motivation of volunteer tourist and tour-

ism business that involve local community as a 
business entity should be developed into theoreti-
cal and operational model. The willingness of the 
tourist to pay for volunteering activities has creat-
ed a new culture of having leisure through knowl-
edge-based services in order to serve their passion 
towards personal and physical challenges. While 
it is beginning to portray a better picture of what 
is happening, the knowledge on the capability of 
the model to be applied in similar area is relatively 
new and less understood.

Volunteer Tourism (voluntourism) is one of the 
major growth areas in contemporary tourism after 
2000. As such, the 1990s saw ‘cultural and ad-
venture tourism rush’ and the late 1990s and early 
2000s are now experiencing the ‘volunteer tourism 

rush [22] influenced by an ever increasing ‘con-
scious society’ where the pattern of tourism global-
ly changed from “mass tourism” to “new tourism” 
due to increasing environmental awareness among 
society [23]. Within a short time frame, volunteer 
tourism has become a ‘mass niche’ market facili-
tated by number of factors; the growth in volunteer 
projects, the variety of destination promoted, the 
range of target markets and the type of player in-
volve together with increasing competitiveness. As 
such, there is an urgent need to examine this niche 
market further and to construct it benefits accord-
ingly, not only to the tourist but also to the host in 
which the volunteer projects has take place, [5, 24]

Volunteer tourism is a type of alternative in 
which tourists volunteer in an organized way to 
undertake holiday that might involve aiding or al-
leviating the material needs therefore, the appeal 
of engaging in volunteer tourism comes from the 
desire to travel with a purpose, spend time assist-
ing in saving natural environments, work with 
communities in developing countries as well as 
fulfilling higher level needs such as self- actual-
ization, enhancement of self-image, feelings of ac-
complishment, social interaction and belonging-
ness [22]. Added to this is a desire “to take a break 
in the routine of their lives, to see countries with 
someone who knows how the country and its eco-
systems work, to be active, to broaden their hori-
zons and to do something different, aiding or al-
leviating the material needs of some group in soci-
ety , restoration of certain environment / research, 
assist in poverty alleviation of rural communities, 
cultural preservation rather than a more passive 
holiday which might focus on lying around on 
beaches” [14,25,26,27]. As previously mentioned, 
research into volunteer tourism is still in an ear-
ly stage of growth and as such a comprehensive 
understanding of volunteer tourists, their motiva-
tions and experiences has not been achieved, and 
research is still exploratory in nature. Previous 
research has suggested that volunteer tourism in-
volves altruistically motivated travel [28]. Volun-
teers travel for the stimulation and development 
of character. Moreover, volunteer tourism has an 
appeal that goes beyond travelling for pleasure in 
that it also has a purpose, such as working with 
communities in developing countries and spend-
ing time assisting to save natural environments.
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Volunteering itself is believed to fulfil higher 
level needs such as self-esteem, belonging and self-
actualisation as volunteers seek to gain personal 
benefits from their activities including self-satis-
faction, social and personal well-being [22,26,29]. 
Within the literature there is a focus on personal 
development, often brought about through learn-
ing and the development of personal knowledge, 
self-confidence, independence, cultural awareness, 
and social abilities. It appears that these benefits, 
in particular the facilitation of understanding and 
friendships, are frequently considered more impor-
tant than the activity itself [22] because volunteers 
have been found to be considerably more affiliation 
motivated than achievement or power motivated. 
This tourism sector makes use of holiday-makers 
who volunteer to fund and work on conservation 
projects in many countries and aims to provide sus-
tainable alternative travel that can assist in commu-
nity development, scientific research or ecological 
restoration. Unlike ecotourism where profit drives 
the operator, many volunteer tourism companies 
are non-profit organizations, whose aim is to allow 
travellers to work alongside researchers on environ-
mentally or socially beneficial projects. Such vol-
unteer work provides a means for direct interaction 
between environmental scientists and the general 
public and is a potentially powerful tool for creat-
ing an increasingly global environmental ethic. At 
this juncture, the motivational factor behind this 
voluntary assistance by volunteer tourist is a laud-
able achievement.

Motivational theories of the 1950s and 1960s 
focused on human needs but since the 1970s, new 
theories have emerged to focus on intrinsic driven 
processes and on the “self- systems” that determine 
an individual’s behavior that comes from the inside 
of a person and is an emotional preference for a task 
that gives pleasure and enjoyment [5,15] In rela-
tion to tourism research, motivation can be divided 
into two disciplines psychology and sociology. The 
psychological discipline focuses on the individual 
personality and intrinsic motivation, including cog-
nitive and affective motives, which are self-direct-
ing, autonomous and non-deterministic while the 
sociology school of thought concentrates more on 
extrinsic factors that affect society instead of the 
individual. Many motivational scholars, research-
ers and practitioners agree that with the differences 

between people, motivation varies even in the same 
situation [30,31]. However, they do agree that mo-
tivation is a dynamic process and always chang-
ing, always rising and falling rather than a discrete 
event or static condition. There is very strong cor-
relation between volunteer motivation and satisfac-
tion as various researchers model has been focuses 
on these two dimensions of relationship, which is 
between special events and volunteerism. It entails 
motivational and behavioural characteristics of vol-
unteers and implications [5,32].

However, there exist many satisfactions that 
have driven volunteers to become involved in such 
activity. These are nature of the work, contingent 
rewards, supervision, operating procedures, cul-
tural immersion, local life experience, nature /sight 
seen, zeal to help, change in environment, interac-
tions and communication. In general, their satisfac-
tion is achieved in both job setting and psychologi-
cal functions with adequate involvement of host 
community {community participation}. A com-
munity participation or involvement has long been 
advocated as an integral part of sustainable tourism 
development. It is envisaged that the approach can 
increase a community’s carrying capacity by reduc-
ing tourism’s negative impacts while enhancing its 
positive effects [33]. According to [5,32] participa-
tion is ‘not only about achieving the more efficient 
and more equitable distribution of material resourc-
es: it is also about the sharing of knowledge and the 
transformation of the process of learning itself in 
the service of people’s self-development’. The pur-
pose of participation is a tool for power redistribu-
tion, thereby enabling society to fairly redistribute 
benefits and costs.

In the context of tourism planning, community 
participation is defined as ‘a process of involving 
all [stakeholders] (local government officials, lo-
cal citizens, architects, developers, business people, 
and planners) in such way that decision-making 
is shared’. Thus, tourist environments should be 
created in harmony with the social climate, where 
residents will benefit from voluntourism and not 
become the victims [34]. And again, the image of 
tourism is based on the assets of the local commu-
nity, including not only the local people but also 
the natural environment, infrastructure, facilities 
and special events or festivals; therefore, the coop-
eration of the host community is essential to access 
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and develop these assets appropriate. Inspite of that, 
local involvement functions as a driving force to 
protect the community’s natural environment and 
culture as tourism products, while simultaneously 
encouraging greater volunteer tourism-related in-
come [30,31]. The tourism industry is sensitive to 
both internal and external forces, many voluntour-
ism development plans are often only partially im-
plemented due to length of volunteer tourism stay. 
Moreover, even those that are fully implemented 
are not always sustainable because of the technical-
ity and operational procedures. Thus, to increase 
the feasibility and longevity of projects, all plans 
should be linked with the overall socioeconomic 
development of the community.

Finally, Volunteer tourism is a platform that 
produces large number of mutual benefits between 
host community and the guest (volunteer tourist). 
Volunteer tourism also mean for local community 
to create and retain wealth [11]; to provide fund-
ing, expert knowledge and skills [35]; as well as to 
establish better guideline for conserving local envi-
ronment [36]. Thus, the effectiveness of volunteer 
tourism on local community development [10] re-
quire further examination by analysing the relation-
ships between them and their environment in ar-
eas of economy, socio-culture and politics [37,38]. 
Therefore, suggested model in this research should 
be able to foresee the potential of the impact to 
increase and improve community empowerment 
through operational business model.

3.  Objectives

This study embarks on the following objectives: 
– To explore operational business model as a 

pragmatic approach for rural re-vitalization 
with special emphasis on volunteer tourism 
activity and to achieve the specific objective 
set, the underlisted points are germane towards 
it attainment and resident’s acceptability of 
the proposed business model

– The examination of the possibility of 
generalizing a practical model from several 
case studies in Malaysia as an example of 
rural business model for developing country.

– To investigate, formulate and testing business 
model of knowledge services for rural 
transformation program and development.

– To make recommendation based on 
practical economic model that can be used 
as a manual or handbook for economic 
transformation of less developed rural area 
using volunteer tourism.

4.  The Need for the Research

Is it possible to have alternative business model 
for rural revitalisation using Volunteer Tourism ap-
proach? And why it is so relevant and pertinent to 
developing countries nowadays? The answers are 
relevant to the aim of high-income country status 
as part of the vision to become developed coun-
try. In order to reach the aim, a standard has been 
set and one of them is to encourage green based 
economy. A green based economy with reliable 
business model for the local community should 
be promoted by emphasizing the role of commu-
nity in having control over development process. 
The assessment of readiness and choice of high 
income status for the rural community is the key 
to be address. 

Tourism have been identified as a sector that 
able to allow high spending pattern and multiplier 
effects to the rural economy and improvement of 
local infrastructure and facilities as well as con-
servation efforts for sustainable purposes, hence, 
the Malaysian’s Economic Transformation Pro-
gramme (ETP) in 2010 has highlighted that the 
process of making the country as a high-income 
country is aiming to provide solution of current is-
sues on what the government believes as the lack 
of economies of scale, poor liquidity, lack of di-
versity, low levels of financial knowledge, and the 
ability to compete. It also applied in development 
of rural areas in which tourism sector have their 
role in promoting high-income return. 

Volunteer Tourism within this context of eco-
nomic development is an alternative economic seg-
ment for the country. By capturing new segment 
market, the ideal of business operation which based 
from partnership between local community (co-op-
erative) and tourism industry player (such as inter-
national tour operator) can be achieved in offering 
sustainable activities with low volume of tourist but 
high in income return. In this case, Volunteer Tour-
ism has been recognized as one of the recent forms 
of tourism, which is the practice of individuals go-
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ing on a working holiday and volunteering their la-
bour and resources for worthy causes. 

To strengthen core financial services, creating 
new services and institutions oriented towards 
serving those with high income, volunteer tourism 
provides a choice of economic activities direction 
that any developing countries of the World can 
pursued. In tourism planning, volunteer tourism 
regarded as an alternative for development tool 
in rural or remote area. Therefore, the creation of 
critical mass through Volunteer Tourism should 
be fully examined due to its implications in the 
development process of rural area in developing 
countries. As a result, innovative economic model 
can be developed and applied for the benefit of ru-
ral economy and improved community livelihood.

5.  Research Methodology

Research Questions and Statement
In constructing the model for the purpose of 

the research, three dimensions of value chain are 
identified. The first chain is attempt to list down 
volunteer tourism activities offered by the com-
munity organization to the volunteer tourist. Then, 
each of these activities will be interpreted accord-
ing to the category as highlighted. The purpose is 
to refine the activities related to volunteer tourist 
whether direct or indirect, and then comparing the 

relevancy of their activities as a complete demand 
(primary, secondary, and tertiary).

The second chain is to associate all listed activi-
ties with the cost involves and charged by the lo-
cal community organisation, or demanded by the 
volunteer tourists and most pressingly. The tourists 
arrivals forecast that will enable the local communi-
ties to speed up their readiness and increase business 
transactions. The purpose is to identify the spending 
pattern, spending opportunity spectrum and possible 
multiplier effect generated by their activities.

 The third chain is to associate all listed ac-
tivities with the demand by each group identified 
(Volunteer Organization, Expedition Company 
& Education/Student Trip, etc). The purpose is 
to understand the selection process and priority 
of activities by the group according to their aim 
and segment of tourist or market. The attempt is to 
identify the benefit in financial terms received by 
the local community organization/business entity, 
so that a clear picture of what activities offer and 
value of those activities can be portray in financial 
flow. Nevertheless, it is also important to build-up 
the portfolio of each group of volunteer tourism 
operator in terms of attribute relevant to their busi-
ness profile. These attributes are: 

– Targeted tourist segment - What is their 
target market? Why they choose this people? 
How they are doing the marketing? 

Figure 1.  Research Framework
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– Operational mode - Where is their based? 
What are services that they offer and in what 
capacity?

– Profitable structure - How they benefit from 
this business? 

– Networking - How they communicate with 
the potential tourist? What mechanism they 
choose? 

– Long terms objective - What is their business 
philosophy? Who run this business? 

At this juncture, it is very imperative to re es-
tablished that the foundation of this research is to 
discuss the possibility of developing operational 
model for local community cooperative to perform 
as a business entity in empowering their ability 
for survival with less dependency to the govern-
ment funding in development. It is a must feature 
in empowering local community in terms of pro-
viding job opportunities, skill in business, and lo-
cal human capital training to operate international 
business chain through niche tourism activities of 
Volunteer Tourism.

6.  Value Chain Analysis

Value chain analysis is a tool that enables the 
identification of stakeholders along a chain of 
transaction, from production to consumption [39]. 
Before the value chain analysis used in tourism 
sector, it was applied in most of the poor country to 
investigate the chain in spending money of the lo-
cal people. The value chain describe the full range 
of activities which are required to bring product 
or service from conception, through the different 
phase of production, which is the delivery to the 
consumer and the final disposal after used. There-
fore, the methodology that this research is adopt-
ing is Value Chain’s analysis in order to measure 
the model appropriateness with specific onus of 
evaluating local economic benefits that can be 
measure in monetary term but also in promoting 
sustainable rural development as well as improv-
ing the rural livelihood (e.g. development of the 
local business entity and enterprise, and commu-
nity facilities or asset). Thus, this paper highlight-
ed the preliminary stage of research approach in 

Table 1.  The Value Chain Conceptual Framework
INBOUND LOGISTIC

Include the receiving, warehousing and inventory 
control of input materials (include all activities 

conducted in destination region—(Kg Batu Puteh).

OUTBOUND LOGISTIC
Are the activities required to get the finished 

products to the customer, including warehousing, order 
fulfilment, etc. (all activities conducted in origin region)

Primary 
Activities Supporting Activities Primary Activities Supporting 

Activities

Operations
Value-creating 
activities that 
transform the 

inputs into the final 
products 

Procurement : The function of 
purchasing the raw materials and 

other inputs used in the value-
creating Activities

Marketing and Sales are those activities 
associated with getting buyers to 

purchase products, including channel 
selection, advertising, pricing, etc (e.g. 
include promoting volunteer activities 

overseas by Raleigh or GVI)

Firm Infrastructure
Includes activities 
such as finance, 

legal, quality 
management, etc  

Technology Development
Includes research and 

development, process automation 
and other 

Technology development used to 
support the value-chain activities.

Services
Activities are those that maintain and 
enhance the products value including 

customer support, repair 
service, etc 

Human Resource Management
The activities associated with 
recruiting, development and 
compensation of employees 

(e.g. community involvement in 
volunteer project)



638 Volume 9 / Number 3 / 2014

technics technologies education management

defining the chain in terms of financial flow and 
cost involves in operating the activities.

Value chain analysis as a tool adopted by the 
researcher is to identify who will get the advan-
tages from the tourism activities right from the 
conception of the idea / model through production 
to consumption and after use. The analysis will 
helps to structure ideas on what are the key pro-
cess and agents that works within and outside the 
chain and where the benefits of the chain flow. In 
this research, Value chain analysis (VCA) is use 
to identify and evaluate the financial and business 
model through quantitative and qualitative method 
so that the benefit from this ‘voluntourism’ activ-
ity to the local community can be fully calculated. 

Using MesoWalai Home stay in Batu Puteh 
in Sabah, Malaysia as an example, this paper at-
tempted to describe and develop the best model of 
value chain for advancement of volunteering tour-
ism as one of the ‘knowledge service’ which have 

been given emphasis for Malaysia’s economic 
growth as well as the latest trend of tourism theme 
in this industry. 

The formulation of alternative business model 
for rural revitalisation using Volunteer Tourism 
approach shall proffer solution to the mass move-
ment of young adult to the cities thereby encour-
age youth retention that shall metamorphous to 
improved rural economy and livelihood by captur-
ing this understanding, the ideal of business opera-
tion from partnership between local community 
(co-operative) and voluntourism industry players.

The methodology of Value Chain’s analysis is 
adopted to measure the model appropriateness. It 
will not only evaluate local benefits from cash flow 
perspective but also in promoting sustainable ru-
ral development (e.g. local business entity and en-
terprise, and community facilities or asset). Thus, 
the whole idea of the research is figuring out the 
possibility to develop operational model for local 

Table 2.  Chronology of volunteer tourist arrivals to MesoWalai Home stay (2005-2010)
Year Volunteer Organization Projects/Activities No of Volunteer Tourist

2005 Raleigh International Community Program - Eco Camp Project 789Intrepid BSC & BSS

2006
Raleigh International Community Program – Eco Lodge Project

717Independent Groups Community Project; 
Environmental Project.

2007

Raleigh International

Community Program – Eco Lodge Project
TREC Construction Program; 
Forest Conservation Program; 
Lake Conservation Program.

1314
Global Vision International

TREC Construction Program; 
Forest Conservation Program; 
Lake Conservation Program.

Independent Groups Community Program; 
Environmental Project.

2008

Raleigh International
TREC Construction Program; 
Forest Conservation Program; 
Lake Conservation Program.

1856Global Vision International
TREC Construction Program; 
Forest Conservation Program; 

Community Program

Independent Groups Community Program; 
Environmental Program

2009 Intrepid BSC & BSS Forest Conservation Program; 
Community Program. 2545

2010 Intrepid BSC & BSS Forest Restoration Program; 
Community Program. 1129Global Vision International
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community cooperative to perform as a business 
entity, and therefore empowering their ability for 
survival with less dependency to the government 
funding for development and jobs creation.

7.  Voluntourism Incursion

Having peruse some of the conventional ap-
proaches and the advent of tourism industry as a 

catalyst, research still showing that vacuum exists, 
the question now is “why Voluntourism”? The ef-
ficacy, potential, zeal and financial assistance of 
this calibre of tourists are the simplest answer to the 
above riddle. However, the mutual cooperation and 
involvement [21,31,34] of host communities plays 
a vital role in attainment of voluntourism gesture 
[32,40,41]. The increasing number of tourist to the 
village has encouraged local community to formed 

Figure 2.  Phases of value chain analysis adapted for the research
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a Batu Puteh Community Ecotourism Co-operative 
(KOPEL) in running and regulate tourism activities 
in Batu Puteh [24]. The organization established as 
a local business entity fully owned by the local it-
self. There are a significant number of international 
and domestic tourists visiting the village, which in-
creasing year-to-year (Refer to Table 1).

In parallel to the steadily increase number of 
tourist to the village, similar pattern is also appears 
for volunteer tourist since year 2000. The chronol-
ogy of volunteer tourist arrival in the study area is 
as follows (Refer Table 1): 

Figure 3.  Showing bar chart of non volunteers 
and volunteer tourist’s arrivals

In forecasting the model, least squares ap-
proach was adopted with the parameters (a) and 
(b) estimated as follows: 

The required sums of squares are

n=11, , ,  
and .

From these parameter estimates are obtained as: 
a=1123.55 and n b=233.2
And the fitted linear regression line is: 

Table 4.  The actual and forecast values of Tourist 
arrivals to Mesowalia Home stay

Year Actual Forecast
2006 918 1356.75
2007 1596 1589.95
2008 2149 1823.15
2009 2943 2056.35
2010 1786 2289.55
2011 2522.75
2012 2755.95
2013 2989.15
2014 3222.35
2015 3455.55
2016 3688.75
2017 3921.55
2018 4155.15
2019 4388.55
2020 4621.55

The Forecast; 
The homestay fitted linear regression, line Y 

=1123.55+233.2X. From this, we deduced that there 
is an increase of tourist arrival to the homestay of 
233.2 annually while tourist peak to the homestay is 
put at 1123.55 annually. This means that if each tour-
ist arrives the homestay with an income of RM1000 
then annually this will amount to RM11235.5 and 
for the forecasted 10years period the homestay com-
munity will make expected or projected revenue of 
RM11, 235,500. See chart of actual and forecasted 
values of tourist arrival in figure 4 below.

Figure 4.  Actual and forecasted values of tourist 
arrival

Table 3.  Statistic of total tourist arrivals to Mesowalai Homestay (2000-2010)
Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Total Number of Non-
Volunteer Tourist 42 47 44 17 38 50 201 282 293 398 657

Total Number of 
Volunteer Tourist 134 378 420 483 528 789 717 1314 1856 2545 1129

Total Number of Tourist 176 425 464 500 566 839 918 1596 2149 2792 1786
Source: Planning Department, Johor Bahru, 2010
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Based on the results of this forecast, it is recom-
mended that a social marketing campaign be im-
plemented to increase residents’ awareness, tourism 
knowledge and expected number of tourist arrival 
to their community coupled with economic ben-
efits, as such a campaign should focus on economic 
advantages, knowledge gainable and general physi-
cal development [18]. One way to offer additional 
information to the resident thereby increase their 
tourism knowledge would be to add to the existing 
website the positive impact of tourist’s arrival fore-
cast. Others to be configure in the website are the 
impact of tourism industry’s to the local economy, 
public services that are partially funded by tourists 
spending, ways and manners of using the forecast 
figure to achieve green economy and to be environ-
mentally friendly industry arising for more cooper-
ation and tolerance. The use of mass media, promo 
and exhibition is also recommended so as to moti-
vate tourist to revisit as well as updating the image 
in order to intensify positive feeling towards the 
homestay because the whole world is now global 
village with various network of communication and 
internet. The prompt maintenance and the provision 
of necessary facilities in the Mesowalai homestay 
coupled with tourism potential like wildlife conser-
vation, sea turtles, flora, fauna, proboscis monkey, 
outstanding stretch coral reef and the establishment 
of eco- nature destination. The combination of all 
these parameters i.e. the culture, nature and adven-
tures fascinate potential tourist to explore the home-
stay thus the forecast, will be of greater assistance 
to authenticate the homestay developmental strate-
gies so as to strengthening the attractiveness of the 
Meso Walai Home stay which will in turn boost the 
economic and social activities of the residents and 
adjourning communities. The researcher buttressed 
[42] that, “Educational programs, public meetings, 
and workshops can be undertaken at the local level 
to help residents understand the essence of tourist 
arrival forecast in tourism industry and its impacts.

8.  Volunteer Organization Activities & 
Financial Involvements {In Phases}

Phase 1: Activity Preferences of Volunteer 
Organization
Primary activities of Volunteer Organisation 

such as Raleigh International and Global Vision 

International (VGI) are mostly volunteer and 
conservation activities. Most of the conservation 
activities being seen as the activity generator for 
secondary activities and tertiary activities that will 
cost them higher comparing to the cost for prima-
ry actvities. For example, Seed Collecting activity 
itself generated four secondary activities namely 
Boating/River Cruise, Hammock Camp/Camp-
ing, Homestay and Guiding (Figure 5). In addi-
tion to this, Homestay activity further generate six 
tertiary activities that require them to spend more. 
In this case, secondary and tertiary activities are 
mainly the supporting activities to the primary. 

Figure 5.  Activities by Volunteer Organization

Volunteer organization is also inclined to stay 
longer to serve their cause for primary actvities. 
As a result, their length of stay will force the vol-
unteer tourist to frequently use local services such 
as guiding, boat, transportation and homestay, 
thus, increase the income generated to the local 
community.



642 Volume 9 / Number 3 / 2014

technics technologies education management

Figure 6.  Activities by Expedition Company

Phase 2:  Activity Preferences of Expedition 
Company
The activity generated by Expedition Company 

contradicted to the Volunteer Organisation in sev-
eral terms. The primary activity by this group is to 
be involved with Homestay-base activities as their 
prime motive (Figure 6). They stayed during the vis-
it mostly in homestay and conservation activities are 
only serving as a complimentary activity. The group 
also less independent compared to the Volunteer Or-
ganisation group. This is due to the better planned 
of itinerary before their arrival especially the actual 
cost on site and the risk that might involve. 

Figure 7.  Activities by Student Group

Nevertheless, package such as 2 days 1 night 
stay where homestay is their primary choice of ac-
tivities is able to generate nine secondary activities 
(Figure 6) while tertiary activities are related to na-
ture appreciation rather than conservation activities. 

Phase 3: Activity Preferences of Student 
Group
On the other hand, the Student Group is slight-

ly consistence in both conservation and homestay-
base activities (from homestay to the jungle for 
trekking, camping and conservation - homestay to 
local cultural appreciation such as cultural dance 
before departing). However, similar to the first 
group (Volunteer Organisation Same), their pre-
ferred primary activities are most likely to be the 
conservation-based activities (e.g. jungle trekking, 
seedling collecting, trail restoration and tree plant-
ing), although their timeframe of activities are less 
compared to the first group.

They are also spending most of the time stay-
ing overnight at homestay but still considering hav-
ing a camping/hammock camp as while doing the 
conservation activities. The primary activities cho-
sen by the group simultaneously generate second-
ary activities such as boating/ river cruise, wildlife 
spotting, bird watching and accommodation based 
activity. At the same time, these secondary activi-
ties allowing tertiary activity that relevance to com-
munity and local cultural appreciation (consider as 
homestay-based activity) such as working in nurs-
ery, visit oil palm plantation, community work, and 
involved in traditional games as well sport activities 
such as volleyball with the locals. 

Finally, Volunteer Tourist Activity Preferences 
are shown in figure 8 which encapsulate the gen-
eral activity and preference of voluntourist

Overall activities prefer by volunteer tourist in 
the study area can be divided into three category 
namely Primary activity, Secondary activity and 
Tertiary activity. The fieldwork identified the pri-
mary activities that fall under this categories are 
(1) seedling collecting, (2) restoring trail, (3) build 
trail, (4) cutting trail, (5) community work, (6) 
conservation work, (7) lake restoration, (8) tree 
planting, and (9) work in nursery.
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Figure 8.  Overall activity preferences of volunteer 
tourists

The primary activities later generate secondary 
activities including services such as transportation 
and accommodation. Among popular secondary 
activities are camping, boating, eco-camp/eco-
lodge, hammock camp, wildlife spotting, jungle 
trekking, bird watching, homestay and guiding. 
At the same time, accommodation services such 
as homestay will indirectly generate tertiary ac-
tivities such as visiting ancient burial cave, dem-
onstration of fish trap making, demonstration of 
cooking, traditional music and dance, traditional 
game, visiting oil palm plantation, volleyball 
match, orientation, team building and building 
kindergarten. Most of these activities are cultural 
and tradition oriented which is offered by the lo-
cal community in Kampung Batu Puteh as part of 
their main motivation that are identified as their 
primary activity.

The study also reveal that volunteer organization 
like Raleigh International and Global Vision Inter-
national having more tendency to do conservation-
based activities such as; seedling collecting, restor-
ing and cutting trail for forest restoration. They 
spend most of their time in the jungle but also prefer 
staying at homestay as an alternative. 

9.  Conclusion

The purpose of the analysis is to suggest an 
alternative business model for rural revitalisa-
tion using Volunteer Tourism approach. Volunteer 
Tourism within this context is an alternative eco-
nomic segment for the country. Regarded in tour-
ism planning as an alternative for development 
tool in rural area, the creation of its critical mass 
through the phase that has been describe should be 
fully examined. By capturing this understanding, 
the ideal of business operation from partnership 
between local community (co-operative) and tour-
ism industry player is possible to map.

Therefore, the application of Value Chain’s 
analysis is adopted to measure the model appro-
priateness, evaluate local benefits from cash flow 
perspective and also promoting sustainable rural 
development (e.g. local business entity and en-
terprise, and community facilities or asset). Thus, 
the whole idea of the research is figuring out the 
possibility to develop operational model for local 
community cooperative to performs as a business 
entity, and therefore empowering their ability for 
survival with less dependency to the government 
funding and jobs creation. 

This paper concludes that Asia as a continent 
has not made judicious use of this sector and have 
also failed to recognize that investing in this sec-
tor will aid economic growth of the nation. This 
however may be considered as a lack of political 
will on the part of public policy makers and policy 
implementers. A finding also indicates that all ef-
forts by the government to eradicate the scourge 
of poverty in the continent have failed. This study 
aims to encourage individuals, local communities, 
governments and nations to embrace the gesture 
of alternative tourism and expedite action via vol-
untourists attracting as a possible model of allevi-
ating poverty and improve rural livelihood 
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Abstract

The goal of this study was to examine the ante-
cedents of members’ intentions to recommend their 
fitness centers. After an initial step of item genera-
tion and content validity, followed by a pilot test, 
a survey was conducted among members of five 
different clubs of a fitness network (n=1750). The 
questionnaire included measures of service qual-
ity attributes, accessibility, well-being in life, well-
being in the club and intention to recommend the 
fitness center. The results gathered through a struc-
tural equation model provide evidence that only 
service quality attributes and well-being in the club 
have a positive effect on intentions to recommend. 
In turn, well-being in life has a negative effect on 
the intentions to recommend, while accessibility 
shows no predictive effect. These findings suggest 
managerial implications, such as the need to create 
a pleasant environment in the club and to provide a 
personalized service directed towards the members’ 
goals in order to improve well-being in the club and 
contribute to improve the intentions to recommend 
the fitness centers to others.

Key words: accessibility, fitness, intentions to 
recommend, service quality attributes, well-being. 

1.  Introduction

In the sports industry, the intention to recom-
mend a service is a key factor to increase customer 
retention due to its impact on the organizations’ 
profitability [1,2]. This is particularly important in 
the fitness context, given that the industry data has 
been showing a decrease in the number of consum-
ers [1]. Previous studies have highlighted the diffi-
culties faced by fitness clubs in retaining members, 
with high levels of dropout (e.g. [3]). Based on this 
evidence, intentions to recommend services are piv-
otal to increase memberships in fitness clubs. With 

the increased competition to obtain members, the 
success of fitness clubs will become increasingly 
influenced by retention rates [4], and recommenda-
tion is vital for attracting other consumers [2]. 

Aspinall, Nancarrow and Stone [5] high-
light the intention to recommend an organiza-
tion among a set of variables directly linked to 
increased retention, while Biscaia et al. [6] refer 
that intent-to-recommend is a measure of positive 
behavioral intentions. Similarly, Bowen and Shoe-
maker [7] refer that intent-to-recommend is linked 
to the value of a consumption episode. Therefore, 
members’ recommendations are also important to 
increase the reliance of others on the quality of the 
service provided by a fitness center [8]. With this 
in mind, several studies have focused on the ante-
cedents of intentions to recommend with accessi-
bility [9] and service quality attributes being often 
mentioned as vital aspects guiding behavioural in-
tentions such as recommendations [6,10].

Accessibility is related to a set of spatial, eco-
nomic, and temporal conditions to use a club, and 
tends to be pivotal in determining consumers’ 
choice [9]. Consistently, Maclntosh and Dohety [4] 
suggest that the location of the fitness center influ-
ences consumers’ choice. In turn, service quality 
attributes are perceived as consumer perceptions 
of the specific aspects of service delivery [11], and 
positive perceptions of the service are the basis for 
members to continue purchasing the service and 
recommending it to others [10]. Several studies re-
fer the brand status, physical environment, cleanli-
ness, interactions with members, personnel attitude 
and reliability, ambience, programs offered, out-
come, and extra privileges as important attributes 
of the service [12,10,1,8]. Nonetheless, there is no 
common conceptualization of service quality in the 
fitness industry given that service quality percep-
tions vary across different cultural settings [13], 
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which highlights the need to have specific measures 
designed for each consumption environment. 

Complementary to accessibility and service 
quality attributes, recent studies in the fitness con-
text have suggested that well-being in life tends 
to be related with consumption levels in a variety 
of settings [14,15], while well-being in the fitness 
club contributes to increase members’ behavioral 
intentions [16]. Well-being denotes people’s way 
of assessing their lives, and can include variables 
such as life satisfaction, lack of depression and 
anxiety, and positive moods and emotions [14]. 
In this sense, examining well-being among fitness 
members’ may represent a valuable contribution 
to better understand how to increase their inten-
tions to recommend the fitness club. 

While previous studies have focused on meas-
uring each of these variables separately (i.e. ac-
cessibility, service quality attributes, well-being 
in life and well-being in the club), there is little 
empirical investigation examining the simulta-
neous effects, which is vital to provide a global 
understanding of how to improve intent-to-recom-
mend among members’ of fitness clubs. Drawing 
on previous literature, the purpose of this study 
is to examine the antecedents of service recom-
mendations, including accessibility, service qual-
ity attributes, and well-being both in life and in 
the club. To that extent, four hypotheses were 
proposed. The first hypothesis (H1) suggests that 
service quality attributes influence positively the 
intention to recommend, while the second hypoth-
esis (H2) suggests a similar effect of accessibility. 
Additionally, the third hypothesis (H3) proposes 
that well-being in the club contributes positively 
to the intention to recommend, while well-being 
in life also influences positively members’ inten-
tion to recommend (H4). 

2.  Method

Step 1: Item generation
An initial pool of 25 items was generated based 

on previous research and the suggestions of two 
club managers from a Portuguese fitness network. 
Specifically, ten items were used to assess the ser-
vice quality attributes based on Alexandris et al. 
[12] and Chang and Chelladurai [10]. Four items 
based on Pawlowski et al. [9] and the suggestions 

of the managers were used to assess accessibility. 
Both well-being in life and in the club were meas-
ured with 5-item scales proposed adapted from 
Diener et al. [14]. Finally, one item based on the 
work of Alexandris et al. [12] was used to assess 
intentions to recommend. The use of single items 
is consistent with previous studies in sport and 
leisure scenarios (e.g. [1]). All items were meas-
ured on a 5-point Likert-type scale, ranging from 
strongly disagree (1) to strongly agree (5). Next, 
a panel of four experts including three university 
professors of sports management and the top man-
ager of a Portuguese fitness network assessed the 
content validity of the items on the basis of their 
relevance and clarity of wording and context. Each 
expert received an e-mail containing the purpose 
of the study, an explanation of the procedures, a 
description of each construct and the list of items. 

Step 2: Exploratory study
With the support of the Portuguese biggest fit-

ness network, a pilot study was conducted with 
580 randomly selected members from five clubs 
in different cities who voluntarily accepted to par-
ticipate under the guarantee of anonymity of their 
responses. The questionnaires were distributed by 
the receptionist when the members arrived to the 
club. All questionnaires were self-administered by 
members, and before leaving the club, the members 
left the questionnaires with the receptionist. After 
data screening, a total of 498 questionnaires were 
deemed usable for data analysis. More than half 
of the respondents were female (54.7%), whereas 
45.3% were male. The mean age was 32.75 years 
old (s=0.90), with 57.4% of respondents in the 
20-34 age range. Regarding professional status, 
73.6% were active professionals, while 20.4% 
were still studying in graduate or undergraduate 
levels. Relating to marital status, more than half 
were single (58.1%), with the majority living in a 
household with more persons (82.5%) and with-
out minor children at their charge (79.4%).

The items were submitted to an exploratory fac-
tor analysis (EFA), using SPSS 19.0. The KMO 
measure and the Bartlett’s test of sphericity were 
used to evaluate the strength of the correlations and 
therefore the suitability of the factor analysis. The 
EFA method used the maximum likelihood with 
varimax rotation [17]. A variety of criteria was used 
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to decide the appropriate number of factors to re-
tain. Specifically, the Kaiser criterion [18] was used 
and the factors retained were those with an eigen-
value above 1. This analysis was complemented by 
scree-plot test [19]. Additionally, the items failing 
to exceed the 0.50 cut-off point were eliminated in 
order to ensure an appropriate load of each item in 
its respective factor [17]. Internal consistency was 
estimated through Cronbach’s alpha coefficients, 
and values above 0.60 were considered indicative 
of good internal consistency [20].

Step 3: Assessment of the model 
After the refinement derived from the explor-

atory study, the final version of the questionnaire 
was tested including items to assess service quali-
ty attributes, accessibility, well-being in life, well-
being in the club and intention to recommend, as 
well as demographic information. The sample was 
composed by members of the same fitness net-
work, and the procedures were the same as those 
used in step 2. A total of 2500 questionnaires were 
distributed, and after data screening, a total of 
1750 were deemed usable for data analysis. Simi-
lar to the sample in step 2, more than half were 
female (54.9%), with 45.1% of male participants. 
The mean age was 31.00 years old (s=0.92), with 
55.5% in the 20-34 age range. A total of 71.7% 
were active professionals, while 20.8% were 
graduate or undergraduate students. The marital 
status indicates that 57.6% of the participants were 
single, yet the majority was living in a household 
with more persons (74.5%) and without minor 
children at their charge (73.3%).

Data were submitted to a two-step maximum 
likelihood structural equation model (SEM) using 
AMOS 19.0 in order to test the relationships be-
tween the proposed variables. First, a confirmatory 
factor analysis (CFA) was performed to confirm the 
measurement model. Internal consistency of the 
constructs was assessed through composite reliabil-
ity [21]. Convergent validity was evaluated through 
average variance extracted (AVE), while discrimi-
nant validity was established when AVE for each 
construct exceeded the squared correlations be-
tween their construct and any other [22]. Second, 
the SEM was estimated to test the relationships 
between the variables used in this study. Goodness 
of fit for both measurement and structural models 

was assessed with the ratio of chi-square (χ²) for its 
degrees of freedom, comparative-of-fit index (CFI), 
goodness-of-fit index (GFI), and root mean square 
error of approximation (RMSEA). The significance 
of the structural weights was evaluated using the 
Z tests produced by AMOS and statistical signifi-
cance was assumed at a 0.05 level.

3.  Results

Step 1: Item generation
After analysing the information provided by 

the reviewers, the panel of experts provided sug-
gestions to maintain the conceptual definitions and 
to eliminate one item. Also, it was suggested to 
change the wording in five items deemed to be un-
clear. At this moment, one item from accessibility 
was eliminated, and four items from service qual-
ity attributes were revised. The remaining items 
proposed to the experts were maintained in the 
original form. Following this procedure, the items 
were randomly placed on a questionnaire for a pi-
lot test. This questionnaire included 23 questions 
to assess the antecedents of recommendation, 1 
question to assess the intention to recommend, 
and 7 demographic questions.

Step 2: Exploratory study 
An EFA was computed to ascertain the factor 

structure composed of accessibility, service quality 
attributes, well-being in life and well-being in the 
club. The KMO value (0.92) and the Bartlett’s test 
of sphericity (p<0.01) suggested the suitability of 
the factor analysis. Consistent with the proposed 
model, the Kaiser criterion and the scree-plot test, 
assessing the number of factors with eigenvalues 
greater than 1, suggested 4 factors. These four fac-
tors explained 61.38% of the total variance in the 
factor model. Nevertheless, two items were elimi-
nated due to the lack of individual reliability. Spe-
cifically, one item from service quality attributes 
and one item from accessibility failed to exceed 
the cut-off point of 0.50 [17], and as such, were 
eliminated (Table 1). The Cronbach’s alpha coef-
ficients ranged from 0.65 (Accessibility) to 0.90 
(Service quality attributes) providing evidence of 
internal consistency. The revised model including 
the final items to assess the antecedents of inten-
tions to recommend is presented in Table 1. 
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Step 3: Assessment of the model
Measurement Model. As shown in Table 2, the 

results of the CFA showed that all factor loadings 
were above the recommended cut-off of 0.50 [21], 
ranging from 0.650 to 0.875. Additionally, the z-
values ranged from 29.390 to 44.953. These re-
sults indicate that each item loaded significantly 
on its construct. Composite reliability was as-
sumed given that all values ranged from 0.71 to 
0.90. The AVE values ranged from 0.56 to 0.65 
providing evidence of convergence validity [22]. 
Table 3 shows descriptive statistics and corre-
lations among constructs. The construct of ac-
cessibility had the highest mean score (M=4.15, 
s=0.75), while the construct of service had the 
lowest mean score (M=3.77; s=0.68). In addition, 
the measure of recommendation had a mean score 
of 3.99 (s=0.93). Evidence of discriminant valid-

ity was accepted given that none of the squared 
correlations exceeded the AVE values for each as-
sociated construct in the model [22].

In addition, the results of the measurement 
model indicated an acceptable fit to the data 
[χ²(113)=493.99 (p<0.001), χ²/df=4.37, CFI=0.98, 
GFI=0.97, RMSEA=0.04]. The χ² statistic was 
significant, and the ratio of χ² to its degrees of 
freedom was above the usually accepted range 
[21]. However, it is important to consider other 
fit indices, given that the χ² is sensitive to sample 
size and the current study was conducted with a 
large sample. The CFI and GFI values were great-
er than the 0.90 criteria for good fit. Additionally, 
RMSEA was less than 0.06 suggesting good fit 
[23]. Overall, the measurement model showed an 
acceptable fit to the data, and consequently, the 
structural model was examined.

Table 1.  Main results of the exploratory factor analysis
Factor/Item Factor Loading Eigenvalue Cumulative % α
Service quality attributes 8.29 36.04 .90

Prestige .631
Innovative equipment .749
Pleasant environment .532
Capacity to solve problems .706
Good reputation .714
Proper facilities .551
Good change rooms .544
Design coherence in the space .548
Innovative services .797
Kind employees*

Well-being in life 3.07 49.39 .87
I am satisfied with my life .836
So far I have gotten the important things I want in life .784
In most ways my life is close to my ideal .791
The conditions of my life are excellent .742
If I could live my life over, I would change almost nothing .648

Well-being in club 1.45 55.70 .88
I am satisfied with my club .760
I evaluate my experience at the club positively .727
I have achieved everything I’ve expected at the club .696
I consider myself a happy person in GHC .678
If I could go back I would not change club .569

Accessibility 1.31 61.38 .65
Good location .723
Facility of access to the club .635
Convenient timetable of the Club*

* Item eliminated due to the lack of individual reliability
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Structural Model. The examination of the 
structural model included a test of the overall fit 
and individual tests of the relationships among 
latent constructs. The overall assessment of the 
model indicated an acceptable fit to the data 
[χ²(126)=547.92 (p<0.001), χ²/df=4.35, CFI=0.98, 
GFI=0.97, RMSEA=0.04]. Figure 1 shows the 
path coefficients in the model. The relationship 
between service quality attributes and intention to 

recommend was significant (β=0.22, p<0.01) sup-
porting H1. Accessibility did not show a signifi-
cant effect on intention to recommend (β=-0.01, 
p>0.05), and thus H2 was not supported. The path 
of well-being in the club was positive and signifi-
cant (β=0.54, p<0.01) providing support to H3. 
Finally, well-being in life showed a significant 
negative effect on intention to recommend (β=-
0.09, p<0.01), which is contrary to H4. Thus, H4 

Table 2.  Factor Loadings, Composite Reliability and Average Variance Extracted (AVE) for the constructs

Factor/Item Factor 
Loading Z-value Composite 

Reliability AVE

Service quality attributes .86 .56
Prestige .772 36.786
Innovative equipment .662 29.845
Pleasant environment .728 33.849
Capacity to solve problems .732 34.096
Good reputation .830 40.907
Proper facilities*
Good change rooms*
Design coherence in the space*
Innovative services*

Well-being in life .90 .65
I am satisfied with my life .875 44.953
So far I have gotten the important things I want in life .811 39.969
In most ways my life is close to my ideal .798 39.010
The conditions of my life are excellent .792 38.528
If I could live my life over, I would change almost nothing .737 34.790

Well-being in club .90 .65
I am satisfied with my club .872 44.952
I evaluate my experience at the club positively .863 44.217
I have achieved everything I’ve expected at the club .815 40.505
I consider myself a happy person in GHC .761 36.597
If I could go back I would not change club .693 32.118

Accessibility .71 .56
Good location .650 29.390
Facility of access to the club .827 24.434

* Item eliminated due to the lack of individual reliability.

Table 3.  Mean (M), Standard Deviation (SD) and correlations among the constructs.

Construct M SD
Correlation matrix

1 2 3 4 5
1. Service quality attributes 3.77 0.68 1     
2. Accessibility 4.15 0.75 0.62** 1    
3. Well-being in Club 3.93 0.83 0.74** 0.42** 1   
4. Well-being in Life 3.83 0.83 0.27** 0.22** 0.30** 1
5. Recommendation* 3.99 0.93 0.59** 0.33** 0.67** 0.14** 1

Note. ** p<0.01.* Single-item measure.
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was not supported. Jointly, service quality attrib-
utes, accessibility, well-being in the club and well-
being in life accounted for approximately 48% of 
the variance of intention to recommend (R2=0.48).

Figure 1.  Estimated standardized effects for the 
structural model. Note. ** p<0.01.

4.  Discussion and conclusion

This research examined the effect of service 
quality attributes, accessibility, well-being in the 
club and well-being in life on members’ inten-
tions to recommend the fitness club. The analysis 
of this model makes a significant contribution to 
the literature because the proposed relationships 
were simultaneously tested in an integrated mod-
el. The structural equation analysis indicated that 
well-being in the club was the strongest predictor 
of intention to recommend. This finding is in line 
with the idea that the way members feel in the club 
and their related achievements represent a corner-
stone for guiding future behavioural intentions 
[16]. Consistently, some studies in the sport do-
main suggest that consumers’ evaluation of their 
consumption experiences is pivotal to understand 
future actions [24]. Club members should be the 
core of managerial activities developed in fitness 
clubs. Thus, in order to increase members’ well-
being, fitness clubs could for example assess their 
levels of satisfaction with the club in a regular ba-
sis (e.g. interviews), provide a more personalized 
service (e.g. closer link with the gym instructors), 
valuate their commitment with the club (e.g. pro-
motional offers to friends and family), and offer 
additional advantages when they achieve estab-
lished goals (e.g. discounts in accessory services 
or voucher for products of associated firms).

The dimension of service quality attributes was 
the second strongest predictor, and this significant 
effect is consistent with previous studies in the 
fitness context [1,10]. Based on the items of this 
study, fitness managers should keep innovating in 
terms of facilities and equipment and showing in-
terest in solving member’s needs. Good reputation 
and prestige of the club are also important aspects 
of the service quality attributes highlighting the 
role of brand status [25]. Also, recent studies sug-
gest that celebrity endorsement leads to favorable 
opinions about the endorsed brand [26]. Thus, by 
engaging in deals with persons perceived as hav-
ing a good image in the society, the prestige of the 
fitness centers may be reinforced among current 
members leading them to recommend the service. 
Notwithstanding, the findings indicate that service 
quality attributes play a small role in enhancing 
recommendation, which is indicated by the small 
amount of variance (4.8%; cf Cohen, 1988) pre-
dicted by service quality attributes. It means that 
if well-being in the club is not strong among the 
members, these strategies will only have a mar-
ginal effect raising recommendation levels. 

Well-being in life showed a negative effect on 
members’ intention to recommend the club. Still, 
the low magnitude of this path indicates that the sig-
nificant effect is only observed because of the large 
sample size and this relationship is meaningless 
[27]. That is, the path coefficient for well-being in 
life to intention to recommend (Figure 1) indicates 
that less than one per cent (0.81%) of the variance 
of intention to recommend is uniquely attributed to 
well-being in life. Thus, recommendations based 
on this relationship may lead to unnecessary finan-
cially efforts and be misleading for fitness clubs.

With respect to the relationship between accessi-
bility and recommendation, no significant effect was 
observed. The lack of significance may be due to the 
good accessibilities of the clubs from the study, as 
indicated by the mean values presented in Table 3. It 
is important to note that the five clubs where partici-
pants were recruited were located in central areas of 
the cities (i.e. shopping centers or sport arenas) with 
good parking areas and convenient transportations. 
Thus, a good accessibility may be seen as pre-requi-
site associated to the fitness club, while other aspects 
related with the environment inside the club (well-
being in the club and service quality attributes) tend 



652 Volume 9 / Number 3 / 2014

technics technologies education management

to become more relevant to increase intentions to 
recommend. This finding may also be related with 
the fulfillment of expectations. That is, accessibility 
had a high mean score (Table 3), which may suggest 
that members’ expectations are being fulfilled, yet 
this dimension did not show any predictive effect. 
However, it is possible that a low mean score in this 
dimension may have a negative impact on intentions 
to recommend, given that there is a tolerance zone 
between a consumer expectation and what he/she 
considers appropriate [28].

In summary, findings from this study indicate 
that well-being in club and service quality attributes 
have a positive effect on members’ intention to rec-
ommend the fitness club. Accessibility shows no 
predictive effect, while well-being in life exhibits a 
negative effect but through a small effect size. The 
combined effects of the above mentioned variables 
explain almost half of the variance of recommen-
dation, highlighting the role of consumers’ positive 
evaluations of the consumption experiences.

As with any study, there are limitations that 
should be considered in future research. Firstly, the 
study sample consists of members from one single 
fitness network, and thus the findings may lack gen-
eralizability to other contexts. Additional samples 
from other fitness networks should be collected in 
future studies in order to continuously examine the 
appropriateness of the model. Secondly, this study 
was focused on understanding the antecedents of 
intention to recommend, yet other measures linked 
to behavioral intentions (e.g. renewal of member-
ship status, intentions to buy auxiliary services) 
have been suggested to increase retention and prof-
its of sport organizations [1]. Thus, future studies 
could include composite measures of behavioral 
intentions in order to better understand how to in-
crease the link between members and fitness clubs. 
Thirdly, although accessibility showed good psy-
chometric properties, only two items were used in 
the final model. Prior studies have used different 
scales to measure accessibilities in sport facilities 
(e.g. [29,30]). Thus, the addition of items regard-
ing the time to reach the facility, the convenience 
of transportation or parking may contribute to bet-
ter understanding the role of accessibility in future 
studies. Fourthly, the inclusion of additional mea-
sures proposed in the literature such as the interac-
tion with employees [12], secondary services [31] 

price [1] or emotions during physical activities [32] 
may be important to improve our understanding 
of members’ future actions towards fitness clubs. 
This will likely contribute to aid fitness managers at 
developing managerial strategies directed to retain 
members. In conclusion, this study represents an 
initial effort to understand members’ intentions to 
recommend fitness clubs. The findings and sugges-
tions provide numerous opportunities to continue 
advancing the knowledge of how to improve man-
agement strategies in fitness clubs.
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Abstract

Contagion in financial markets has been studied 
extensively in recent years. There are several defini-
tions on contagion in the literature, but the [1] “shift 
contagion” – that regards contagion as a change in 
how shocks spread from one country (or asset class) 
to another during both normal (pre-crisis) and crisis 
periods – gained the most attention. [2] also provide 
the most common method contagion identification, 
based on the adjusted correlation. However, this 
method has some statistical issues that need to be 
resolved to get robust results: sample selection bias, 
non-continuous adjustment for volatility, and inap-
propriate weighting of extreme returns in financial 
markets. This study suggests a way to resolve these 
issues, by modifying Forbes and Rigobon’s statisti-
cal method of contagion analysis. We use the ex-
treme value theory concept of exceedance returns 
and apply it in the Forbes-Rigobon’s method of 
contagion analysis to test for contagion between 
the stock market of Germany, France, Italy, and 
the U.K. The results show that shift-contagion has 
played a role in propagating financial shocks during 
the recent financial crises. 

Key words: stock markets, Eurozone, exceed-
ance correlation, asymmetric correlation, financial 
crisis, decision making

JEL classification: E44, G15, G11

1.  Introduction

In the recent years, Eurozone´s financial markets 
faced several periods of financial market distress, in-
cluding the global financial crisis and the sovereign 
debt crisis. These shocks spread across countries 
and caused costs not only to financial market par-
ticipants but and also to other segments of economy. 

It is of a great relevance for risk management and 
portfolio management whether shocks are trans-
mitted across markets only during financial market 

distress periods and channels that are temporary in 
nature or whether the shocks are transmitted across 
markets via channels that exist in all states of the 
world, both during non-crisis and/or crisis periods. 
The former way in which shock is transmitted is 
defined as contagion, whereas the latter as interde-
pendence [2]. The knowledge of whether the shock 
transmitted across the markets and countries are a 
result of contagion or interdependence is of great 
significance also for central banks and economic 
policy actors in devising proper policy actions, fi-
nancial market regulation, and monitoring stability 
of financial markets [3].

It has long been recognized (from [4] onwards) 
that a high correlation of stock market returns 
reduces the benefits of international portfolio di-
versification. Several recent studies [5, 6, 7, 8, 9 ] 
have shown that correlations between stock port-
folios (or stock indices) returns are higher in times 
of financial market distress when returns are fall-
ing (i.e., in down markets), than when returns are 
rising (i.e., in up markets). This implies that the 
practical benefits of diversifying are reduced sub-
stantially for investors in down markets. 

The literature offers many definitions of conta-
gion [1, 10, 11, 12, 13 ], but few agree on defini-
tive terminology see also [3, 1] provided one of 
the most commonly accepted definitions of conta-
gion, namely the “shift contagion”, which regards 
contagion as a change in how shocks spread from 
one country (or asset class) to another during both 
normal periods (pre-crisis) and crisis periods. Fur-
thermore, there exist also a wide range of statisti-
cal procedures to test for contagion in financial 
markets. The most common methods include [2] 
adjusted correlation test, [14] outlier test, [15] co-
exceedance test, and [16] threshold test. 

The method developed by [2] has gained sig-
nificant popularity, but it has some statistical issues 
that are worth reconsidering [17]. Firstly, there is 

Identifying contagion in down stock markets – 
Exceedance returns applied in the Forbes and 
Rigobon’s adjusted method of contagion analysis
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a problem with determination of the crisis period. 
[2] define crisis periods subjectively on the basis 
on a priori information of the events around the 
crisis. Such a determination of the crisis period is 
subject to a sample selection bias. The second is-
sue with the test noted [18]. They claimed that the 
Forbes and Rigobon’s method does not adjust vola-
tility continuously, thus not accepting the stylized 
fact of time-varying volatility of asset returns. [18] 
resolved this issue by using [19] Dynamic Con-
ditional Correlation-Generalized Autoregressive 
Conditional Heteroskedasticity (DCC-GARCH) 
model. The third issue is that [2] test uses all the 
information in the time series. The correlation 
measure of this test gives equal weight to small 
and large returns, which may be inappropriate for 
evaluating the differential impact of market move-
ments (i.e. large returns). As [15] argued, it could 
be that because large shocks exceed some threshold 
or generate panic, they propagate across countries. 
This propagation, however, is hidden in correlation 
measures by the large number of days when little 
of importance happens. The other most common 
methods of testing contagion [14, 15, 16] filter the 
size of shocks in the source market during the crisis 
periods by concentrating on excess movements. 

This paper tries to resolve these issues by mod-
ifying Forbes and Rigobon’s statistical method 
of contagion analysis. We use the extreme value 
theory concept of exceedance returns, developed 
by [5, 15], and apply it in the Forbes-Rigobon’s 
adjusted method of contagion analysis. Exceed-
ance returns are returns that are at least c standard 
deviations above or at least c standard deviations 
below the mean value of the respective stock mar-
ket returns series. Considering just the extreme 
returns enables us to study contagion in financial 
markets during turbulent times. To resolve the is-
sues of sample selection bias and the issue of vola-
tility adjustment, some of main weaknesses of the 
Forbes-Rigobon’s method, we propose a moving-
window approach. With this approach, the crisis 
and non-crisis periods need not be identified sub-
jectively, but instead are identified endogenously 
by the dynamics of the correlation coefficients. 
Applying this method, we test for contagion in the 
following three situations: (1) from the German, 
U.K.’s, and Italian stock markets to France’s stock 
market; (2) from the U.K.’s and Italian stock mar-

kets to the German stock market; and (3) from the 
Italian stock market to the U.K.’s stock market. 
The period examined extends from December 3, 
2003 to January 27, 2012.

2.  Methodology

To separate contagion from interdependence, 
the returns series have to be pre-filtered. For this 
purpose, the test of [2] applies a Vector Autore-
gression (VAR) analysis and uses the estimated re-
siduals in the contagion test. By explicitly includ-
ing common variables into the VAR model, the [2] 
test also resolves the issue of modeling structural 
breaks in the common variables time series [17].

Let r1,t and r2,t be the time series of the stock 
market returns of country 1 (contagion source 
country) and country 2 (for which we test if there 
was a contagion from country 1). In order to con-
trol for serial correlation and any exogenous Eu-
rozone and global shocks to stock market returns, 
we pre-filter stock market returns by a VAR (Vec-
tor Autoregressive) model [2] and [20] for a simi-
lar specification):

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

where rj,t is a stock market return of the coun-
try j (j=1, 2); it

EZ is a Eurozone money market in-
terest rate (3-month EURIBOR), yt

US is a 10-year 
U.S. Treasury note yield, rt

US a return of the Dow 
Jones Industrial index, and the VIXt a level of the 
volatility index VIX, P and K are the number 
of lags. The 10-year U.S. Treasury notes yields, 
Dow Jones Industrial Index returns and the level 
of VIX index are included as a proxy for global 
macroeconomic developments and the associated 
inflation, liquidity, and credit risks [2,17, 21]. The 
region specific factor that captures local financial 
market conditions is the Eurozone money market 
rate. As argued by [22] the stock markets should 
not be studied in isolation, as there are interaction 
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effects across different asset classes.
All variables are calculated as two-day roll-

ing-average values in order to control for the fact 
that of the different open hours of the markets on 
which the variables in the model are formed. The 
returns are in the local currency. Following Forbes 
and Rigobon (2002), five lags (P=K=5) are uti-
lized in order to control for serial correlation and 
any within-week variation in trading patterns. 

Next, the exceedance returns are obtained. Fol-
lowing [5] and [8], exceedance is defined as a stock 
market return of a particular country that is at least 
c standard deviations below the mean value of the 
respective stock market’s return series see also [23]:

, .. (2)

where the returns are standardized to have zero 
mean and unit variance so that the mean and vari-
ance do not appear explicitly in the right-hand 
side of the equation (2). In this paper we set c=0 
and estimate the correlation between lower-tail 
exceedance returns, i.e. returns smaller than the 
mean return of the returns series. As c is set to 
zero, the lower-tail correlation in the continuation 
of the paper is written as .

Taking the lower-tail returns, we progress with 
the test of contagion between the stock market re-
turns. Let  denote the correlation between the 
negative stock market returns of two countries 
during the crisis (high volatility) period and  in 
the pre-crisis (low volatility) period. If there is an 
increase in the volatility of stock market returns 
(whereby all sample returns are considered) in 
country 1, , without any change to the 
fundamental relationship between the stock mar-
ket returns dynamics in the two countries,  then 

, thus giving the false appearance of con-
tagion. [2] show than unconditional correlation 
adjusted for this bias is given by [12, 22, 20]:

 

 

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

where  is the unconditional correlation ( ) 
is conditional correlation ( ) scaled by a nonlin-

ear function of the percentage change in volatil-
ity in stock market returns in the source country 
( ), i.e. country 1, over the high and low 

volatility periods). This adjustment allows for a 
shift in the volatility of stock market returns of 
country 1, whereby  if there is no funda-
mental change in the relationship between the two 
stock markets. 

The null hypothesis of the test of significant 
change in correlation 

  

is tested against the alternative

.

The hypothesis is tested using Fisher’s trans-
formation:

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

The test of contagion consist of testing whether 
after a pre-specified crisis event, the correlation 
has significantly increased. 

The methodology of [2] tests whether after a 
pre-specified crisis event the correlation has sig-
nificantly increased compared to pre-crisis period. 
Forbes and Rigobon’s test thus requires a knowl-
edge of the time of contagion in order to separate 
between crisis and non-crisis periods. Therefore 
the test is subject to a sample selection bias [21]. 
The other most frequently applied tests of conta-
gion (the outlier test of [14] the [16] threshold test, 
and the co-exceedance test of [15]) are not subject 
to this criticism as they determine the crisis pe-
riod endogenously, usually by identifying extreme 
movements in the data (see [17] for a review of 
these methods). 

In this paper we use the adjusted [2] method-
ology whereby the crisis and non-crisis periods 
are not identified subjectively but are identified 
endogenously by the dynamics of the correlation 
coefficient. To achieve this we follow [20] by ap-
plying a moving-window approach of [2] method. 
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By this procedure the the moving-window time 
series is split into two equally sized sub-windows. 
The time-varying Forbes and Rigobon’s adjusted 
correlation between the stock market returns of 
two countries (the contagion source country and 
the country which is potentially affected by the 
shock in the source country) at time t is thus calcu-
lated from w observations (where w is the size of 
the window), centered around time t. The window 
is subsequently rolled forward one day at a time, 
resulting in a time series of correlation of length   
N-w. The size of the window is 200 trading days, 
a common window length in financial market dy-
namics analysis (see [24, 25]). 

The first half of the moving-window represents 
the potential pre-crisis period and the second half 
the potential after crisis period. Contagion is iden-
tified if the moving-window correlation increases 
by at least 2 standard deviations (this means that 
the correlation in the second half of the window 
is significantly higher than in the first half of the 
window, as indicated by z-statistics), [20]. When 
the moving-window is moved forward the pre-
crisis period in fact becomes a potential crisis 
period. If both halves of the windows are in the 
increased correlation period, then the correlation 
will not change significantly. However, if in the 
second half of the window correlation is signifi-
cantly smaller than in the first half of the moving-
window this reduction in the correlation is inter-
preted as a sign of the end of contagion period.

3.  Data and empirical results  

Contagion of the lower-tail exceedance returns 
of stock markets is tested pair-wise for the follow-
ing countries: France, Germany, U.K., and Italy. 
The period considered is from December 3, 2003 
to January 27, 2012. Stock market returns are cal-
culated from the main national stock indices as the 

differences in the logarithms of the daily closing 
prices of indices ( , where Pt is 
a closing index value on day t). The stock indices 
included are: CAC40 (for France), DAX (for Ger-
many), FTSE100 (for the U.K.), and FTSEMIB 
(for Italy). Days with no trading in any of the ob-
served market were left out. The data for stock 
indices is Yahoo! Finance. Table 1 presents some 
descriptive statistics of the data. 

All series display significant leptokurtic behav-
ior as evidenced by the large kurtosis with respect 
to the Gaussian distribution. The Jarque-Bera test 
rejected the hypothesis of normally distributed time 
series. We also tested for stationarity of time series 
by the Augmented Dickey-Fuller (ADF) test and 
the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) 
tests and the results lead to conclusion of no unit 
root in returns series. The results are not presented 
here, but can be obtained from the author.

Figures 1 thorough 3 illustrate the calculated 
moving-window, lower-tail correlations calculated 
using the modified method of [2]; the moving-
window correlation un-adjusted using the method 
of Forbes and Rigobon; and the z-statistics used 
for the testing the null hypothesis of no contagion 
between the pair-wise stock markets, calculated by 
Equation (4).

Focusing on Forbes-Rigobon’s adjusted mov-
ing-window lower-tail correlation and the corre-
sponding z-statistics, notably there were periods 
when the correlation increased significantly. The 
results thus confirm the findings of other studies 
that shift-contagion has played a role in propagat-
ing financial shocks during crises [15, 26, 27, 22, 
28, 29, 13, 30 , 21] .

Contagion in the observed stock markets oc-
curred around the Middle East financial crisis 
(however, no contagion was observed from the 
Italian to the German stock market at that time). 

Table 1.  Descriptive statistics of stock indices returns 
Min Max Mean Std. deviation Skewness Kurtosis Jarque-Bera statistics

CAC40 (France) -0.09472 0.1059 -0.000026 0.01577 0.1642 10.4452 4440.75***
DAX (Germany) -0.07433 0.108 0.0002778 0.0153 0.1162 9.4645 3345.76***
FTSE100 (U.K.) -0.09265 0.1079 0.000137 0.01349 0.1914 12.3669 7027.12***
FTSEMIB (Italy) -0.09967 0.1087 -0.000284 0.01618 -0.1569 9.6681 3563.07***

Notes: The Jarque-Bera statistics: *** indicate that the null hypothesis (of normal distribution) is rejected at a 1% signifi-
cance level. 
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Figure 1. mContagion from the German and the U.K. stock markets to France’s stock market
Notes: On the time axis, the financial market turmoil events are denoted: Sep11 = the September 11 attack on the WTC (Septem-
ber 11, 2001), IBB = the internet bubble burst (May 21, 2002 is denoted, when the Dow Jones Industrial reached its peak), MEC 
= the Middle East financial markets crash (the start of May 2006 is denoted), GFC = the global financial crisis (September 16, 
2008, the collapse of Lehman Brothers, is denoted), GDC = the Greek debt crisis (April 23, 2010, when the Greek government 
requested a bailout from the EU/IMF is denoted), IDC = Ireland’s debt crisis (September 1, 2010, when the Irish government 
started negotiations for a bailout with the ECB/IMF is denoted), PDC = Portugal’s debt crisis (May 16, 2011 is denoted, when 
Eurozone leaders approved a bailout of financial help for Portugal). The vertical lines, denoting financial turmoil events, are 
drawn 100 days (half the window length of the modified Forbes and Rigobon’s adjusted correlation estimate) before the actual 
date of the event, as due to the construction characteristics of the moving-window correlation coefficients, the effect of the event 
should start to show up in the graph 100 days before the actual time of the event. The vertical lines are therefore drawn 100 days 
before the actual event. Critical values for the rejection of the null hypothesis (i.e. there is no significant increase in the modifi-
ed Forbes and Rigobon’s adjusted correlation) are denoted in the second sub-plots by the dotted horizontal lines at values z=2 
(p=0,0228). Note that due to characteristics of the method of calculating the correlation estimates, the increase or a drop in 
correlation shows up in the time series of the correlation estimates 100 days before the actual date, as indicated by the time axis.
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Furthermore, the subprime mortgage crisis in the 
U.S., which deepened in the second half of 2007, 
can also be associated with contagion from the 
German and Italian stock markets to France’s 
stock market and from the Italian stock market to 
the German and the U.K.’s stock markets. Nota-
bly, the start of the global financial crisis and the 
outbreak of the Greek debt crisis also coincide 

with contagion between the observed stock mar-
kets. Turmoil in the financial markets, caused by 
Italian sovereign debt crisis, led to contagion in 
the following: from the Italian to the German and 
the U.K.’s stock markets and from the German to 
France’s stock market. 

Figure 2.  Contagion from the Italian to France’s stock market and contagion from the U.K.’s to the 
German stock market
Note: See notes for Figure 1.
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4.  Conclusion

The analysis of contagion in financial markets 
has been studied extensively in recent years, yet 
scholars have yet to agree on a unified definition 
of contagion and a range of statistical procedures 
exist to test for contagion in financial markets. 
[1] provided one of the most commonly accept-

ed definitions of contagion, namely the “shift 
contagion,” which regards contagion as a shift 
or change in how shocks spread from one coun-
try (or asset class) to another during both normal 
(pre-crisis) and crisis periods. [2] also provided 
perhaps the most common method to measure 
contagion, based on the adjusted correlation test. 
The extant literature, however, has identified some 

Figure 3.  Contagion from the Italian to German stock market and contagion from the Italian to the 
U.K.’s stock market
Note: See notes for Figure 1.
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issues with this method, namely, sample selection 
bias, non-continuous adjustment for volatility, and 
inappropriate weighting of extreme returns in fi-
nancial markets. The present paper has suggested 
a way to resolve these issues by modifying the 
statistical method of contagion analysis developed 
by [2]. We use the extreme value theory concept 
of exceedance returns, developed by [5, 15] in 
Forbes-Rigobon’s adjusted method of contagion 
analysis. Considering just extreme returns below 
the mean returns (i.e., lower-tail returns) of the 
stock markets enabled us to study contagion in fi-
nancial markets during turbulent times. To resolve 
the issues of sample selection bias and the issue 
of volatility adjustment, we proposed a moving-
window approach. In this way, the crisis and non-
crisis periods need not be identified subjectively; 
instead, they are identified endogenously by the 
dynamics of the correlation coefficients. Apply-
ing this method, we tested for contagion: (1) from 
the stock markets of German, U.K. and Italy to 
France’s stock market; (2) from the U.K.’s  and 
Italian stock markets to German stock market; 
and (3) from the Italian stock market to the U.K.’s 
stock market. The period examined extends from 
December 3, 2003 to January 27, 2012.

Applying the proposed method, we found that 
the lower-tail correlation is time-varying. The 
highest correlation of below-mean returns is ob-
served around the start of 2010; thus, the benefits 
of international diversification in the observed 
stock markets were the smallest around this time. 
Correlations between the returns of stock indices 
are higher when the financial markets are experi-
encing turbulent times. Next, we found that the test 
of contagion based on the correlation, not adjusted 
by Forbes and Rigobon’s method, can lead to false 
conclusions. The results of contagion analysis us-
ing the method proposed in the paper confirm the 
findings of other studies that shift-contagion has 
played a role in propagating financial shocks dur-
ing the crises. Contagion in the observed stock 
markets occurred around the Middle East financial 
crisis, the subprime mortgage crisis in the U.S., the 
global financial crisis, the outbreak of the Greek 
debt crisis and the turmoil in the financial markets 
caused by Italian sovereign debt crisis. 
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This paper describes an eco-efficiency decision 
support model of end-of-life solid waste recycling 
that uses process-based cost modelling and value-
based metrics to determine the economic and value-
recovery effectiveness of a processing operation. 
The process-based cost system model combines 
technology process models, operational models, 
and an economic framework to map from details 
of product and process to operating costs. The 
value-weighted mass recovery assessments, when 
compared against simple mass recovered, provide 
a better estimate of both environmental impact and 
retained quality. The combination of these two as-
pects offers several advantages over existing mod-
elling methodologies: they consider the variety of 
products a recycler processes are driven by data 
that a recycler collects, and can respond to rapidly 
changing conditions in technology and economics. 
Theoretical framework on these aspects is provided 
in this paper, followed by a description of the mod-
elling framework. An example case involving our 
online simulation tool is presented to demonstrate 
the types of analyses possible using our model.

Key words: eco-efficiency, solid waste recy-
cling, process-based cost modelling, value-based 
metrics, decision-making online tool

1.  Introduction 

Over the last decades, a traditional research 
topic in the waste management field has been fo-
cused on developing tools and methods to help de-
cision-makers with tactical decisions over waste 
management systems.

With the increase of waste generation, reduction 
of available land, emerging technology of waste 
recycling and recovery, and the rising concern of 
environmental and health impacts, solid waste 
(SW) management systems are becoming more 

and more sophisticated. Many system parameters 
and their interrelationships appear uncertain. Un-
certainties can be presented in various stages of 
the policy cycle ranging from the initial detection 
of a problem to policy formulation and, eventual-
ly, monitoring and adjustment to existing policies 
[1]. These uncertainties can be further amplified 
by the complex features of the system components 
and by their associations with economic implica-
tions and environmental concerns being examined 
[2]. Therefore, in response to such uncertainties, it 
is desirable to develop effective SW management 
methods by which efficient management strate-
gies with satisfactory economic and environmen-
tal efficiencies could be generated. The prediction 
of SW generation plays an important role in SW 
management where stress to be done on recycling.

As recycling systems for SW become more 
widespread, understanding the economic and 
environmental performance of such systems be-
comes critical, both to enable improvement of 
existing systems and to design and implement 
new systems. Unfortunately, the variety of system 
architectural and contextual possibilities makes 
empirical inference of causality challenging. To 
address this issue, this paper presents a modelling 
framework to project the economic and environ-
mental performance of both existing and prospec-
tive recycling systems.

Operational decision-makers within disman-
tling and material recovery facilities face a daunt-
ing task of identifying the preferred processing 
pathways. For any complex product there exists a 
range of demanufacturing options, each of which 
produces material streams which can be repur-
posed in a range of end-use markets. The interac-
tion of these choices makes even strictly economi-
cally optimized decision-making a challenge; in 
most cases, companies are not able to evaluate the 
environmental consequences of their decisions.

Eco-efficient decision support model of solid 
waste recycling 
Stanislav Avsec1, Branko Kaucic2

1  University of Ljubljana, Faculty of Education, Ljubljana, Slovenia,
2  Initut, Institute of Information Technology, Maribor, Slovenia.
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To improve their process-related decision-mak-
ing, recyclers require both a clear actualisable set of 
metrics by which to assess operational performance 
and a mechanism to map the impacts of processing 
decisions onto those metrics. This paper introduces 
a modelling framework that accomplishes the lat-
ter of these goals. The framework is grounded in a 
process-based cost model that incorporates techni-
cal/ technological aspects of the recycling process 
and the incoming material stream composition to 
determine operational and resource requirements 
and hence, processing cost. In addition, the model 
calculates metrics that makes use of value as a mea-
sure of operational performance. Value is an attrac-
tive metric because it relies on data that is collected 
by processors and provides insight on environmen-
tal impact and retained quality.

The model also has the advantage that simula-
tions can be run over different periods of time and 
provides the facility to conduct partial simulations 
to focus on specific sectors/areas of a model. The 
model developed here presents systems dynamic 
method developed to help in assessment of waste 
management options that are often done by plan-
ners and decision-makers. The usability of the 
model is demonstrated by single case modifications 
of technological and economic parameters, and by 
running a forecast simulation for the chosen period. 
The impact of decision options on the generation of 
waste, on the remaining landfill capacity, and on the 
economic cost or benefit actualized by the different 
waste processing options are explored through this 
approach. This paper begins with theoretical frame-
work on other recycling modelling efforts, process-
based cost models, and value-based recycling met-
rics. Then, the methodology with model scope is 
followed, and results from a demonstration case are 
introduced. An online simulation tool is presented 
as effective tool for demanufacturers. Finally, the 
concluding remarks tie the modelling details back 
to the ultimate objective of the research, which is to 
deliver efficient, feasible decision-tools to identify 
more sustainable processing options within the SW 
recycling system.

2.  Theoretical framework

The development of methodologies that com-
bine economic and environmental considerations 

to determine recycling decisions has recently be-
come an active area of research. The most widely 
used decision-support frameworks (a) The life-
cycle assessment (LCA), (b) The cost–benefit 
analysis (CBA), and (c) The multi-criteria deci-
sion- making (MCDM) have several critical is-
sues which have be considered. Economic factors 
usually include processing, transportation, and 
disposal costs; environmental aspects are typically 
based on LCA methods. 

The difficulty of incorporating so much eco-
nomic, technology, and environmental data for 
complex products has led many researchers to 
present their methods as software tools to handle 
these tasks [3]. Most models are geared towards a 
systems analysis of product demanufacturing, but 
some focus on disassembly [3]. A few models in-
corporate weighting factors to help determine the 
best demanufacturing process using methods such 
as an analytical hierarchy process [3]. The largest 
differentiators among these tools are the methods 
they use to determine environmental impact and 
the scope of the system they are analysing.

Extensive research efforts have been undertak-
en in addressing uncertainties in SW management 
problems through stochastic, fuzzy, and interval 
programming approaches [4-7]. Stochastic pro-
gramming can deal with decision problems whose 
coefficients are not certainly known but can be 
represented as chances or probabilities. The main 
advantage of the stochastic programming methods 
is that they do not simply reduce the complexity 
of the programming problems; instead, they al-
low decision-makers to have a complete view of 
the effects of uncertainties and the relationships 
between uncertain inputs and resulting solutions. 
However, the SP methods require probabilistic 
specifications for uncertain parameters whereas, 
in SW management problems, it is often associ-
ated with difficulties in acquiring probability dis-
tribution for a random event when data are not 
enough [8]. Fuzzy programming, based on fuzzy 
set theory, can facilitate the analysis of systems 
with uncertainties that are derived from vagueness 
or fuzziness rather than randomness alone. It is 
suitable for situations in which the uncertainties 
cannot be expressed as probability distributions, 
such that adoption of fuzzy membership functions 
becomes an attractive alternative [9]. A large num-



665

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

ber of samples are generally required to identify 
the probability density function for the occurrence 
of a phenomenon, whereas subjective description 
of the fuzzy membership function is usually ap-
plied to the determination of fuzziness [10]. 

Interval programming is another alternative for 
handling uncertainties in the model’s left- and right-
hand sides and also those that cannot be quantified 
as membership or distribution functions, because 
interval (or grey) numbers with known lower and 
upper limits are acceptable as its uncertain inputs. 
Therefore, interval programming may become ef-
fective for many real-world problems in which only 
a very few samples exist and uncertain parameters 
cannot be described with probability distributions 
[8]. However, interval programming models may 
become infeasible when some left- or right-hand 
side parameters have large intervals. This occurs 
when some system conditions are very uncertain, 
making it difficult to quantify these possible ranges 
as reasonably small intervals [8].

To tackle a combination of multiple uncertain-
ties, a number of integrated methods were pro-
posed. A grey fuzzy dynamic model for the predic-
tion of SW generation was developed by [11], in 
which the technique of fuzzy goal regression was 
employed to minimise the discrepancy between 
the predicted and observed values. An inexact two-
stage programming model for planning SW man-
agement under uncertainty was explored by [12], 
in which interval parameters were incorporated 
within a two-stage stochastic optimization frame-
work. A grey minimax regret integer programming 
approach to outline an optimal regional coordina-
tion of SW routing and possible landfill or incin-
erator construction under an uncertain environment 
was proposed by [10]. A stochastic integrated waste 
management model on the basis of a life-cycle 
inventory approach was proposed by [13], which 
allowed a systematic consideration of uncertainty. 
An inexact scenario-based probabilistic program-
ming approach for identifying optimal waste-flow 
allocation and facility-capacity expansion strate-
gies was proposed  [8]; the proposed method can 
handle uncertainties described as intervals and 
probabilities and also support assessing the risk of 
violating constraints; however, it encountered chal-
lenge when constraints were associated with fuzzy 
and random features owing to the fact that decision 

makers expressed different subjective judgments 
upon the same problem. Nowadays, game-theoretic 
approaches in decision support models for SW are 
very often. The most critical issues, which are in-
cluded in decision-support models developed with-
in these frameworks, are [14]: (a) In LCA, most 
critical issues are the assumptions used by analysts. 
(b) In CBA models, crucial are the selection of the 
discount rate and the level of analysis. (c) Most 
critical issues in MCDM framework models are the 
selection of evaluation criteria and further the selec-
tion of the criteria weight values. 

To overcome these issues, a modified version of 
MCDM has been developed to account for uncer-
tainty in criteria weightings and threshold values 
[15]. Many decisions must be made during recy-
cling operations and much of the aforementioned 
research may be used to support strategic decisions. 
However, there are several limitations of the exist-
ing body of work that make it difficult for the in-
place demanufacturing system to take advantage 
of the knowledge gained from these studies, espe-
cially for recurring operational decisions occurring 
in a dynamic context: (a) Material values are not 
fixed. (b) Sensitivity to key parameters is rarely 
considered in studies of demanufacturing systems. 
(c) Processing costs are not fixed. (d) Few, if any, 
methodologies can be used on a regular basis in de-
manufacturing operations. Detailed analyses are an 
important component to support strategic decisions, 
but demanufacturers must constantly modify their 
operations in order to adjust to changes in markets, 
demand, and expenses.

Since all frameworks have shortcomings, it 
is suggested that future models should be devel-
oped combining suitably of the LCA, CBA and 
MCDM frameworks to maximise their strengths 
or/and minimise their weaknesses. Therefore, as 
an extension of previous efforts, systems dynamic 
modelling approach will be advanced in response 
to the aforementioned deficiencies. Systems dy-
namic modelling approach will incorporate micro 
and macro economics measures, environmental 
measures, labour and product life-cycle value, and 
technology and technological progress. It will fa-
cilitate dynamic analyses for long-term decisions 
of facility-capacity expansion and waste-flow al-
location plans and should be socially and environ-
mentally acceptable to fulfil sustainability needs 
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proposed by [16-19]. The results will be used for 
generating a range of decision alternatives under 
various system conditions and thus helping de-
cision-makers to identify desired waste manage-
ment policies under uncertainty. 

In the following section, our model develop-
ment, based on systems dynamic modelling ap-
proach, will be described. 

3.  Methodology 

The system model developed here focuses on 
three main functions in SW recycling system, 
namely collection, processing, and system man-
agement. Waste should be the subject of separated 
collection and should be stored in appropriate con-
tainers [20]. In most cases municipal services are 
authorised to handle the collected waste. Waste 
shall be either recycled or disposed of to landfills. 
Disposal of waste should be a subject of concern, 
since there are significant differences in disposing 
waste of to landfills or make it a part of the recy-
cling and re-use process. The whole process is a 
matter of costs. Another component, which has to 
be considered, is the environmental hazard. Waste 
in the recycling process can have a huge impact on 
the environment. The concern of either to dispose 
the waste of to a landfill or to recycle it is one issue. 
Another issue is the impact on the environment 
with the production of new products, which are 
not made of secondary resources, but of primary 
natural resources. Use of natural resources means 
an additional environmental burden. Therefore it 
is for each product necessary to estimate the costs 
of disposing it of to landfills, including external 
costs (p7 for the disposal industry and p6 for the 
end-user). 

Solving environmental issues demands a sys-
tematic approach. Figure 1 shows the environ-
mental management. Such an approach is enabled 
in terms of the systematic theory.

Optimal leadership of logistic systems (includ-
ing feedback) involves the goal to achieve the op-
timal value added of the entire chain. Since it is a 
matter of a large horizon programme, it is appro-
priate to include the so-called criteria function of 
the net present value [21]. Logistics of waste recy-
cling can be interpreted as an extended responsi-
bility of the producer in the same chain. 

Figure 1.  An environmental management model

Responsibility is to be reflected: (a) In the form 
of purchasing waste products with the price p6 (if 
the waste has certain value, the price is positive; if 
the inducer has huge costs with the waste disposal, 
the price is negative). (b) As the total amount of 
costs because of disposing the waste at landfill 
sites, including any ecological payments p7 (con-
tinuous negative parameter) for each unit of the 
waste at the landfill site. 

Figure 2 shows a basic scheme of the model, 
with inputs on the left and outputs on the right. For 
each model, a broad range of inputs are required to 
comprehend a fully generic case; when modelling 
more specific scenarios, including existing sys-
tems, a smaller set of model inputs may be used, 
as actual data can replace some modelled values.

Figure 2.  Recycling process, including end-of-life prod-
ucts and labour

Recycling inputs include the following factors 
of production: (a) streams of end-of-life products 
P4,5, measured with the size of waste P6 generated 
in time T6,  (b) capital and labour (symbol L for 
both). Output is the stream measured by a share 
of waste P6 generated in time T6, demonstrated as 
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P2’ =α P’4,5. Size of the output contingent is deter-
mined in the form: P2=α	P6. 

Our process-based cost model calculates the 
processing requirements (e.g., device and ma-
chine size), which are used as technology inputs, 
in addition to other operational inputs (e.g., oper-
ating days per year). This information is used to 
determine resource requirements (e.g., amount of 
waste, technological facilities, number of work-
ers), which is used in a financial model in conjunc-
tion with factor price inputs (e.g., interest rates, la-
bour wages) to ultimately determine production or 
processing costs.

At our model, the following parameters are 
considered, Table 1.
Table 1.  A system model development parameters

T6
Amount of time, necessary to start the 
production, including P6;

P6 Size of the waste, generated in T6;

P7
(1-α) P6 Amount of waste to be dispose of to 
landfills;

α/α* Rate of the recycled waste;

L/L*   

Amount of input (labour and other factors 
of production) for each waste series/optimal 
amount of labour and labour-related factors of 
production;

cL
Price of labour and labour-related capital 
(input raw materials not included);

cll
Cost of labour and other labour-related factors 
of production in recycling of one stream;

A, δ, γ  Parameters related to technology and product 
quality (at the end-of-life period);

ρ Interest rate;
K6 Fixed costs for each start-up in T6;

P’4,5        
Source waste stream as input for recycling; 
T6 = P6/P’4,5;

p2
Price of the semi-manufactured product 
(positive parameter);

p7 
Price of waste, sent to landfills (negative 
parameter, which includes costs for transport 
and environmental taxes);

p6
Acquisition price of a spent product (often 
negative).

NPV Net present value

The question arises if recycling of spent products 
is profitable and if so, when does it become optimal, 
considering the net present value of all recycling ac-
tivities. Those can be determined as, Table 2:

Table 2.  Recycling activities determination

p2 α P6 /(1-e -ρT6) Discounted amount of all recycled 
waste income;

p7 (1- α) P6/(1-e 
-ρT6)

Discounted value of all costs, related 
to landfilling;

p6 P’4,5 / ρ
Discounted value of all purchased 
spent products in the input stream;

cl L /(1-e -ρT6)
Discounted value of all labour 
and other labour-related factors of 
production in the recycling process;

K6 /(1-e -ρT6) Discounted value of all costs related 
to the recycling start-up.

We see, that the
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The Cobb-Douglas production function [22] 
applies to for each production cycle, namely αP6 
= AlγP6

δ, which is followed by the recycling rate:  

  α = A Lγ P6
δ-1  ............................ (2)

The parameters A, δ and γ depend on the used 
technology, any technological progress and the 
end-of-life product quality. We search for such 
values P6* and L*’, so that the optimal net pres-
ent value of all activities considering the reverse 
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If we consider also that the value of recycling 
is in the range from 0-1 and the technological pa-
rameters are in the range 0 < δ, γ < 0 and 0 < δ + γ 
< 1 [23] under the following conditions:

5,46 / PPe ρ− ≠ 1
-ρP6 / P’4,5 ≠ 0
ρ ≠ 0 , ρ > 0

0 < ρP6 / P’4,5 << 1 ;
 δ (p2 - p7) ALγ P6

δ-1 + p7 ≠ 0 .................  (6)

From (5) we get an optimum point of (L*, P6
*)

 (p2 - p7) ALγP6
δ = cLL / γ  .................... (7)

and from (4) we see 

(δ cLL / P6γ + p7) (1 - 5,46 '/ PPe ρ− )- (ρ / P’4,5)
5,46 '/ PPe ρ− (cLL(1- γ)/ γ + p7P6 - K6) =0

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

With the development of the series

...'/1 5,46
'/ 5,46 ++= PPe PP ρρ

and the linear approximation we get:

(1 - 5,46 '/ PPe ρ− ) =( 5,46 '/ PPeρ -1)/ 5,46 '/ PPeρ  ≈ 
 ≈ (ρP6 / P’4,5)/(1+ ρP6 / P’4,5 )  ............... (9)

Equations (8) and (9) lead to the conclusion 
that for the optimum point (L*, P6

*):

((δ cLL /P6γ + p7) ρP6 / P’4,5) /(1+ ρP6 /P’4,5 )- - (ρ 
P6 / P’4,5) (cLL(1- γ)/ P6 γ + p7- K6/ P6)/ /(1+ ρ P6 / 

P’4,5) ≈0

(δ cLL/P6γ +p7)-(cLL(1- γ)/P6 γ + p7- K6/P6) ≈ ≈0

(1-δ- γ)cLL/ P6γ ≈ K6/ P6

Therefore:

 L* ≈ γ K6 /cL (1- γ - δ) ..................... (10)

Equation (7) leads to (under consideration of 
equation (10)):

P6
* ≈ ( cL

γ (K6 /(1- γ - δ))1-γ /
 /(Aγ γ (p2 - p7)))

1/ δ .........................(11)

Therefore, the optimal recycling portion α* is:

α* = A (γ K6 / cL (1- γ - δ))γ (( cL
γ (γ K6 / 

 /(1- γ - δ))1-γ /γ(p2 - p7) A)1/ δ)δ-1 ...............(12)

Since our system model is built around tech-
nical details, they allow one to explore how cost 
evolves as technology or operating conditions 
change. Through careful selection of modelling 
parameters, our system model can be used not 
only to estimate the costs of manufacturing prod-
ucts in a wide range of economic and operational 
circumstances, but can also be used to construct 
prospective cost estimates of the consequences of 
design and process changes, as well as “what if” 
analyses, to establish key economic or technical 
hurdles to achieving targeted costs.

An impact of the parameters on the optimal so-
lution is demonstrated in next section. 

4.  Modelling solid waste recycling 

An example of modelling is presented here 
to demonstrate some of the model’s capabilities. 
The scope of the analysis is limited to the scope 
of technological parameters of A (technological 
progress), γ (recycling technology changes) and 
δ (quality of end-of-life product), and economic 
parameters (price impact) p7 (environmental taxes 
changes), p6 (end-of-life product price), ρ (interest 
rate), and cL (price of labour force). Two scenarios 
are analysed, assuming modification of the tech-
nological parameter A and the economic param-
eter p7 (ecological taxes).

4.1  Impact of technology/technological 
changes

Using reverse logistics we can achieve significant 
reduction of waste amounts, which are disposed of 
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to landfills. The ratio between landfilling and recy-
cling has to be determined in an optimal manner, ap-
plying to all activities in the supply chain.

Waste management is like any other eco-
nomic activity under the influence of economical 
laws. Based on experience, waste management is 
economical only at certain rates. The minimum 
thresholds of technological efficiency in the waste 
management process vary according to the used 
technology. Technology is knowledge and process-
ing of input materials (in this case waste), with the 
involvement of the required factors of production. 

Different values of parameter A (impact of the 
technological progress on recycling) are a result 
of new technologies and the manner of produc-
tion organisation. Modification of technological 
parameter A is shown in Table 3. Other model pa-
rameters remain constant. 

As parameter A changes, the NPV also changes 
(because of the modification of the variables L=L* 
and P6=P6

* the variable α* takes new values, as 

shown in Table 4). The recycling portion α also 
increases, the amount of labour is constant (since 
technology has no impact on labour). In such cases, 
technological progress is of significant importance, 
since it has a huge influence on environmental re-
covery. The conditions for an optimal solution and 
the maximum value added are given in Table 5. As 
the value of parameter A increases (and other pa-
rameters remain constant), the optimal rate of waste 
for recycling and re-use also increases.

Parameter A impact on NPV and NPV* is shown 
in Figure 3.

Our proposed model also allows modification 
of other technological parameters. Figure 4 shows 
main characteristics and functions of the online tool.

The same methodology is used for modelling 
of parameters γ and δ. Any demanufacturer can 
use our decision-making tool for modification of 
these parameters to find optimal solutions for key 
recycling technological and economic parameters. 
Decision-making tool is developed and available 

Table 3.  Modification of parameter A
p2 p7 A L γ Lγ L*γ P6 δ P6

δ

2 -0.50 0.60 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 0.70 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 0.75 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 0.80 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 0.90 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 0.95 0.05 0.30 0.41 4.90 40 0.20 2.09
2 -0.50 1.07 0.05 0.30 0.41 4.90 40 0.20 2.09

cL K6 p6 P’
4,5 ρ 5,46 '/ PPe ρ− 5,46

* '/ PPe ρ− 1/γ-1 1/δ δ-1

0.03 10 -1 50 0.008 0.994 0.97644 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.98903 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.99222 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.99436 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.99687 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.99761 -1.43 5 -0.80
0.03 10 -1 50 0.008 0.994 0.99868 -1.43 5 -0.80

Table 4.  Results of parameter A modification 
NPV* NPV α L* P* 

6 α*

3257 1747 0.01 200 149 0.05
3472 1781 0.01 200 69 0.12
3627 1797 0.02 200 49 0.16
3825 1814 0.02 200 35 0.23
4396 1848 0.02 200 20 0.41
4793 1864 0.02 200 15 0.53
6152 1904 0.02 200 8 0.97
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for further exploitation at http://www.initut.com/
research/solid_waste. 

Figure 3.  Impact of modifications of parameter A

Figure 4.  Online tool for modelling optimal recy-
cling rate

Modifications of parameter γ implicate adap-
tation of technology in the process (e.g. change/
increase of facilities). Thus, the recycling rates in-
crease and also the amount of the labour as input 
in the process. Figure 5 illustrates impact of pa-
rameter γ on NPV and NPV*.

Figure 5.  Impact of modifications of parameter γ

Improved technology reduces the time be-
tween each start-up process, leaving the start-up 
costs unchanged. Therefore, we need as much 
start-ups as possible with the same amount of 
start-up costs. Results show that it is important 
to put lots of effort in technology development, 
since it has an important impact on the parameter 
γ value and on the environmental recovery. 

When a product is at the end of its life cycle, its 
quality and quantity have a certain impact on pa-
rameter δ. If the parameter value increases (thus, 
if the quality at the end of the life cycle increases) 
the portion of recycling also rises. This means that 
products are of better quality, so there is less ma-
terial sent to landfills and more material is part of 
the recycling and re-use process. With the recycling 
rate growing we need more labour, which leads to 
increased amounts of waste in one series. Amount 
of time implicated at NPV, and necessary to start 
each operation, increases as it is shown in Figure 6. 

Previous examples show the impact of param-
eters on the optimal net present value, recycling 
rate and the labour input. Parameters are different in 
each region or country. Different locations have var-

Table 5.  Conditions for optimal solution 
5,46

* '/ PPe ρ−  ≠ 1 - ρP*
6 / P’4,5≠ 0 0 < ρP*

6 / P’ 4,5 << 1 δ(p2-p7)AL*γP*
6
δ-1+p7 ≠ 0 ρ ≠ 0; ρ > 0

0.97644 -0.02384 0.02384 -0.70834 0.00650
0.98903 -0.01103 0.01103 -0.79969 0.00650
0.99222 -0.00781 0.00781 -0.83706 0.00650
0.99436 -0.00566 0.00566 -0.86712 0.00650
0.99687 -0.00314 0.00314 -0.89891 0.00650
0.99761 -0.00240 0.00240 -0.89689 0.00650
0.99868 -0.00132 0.00132 -0.82684 0.00650



671

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

ious advantages and disadvantages. They represent 
a so-called counter balance to the transport costs in 
the cells of global logistics chain activities [23].

Figure 6.  Impact of modifications of parameter δ

4.2  Economic aspects - pricing 

As mentioned above, price is a huge and decisive 
factor in taking waste management decisions. Price 
is the basis for deciding whether an activity is eco-
nomically or environmentally reasonable. Compa-
nies, which main activity is not waste management 
or reverse logistics, don’t have such issues. This is 
more a concern of companies and performers in 
environmental recovery. An example of ecological 

taxes parameter p7 modification is presented. Table 
6 shows modifications of landfilling costs, includ-
ing operational costs and environmental taxes. All 
other model parameters remain constant. Changes 
of environmental taxes have impact on the recy-
cling rate and the NPV = NPV*. 

A change of NPV of optimal decisive parameter 
is shown in Table 7 with change of optimal NPV*. 

If a region has none (which is almost never the 
case) or low environmental taxes, there is no need 
(or no motivation) for separate waste collection 
and recycling.

The conditions for an optimal solution and the 
maximum value added are given, Table 8. 

Environmental taxes are one of the most im-
portant financial sources for proper waste man-
agement. Taxes are an important mechanism to 
achieve environmental goals, such as reducing 
amounts of waste at the origin, reducing landfill-
ing, decreasing the amount of biological degrad-
able waste, increasing the ratio of separate waste 
collection (various waste streams) and an increas-
ing rate of recycling and waste utilisation [21].  

If environmental taxes are high, the value of 
the NPV decreases, what is shown in Figure 7, but 
the waste logistics and recycling gain significant 
importance [23]. 

Table 6.  Modification of environmental taxes, p7

p2 p7 A L γ Lγ L*γ P6 δ P6
δ

3 -0.60 0.60 50 0.50 7.07 9.13 40 0.20 2.09
3 -0.70 0.60 50 0.50 7.07 9.13 40 0.20 2.09
3 -0.80 0.60 50 0.50 7.07 9.13 40 0.20 2.09
3 -0.90 0.60 50 0.50 7.07 9.13 40 0.20 2.09
3 -0.97 0.60 50 0.50 7.07 9.13 40 0.20 2.09
cL K6 p6 P’

4,5 ρ 5,46 '/ PPe ρ− 5,46
* '/ PPe ρ− 1/γ-1 1/δ δ-1

0.20 10 -1 50 0.007 0.99481 0.99821 -2 5 -0.80
0.20 10 -1 50 0.007 0.99481 0.99844 -2 5 -0.80
0.20 10 -1 50 0.007 0.99481 0.99863 -2 5 -0.80
0.20 10 -1 50 0.007 0.99481 0.99880 -2 5 -0.80
0.20 10 -1 50 0.007 0.99481 0.99890 -2 5 -0.80

Table 7.  Results of parameter p7  modification     
NPV* NPV α L* P*

6 α*

6791 5367 0.22 83 14 0.67
6567 4767 0.22 83 12 0.75
6405 4167 0.22 83 11 0.83
6311 3567 0.22 83 9 0.92
6288 3147 0.22 83 8 0.99
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Figure 7.  Impact of modifications of parameter p7

Figure 8.  Impact of modifications of parameter ρ

Very important part of pricing is modification 
of interest rate ρ. Modification of ρ can be ob-
served in details using our online tool. The modi-
fication of interest rates has impact on the net pres-
ent value of all values added in all cycles, what is 
shown in Figure 8. Method used for modification of 
parameter p6 is the same, and the use of online tool 
is advised. When the parameter p6 increases, values 
of NPV and NPV* also increase. Recycling rate and 
input labour are constant. The time between each 
start-up remains constant.

A producer is responsible for his products after 
their life cycle is expired. This responsibility results 
in the price of the waste. The value of waste de-

pends on quality, type and the current price situa-
tion on the global market. Some waste has no value 
and means only costs. In such a case, the parameter 
p6 has a negative range. More often, the waste has 
some value, since it can be recycled. If the costs 
of landfilling in the demanufacturing industry do 
not change, there is no impact on the value of the 
variables. As the purchase price p6 for waste is in-
creasing, the values of NPV and NPV* are decreas-
ing recycling rate and labour input are unchanged. 
Parameter p6 could be either positive or negative. If 
the values of parameter’s variations are the same, 
sending waste to landfills is equally to processing 
it in recycling. The consumer’s decision is in such 
a case irrelevant (it doesn’t matter, if he sends the 
waste to a landfill or to a recycling site). 

Labour cost sometimes present decisive factor 
to choose a right rate of recycling, especially when 
environmental impact is considered. Modification 
of labour costs cL can be explored in details using 
our online tool. If the parameter is increasing, the 
values of NPV and NPV* are decreasing as it is 
shown in Figure 9.

Figure 9.  Impact of modifications of parameter cL.

Therefore, the recycling portion and labour 
input amounts are reduced. Times between each 
start-up are growing. 

Table 8.  Optimal solution considering operational cost and environmental taxes  
5,46

* '/ PPe ρ−
 ≠ 1 - ρP*

6 / P’4,5≠ 0 0 < ρP*
6 / P’4,5 << 1 δ(p2-p7)AL*γP*

6
δ-1+p7 ≠ 0 ρ ≠ 0; ρ > 0

0.99821 -0.00179 0.00179 -1.88329 0.00650
0.99844 -0.00157 0.00157 -2.28344 0.00650
0.99863 -0.00137 0.00137 -2.69740 0.00650
0.99880 -0.00120 0.00120 -3.12450 0.00650
0.99890 -0.00110 0.00110 -3.43091 0.00650
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5.  Conclusions

Technological progress of the supply chain has 
a huge role in the environmental recovery organ-
isation. But not just technology, the quality of a 
product at the end of the life cycle, input and out-
put material prices, labour input (along with the 
related capital) and landfilling are another impor-
tant factors in the process. External factors, such as 
the ones aforementioned (technology and product 
quality), have positive impact on the modifications 
in the supply chain. Growth of the value of those 
factors means an increased net present value and a 
higher recycling rate. Labour input also grows; the 
time between each start-up is shorter (start-up costs 
remain the same). In such cases it is reasonable to 
invest in new technologies and new products to 
generate/produce them from usable recycling ma-
terials. All this leads to less environmental burden. 

With the presented model of costs we gained 
the knowledge that not only these external fac-
tors, but also other factors (such as worth of the 
waste, landfilling costs and labour) have certain 
impact on the issue whether to recycle or send 
waste to landfills. The higher are the landfilling 
costs, the more we will try to recycle. If we com-
bine producer responsibility with the cost of land-
filling, we can establish a system of production, 
where the producer will manufacture products, 
which can be recycled or re-used. Secondary/re-
cycled products have a certain value and can be 
re-used as secondary raw materials; this is anoth-
er motivation for proper separate waste collection 
and waste management. If we compare each of 
the parameters and consider the entire model, we 
come closer to an answer whether to recycle or 
landfill waste. We need to determine an optimal 
solution, so we can establish balance between the 
requirements of the producer (taking responsi-
bility for their product at the end-of -life cycle) 
and our nature. These results provide a necessary 
element required to enable data-driven decision-
making regarding the preferred processing path-
way for these products.

Future work involving the model will include 
expansion to include other processing models, 
utilisation of data from actual recycling facilities, 
and incorporation of other environmental metrics 
for information and validation purposes.
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Abstract

The global house shrinkage of the world has 
given birth to the “Information era”. The mother 
of all the information being “data” [1] needs to 
be there in sufficient bulk for its proper use and 
manipulation. Web crawler, an essential support 
or more precisely “backbone” ( of the search en-
gine), is basically used to find and download data 
from the web through search engine. 

This Paper focuses on the new design and ar-
chitecture of the Crawler that provides links of the 
documents for accessing the metadata. It could 
hence be used to direct the crawling process effec-
tively, to the sufficiently considerable level under 
certain constrains. In fact, we have implemented 
the new design and architecture of our crawler to 
categorize the Web. This categorization is an ex-
cellent feature different from the rest of the crawl-
ers those perform indexing only, till the date. 

Key words: Data & information retrieval, 
Crawler, World Wide Web, Search engine, Meta 
data, Browsing. DAC (Designed & Architectured 
Crawler).

Introduction

The global house scenario compels oneself to 
share the most common human asset “The data or 
its processed form information” through the web. 
If exploited properly can be utilized as an affirma-
tive change agent [2] for the Academia in general 
and the IS academia in particular.

A crawler starts its function of collection; of 
initial sets of URL (called the seeds) by harvest-
ing the Web. It then, extracts cyclically the links to 
the new URLs for gathering the related requisites. 
The development and configuration of Crawlers is 
done on their data gathering purpose. A large scale 
search engine’s crawler focuses on pages collec-
tion with page rank to be the highest [3, 4]. Con-
trarily, the archive crawlers concentrates mostly 
on the pages in an assigned partition [5]. 

An illustration of an effective crawler sites vis-
its in specific time period is given in the form the 
table below: 
Table 1.  Illustration Summary of Status codes[6,7]

Duration April 1 - May 15 ,2003
Sites visited ~ .132 Million
URL processed ~ 4 Million
Data Downloaded 78 GB.

URL State Number %
Success(200)*
Moved temporarily(302)*
File not found(404)*
Timed Out (-8)**
Move permanently (301)*
Excluded By REP (-2)**
Internal server Error(500)*
Not Allowed Type (-5)**
Un fulfilled request(403)*
Unknown Host (-14)**
Size Too Big (-4)**
Conversion Error (-11)**
Un identified, socket and 
connection errors etc (Others)*

3235140
193870
132834
45486
39920
35596
33247
25976
18598
17842
17453
13986
23244

83.9
5.0
3.4
1.2
1.0
0.9
0.9
0.7
0.5
0.5
0.5
0.4
0.6

Total 3856436 100
*- Represents the HTTP response codes
**- Represents Virtual Network special codes

Design & Architecture

Retrieval of Information deals in with how user 
needs can be satisfied? Information Retrieval about 
a subject, is concerned with retrieving information 
from the of data objects collection. While retrieval of 
data in the documents context; consists of the docu-
ments mainly containing a user query keywords[8].

“... the information retrieval system consider-
ing the user query based on its relevance must 
translate the contents to some extent, the collec-
tion of information items (documents) , ranking 
them accordingly. This translation of contents of a 
document involves both the semantic and syntac-
tic and extraction of information from the text of a 
document ...” [9].

Enhancing Tertiary IS Academia through DAC 
Syed Faizan Haider1, Daniyal Muhammad Al-Ghazawi1, Abdullah Saad AL-Malaise1

Information Systems Department, Faculty of Computing and Information Technology, King Abdulaziz University, 
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Figure 1.  Cyclic architecture for search engine, 
showing how different components use the infor-
mation generated by other components [10]

Crawler’s General Procedure

The off and on-line are the two basic constituent 
of Web searching process. The one that is searched 
by the search engine periodically is the off-line. 
It works by building the collection of pages by 
downloading the a sub-set of the Web, thereby 
transforming it into an index that is searchable.

 

Figure 2.  The off line and online periodicity for 
downloading and indexing of Web pages in re-
sponse to user queries

Upon every user query, the execution of on-line 
part is performed; that utilizes the index for the 
selection of certain candidate documents sorted as 
per the user estimation of relevance. This Figure 
depicts the process on the next page below. Web 
pages could be found in a variety of formats like: 
HTML pages, PDF documents, plain text along 
with some other personal legal formats 

Extraction of a standard logical view out, from 
the documents is the first step of web pages in-
dexing. Widely used amongst the search engines; 
called the “bag of words” model for the logi-
cal view. In this model each of the documents is 
viewed as an unordered random set of words [11].

Newly designed Crawler modules:
– URL Finder
– Link Finder ( from the Page )
– Creating Dictionary ( Indexing Links )
– Parser ( For Category Dictionary )
– Page Refresher & Priority Maker
– Error Finder

Whereas the application architecture of the 
above mentioned crawler is given underneath 
(Figure 3)

Methodology

This research work has been conducted by bring-
ing into use the following hardware and software. 
Intel Xion 4 processor machine with 1 GB RAM 
along with “Microsoft .NET technology” and use 
the VB.NET for this particular research, because it 
is hard to handle hundreds of threads manually so 
we choose the “.NET technology” because there is 
built-in handling of threads in the tool. Although we 
can design and handle the threads manually but the 
chance of occurring the exception is minimum be-
cause of built-in support, it is also very helpful and 
easy to monitor all the processes in the windows 
environment as well as in Linux.

Result & Discussion

Today every internet user wants the informa-
tion just the first click from any search engine. In 
order to make the finding and browsing conve-
nient, the web engine catalogues and hence main-
tains the matter of the web pages [12]. 
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There are several good search engines on the 
Web, doing this job sufficiently. The figure 4 [13] 
shows.

How every search engine shares the DNS data-
base of the other search engines or directories for 
their data to update the search engine along with 
their dependencies amongst the search engines 
and the web directories. 

The already available web directories do not 
have all the information on the World Wide Web 
because many directories are being categorized 
manually, so it is hard to enter all the informa-
tion in directories for the issue of scalability of the 
internet web sites along with the documents but 
there is a problem of dead link even with the mar-
ket’s top search engine. It is very difficult to han-
dle this problem because of large volume of the 
documents on the internet. Sometimes the crawler 
is misled by the metadata to produce wrong re-
sults; if it does not take care of it.

Figure 4.

Figure 3.
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The involvement of interaction with hundreds 
of thousands of web and various name servers 
which are all beyond the control of the system, 
makes crawling the most fragile application. For 
handling millions of pages on the web we have de-
signed a distributed crawler. For this purpose we 
have introduced a new technique for finding and 
saving the information from the internet.

In order to get most of the information pos-
sible about the local Web, we have configured, the 
search engine’s web crawler. Least constraints; 
ensuring the optimal crawler performance, have 
been imposed upon. Keeping in view the available 
resources and for overcoming pathologically ex-
isting web situation, the validity of the document 
was dependent upon, if : 

1. It was part of a specific domain.
2. Of the type text or convertible to text type.
3. URLs depth less than 6.
4. Downloadable in less than 1 minute.

For running 200 threads simultaneously we have 
used a high downloading and uploading link with 
each request and the acknowledgement requiring 
1.2 KB. For each request 512 bytes of uplink and 
650 bytes for downlink (assuming the average size 
required for the web connection for each site to be.)

200 * 512 = 800 Kbps Uplink
200 * 650 = 1015 Kbps Downlink

Page downloader can download the 20 pages 
simultaneously and assuming each page size to be 
30 KB on the average so if we have the 8Mbps link 
for downloading and there are 3 parallel servers and 
initially we are considering the only “.com” do-
main. If we have 10Mps downlink for each server 
then the time requires for downloading the whole 
“.com” will be Total documents on the “.com” do-
main are 100 millions 

100 million * 30 = 3000 million
Each connection is of 10mbps = 1280 Kbytes 

per second
1280 * 3 = 3840 Kbytes per second
3000 million / 3840 = 781250 sec.
781250 / 60 = 13020 mins.
13020 / 60 = 217 hrs
54 days

Finally we conclude that the designed and ar-
chitectured crawler was tested and gave the fol-
lowing features.

Figure 5.

Scalability

This Crawler is designed for the large number 
of documentation storing and retrieving informa-
tion from the World Wide Web.

Customization

The category list in the Crawler is dependent 
on the parser so if we want to add more informa-
tion we only need to change the parse table. So it 
is Highly Customizable at run time.

Performance

This research has been completed using the 
Microsoft .NET platform so it is highly portable, 
efficient, fast, secure and most reliable.

Services

This research provides services (web services) 
to the other organizations to embed it in their ap-
plications in future.
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Abstract

This study investigated the forecasting perfor-
mance of the composite leading index (CLI) for 
business cycles in Malaysia. Empirical results in-
dicated that the CLI Granger causes the business 
cycles in Malaysia. Moreover, the CLI has signifi-
cant predictive power in forecasting the business 
cycles in Malaysia. 

Therefore, use and analysis of the CLI can help 
policy makers and investors gauge the short-term 
direction of economic activity and economic per-
formance of Malaysia. 

Key words: composite leading index, business 
cycles, forecasting

1.  Introduction

After the onslaught of the Asian financial cri-
sis in 1997 and the recent global finance crisis 
and economic meltdown, many economists rec-
ognized that the impact of each crisis could have 
been reduced, if not completely avoided, if only 
businesspeople, policy makers, and planners of 
the crisis-involved countries had been provided 
with appropriate prior information regarding the 
current economic situation and a system of ear-
ly warning indicators. Indeed, the importance of 
having complete and reliable information about 
economic indicators has been increasingly empha-
sized. Had early warning indicators been readily 
available, the degree of severity of the economic 
situation at the time prior to the crisis could have 
been known. Therefore, precautionary steps and 
measures could have been taken to address the sit-
uation before it further developed into a more seri-
ous problem which eventually led to a financial 
crisis. The mismanagement by businesspeople, 
policy makers, and investors can be attributed to 
the lack of appropriate information and economic 

indicators, particularly short-term economic indi-
cators, to gauge the performance of the economy 
so as to provide important feedback to enable wise 
decisions to be made in a timely manner.  One ap-
proach to predicting business recessions and ex-
pansions would be to monitor economic variables 
that tend to lead cyclical changes no matter what 
their causes [1]. An indicator approach was de-
veloped by [2] in the mid-1930s at the National 
Bureau of Economic Research (NBER); this ap-
proach made extensive use of composite leading 
indicators (also known as business cycle indica-
tors). The components of the composite leading 
index (CLI) are usually selected from a large set 
of economic variables that include real sector, fi-
nancial, monetary, and business survey data, tak-
ing into consideration their economic and statisti-
cal significance. Each of the individual economic-
variable series that form the CLI shares a leading 
relationship with respect to the reference series. 
The CLI provides helpful information about the 
future path of the economy of a given country by 
combining information from several economic se-
ries and then forecasting future movements in the 
economy based on that combination. 

The Organization for Economic Co-operation 
and Development (OECD) extensively uses the 
system of leading indicators approach to predict 
growth cycles in the economies of its member 
countries. According to [3], these exercises have 
been effective in their forecasting ability and accu-
racy. However, they noted that for this technique 
to work properly, it is essential to have in place 
an adequate statistical system that provides a large 
set of economic variables in a timely and precise 
manner, preferably on a monthly basis. Although 
the leading indicator approach has been widely 
used, its application has been limited to industrial-
ized countries (see [4], [5], [6], [7] and [8]). This 

Is the Composite Leading Index useful 
in predicting turning points in Malaysian 
business cycles?
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is because a major constraint on data availability 
exists among developing countries, thus, the use 
of this approach for economic and business fore-
casting in developing countries is still relatively 
uncommon. To construct the leading indicators, 
high-frequency data, preferably monitored on a 
monthly basis and so as to develop a long time 
series for each indicator, are required. However, 
developing countries frequently have scant high-
frequency data to use in constructing common 
leading indicators, or the data available may not 
prove useful because of the short time series. 

Using Malaysia as the case, this study was in-
tended to examine whether the turning points of 
business cycle in Malaysia can be accurately pre-
dicted and, thus, to illustrate a signaling effect based 
on the index of industrial production (IIP), using the 
CLI constructed with method proposed by [9] meth-
od and compiled by the Department of Statistics of 
Malaysia. The findings of this study will be useful to 
various parties, as explained in the conclusion.

2.  Review of Related Literature

Considerable numbers of economics studies 
reported in the literature have examined both the 
methods of deriving the CLI from selected leading 
indicators and the CLI’s forecasting performance. 
While most of these empirical studies have focused 
on developed countries, a few studies have been 
conducted for developing countries. For example, 
[4] introduced new leading indicators for 15 in-
dustrialized countries that enabled manufacturing 
business cycles to be forecast quite accurately for 
a forecasting horizon of 4 to 6 months ahead. [6] 
conducted a study to investigate the business cycle 
properties of 183 time series relevant to the Ital-
ian economy. They found that the CLI predicts the 
turning points of the business cycle on average by 
6 months in advance. 

Moreover, [10] proposed new leading economic 
indexes for 10 Canadian provinces and found that 
these indexes were able to signal cyclical turning 
points and forecast growth in economic activity. 
They reported that, on average, the lead signal pro-
vided is 2.8 quarters at cyclical peaks and 0.2 quar-
ters at cyclical troughs. [11] found that the revised 
Central Planning Bureau (CPB) leading index, 
based on 25 selected series, was able to predict the 

business cycle of the Netherlands quite accurately; 
the correlation coefficient between the leading in-
dex and the reference series was high with a value 
of 0.82. In their research, they noted that the index 
accurately represents the main upturns and down-
turns in business cycles, only the sub-cycles of the 
mid-1970s were not recorded.

Moreover, [12] investigated the forecasting prop-
erties of the alternative leading indicators for Ger-
many using the widespread multi-step or dynamic 
forecasting approach first advocated in [13, 14] and 
further employed in [15]. They detected a structural 
break in the growth rates of German real gross do-
mestic product (GDP) that occurred in the first half 
of 2001 from the post-unification data, which cover 
1991 through 2004. They found that the forecasting 
ability of the leading indicators was rather high in 
the pre-break period, but lower in the post-break pe-
riod, which covers 2001 through 2004. 

In contrast, concerning the absent of a set of 
quasi-official business cycle chronology for Ger-
many, [16] presented a consensus business cycle 
chronology covering the period of 1970-2006. The 
study built the benchmark tuning points based on 
classical business cycle approach using German 
GDP data as measurement of the overall business 
climate in the country. To meet the aim of dating a 
comprehensive set of reference turning points, the 
author considered both the non-parametric as well 
as parametric approaches to establish the reference 
chronology from different methods, and opted for 
the dates which are collectively suggested by the 
proposed methods along with some principles.

On the other hand, [17] carried out studies to 
develop an early warning system of macro vulner-
ability for several Latin American countries by 
building a CLI that signals macroeconomic vul-
nerability. Their models were based on the earlier 
work of [18] and [19], but they used a slightly dif-
ferent approach. Their results provided evidence 
of the satisfactory predictive power of the CLI by 
correctly anticipating the signals of vulnerability 
of impending crises, such as in the case of Colom-
bia in September 1998, Brazil in January 1999, 
and Ecuador in February 1999. Also, [3] con-
structed a series and aggregated it into a CLI to 
predict the growth cycles in the economy of Lithu-
ania. In particular, the Hodrick-Prescott (HP) filter 
method was applied for detrending the series into 
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trend components, and the researchers found that 
the HP filter has the advantage of providing a rea-
sonable estimate of a series’ long-term trend. 

Meanwhile, [20] constructed leading indicator 
systems for the Malaysian and Philippine econo-
mies using publicly available economic and finan-
cial data, with the aim of predicting turning points 
in growth cycles in the two countries. Their results 
showed that during the sample period of January 
1981 through March 2002, the CLI constructed 
from six individual leading indicators was able 
to predict all of the nine turning points in indus-
trial production in Malaysia, with an average sig-
nal leading time of 1.5 months for peaks and 3.4 
months for troughs, and seven of the eight turning 
points in manufacturing production in the Phil-
ippines, with an average signal lead time of 5.8 
months for peaks and 6 months for troughs. 

On 2003, [21] presented an econometric ap-
proach to derive the CLI for a small open econ-
omy (Jordan). They found that even with limited 
monthly observations, meaningful economic and 
statistically significant relationships between indi-
cators from different sectors of the economy and 
the present and future direction of economic activ-
ity could be established. However, they concluded 
that a larger sample would be necessary before the 
CLI can be relied upon for more than a qualitative 
assessment of the direction of the Jordanian econ-
omy. Alternatively, [22] used the classic NBER 
approach to determine the time of recessions and 
expansions in the Indian economy. They intend-
ed to investigate the predictive power of the CLI 
on India’s business cycles. They found that the 
performance of the CLI for the Indian economy 
vis-à-vis the business cycle reference chronology 
showed the emergence of fairly consistent leads, 
but this started only in the post-liberalization pe-
riod of India’s economy that began in 1991. 

Moreover, [23] evaluated the forecasting perfor-
mance between the CLI developed by OECD and 
the one developed by the Japanese government. The 
authors seek to examine whether distinct in terms of 
component series yield any discrepancy in turning 
points analysis by interpreting the relationships be-
tween the two CLIs. They noticed that variations in 
component series between the alternative CLIs do 
not create significant discrepancy in turning points 
prediction and the average leading months for the 

both indices are approximately identical, around 
one and one half years.

For Romanian economy, [24] modelled a system 
of composite indexes using five monthly macroeco-
nomic series, namely the index of industrial produc-
tion, number of employees and registered unem-
ployment as well as import and export variables. 
Taking the national gross domestic product (GDP) 
as a business cycle representation, the author con-
cluded that the constructed composite index able to 
reveal the transformation of economy activity and 
business cycle in Romanian and the composite in-
dexes are of practical value in forecasting the Roma-
nian economic activity in the near future. 

3.  Data and Methodology

This study used monthly IIP and CLI data 
compiled from the Department of Statistics of 
Malaysia that spanning from January 1972 to June 
2011. The CLI was constructed using the method 
developed by [9], which consists of averaging the 
month-to-month growth rates of the index compo-
nents after standardizing them to the same units 
and then cumulating this average growth rate into 
an index. The index is then adjusted to reflect the 
same average absolute percentage changes as 
the cyclical component of industrial production 
and the same average trend rate of growth as the 
real GDP. The IIP was used to derive the busi-
ness cycles for Malaysia (also called the reference 
series in this study). The reference variable was 
the benchmark that indicates fluctuations in eco-
nomic activity and the variable to be forecast. The 
IIP is the variable selected as it is deemed more 
suitable than the real GDP variable because real 
GDP is only available quarterly while the IIP is 
available monthly, thereby reducing the informa-
tion lag created by the late publication of the real 
GDP quarterly figures. According to [25], the IIP 
is also a common feature of the NBER and OECD 
methodologies and almost all papers on this lead-
ing indicator subject. Other business cycle studies 
that have used the IIP include [4], [26], [27], [28], 
[29] and [8].

The stationarity properties of the data need to 
be determined before choosing the appropriate ap-
proach to analyze the data to eliminate superiority 
problems pertaining to regressions using non-sta-
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tionarity time series. In this study, the time series 
properties of the CLI and IIP series were examined 
before their relationship was investigated using the 
Augmented Dickey-Fuller (ADF) unit root tests. 
The analysis that follows is the examination of the 
cointegration relationship. [30] pointed out that a 
linear combination of two or more non-stationary 
series may be stationary. If such a stationary linear 
combination exists, the non-stationary time series 
are said to be cointegrated. The stationary linear 
combination is called the cointegrating equation 
and may be interpreted as a long-term equilibri-
um relationship among the variables. Therefore, 
the cointegration test is necessary to determine 
whether a group of non-stationary series is coin-
tegrated or not. For this reason, the cointegration 
tests proposed by [31] were employed to study the 
long-term cointegration relationship between the 
CLI and IIP.

Note that if a set of series is cointegrated, there 
always exists a generating mechanism called the 
error correction model (ECM) that restricts the 
long-term behavior of endogenous variables to 
converge to their cointegrating relationship while 
allowing a wide range of short-term dynamics. The 
ECM provides the direction of Granger causality 
within the sample period; it also allows long-term 
components of variables to obey equilibrium con-
straints and short-term components to have flex-
ible dynamic specification. This model is applied 
to capture short-term dynamic adjustment of coin-
tegration variables. [30] stated that once a number 
of variables, for example xt and yt, are found to be 
cointegrated, there always exists a corresponding 
error-correction representation, which implies that 
changes in the dependent variable are a function 
of the level of disequilibrium in the cointegrating 
relationship (captured by the error-correction term 
(ECT)) as well as changes in other explanatory 
variables, if any. 

A consequence of ECM is that a change in ei-
ther xt or yt, (denoted as Δxt or Δyt), or both, must be 
caused by εt-1 (the lagged equilibrium error, com-
monly known as ECT), which is itself a function of 
xt-1, yt-1. Naturally, if yt and xt have a common trend, 
then the current change in xt (dependent variable) 
is partly the result of xt moving into alignment 
with the trend value of yt (independent variable). 
Through the ECT, ECM opens up an additional 

channel for the Granger causality test that is ig-
nored by the standard tests of [32]. The Granger 
causality can be evidenced through the statistical 
significance of the t-test of the lagged ECT and/or 
the F-test applied to the joint significance of the 
sum of the lags of each explanatory variable. [33] 
stated that for series that are cointegrated, the ECT 
needs to be included in the causality test to avoid 
misspecification problems. The ECT carries short-
term correction to form long-term equilibrium and 
captures the short-term adjustment of cointegra-
tion variables.

This study used the method developed by [34] 
known as the HP filter for detrending the series 
into trend and cycle components. The HP filter can 
decompose seasonally adjusted time series into 
two components: the trend and the cycle; it pro-
vides a smoothed trend as a solution to a minimi-
zation problem. [34] first applied the HP filter to 
analyze postwar U.S. business cycles in a working 
paper distributed in the early 1980s and published 
in 1997. [3] documented that the HP filter is useful 
in studying the business cycle of Lithuania. This 
is again supported by [35] which acknowledged 
the HP filter as the best possible trend extractor as 
it is stochastic but able to moves smoothly over 
time and being uncorrected with the cycle. We 
used the cyclical component of the series to study 
the forecasting power of the CLI toward the IIP in 
Malaysia.

Empirical Results and Discussion

A.  ADF Unit Root Test Results
The ADF unit root test results are presented in 

Table 1. The null hypothesis of non-stationarity 
of the CLI and IIP was tested against the alterna-
tive hypothesis of the stationary series. Empirical 
results, as shown in Table 1, suggest that we are 
unable to reject the null hypothesis at the level, 
indicating that the CLI and IIP are non-stationary 
time series. However, after first differencing, the 
null hypothesis was rejected. 

Therefore, we concluded that both the CLI 
and IIP are integrated to order one, I(1), as they 
achieved stationarity only after first differencing. 
The non-stationarity of the time series in their lev-
el called for application of the cointegration proce-
dure to avoid the problem of spurious regression. 
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B.  Johansen and Juselius Cointegration Test 
Results
Having determined the order of integration, we 

next applied the cointegration test developed by [31] 
to ascertain whether the CLI and IIP are cointegrated. 

The results of the cointegration test are present-
ed in Table 2. Based on trace and maximum eigen-
value tests, the null hypothesis of no cointegration 
between CLI and IIP can be rejected at the 5% 
significance level in both cases. The presence of 
cointegration establishes that a long-term equilib-
rium relationship exists between the CLI and IIP.

C.  Granger Causality Test Results Based on 
ECM
From the above test results, it was established 

that cointegration existed between the two variables 
tested. We next conducted a Granger causality test 
to examine empirically whether the CLI can impose 
some explanatory power on the IIP using an ECM 
framework. In the ECM, an ECT was included in 
the model to acquire the long-term adjustment to 
the equilibrium path to avoid misspecification and 
omission of important constraints. 

Table 3 presents the results of the Granger causa-
lity test. It is obvious from Table 3 that the null hypo-

theses of CLI does not Granger cause IIP can be re-
jected as the p-value of the F-statistic, for the Wald 
test is smaller than the 5 percent significance level. 

The result indicates that the CLI Granger cau-
ses the IIP in the short term. This shows that the 
CLI has a signaling 

effect, as it leads the IIP for certain duration of 
time. In the following section, visual examination 
of the signaling time of the CLI toward the IIP will 
be presented. 

D.  Visual Inspection of CLI vs. IIP
In this section, we provide an examination of 

the graphs of the CLI and business cycle to detect 
early warnings of economic upturns and down-
turns. The CLI was evaluated in terms of its ca-
pacity to signal in advance cyclical turning points 
and forecast growth in the reference series. Visual 
inspection of the figure provided insights on the 
forecasting ability of the CLI to provide signals in 
advance of cyclical turning points. The CLI was 
plotted together with Malaysian business cycles 
(in this case, the IIP) in Figure 1 to illustrate the 
comparison between the two indexes. The solid 
line denotes the CLI and the dotted line denotes 
the IIP. The shaded areas in the figure correspond 

Table 1.  ADF Unit Root Test Results

Series
Level with trend First difference without trend

Test statistic Lag length Test statistic Lag length
CLI 0.017 16 -4.251*** 17
IIP -2.457 15 -5.789*** 14

Critical values: 1% -3.978 -3.445
                          5% -3.420 -2.868

Notes: Asterisks (***) indicate significant at 1% level. The optimal lag length was selected based on the Akaike Information 
Criterion.

Table 2.  CLI and IIP Cointegration Test Results
Hypothesized No. of CE(s) ltrace 95% C.V lmax 95% C.V

None 16.800** 15.495 16.088** 14.265
At most 1 0.713 3.841  0.713 3.841

Notes: Asterisks (**) indicate significant at the 5% level. The optimal VAR lag is 2, which is chosen based on Schwarz Informa-
tion Criterion.

Table 3.  Granger Causality Test Results Based on ECM
Null hypothesis ECTt-1 F-statistic

CLI does not Granger cause IIP -0.001      [-3.353]***  8.216    (0.042)**
Notes: Figures in bracket ( ) is the p-value and [ ] is the t-statistic. Asterisks (***) and (**) denote statistically significant at the 
1% and 5% level, respectively.
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to downturns in the business cycle, whereas un-
shaded areas represent upturns in the business 
cycle. A cyclical peak (P) is indicated by the left-
hand edge of any particular shaded area, whereas 
a following trough (T) is represented by the right-
hand edge of the shaded area. 

Figure 1.  CLI versus IIP, January 1972 through 
December 1979

Upon careful examination of Figure 1, gener-
ally, the turning points of the CLI starts are ahead 
of those of the IIP, indicating that the CLI leads 
the business cycles and thus has forecasting abil-
ity. Altogether, Figure 1 shows a total of 16 turn-
ing points consisting of 8 peaks and 8 troughs for 
the period examined (January 1972 through June 
2011). Further details on the events that triggered 
and caused the turning points in the Malaysian 
business cycles for the period examined are dis-
cussed in the following paragraphs.

First, we can observe from Figure 1 that in May 
1974, there was a peak in the business cycle and this 
was followed by a turning point when the downturn 
of the business cycle in Malaysia began. This busi-
ness downturn ended in June 1975. The significant 
event that occurred during this period was the 1973 
oil crisis. The oil crisis began in October 1973 when 
the members of OPEC announced, due to the on-
going Yom Kippur War, that they would no longer 
ship petroleum to nations that had supported Israel 
in its conflict with Syria and Egypt. OPEC also re-
duced the production of oil and placed an embargo 
on shipments of crude oil to the West, particularly 
targeting the U.S. Due to a reduction in the sup-
ply of oil, the price of oil quadrupled by 1974 to 
nearly US$12 per barrel. At first, Malaysia seemed 
to be in a position to gain from the rise in oil prices 
as a result of Malaysia being a net exporter of oil. 
However, due to Malaysia’s dependence on trade 
and exports, its economy also started to suffer the 

brunt of the effect from the increase in oil prices, 
which affected the economies of Malaysia’s major 
trading partners. One can see that the CLI provided 
an indication of around 3 months’ time ahead of the 
turning point.

The first shaded area in Figure 2 encompasses 
August 1981 through around January 1983. This 
period is in line with the world recession that was 
caused by the tight monetary policy of the U.S. to 
control inflation, as well as a sharp correction to 
the overproduction of the previous decade, which 
had been shrouded by inflation. The worldwide re-
cession hurt the Malaysian economy by depress-
ing the prices of Malaysia’s traditional commod-
ity exports, causing a slowdown in its growth and 
foreign direct investments. For this period, it is 
unclear when the CLI began to provide a signal 
for the turning point due to the high fluctuations in 
previous months. 

Malaysia’s period of high growth came to an 
abrupt end in 1985 because of the sharp fall in 
the world commodity prices of palm oil (Malay-
sia is the world’s largest producer and exporter of 
palm oil). Real output was stagnant during 1985 
and 1986, but the worsening of Malaysia’s terms 
of trade caused nominal gross national product 
(GNP) to fall by 12% during the same period. This 
is shown by the third shaded area in Figure 2. The 
CLI gave a warning about 4 months before the turn-
ing point in April 1985. The CLI, which was on an 
upward trend, began to show signs of reversal and 
to fall 4 months before the business cycle went into 
the start of a recession in Malaysia in 1985. 

Figure 2.  CLI versus IIP, January 1980 through 
December 1989

In 1991, there was a sharp downturn in the busi-
ness cycle due to the global recession, which led 
to a decrease in Malaysia’s trade and exports. This 
was, however, just a short period of contraction 
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in Malaysia’s economy as the country’s economic 
fundamentals were still strong, and the economy 
managed to rebound in less than a year. Due to 
the sudden impact of the global recession, the CLI 
did not provide any signal for the turning point in 
1991 and, in this case, it actually moved closely 
with the business cycle.

The failure in Thailand’s financial system in 
1997 resulted in panic and massive capital out-
flow in the Asian regions, which in turn led to the 
Asian financial crisis. The CLI signalled a turning 
point 2 months before the downturn in the busi-
ness cycle actually occurred, sometime in April or 
May 1997. The Asian financial crisis began with 
Malaysia’s northern neighbor, Thailand, in June 
1997. Some researchers contended that the crisis 
was due to the contagion effect, which stipulates 
that if one currency falls, the neighboring cur-
rency also falls. In particular, when the Thai baht 
depreciated, the commodities in Thailand were 
cheaper than in Malaysia. To increase the coun-
try’s competitiveness, Malaysia had to follow suit 
and devalue the ringgit. Meanwhile, speculators 
(currency traders) spotted the opportunities and 
intervened by short selling the Malaysian ring-
git. In 1998, the ringgit continued its slide and the 
situation became even worse. At the peak of the 
depreciation, in early 1998, the ringgit declined to 
RM4.72 for US$1.00. The subsequent months saw 
a slow but gradual decrease in the rate of the slide 
and the ringgit appreciated slightly to exchange 
rates below RM4.00 for US$1.00 but, by this time, 
the damage across industries had been done and 
the financial sector of the country was in sham-
bles. By June 1998, almost 1 year after the initial 
depreciation began, the ringgit once again showed 
signs of heading into a new phase of depreciation 
against the U.S. dollar and other major currencies. 
The ringgit, from exchange rates below RM4.00 
for US$1.00, began to devalue. Right before the 
Bank Negara Malaysia (BNM), the central bank 
of the country, announced the pegging of the ring-
git to the U.S. dollar, the exchange rate stood at 
RM4.10 to US$1.00. On September 2, 1998, the 
BNM announced drastic measures of currency and 
capital controls to stem the financial crisis striking 
the country. One of the measures was to fix the 
exchange rate for the ringgit to the U.S. dollar at 
RM3.80 per US$1.00. One can see from Figure 3 

that 3 months before the business cycle reached 
the trough in December 1998 the CLI had already 
reversed its course and moved toward an uptrend, 
thus signalling that a new turning point of the IIP 
would occur.

Figure 3.  CLI versus IIP, January 1990 through 
December 1999

In 2001, Malaysia was hit hard by the global 
economic downturn and the slump in the infor-
mation technology sector. This episode was also 
known as the bursting of the technology bubble, 
and it was especially severe in the U.S. Malaysia, 
which had transformed itself from a producer of 
raw materials into an emerging multi-sector econ-
omy, had mainly depended on exports for its eco-
nomic growth, particularly exports of electronic 
goods, and the slowdown in the information tech-
nology sector caused Malaysia to suffer a major 
economic setback. One can see that at this point 
(first shaded area in Figure 4) the CLI clearly indi-
cates that the business cycle had reached its peak 
and a downturn in the economy would soon begin. 
The signal from the CLI was about 8 months ear-
lier. Therefore, if the considerable precautionary 
measures had been taken 2 to 3 months before the 
downturn in the economy, the impact of the reces-
sion would have been mitigated.

After experienced economic meltdown due to 
the burst of technology bubble originated from the 
U.S., the Malaysian economy started to recover, 
moved into an upward trend and reached its peak 
at earlier 2004. As shown in Figure 4, CLI start-
ed to signal the changing phases of the economy 
from slump into recovery stages at about 2 months 
before the business cycle portrays an upsurge in 
economic activity. The recovery of the interna-
tional electronic sector enhanced the Malaysian 
exportation to U.S. as well as other trading part-
ners, leading to an economic expansion, followed 
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by momentum growth in real GDP which was at-
tributable largely to the electronics and chemical 
industries within the manufacturing sector. 

However, this expansion phase does not pro-
long owing to the surged crude oil price in the 
world market. In 2003, the crude oil price marked 
an 80 percent upsurge from a baseline rate of 
US$25 per barrel and rose again to US$50 per bar-
rel in the subsequent year, resulted in a doubling 
of crude oil price in the world market over the 
period of 2002 to 2004. Despite being one of the 
oil exporting countries, Malaysia still hardly hold 
back the adverse impact of global oil price hikes 
from spilling into the domestic market because 
oil-related importation products are certainly sub-
ject to the fluctuation in the international oil price 
as monitored by OPEC. 

The upraise of oil price induced unpleasant 
terms of trade for oil importing country like Ma-
laysia and thus shrank the national income. Fur-
thermore, deterioration of the country’s balance of 
trade in addition initiated a downward pressure on 
the Malaysian exchange rate. Higher costs espe-
cially to the producers of final and intermediate 
goods translated the economy into higher inflation 
rate and lower real consumptions. Besides that, 
bigger government burden on oil subsidies to re-
lieve the severity of oil price hikes in local market 
had diminished others value-added spending on 
economic and social development from govern-
ment. On the whole, the outbreak of oil price surge 
brought the Malaysian economy into downturn 
during mid-2004. This episode has been foreseen 
by the CLI slightly in advance and subsequently 
marked the end of contraction (trough) fairly in 
tandem with business cycle. 

Figure 4.  CLI versus IIP, January 1999 through 
June 2011

The entry into the recovery path had trans-
formed the Malaysian economy into a momen-
tum growth in all economic sectors in the country. 
Real GDP registered a growth of 6.1 percent per 
annum during 2006-2007, a remarkable growth 
rate which surpassed the targeted rate of 6 per-
cent spelled in the Ninth Malaysia Plan. Never-
theless, the robust growth had been significantly 
ceased when the collapse of the global economic 
due to the global financial crisis of 2008-2009 or 
so-called sub-prime mortgage crisis outburst in 
U.S. during mid-2008. This ever worst financial 
crisis since Great Depression was begun with an 
assets bubble that shortly induced the boom in 
sub-prime mortgage. The bust of the asset bubbles 
then exploded into housing bubble burst and bank-
ing crisis. The adverse impact of the crisis sharply 
slumped the global economy and the negative 
shock has been transmitted to most of the export-
based Asian countries including Malaysia. As the 
last shaded area in Figure 4 shown, the abrupt de-
cline in economic activity during the mid-2008 
obviously discerned the severity of the global fi-
nancial crisis toward the Malaysian economy. In 
this context, the CLI evidently signalled the clos-
ing stage of the flourishing economy at almost 5 
months before the economy undergone a rapid 
meltdown since the second half of 2008. 

Despite the fact of sound macroeconomic fun-
damental in Malaysia, tightening in external de-
mand had caused significant slowdown in the do-
mestic market. Given that the Malaysian economy 
is sustained largely by exportation, reduction in 
export demand from international market being 
one of the major inducements for the arrival of 
the crisis to Malaysia whilst shrinking foreign di-
rect investment as well as decreased aggregated 
consumption and investment demand collectively 
resulted in a contraction in the overall economic 
activity during the time of economic downturn. 
Shortly after the implementation of few economic 
stimulus packages, the economy started to pick up 
and progress toward the recovery pathway again. 
The beginning of the economic revival was dated 
at March 2009 by the business cycle proxied by 
IPI. On the contrary, the CLI had offered an early 
signal of about 2 months ahead of the business 
cycle. This again signified that the Malaysian CLI 
works considerably well in tracing the movement 
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in business cycle and offering early signal of busi-
ness cycle turning points. 

5.  Conclusion

The empirical results from this study show 
that cointegration between the CLI and IIP ex-
ists. Using the ECM and Granger causality tests, 
the CLI demonstrates the ability to Granger cause 
IIP. This is in line with our expectation due to the 
CLI’s predictive power of the IIP; the CLI does 
indeed lead the IIP by a certain amount of time 
before the occurrence of turning points in business 
cycles. According to [20], the CLI can effectively 
predict business cycles in Malaysia. This study 
thus provided support for their findings. However, 
the main difference between the present study and 
that of [20] is that they constructed their own CLI 
for Malaysia whereas, fort his study, we used the 
CLI formally published and constructed by the 
Department of Statistics of Malaysia.

Since the results suggest that the CLI has sig-
nificant predictive power in forecasting business 
cycles in Malaysia, policy makers may focus their 
attention on using the CLI to enhance the results of 
decisions and policies made to facilitate the great-
er stability of Malaysian business cycles. Policy 
makers will also be able to apply the correct and 
relevant policies in a timely manner, thus reducing 
the possibility of information lag and impact lag. 
For manufacturers and producers from Malaysia, 
early signs from the CLI of an ongoing expansion 
that may start to decelerate can help in adjusting 
the production and supply of goods to meet the 
market demand. Equilibrium of supply and de-
mand is essential to ensure that there are no wild 
fluctuations in prices that jeopardize the country’s 
economy. Investors, on the other hand, can use the 
CLI to gauge a country’s economic performance 
and business cycles. The CLI can act as a guide to 
their investment decisions and help them correct 
or improve the decisions made.

Despite the fact that the CLI has proven to be 
a useful tool for economic forecasting of business 
cycles in Malaysia, it should not be exclusively 
relied upon in making decisions and predicting 
the state of Malaysia’s economy, as many other 
external factors may influence the outcome of the 
results. In addition, the inference drawn from CLI 

should be used to complement other model-based 
instruments in national policy building. For in-
stance, [36] argued that the creation and realiza-
tion of an effective policy to overwhelm certain 
economic predicament necessitate the application 
of statistical model to enhance the quality of gov-
ernmental decisions. As such, the CLI should be 
treated as one forecasting tool and used in com-
bination with other tools to improve and enhance 
the accuracy of the forecasting performance. 
Further studies can be conducted to confirm the 
results of this study. Any comprehensive assess-
ment of future economic activity should take into 
consideration other information that cannot be 
easily quantified, for example, the effects of epi-
demics such as severe acute respiratory syndrome 
(SARS), bird flu (caused by the H5N1 virus), in-
fluenza A (caused by the H1N1 virus), geopoliti-
cal and global financial market uncertainties, and 
macroeconomic policy changes. 

Acknowledgements

The authors acknowledge the financial support of 
the Universiti Malaysia Sarawak and Fundamental 
Research Grant No. FRGS/05(18)/731/2010(17). 

References

1. Phillips KR. The Composite Index of Leading Eco-
nomic Indicators: A comparison of approaches. 
Paper presented at the Workshop on Regional Eco-
nomic Indicator Models, University of Minho, Braga, 
Portugal, 1998.

2. Burns AF, Mitchell WC. Measuring Business Cycles. 
In: NBER, eds. Studies in Business Cycle. New York: 
Colombia University Press, 1946.

3. Everhart S, Duval-Hernandez R. Leading Indicator 
Project – Lithuania. The World Bank, Policy Re-
search Working Paper , 2000; 2365.

4. Berk JM, Bikker JA. International Interdependence 
of Business Cycles in the Manufacturing Industry: 
The Use of Leading Indicators for Forecasting and 
Analysis. Journal of Forecasting, 1995; 14: 1-23.

5. Veloce W. An Evaluation of the Leading Indicators 
for the Canadian Economy Using Time Series Analy-
sis. International Journal of Forecasting, 1996; 1: 
403-416.



689

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iew

6. Altissimo F, Marchetti DJ, Oneto GP. The Italian 
Business Cycle: Coincident and Leading Indicators 
and Some Stylized Facts. Banca D’Italia Working 
Paper , 2000; 377.

7. Huh HS. GDP Growth and the Composite Leading 
Index: A Nonlinear Causality Analysis for Eleven 
Countries. Economics Letters, 2002; 77: 93-99.

8. Heij C,  van Dijk D, Groenen PJF. Real-Time Mac-
roeconomic Forecasting with Leading Indicators: 
An Empirical Comparison. International Journal of 
Forecasting, 2011; 27: 466-481.

9. Moore GH, Shiskin J. Indicators of Business Expan-
sion and Contractions. NBER Occasional Paper , 
1967;103.

10. Cawthray J, Gaudreault C, Lamy R. Monitoring 
Future Economic Growth in Canadian Provinces 
with New Leading Economic Indexes. Department 
of Finance Working Paper 2001 ; 2002(2).

11. Kranendonk H, Bonenkamp J, Verbuggen J. A Lead-
ing Indicator for the Dutch Economy. Central Plan-
ning Bureau (CPB) Discussion Paper , 2004; 32.

12. Kholodilin KA, Siliverstovs B. On the Forecasting 
Properties of the Alternative Leading Indicators 
for the German GDP: Recent Evidence. German 
Institute for Economic Research Discussion Papers 
, 2005; 522.

13. Stock J. Watson M. Forecasting Inflation. Journal 
of Monetary Economics, 1999; 44: 293-335.

14. Stock J, Watson M. Macroeconomic Forecasting 
Using Diffusion Indexes. Journal of Business and 
Economic Statistics, 2002; 20(2):147-162.

15. Forni M, Hallin M, Lippi M, Reichlin L. The Gen-
eralized Dynamic Factor Model: One-Sided Esti-
mation and Forecasting. Journal of the American 
Statistical Association, 2005; 100(471): 830-840. 

16. Schirwitz B. A Comprehensive German Business 
Cycle Chronology. Empirical Economics, 2009; 
37(2): 287-301. 

17. Herrera S, Garcia C. A User’s Guide to an Early 
Warning System of Macroeconomic Vulnerability 
for Latin American Countries. Paper presented at 
the XVII Latin American Meeting of the Economet-
ric Society, Cancun, 1999.

18. Kaminsky G., Lizondo S., Reinhart C. Leading Indi-
cators of Currency Crises. The World Bank, Policy 
Research Working Paper (No. 1852), 1997.

19. Kaminsky G. Currency and Banking Crises: A Com-
posite Leading Indicator. Board of Governors of the 
Federal Reserve System Working Paper, 1998; 629.

20. Zhang W, Zhuang J. Leading Indicators of Business 
Cycles in Malaysia and Phillipines. Asian Develop-
ment Bank, Economics Research Department Work-
ing Paper, 2002; 32.

21. Mongardini J, Saadi-Sedik T. Estimating Indexes of 
Coincident and Leading Indicators: An Application 
to Jordan. IMF Working Paper , 2003;3 (170).

22. Dua P, Banerji A. Business Cycles in India. Delhi 
School of Economics, Department of Economics, 
Centre for Development Economics Working Paper, 
2006; 146.

23. Yamada H, Nagata S, Honda Y. A Comparison of 
Two Alternative Composite Leading Indicators for 
Detecting Japanese Business Cycle Turning Points. 
Applied Economics Letters, 2010; 17(9): 875-879. 

24. Albu LL. A Model to Estimate the Composite Index of 
Economic Activity in Romania – IEF-RO. Romanian 
Journal of Economic Forecasting, 2008; 9(2): 44-50. 

25. Mall OP. Composite Index of Leading Indicators 
for Business Cycles in India. Reserve Bank of India 
Occasional Papers, 1999; 20(3): 373-414.

26. den Reijer AHJ. International Business Cycle 
Indicators, Measurement and Forecasting. De 
Nederlandsche Bank Research Memorandum (WO 
689/0211), 2002. 

27. Klucik M, Haluska J. Construction of Composite 
Leading Indicator for the Slovak Economy. Sci-
entific Annals of the “Alexandru Ioan Cuza” Uni-
versity of Iasi – Economic Sciences Section, 2008; 
363-370.

28. Zalewski K. Forecasting Turning Points with Com-
posite Leading Indicators – The Case of Poland. 
Ekonomia Journal, 2009; 24: 61-93. 

29. Caraiani P. Modeling Business Cycles in the Ro-
manian Economy Using the Markov Switching Ap-
proach. Romanian Journal of Economic Forecast-
ing, 2010; 13(1): 130-136. 

30. Engle RF, Granger CWJ. Cointegration and Error 
Correction: Representation, Estimation and Testing. 
Econometrica, 1987; 55: 251-276.

31. Johansen S, Juselius K. The Maximum Likelihood 
Estimation and Inference on Cointegration – With 
Application to Demand for Money. Oxford Bulletin 
of Economics and Statistics, 1990; 52: 169-210.



690 Volume 9 / Number 3 / 2014

technics technologies education management

32. Granger CWJ. Investigating Causal Relations by 
Econometric Models and Cross-Spectral Methods. 
Econometrica, 1969; 3: 424-438.

33. Granger CWJ. Some Recent Developments in a 
Concept of Causality. Journal of Econometrics, 
1988; 39: 199-211.

34. Hodrick R, Prescott EC. Post-War U.S. Business 
Cycles: An Empirical Investigation. Carnegie Mel-
lon University Discussion Paper, 1980; 451.

35. Nilsson R, Brunet O. Composite Leading Indicators 
for Major OECD Non-Member Economies: Bra-
zil, China, India, Indonesia, Russian Federation, 
South Africa. OECD Statistics Working Papers (No. 
2006/01), 2006.

36. Uzulina G. Optimisation of governmental decisions. 
Journal of Business Economics and Management, 
2003; 4(3): 198-202.

Corresponding Author
Chin-Hong Puah, 
Department of Economics,
Faculty of Economics and Business,
Universiti Malaysia Sarawak,
Sarawak,
Malaysia,
E-mail: chpuah@feb.unimas.my



691

technics technologies education management

Volume 9 / Number 3 / 2014

Ve
rsi

on
 fo

r p
rev

iewAbstract

The aim of this paper is to explore the public 
line transport in Croatia, determine its intensity 
and structure and to explore which factors have 
the greatest impact on the demand for public road 
transport. The existence and strength of dependence 
between the selected factors, for which are assumed 
to have an impact, and public road transport will be 
examined by multiple regression analysis. Results 
of the analysis should indicate which multiple re-
gression model best meets the requirements of re-
gression diagnostics. Furthermore, according to the 
selected model, the amount of demand for this type 
of transportation in the future will be evaluated.

Key words: public line transport, demand quan-
titative forecasts methods, multiple linear regression

1.  Introduction

Analysis of demand for public line transport in 
the Republic of Croatia is exploring here through 
analysis of passenger transport in the inner road 
traffic. After public line road transport, the most 
common form of transport is by cars and buses 
for public city transport of passengers. The aim of 
this paper is to examine the observed phenomena 
and to predict demand for line passenger trans-
port in the Republic of Croatia, by using quan-
titative methods of forecasting. Values   for those 
variables that have a major immediate connection 
and meaning for achieving the set objective of this 
paper were selected and studied. Input data were 
collected for the period from 2002 to 2010. Based 
on the regression equations, for which th e  test 
of credibility for further use in forecast was per-
formed, the forecast for the next five-year period 
was obtained. Thereby the set aim of this paper is 
achieved and in the conclusion guidelines for fur-
ther research and possible improvements were set.

The problem of the research is based on a n 
analysis of the current state of demand f or line 
road transport, in forecast of the future trends of 
the number of passengers in line transport and fi-
nally in pointing to problems of significant drop 
in demand for this type of transportation and the 
increasing use of personal vehicles.

Numerous domestic and foreign authors are 
dealt with similar issues in their research. Thus in 
Strategic Plan of the Ministry of Maritime Affairs, 
Transport and Infrastructure in Croatia, it is em-
phasized that “high quality and developed market 
of transport services is the most important result of 
the developed and modern infrastructure network 
of roads, but also the prerequisite for the devel-
opment of the economy and improving the liv-
ing conditions of the population. Today’s market 
of transport services in Croatia is marked by the 
presence of a large number of public and private 
operators in all types of transport. The develop-
ment of transport services depends on the level of 
complementary development of certain types of 
traffic while endeavoring to develop and promote 
each of the individual types of transport a bal-
anced representation in order that traffic activity 
yields the optimal results. “[1]

Krpan, Lj et al. in the article “High quality pub-
lic transport passengers as a response to depen-
dence on car” [2] point to traffic congestion and 
the necessary establishment of a favorable relation 
between public and individual passenger transport 
in modern cities, where the level of transport in-
frastructure generally cannot follow the increase 
in traffic demand.

Model of transport demand, as a part of Zagreb 
Traffic Study, provides a basis for predicting travel 
demand in each forecasting year (2005, 2010 and 
2020) and is used to evaluate alternative measures 
for General traffic plan for each year. The main 
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data for the model of demand were forecasted val-
ues   of the main planning variables - population, 
households, jobs, etc. [3]

In the paper “The traffic in big cities - some ten-
dencies and problems” [4] Perković, Z. indicates 
that with the increasing number of cars crowd in 
the streets is growing and the public transporta-
tion t hat uses space streets together with other 
vehicles becomes slower and thus less attractive. 
Transition of the most of passengers on the ride by 
car decreases income of public transport, and as a 
consequence decreases its frequency, which again 
reduces the attractiveness and thus creates a “vi-
cious circle” to the detriment of public transport 
and t heir users. The use of public transport be-
comes inversely proportional to the degree of mo-
torization. Delays and slowness of public transport 
can be avoided by switching to the second level 
(above or below ground), but such solutions are 
expensive and, in order to be cost-effective and ef-
ficient, require a larger number of passengers per 
line than a tram or bus. Output from this is found 
(if desired) in the various ways of subsidizing and 
favoring public transport.

Vasil j, A. and Činčurak, B. in the paper “In-
teraction of transport development and the devel-
opment of the city” [5] state that in the circum-
stances of improving life conditions and standard 
of living, which can be reasonably expected with 
the l aunching economic flows, and the gradual 
development of economic operators, significant 
increase in motorization and even stronger pres-
sure of individual motorized traffic should be ex-
pected. That expected impact could have unfore-
seeab le consequences, extremely adverse effect 
on the decline in the share of public passenger 
transport if, in this sector of activity, the terms 
and conditions and environment in general do not 
significantly alter. The authors further found that 
the quality of urban space is more important than 
the optimal functioning of the transport system. 
Pedestrians, cyclists and public mass passenger 
tran s port must have absolute priority (in regu-
lati o n and investment) compared to individual 
transport by car and further, availability and qual-
ity of public passenger transport should be given 
priority in relation to its cost-effectiveness in the 
narr o w sense, which would be “supported” by 
subsidizing public transport.

The methodology used in this paper is repre-
sented in the scientific literature for the analysis of 
different problems. Bahovec, V. et al. in “Model-
ing Croatian tourism demand using multiple lin-
ear regression method” [6] set the econometric 
model  of Croatian tourism demand and explore 
the factors that have the greatest impact on tour-
ism demand approximated with the total number 
of nights.

Dumu i čić, K. et al. in the paper “Modeling 
affo r dability of new dwellings in Croatia using 
multiple linear regression method” [7] investigate 
which variables best explain the price level of new 
dwellings in the city of Zagreb in Croatia, using 
multiple linear regression.

In “Foreign direct investments in an export func-
tion: the case of Croatia” Jošić, M. [8] examines 
the effects of foreign direct investments on exports 
of goods in the Republic of Croatia implementing 
multiple linear regression on the set of data on for-
eign direct investment and exports of Croatia.

The r esearch presented in the paper “Target 
modal split model” by Basarić, V. and Jović, J. [9] 
is aimed at defining a model that enables the man-
agement of the relationship between private ve-
hicles and public transport applying the available 
instruments of city transport policy such as park-
ing policy and public transport policy measures. 
Statistical data used for modeling is sourced from 
the database in a wide range of EU cities. The tar-
get model was developed in the form of stepwise 
regression analysis.

In the following part of the paper a detailed ex-
planation of the paper subject is explained, types 
of passenger transport in the inner road traffic are 
defined and the importance of urban public trans-
por t ation is emphasized. Then it is pointed out 
whi c h methodology of research will be applied 
and which statistical data and from which sources 
have been used in further analysis.

2.  Public line transport in Croatia

The subject of this research will be limited to 
passenger transport in domestic road traffic. Pas-
senger transport in domestic road transport is car-
ried out as a public regular services, special regu-
lar service, shuttle, occasional transportation, taxi 
transport and as a special form of transport [10].
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2.1  Definitions and types of passenger trans-
port in domestic road traffic

Public line passenger transport can be carried 
as a passenger, express or direct regular service on 
interregional and county lines, and as local regular 
services. Public line passenger transport by road 
can be done only with buses or exceptionally by 
vehicles with at least nine seats, including the 
driver’s seat.

The carrier is required to deliver timetable for 
publication to bus stations on which they planned 
to stop, prior to the commencement of transport. 
The carrier is required to make available the gen-
eral conditions of carriage by user request. Public 
line passenger transport by road on the same line 
can be done occasionally with additional buses. 
When carrying out transportation on the same line 
with additional bus the omission of certain sta-
tions and bus terminals is allowed.

Special regular services is carried out usually 
by bus, and exceptionally by car (8 +1) or spe-
cial vehicles, based on the signed written contract 
between the transport user and the carrier. The 
passenger list is a mandatory part of the contract. 
While carrying out special regular services the 
contract and the list of passengers must be in the 
vehicle. In the special line transport it is forbidden 
to transport passengers who are not enrolled in the 
list of passengers. 

When issuing a license licensor applies the fol-
lowing criteria: the weather and the local availabil-
ity of the public line transport, the needs of special 
categories of transport users and the impact on the 
economic viability of the existing lines.

Shuttle transfer. The carrier that has a license 
for internal transportation of passengers or Com-
munity license for passenger transport can oper-
ate passenger transport between the airport and 
the city center, i.e. the hotel. Transportation can be 
done by bus or by car (7 +1) and (8 +1).

Occasional road passenger transport is done by 
bus and by car (7 +1 and 8 +1). Occasional carriage 
of passengers must not contain repeated elements 
of line or special regular services, such as distance, 
time of arrival and departure, and the ports of entry 
and exit of passengers. Transports are intended for 
one-time transportation needs, and do not have the 
function of daily migrations transport.

Taxi transport is done on the basis of the Law 
on Road Transport and regulations issued by the 
competent authority of one or more units of local 
government, i.e. City of Zagreb. Taxi transport is 
done on the basis of a license.

2.2  Public urban transport

In modern cities, the level of transport infra-
structure generally cannot follow increasing traf-
fic demand and it is therefore necessary to estab-
lish a favorable relationship between the public 
and individual passenger transport. Capacity of 
road transport infrastructure cannot meet the rapid 
growth in the number of motor vehicles on the 
roads. Traffic congestion in urban areas is mainly 
generated from two sources, passengers and car-
go, which jointly share the same infrastructure. 
The car provides flexibility in travel and is used 
exclusively for personal needs. In the carriage of 
cargo, due to insufficient flexibility of rail and 
maritime transport “door to door”, trucks and vans 
additional burden traffic network.

Public city passenger transport (PCPT) is one 
of the dominant forms of transport, considering 
that a large number of trips take place just in the 
big cities. Public transport achieves greater ben-
efit in areas with higher population density where 
there are increasing demands for mobility, while 
in areas with relatively low population density it is 
more likely for personal transportation to be used. 
The main factors that determine public transport 
are: frequency, flexibility, cost and distance be-
tween the stations. The fundamental problems 
that should be tackled are: to improve the quality, 
optimum capacity utilization of public means of 
transport, reducing pollution and noise, increasing 
the space for pedestrians in cities. It is particularly 
important to improve the quality of PCPT servic-
es rejecting the thesis that it is only used by the 
poorer strata of society (pupils, students, pension-
ers, ...). It is often the case that the public transport 
system is used too much or too little. During peak 
loads, crowds reduce comfort while driving empty 
make many services financially viable [2].

Pollution and noise have a serious impact on 
health and quality of life. The Ministry of Maritime 
Affairs, Transport and Infrastructure in Croatia par-
ticipate in the implementation of the pilot project of 
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partial introduction of natural gas in public trans-
port and in the Community Program Marco Polo 
II in order to improve economic efficiency of the 
freight transport system which encourages short sea 
shipping in order to redirect traffic from roads to 
more environmentally friendly forms of transport 
[1]. In 2013 City of Rijeka, i.e. utility company Au-
totrolej Ltd. for passenger transport has already tak-
en exceptionally good measure purchasing ten solo 
bus and two minibuses which are powered by com-
pressed natural gas and are used in public transport.

The aim of Zagreb Traffic Study is developing 
a series of General City Traffic Plans. One of the 
conclusions of this study is to express an increase 
in travel by car, compared to public transport, as 
a direct consequence of the increase of car own-
ership. Division of traveling with cars and public 
transport was quite balanced in 1998, while for 
2020 forecasted share is 66% of the cars and 34% 
of the public transport [3].

According to the survey, conducted in July 
2013, after yet another fuel price increases in a 
row, 33% of the citizens of Croatia stated that they 
will use the car only when necessary, 44% of the 
population will continue as before, while only 4% 
of the population have the intention to leave the 
car home and use public transport, and the 19% of 
citizens would replace the car for a bicycle.

Global structure of the transport system de-
pends on the population of the city, in developed 
countries with a high degree of motorization, such 
as [5]: in towns up to a hundred thousand people 
(100,000) 70% of passenger transport is individu-
al transport and 30% public transport. In the cities 
of one hundred thousand inhabitants (100,000) to 
five hundred thousand inhabitants (500,000) 60% 
of transport needs is covered by individual trans-
port and 40% by public transport.

3.  Methodology of research and statistical 
data

The research methodology in this paper is based 
on the problem definition, data collection, selection 
of the appropriate method and model setup. In the 
end, the obtained results are analyzed with final re-
marks and appropriate conclusions are made.

Out of all quantitative forecasting methods, in 
this paper authors use the regression model. At first, 

the trend of the problem is analyzed with quantita-
tive forecasting methods and then the selection of the 
variables that significantly affect the observed prob-
lem is done. At the end, the dependencies that exist 
between these variables are quantified. Quantitative 
forecasting methods are based on an appropriate ex-
tension of the current trend, then on the explaining 
changes in the previous period and the reasons that 
caused those changes. Advances in the use of quan-
titative methods emerged as a result of the rapid de-
velopment of computers and software support that 
enable the use of large amounts of data, comparison 
between different variants, and selection of the op-
timal solution. These methods of forecasts are suit-
able in cases when data from the past are available, 
by which the future trends can be predicted.

Due to availability of data, as well as explo-
ration of the existing literature that deals with 
the subject of demand for road transport of pas-
sengers, for the purposes of this paper variables, 
whose name and description are given in Table 1, 
have been selected. 
Table 1.  The name and description of the variables 
included in the analysis of passengers demand for 
public transport

Variable Description

PCRT Passengers carried in road transport, 
thousand

RRMV Registered road motor vehicles

NPUT Number of passengers in urban 
transport, thousand

FRPC First registration of passenger cars

RPC Registered passenger cars (natural 
persons)

RM Registered motorcycles
RB Registered buses

GDP Gross domestic product (at current 
prices), mln kuna

AMNE Average monthly net earnings, kuna 
UR Unemployment rate (%)
LM Length of motorways, km

NVTCZ Number of vehicles in toll collection 
zones, mln

The analysis is based on annual data for the 
period from 2002 to 2012, for the variables listed 
in Table 1. The sources of data used in the anal-
ysis are: Statistical Yearbook of the Republic of 
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Croatia (2010-2012) [11], Statistical information 
(2012, 2013) and First Release (No. 5.1.1/1. from 
10 May, 2013) by Croatian Bureau of Statistics 
[12]; Statistical bulletin 2011 [13] and Key Fig-
ures 2012 [14] by Croatian Association of Toll 
Motorways Concessionaires. 

Data on road transport of passengers relate to 
the operation of business entities engaged in the 
transport of passengers by bus and have more than 
five buses, and the operation of business entities 
that have a license for public transport passengers. 
Data on road urban transport of passengers relate 
to the operation of business entities engaged in 
providing transport (with trams and buses) in ur-
ban and suburban areas.

4.  The model of demand for public line 
transport in Croatia

Regression analysis is a statistical method that 
examines relationships between phenomena. On 
one side there is a phenomenon that represents the 
dependent variable (Y) to be explained, on the oth-
er side, one or more phenomena which are inde-
pendent or explanatory variables (X). The variable 
whose variation is explained with other variables 
is called the dependent variable, and the variables 
that explain the variation of the dependent vari-
able are called independent variables. The basis of 
every analysis is the regression model. The regres-
sion model is the algebraic model that analytically 
expresses statistical relationship between phe-
nomena. It is represented by an equation or set of 
equations with a finite number of parameters and 
variables Regression models serve in the analyti-
cal, often forecasting purposes.

Regression models in the general form [15]:

1 2

1 2

( , , , )

( , , , )
j k

j k

Y f X X X X e
Y f X X X X ε

= +

=

 

 

where:
Y – dependent (explained) variable,
X1, X2,…, Xj,…, Xk – independent (explanatory) 
variables and
e (or ɛ) – stochastic variable that represents unsys-
tematic effects on the dependent variable, i.e. un-
known deviations from the functional relationship.

The functional part of the model Y = f (X1, X2, 
. . ., Xj, . . . Xk) differs and depends on the given 
case of application [see 16, 17 for more on regres-
sion analysis]. If it is assumed that the relationship 
between Y and (X1, X2,…, Xj,…, Xk ) linear, the 
regression model is the model of multiple regres-
sion analysis:

1 1 2 2

, 1, 2,...,
i i i j ij

m im i

Y a b X b X b X
b X e i n
= + + + + + +

+ + =

 

where:
Yi, (i=1,2,…,n) – values of dependent variable, 
Xij (i=1,2,…,n; j=1,2,…,m) – values of indepen-
dent variables,
m – number of independent variables Xj,
a, bj (j=1,2,…,m) – values of unknown parameters 
and 
e – stochastic variable (so called error of relation) 

4.1   Setting up and selection of the model 
with the analysis of results

The demand for road passenger transport in 
Croatia will be analyzed by models of regression 
analysis. The series of passengers carried is pre-
sented in Graph 1

Graph 1.  Passengers carried in road transport 
in Croatia during the period 2002-2012

Since year 2002 to 2008 a steady decline in the 
number of passengers carried can be seen from 
65.5 to 62 million of passengers annually. How-
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ever, in the period of only one year, in 2009, the 
number of passengers has significantly dropped to 
58 million passengers, which is the same amount 
as from 2002 to 2008. Continuation of so sharp 
decline is also present in the coming years up to 
year 2012, although slight stagnation is present in 
the years 2011 and 2012, when the number of pas-
sengers carried reserves at around 52 million pas-
sengers per year.

Dependence of the observed variables in this 
example can be explained in various ways, and 
one of the possible explanations is through the 
calculated correlation coefficients (Table 2). Spe-
cifically, the dependent PCRT and independent 
FRPC variable are in a very strong positive lin-
ear relationship, which in turn means that with the 
decrease of one variable decreases the other and 
vice versa. From the used data stated in Table 1, 
it follows that the number of passengers carried 
in road transport, from year 2002 until the pres-
ent, has been gradually decreasing, and especially 
larger decline came after year 2008 when global 
economic crisis has occurred and has strongly re-
flected in Croatia.
Table 2.   The correlation coefficients

Variable PCRT FRPC NPUT
PCRT - 0.9220 0.2912
RRMV -0.6179 -0.4824 0.2965
NPUT 0.2912 0.3564 -
FRPC 0.9220 - 0.3564
RPC -0.5847 -0.4500 0.3117
RM -0.7265 -0.6050 0.2062
RB 0.2642 0.2706 0.7217
GDP -0.7173 -0.5621 0.2471
AMNE -0.8642 -0.7509 0.0458
UR -0.1256 -0.1645 -0.6937
LM -0.7265 -0.5789 0.0710
NVTCZ -0.7941 -0.6464 0.0476

The same applies for the variable first time 
registered passenger cars, which experienced an 
even stronger decline, so in year 2012 that number 
is more than two times lower, compared to year 
2008. However, both variables are in the strong 
and very strong negative correlation with the vari-
able average monthly net earnings, from which 
it is evident that with the increase of the average 
monthly net earnings growth is also expected for 
the variables PCRT and FRPC.

Based on the variables, whose selection is found-
ed on economic theory, the movement of passengers 
carried in road transport in Croatia can be adequate-
ly described. This assumption will be proven by the 
multiple linear regression. In this paper the variables 
that may statistically significant explain the trends 
in demand for public road transport of passengers in 
Croatia (Table 1) are presumed. Three models were 
developed. In the first model, explanatory variable 
is PCRT. Based on correlation coefficients (Table 2), 
of ten independent variables six are separated, which 
have been shown to have a strong relationship with 
dependent variable PCRT. For the development of 
the target model of regression, stepwise and hierar-
chical techniques of regression analysis were used. 
Stepwise regression can be achieved either by try-
ing out one independent variable at a time and in-
cluding it in the regression model if it is statistically 
significant, or by including all potential independent 
variables in the model (hierarchical regression) and 
eliminating those that are not statistically significant, 
or by a combination of both methods.

Based on the results from the Table 3, the target 
model of the fourth variant is selected. Consider-
ing the value of the empirical t-ratio and conducted 
t-test for each independent variable in the model, 
it was concluded that the estimated parameters are 
significant and that the independent variables RM 
and AMNE significantly affect on the changes of 
the observed explanatory variables PCRT. The 
coefficient of the first explanatory variable RM is 
positive and statistically significant at any level of 
significance, which means that in case the num-
ber of registered motorcycles is increased by 100, 
the number of passengers carried in road transport 
will increase by 73. Another explanatory variable 
AMNE is statistically significant at any level of 
significance and the negative sign of its coefficient 
indicates that whit the increase in net earnings for 
1 kuna number of passengers in road transport de-
creases by 21. Also, the adjusted coefficient of de-
termination in the amount of 0.945 means that even 
94.5% of all deviations is explained by this model. 
Furthermore, the empirical F-ratio points to statis-
tical significance of regression. Since the statisti-
cal indicators of model adequacy are satisfactory, 
model IV is selected as a model that can describe 
the number of passengers in road transport and with 
which it can be carried out further forecast.
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When stepwise regression analysis, in order to 
select target model, is used, starting with the vari-
able that has the highest correlation with the de-
pendent variable PCRT then, based on the printing 
of the final results in the Table 4, the following 
can be concluded: Models from variants III and IV 
do not satisfy the hypothesis of significance of the 
selected independent variables and therefore are 
excluded from further analysis.

The first variant is an equation of the simple re-
gression analysis. Given the value of the empirical 
t-ratio and conducted t-test [17, pp. 465] for the in-
dependent variable in the model, it can be conclud-
ed that the estimated parameter is significant or that 
the independent variable FRPC significantly affects 
to the observed explained variable PCRT.

Coefficient with the explanatory variable FRPC 
is positive and statistically significant at any level 
of significance, and has a meaning that in case the 
number of first time registered vehicles increases for 
100, the number of passengers carried in road trans-

port will be increased by 16.4. Also, the coefficient 
of determination in the amount of 0.850 means that 
the proportion of the explained sum of squared devi-
ations in the total sum of squared deviations is 85%.

Graphic presentation of the first variant of the 
regression equation is the regression line.

Graph 2.  Scatter diagram with regression line

However, in the variant II both coefficients of 
the independent variables are statistically signifi-

Table 3.  The key output results of the multiple hierarchical regression analysis of the first model

Steps Regressions R2

R
2R F

I.
t

129166 0.057 0.320 0.177 27.9 18.686 349
(4.1809) ( 0.653) (1.50) (1.292) ( 1.922) (1.335) ( 0.718)

PCRT FRPC RM GDP AMNE LM NVTCZ= − ⋅ + ⋅ + ⋅ − ⋅ + ⋅ − ⋅
− − −

0.983
0.991 0.957 38.1

II.
t

116613 0.395 0.087 22.364 4.688
(17.211) (2.025) (1.736) ( 10.159) (0.773)

PCRT RM GDP AMNE LM= + ⋅ + ⋅ − ⋅ + ⋅
−

0.975
0.987 0.958 57.6

III.
t

115849 0.425 0.096 21.982
(17.802) (2.283) (2.008) ( 10.554)

PCRT RM GDP AMNE= + ⋅ + ⋅ − ⋅
−

0.972
0.986 0.960 81.3

IV.
t

124434 0.737 21.254
(21,602) (6,168) ( 8,825)

PCRT RM AMNE= + ⋅ − ⋅
−

0.956
0.978 0.945 86.9

t – the value of t-statistics, F – empirical F-ratio, R2 – determination coefficient, 
2R – adjusted determination coefficient, R – correlation coefficient

Table 4.  The key output results of the multiple stepwise regression analysis of the first model

Steps Regressions R2

R
2R F

I.
t

47342 0.164
(23.8) (7.142)

PCRT FRPC= + ⋅ 0.850
0.922 0.833 51.0

II.
t

66553 0.111 3.123
(8.705) (4.077) ( 2.567)

PCRT FRPC AMNE= + ⋅ − ⋅
−

0.918
0.958 0.897 44.6

III.
t

63330 0.117 1.762 68.593
(3.468) (2.887) ( 0.251) ( 0.197)

PCRT FRPC AMNE NVTCZ= + ⋅ − ⋅ − ⋅
− −

0.918
0.958 0.883 26.2

IV.
t

57987 0.109 2.073 891.097 30.229
(3.333) (2.879) (0.294) ( 1.358) (1.441)

PCRT FRPC AMNE NVTCZ LM= + ⋅ + ⋅ − ⋅ + ⋅
−

0.939
0.969 0.899 23.2

t – the value of t-statistics, F – empirical F-ratio, R2 – determination coefficient, 
2R – adjusted determination coefficient, R – correlation coefficient
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cant at the 5% level of significance, and therefore 
that model is chosen as the final model in further 
analysis. This choice is underpinned with the high 
adjusted determination coefficient, which indicates 
that even 89.7% of all deviations can be interpreted 
by this model as well as empirical F-ratio in the 
amount of 44.6 which, at any level of significance, 
indicates the significance of the regression. If the 
number of first time registered vehicles is increased 
by 100 then the number of passengers in road 
transport increases by 11, and the negative sign of 
the coefficient of the second independent variable 
(AMNE) indicates that an increase in the average 
monthly net earnings for 1 kuna affects the number 
of passengers in road transport, which reduces by 3.

In the second model for analyzing movement 
of passenger transport variable FRPC is observed, 
whose changes are seek to explain with the six inde-
pendent (explanatory) variables in the first variant of 
the model. These variables, according to correlation 
coefficients, correlate medium strong to very strong 
with the dependent variable FRPC. For the develop-
ment of the target model technique of hierarchical 
regression analysis was used. Models display and 
associated parameters are given in Table 5.

The variable FRPC can best be explained by 
GDP and net earnings in Croatia, so the fourth 
variant of the model was selected as the best, ac-
cording to statistical indicators and conducted 
tests of significance. Both explanatory variables 
are significant for the dependent variable FRPC, 
because their estimated parameters are statistically 
significant at any level of significance. Therefore, 
this model is chosen as the final model for the fur-
ther forecast of the first time registered vehicles.

In the third model, the dependent variable is 
NPUT, and based on the correlation coefficients 
(Table 2) only two variables that are strongly re-
lated to the variable NPUT were separated. Hence 
the multiple regression analysis with two explana-
tory variables RB and UR is used. The following 
equation is obtained: 

177168 113.62 116.9
( 0.230) (0.8139) (0.0157)

NPUT RB UR= − + ⋅ + ⋅
−

However, this model does not meet the alterna-
tive hypothesis of the t-test on the significance of 
individual independent variables RB and UR at the 
5% level of significance. Therefore, the multiple 
regression equation boils down to a simple regres-
sion with the independent variable UR, as follows:

450690 5725.54
(18.203) ( 2.889)

NPUT UR= − ⋅
−

The variable UR is statistically significant at 
the 5% level of significance, but the coefficient of 
determination is relatively low, i.e. the proportion 
of the explained sum of squared deviations in the 
total sum of squared deviations is 48%.

4.2  Short-term forecast

Prediction is one of the main goals of the re-
gression analysis. Under the “predictive” value of 
the variable Y, based on the regression model, it is 
understood its estimated value for the new (real or 
presumed) value of the regression variables.

Table 5.  The key output results of the multiple hierarchical regression analysis of the second model

St. Regressions R2

R
2R F

I.
t

524387 1.688 0.301 1.613 192.271 13.620 1952.333
(1.820) ( 0.653) ( 0.208) (4.372) ( 3.661) (0.148) (0.741)

FRPC PCRT RM GDP AMNE LM NVTCZ= − ⋅ − ⋅ + ⋅ − ⋅ + ⋅ + ⋅
− − −

0.984
0.992 0.960 40.9

II.
t

551477 1.831 1.584 198.454 2296.692
(3.879) ( 1.359) (5.628) ( 6.432) (2.797)

FRPC PCRT GDP AMNE NVTCZ= − ⋅ + ⋅ − ⋅ + ⋅
− −

0.984
0.992 0.973 90.0

III.
t

360680 1.256 159.953 2145.350
(15.194) (8.161) ( 12.358) (2.491)

FRPC GDP AMNE NVTCZ= + ⋅ − ⋅ + ⋅
−

0.978
0.989 0.969 107

IV.
t

311796 1.466 138.130
(18.174) (8.848) ( 11.285)

FRPC GDP AMNE= + ⋅ − ⋅
−

0.960
0.979 0.949 94.9

t – the value of t-statistics, F – empirical F-ratio, R2 – determination coefficient, 
2R – adjusted determination coefficient, R – correlation coefficient
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Since the statistical indicators of models ade-
quacy are satisfying for both variants of regression 
analysis, the equation of simple regression analy-
sis is selected: 47342 0.164PCRT FRPC= + ⋅  by 
which it is possible to describe the number of pas-
sengers in road transport and to carry out further 
prognosis. Predicted values   of the independent 
variable FRPC in the period 2 0 13-2017, based 
on the parabolic trend of the third degree, which 
was previously found to have the highest degree 
of representativeness of 88%, are given in Table 6. 
Substituting these values   in the regression equa-
tion, values   that are interpreted as the predicted 
value of the number of passengers carried in road 
transport in the Republic of Croatia in the period 
2013-2017 are obtained (Table 6).
Table 6.  Forecast for the variables FRPC and 
PCRT in Croatia in the period 2013-2017

Year FRPC PCRT, ’000
2013 37,543 53,499
2014 34,840 53,056
2015 38,512 53,658
2016 50,040 55,549
2017 70,901 58,970

Based on data forecasts for the next five-year 
period it can be concluded that the number of first 
time registered vehicles in the next two to three 
years, will still have a decreasing tendency. It is 
understandable  because Croat ia  will be at least 
that many in a difficult economic crisis, and when 
a recovery again occurs it will take some time of 
stagnation in the growth of any personal consump-
tion, especially in the so-called luxury needs.

However, according to the forecast for the num-
ber of passengers carried in road transport, it is evi-
dent that the number is balanced and does not have 
a tendency to e ither fall or  some bigger growth, 
which can be explained with the fact that there is 
still a critical mass of passengers using public trans-
port and their number has been so far balanced in 
the previous period and will be balanced for the 
next five years to around 55,000 passengers.

5.  Conclusion

In the analysis of the demand for public line 
transport in Croatia, the aim of this study was to 
determine its  intensity and structure, and to ex-

plore which factors have the greatest impact on 
the demand line for line road transport. The sub-
ject of research was limited to passengers in do-
mestic road transport. By using quantitative meth-
od regression analysis, the demand for passengers 
transport by road was evaluated.

Different combinations of variables were ex-
plored and dependencies between variables test-
ed. Eventually we came to the conclusion that the 
number of passengers in road transport depends on 
the number of first time registered vehicles as well 
as the average net salary in Croatia. It was also 
found that in the period from 2002 to date these 
variables had decline tendency, which is particu-
larly highly expressed from 2008 to the present. 
The results of the forecasts point to their further 
decline or stagnation, with the assumption that it 
will last so until Croatia come out of the great de-
pression and until the period of market stabiliza-
tion ends, which directly affects the trends of the 
observed variables in this research. Doing fore-
casts in unstable economic situation, for which is 
uncertain how long it will take, is subject to error 
because of the uncertainty. It is there recommend-
ed not to do long term forecasts. 

New possibilities for further research of the 
problem stated in this paper should be sought in 
the direction of observation even greater num-
ber of variables as well as combinations of more 
quantitative methods that would lead to some new 
and more reliable findings.
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Conducting business in today‘s changing en-
vironment requires making changes and setting 
new trends. In such an environment enterprises 
can develop only if they innovate and are willing 
to accept innovations. Without a doubt, the basic 
problem of small and medium-sized enterprises 
(SMEs) is the lack of financial resources and other 
resources for promoting the development of the 
enterprise. The purpose of the article is to deter-
mine how Slovene SMEs assess the environment 
for promoting and developing innovation activity. 
The results of the research have led us to conclude 
that despite the numerous supportive institutions 
for the transfer of knowledge, technologies and in-
novations in Slovenia, cooperation with these was 
limited during the period in question. The causes 
for the too weak cooperation among all the sub-
jects of the innovation environment can be linked 
to the overly „traditionally-oriented closed inno-
vation“ of Slovene enterprises, and most certainly 
also with the common characteristic of numerous 
supportive institutions, whose operation is con-
nected with personnel and financial weakness and, 
above all, with lack of interconnectedness.

Key words: innovativeness, supportive envi-
ronment, networking, SMEs

1.  Introduction

The ability of an enterprise to meet the expecta-
tions of consumers greatly depends on its ability 
to innovate and launch new products or services at 
competitive prices. Today, at a time of globalisa-
tion, fast change and a constant fight for survival, 
innovations are becoming a necessary basis for 
achieving competitive advantage, and as such one 
of the key challenges for enterprises. Success in 
innovation also has positive consequences for the 
external environment of the organisation. Innova-
tions are needed and necessary for the develop-

ment of the entire economy. Through a positive 
impact on clients, suppliers etc. a successful inno-
vation within an enterprise has a beneficial effect 
on the creation of innovations in other enterprises. 
All of the above drives the economic growth in the 
entire region and country.

By nature, innovations are integral. They must 
include a broad network of activities if we wish for 
them to create satisfaction and value for customers 
and the organisation. OECD [1] defines innovation 
activity as all the scientific, technological, organ-
isational, financial and commercial steps that (will) 
lead to the implementation of innovations. Innova-
tion activity starts as a complex thinking process 
which presents the development of an idea, and is 
constantly present in an individual. If these individ-
uals are included in groups, there is mutual cooper-
ation/action in the development of new ideas. Due 
to continuity and the number of participants, there 
are a lot of thinking processes, which is important 
for innovations. The creation of an idea presents the 
beginning of the process of innovation, whereas the 
innovation itself presents a successful launch of the 
idea on the market. On the one hand, the benefits of 
this idea are very clear and, on the other hand, there 
are only few introduced and implemented ideas 
[2]. The main characteristic of innovation is that a 
society or system in which innovation exists does 
things in a different way rather than in the way that 
already exists.

Since innovation means a new feature with 
application value that can be measured, it is gen-
erally associated with the company as a market 
entity. [3] emphasise that an enterprise needs in-
novative ability, i.e. the capability of an enterprise 
to create timely inventions, based on the knowl-
edge of available science, and to transform these 
inventions into innovations in the form of new 
products or services with their own innovative ca-
pacity. [4] suggest that innovations should be the 
central process that deals with creating and ensur-
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ing a renovation of the enterprise‘s line of busi-
ness (products and/or services). If innovations are 
to be the central process, then the enterprise must 
choose its own innovation strategy and implement 
it. For successful operational implementation of 
the innovation strategy one must successfully co-
ordinate the required resources, since the result of 
innovation activity is often inadequate due to poor 
innovation management. This is understandable 
because the criterion of application and abilities of 
commercialisation are the most important for mar-
ket entities, which connects the company with its 
existence. Of course, other conditions have to be 
met as well, which will be dealt with in this article.

Considering the fact that in Slovenia SMEs 
stand for 98.5 % of the economy, their innovative-
ness is of great importance to Slovene economy 
and is also the key to their success. In recent years 
Slovenia has witnessed intensive processes of the 
development of the environment for promoting 
the innovation activity of SMEs, which follows 
the global good practices of the more developed 
countries. The Slovene supportive environment 
can provide solutions to innovative enterprises for 
ensuring spatial infrastructure and advisory ser-
vices for their operation, particularly in the form 
of university and regional business incubators, 
technological platforms and centres of excellence. 
The sector of financing undertakings by various 
formal and informal investors is becoming more 
and more developed, and the state is offering an 
increasing number of non-refundable sources of 
financing. The question is to what extent are SMEs 
familiar with and make use of the possibilities pro-
vided by the supportive innovation environment?   

The purpose of the article is to determine how 
Slovene SMEs assess the environment for promot-
ing and developing innovation activity. The article 
presents results of the study conducted among 
Slovene SMEs regarding supportive environment 
for developing innovation activity. Firstly, let us 
explain in short the theoretical bases from which 
we derive: the national innovation ability and the 
national innovation system, the concept of open 
and closed innovation, industrial cooperation and 
networking in the field of innovation activity. This 
is followed by an analysis of the state in Slovenia 
and conclusions.

2.  Theoretical Starting Points

National Innovative Ability and National 
Innovation System (NIS) 

The approach of national innovative ability 
stresses the importance of specific qualities of en-
terprises, their innovation orientation and the per-
ception of potential partners that cooperate with 
them. National innovative ability depends on the 
common innovation infrastructure, the innovation 
environment of an individual country within a 
cluster and the quality of the connections between 
these two building blocks [5]. Thus institutional 
factors are of exceptional importance for inno-
vativeness, as they provide the possibility of ap-
plying scientific and research achievements to the 
entire economy through a suitable entrepreneurial 
infrastructure. This is the so-called National Inno-
vation System (NIS), which is an open system and 
is in constant interaction with the environment.

The NIS includes five groups of organisations 
as follows: companies, research institutions, uni-
versities, organisations which promote scientific-
technological progress and the state. If innovation 
is every useful thing, the aforementioned elements 
should be complemented by invention-innovation 
processes that are not part of R&D, the structure 
of economic and non-economic activities besides 
industry, including innovation in the scope of the 
government, the prevailing culture / ethics / values 
rather than just knowledge (education and train-
ing) [6]. The success of the NIS depends on the 
operation of individual institutions and especially 
the development of relationships and connections 
or a network of connections within the whole in-
novation system. Its development and an effective 
and successful operation of the NIS depends on 
the fluidity of knowledge flows. Therefore, we 
will analyse the context of cooperation between 
SMEs and other players of the NIS in Slovenia 
from the viewpoint of SMEs.

We will try to analyse if companies have the 
ability to learn (measured by investments in 
R&D), functional abilities (the implementation 
of the invention-innovation process) and strate-
gic abilities – as well as the ability to understand 
the market and market demand. The limitation 
of the NIS approach is that it relatively neglects 
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the question of the implementation of inventions 
(process), where an invention is confirmed on the 
market and becomes an innovation. For this criti-
cal factor, which is important for the decision of a 
company, to even enter the invention-innovation 
process, the (economic) motive for cooperation 
between SMEs and other players is the most im-
portant. Of course, we cannot disregard the sup-
port services within and outside a company.

Open and Closed Innovation 

The previous century was dominated by the 
paradigm of closed innovations, which means 
that enterprises built their success on comparable 
advantages, such as e.g. financial resources, raw 
materials and knowledge. Developers developed 
inventive ideas within the scope of their own re-
search abilities and knowledge; they mostly used 
internal resources and greatly protected and shiel-
ded their knowledge and intellectual property 
from the external environment. In the case of the 
closed model of innovation enterprises base their 
operation on the supposition that the innovation 
process is controlled by the enterprise itself and 
that it is self-sufficient. (»If you want something 
done right, you’ve got to do it yourself«) [7]. En-
terprises and their employees are capable of car-
rying out the entire innovation and development 
cycle without outside help. Though all of this is 
possible, it is often connected with the availability 
of personnel, high implementation costs of inno-
vating and other factors that could present a great 
problem to small and medium-sized enterprises. 

As an upgrade to the classic closed model, a new 
method of innovation is being presented, called 
open innovations. It is based on the supposition 
that enterprises must open up their business ope-
rations in order to achieve greater innovativeness, 
and together with external partners take advantage 
of internal and external ideas, technologies and re-
sources. It must be ascertained with which entities 
from the organisational environment the enterpri-
ses are connecting and in what way. 

[8] defines open innovation as the use of pur-
pose-specific inflows and outflows of knowledge 
to accelerate internal innovations and expand the 
market for external use of innovations. His defi-
nition includes the external aspect of open inno-
vation that refers to the introduction of ideas and 
technologies in a company and the internal aspect 
where the company‘s ideas and technologies that 
are not used or are used insufficiently are imple-
mented in innovation processes outside the com-
pany. Open innovation is a more lucrative way of 
innovation for companies because it reduces their 
costs of development, increases the speed of en-
tering the market, increases differentiation on the 
market and creates new sources of revenues.

Unlike the traditional model, where the innova-
tion process mostly moves from the organisation 
outwards, the open model has several directions of 
movement due to the connections with the envi-
ronment (see Figure 1). Thus the processes in the 
open model of innovation are more complex and 
dynamic, whereas the closed model of innovation 
is linear and rigid.

Figure 1.  Closed Innovation vs Open Innovation
Source: Chesbrough (2003, pp. 36-37).
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According to [9], SMEs primarily use exter-
nal sources as the way to access marketing and 
sales channels. The concept of open innovation is 
important for them because they have the neces-
sary flexibility and specific knowledge, but they 
lack adequate capacities to manage innovation 
resources. The more complex the technology, the 
less management of the technology a company 
can ensure because the necessary knowledge is 
also outside the company. 

Open innovation also has its pitfalls. The key is 
to manage intellectual property. An enterprise must 
manage intellectual property independently, protect 
it appropriately, and precisely define the method of 
cooperation with external partners in its contracts.
Table 1.  Contrasting Principles of Closed and 
Open Innovation

Closed Innovation 
Principles

Open Innovation 
Principles

The smart people in the 
field work for us. 

If we create the most 
and the best ideas in the 
industry, we will win.

To profit from R&D, we 
must discover it, develop 
it, and ship it ourselves. 

External R&D can create 
significant value: internal 
R&D is needed to claim 
some portion of that value.

If we discover it 
ourselves, we will get it 
to the market first. 

We don’t have to originate 
the research to profit from 
it.

The company that gets 
an innovation to the 
market first will win. 

Building a better business 
model is better than getting 
to the market first.

If we create the most 
and the best ideas in the 
industry, we will win. 

If we make the best use of 
internal and external ideas, 
we will win.

We should control our 
intellectual property (IP) 
so that our competitors 
don’t profit from our 
ideas.

We should profit from 
others’ use of our IP, and 
we should buy others’ IP 
whenever it advances our 
own business model.

Source: [7]

SMEs use the concept of open innovation when 
they establish a partnership with another organi-
sation that is actively involved in cooperation and 
significantly contributes to the innovation process, 
for example, by analysing the market, consumers 
and similar. Since SMEs face a lack of resources 
and capacities in open innovation, it is an important 

motive to cooperate with other organisations. At the 
same time, this is a limiting factor in seeking sui-
table partners to cooperate with. As an appropriate 
way of solving the problem of limitations, [9] pro-
pose an active role of an intermediary.

A company can and should implement external 
ideas in the same way as internal ones because the 
central idea in the background of the open inno-
vation concept is that companies cannot rely on 
their own research in the world where knowledge 
is so widely spread. Quite the contrary, companies 
should buy and licence processes and inventions, 
such as patents of other companies [8].

In our opinion, the concept of open innovation 
shows that the understanding of the importance 
of knowledge outside a company is changing. If 
a company begins to act in accordance with the 
changed concept of knowledge, it facilitates more 
frequent cooperation with other organisations. 
Therefore, SMEs can solve the problem of lim-
ited resources if they know appropriate sources of 
knowledge. In the research, we explore if we can 
speak of open innovation in SMEs in Slovenia. In 
our opinion, greater staff mobility, the availability 
of venture capital and the technological progress 
contribute to increased co-creation and transfer of 
knowledge among social subsystems, which actu-
ally means open innovation.

Cooperation as a Basis for Innovation, and 
Networking

It has been proved that knowledge, which pre-
sents the base, and new ideas are developed the 
most in environments with a developed level of 
cooperation. In the contemporary business envi-
ronment innovation activities take place in coo-
peration with suppliers, buyers, the competition, 
the higher education sector, scientific and research 
organisations, incubators, governmental organisa-
tions and, of course, with other enterprises.  In en-
terprises with an innovation process that is based 
on their own development and innovation poten-
tial, cooperation among employees is important. 
The providers of new services, i.e. specialised 
institutes for testing materials and structures, are 
the source of knowledge and promoters of inno-
vation. Another source of knowledge is learning 
from joint projects, the procurement of new ma-
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terials, new market demands and special orders. 
Suppliers, with their special knowledge of ma-
terials and processes, are often the promoters of 
innovation and the development of products. In-
ternational research and development cooperation 
presents an excellent source for accessing up-to-
date knowledge and for becoming included in the 
most advanced networks.

Of special interest to SMEs is the horizontal 
connection approach in the form of clusters, cen-
tres of excellence, technological networks etc. 
SMEs can effectively replace their small size with 
greater flexibility and connections with others. In 
these forms of connections, it is important that 
a company is aware of its key competences and 
appropriately protects them. Mutual connections 
among companies can be manifested in numerous 
ways [10]. Let us point out some of these connec-
tions: contracts on the implementation of R&D 
activity; the purchase of technology/prototypes 
developed at a university; informal networking – 
conferences, paper presentations and other similar 
events with the participation of representatives of 
the economy and the research sphere; joint com-
panies or investments; various forms of temporary 
staff mobility in a public research organisation, 
such as staff substitution, sabbatical years and se-
condments; joint research studies and joint resear-
ch programmes; the use of research premises and 
equipment at a university by companies, etc.

Collaboration networks differ significantly in 
two elements [11]:

– the degree to which membership is open to 
anyone who wants to join and 

– networks’ form of governance (flat or 
hierarchical).

In totally open collaboration everyone (sup-
pliers, customers, designers, research institutions, 
inventors, students, hobbyists, and even competi-
tors) can participate. Closed networks, in contrast, 
are like private clubs. Here, you tackle the problem 
with one or more parties that you select because you 
deem them to have capabilities and assets crucial to 
the sought-after innovation. The basic distinction 
between a hierarchical and a flat form of gover-
nance is who gets to define the problem and choose 
the solution. In the hierarchical form, a specific or-
ganization has this authority. In the flat form, the 

players are equal partners in the process and share 
the power to decide key issues. The advantage here 
is the ability to share with others the costs, risks, 
and technical challenges of innovating.

Why are SMEs interested in this kind of coop-
eration? The reasons are different: from necessity 
(answer to government initiatives and policies), 
asymmetry (supervision of proprietary technol-
ogy), reciprocity (hiring students of providing prac-
tical traininig, hiring researchers from public re-
search organisation), effectiveness (cost efficiency, 
commercialisation of technologies developed at a 
university, financial benefitrs from unpredictable 
research results, national incentives from coopera-
tion, promotion of technological abilities and eco-
nomic competitivness of companies, shorter life 
cycle of products, developmemnt of huma capital), 
to stability (shift to the knowledge economy, com-
pany growth, multidisciplinary character of the lat-
est technology, reducing or dividing risks, access 
to new knowledge, the latest technology, research 
equipment, etc.), and legitimacy (improving the 
company‘s reputation) (Ankrah et al., [10]).

With the aim of linking various players in an 
innovative environment and thus improve the 
competitiveness of the economy, Slovenia has 
established clusters, technological networks, tech-
nological platforms and excellence centres that are 
mostly artificially created institutional organisa-
tions. A detailed analysis of the operation of these 
organisations in Slovenia was made in 2004 [12]. 
With regard to the conclusions and proposals of 
the European Commission (2012), these organisa-
tions should be a lever to achieve the goal of the 
Europe 2020 strategy, i.e. the Innovation Union 
with innovative companies which create new 
high-value added jobs and innovative products 
that meet social needs and expectations.

Numerous authors dealt with analyses of the 
obstacles for innovations in SMEs [9, 13, 14]. 
The emphasised obstacles in the aforementioned 
studies are: the costs of innovation activity, a lack 
of appropriate financial and human resources, an 
estimated high level of risk and a lack of market-
ing and technological information. We believe that 
the innovation activity of SMEs in Slovenia is hin-
dered by other factors. They include the specific 
characteristics of the support environment and 
related culture, a lack of adequate knowledge (es-
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pecially in terms of management and marketing), 
reduced demand and pessimism on sales markets 
as a consequence of the economic crisis as well 
as institutional and systemic obstacles (e.g. high 
burden on labour costs, particularly for experts).

We wish to research with whom SMEs coop-
erate and what the main obstacles for mutual co-
operation are. This will serve as the basis for the 
analysis of networking by SMEs in Slovenia.

3.  Methodology

3.1  The Purpose and Goals of the Research

When analysing the conditions for the innova-
tion activity of SMEs in Slovenia we were espe-
cially interested in how enterprises perceive the 
importance of constant improvements and the de-
velopment of activities. We were also interested in 
which factors were perceived as key for the imple-
mentation of innovation activity, and the impor-
tance ascribed to internal, market, institutional and 
other sources of information for the innovation 
activity of the enterprise. We will research the en-
vironment for promoting and developing the inno-
vation activity of SMEs in Slovenia, the practice 
of open innovation and their mutual connections 
(networking), and what presents obstacles and 
problems for innovation. The goals of the research 
are: to determine the most common incentives 
and obstacles of innovation activity, to analyse the 
role and success of the support environment and to 
analyse networking in the field of the innovation 
activity of SMEs in Slovenia. The focus on SMEs 
distinguishes our work from similar analyses that 
deal with a wider scope of innovation as the cen-
tre of their research [15, 16, 17 ], focus on other 
aspects and motives [18,10] or examine the views 
of companies (all sizes) as part of the analysis [1]

3.2  Research Method

We used a descriptive, non-experimental meth-
od of empirical research.

3.3  Sample

The basic population that was examined is rep-
resented by small and medium-sized enterprises in 
Slovenia. The research included 295 companies 

(10.2 % of 2,897 companies participating in the 
research), of which 195 properly filled in the ques-
tionnaire. With regard to the Companies Act (ZGD, 
OGRS, No. 65/09), we divided companies on the 
basis of the fulfilment of three criteria: the average 
number of employees in the business year, their 
net sales revenues and the value of assets. Given 
the primary activity, and according to the Standard 
Classification of Activities, 33,8 % of the surveyed 
companies were from the manufacturing sector, 9,8 
% from the information and communication ac-
tivities, 8,3 % from the retail, maintenance and the 
repair of motor vehicles, 6,8 % from professional, 
scientific and technical activities, 4,5 % from vari-
ous other commercial activities and financial and 
insurance activities, and 6,1 % from building indus-
try. There were 3,8 % of companies from catering, 
transport and warehousing, education. 

3.4  The Process of Collecting Data

Data was collected in the last week of August 
and in the first week of September 2013 via an 
anonymous questionnaire prepared for directors, 
managers and heads or other employees in 2,897 
companies. The companies‘ addresses were found 
in public databases (AJPES, IBON, IPIS, BIZI) or 
on their websites.

3.5  The Description of measurement  
instruments

based on the survey questionnaire, we gathered 
the following data: the general information about 
companies, information about the importance of 
innovation and the reasons for innovation, infor-
mation about the percentage of revenue for R&D 
per year, views on the importance of sources of 
information for innovation activity and views on 
whether a particular factor influenced the imple-
mentation of the companies’ innovation activity in 
the 2010-2012 period as an obstacle or incentive.

Questions were formulated according to the 
scale model of the Likert type views. The scale 
levels for questions were from 1 to 5, in a logical 
continuum from the minimum to the maximum 
acceptance of views. In the case of two questions, 
the scale was divided into two opposite statement, 
where the positive answer was ranked from 1 to 5.  
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4.  Results and Interpretation

With the intention of getting to know the inno-
vation activity of SMEs in Slovenia in the period 
2010-2012 more thoroughly, a question was posed 
that offered 9 innovation activities for which we 
wished to know whether the enterprise had carried 
them out for innovation purposes.

Graph 1: Innovation activities of SMEs for inno-
vation purposes in the period 2010 -2012

Graph 1 shows that for innovation purposes 
about two-third of the enterprises have acquired or 
perfected their machines, equipment and software 
for the production of new or significantly improved 
products and procedures, and for improving their 
marketing and organisation (71 %); 68 % have con-
ducted internal research and development with the 
purpose of increasing the value of knowledge and 
applying it to the development (including the deve-
lopment of software); 66 % of the enterprises have 
rewarded innovative employees (commendations 
and other non-financial and financial bonuses). The 
smallest share was taken up by the implemented 
innovation activities for obtaining other external 
knowledge, and by other preparations for intro-
ducing innovations. 38 % of the enterprises have 
obtained other external knowledge by purchasing 
or obtaining licences for patents and non-patented 
inventions, expert knowledge and experience, and 
other types of knowledge from other enterprises or 
organisations. For introducing innovations, enter-
prises have dedicated the same share to the contrac-
tual/external implementation of activities intended 
for researching the market and for designing, im-
proving or modifying their products.

Since we were interested in the decisive factors 
that affect the innovation activity of an enterprise as 
an incentive or obstacle, 34 factors were offered in 
two questions and were measured using a five-point 
scale, with the units of the scale defined as: 1- small 

obstacle, 2 – important obstacle, 3 – neutral, 4 – lit-
tle incentive, 5 – important incentive.

Among the most important factors that affect 
the implementation of innovation activity, the inter-
viewed enterprises ranked the following the highest:

– Actual support from the management 

(through resources and activities): x  = 4,2; 
std. dev. 1,01;

– „Being aware of the importance of 

innovations“: x  = 3,9; std. dev. 1,04;

– Information about markets: x  =  3,7; std. 
dev. 1,06;

– Demand for innovative products or services: 

x  = 3,7; std. dev. 1,03;
– Independent innovation strategy of the 

enterprise: x  = 3,7; std. dev. 1,01;
– Strategic orientation and defined strategy of 

the enterprise: x  =  3,7; std. dev. 1,07;

– Qualified staff: x  = 3,6; std. dev. 1,28;

– Information about technology: x  = 3,6; std. 
dev. 1,03;

– Education and training system: x  = 3,6; std. 
dev. 1,06.

When separately viewing internal factors, 
which are more important to an enterprise, the fol-
lowing incentives (promoters) stand out::

– Actual support from the management 

(through resources and activities): x  =  4,2; 
std. dev. 1,01;

– Independent innovation strategy of the 

enterprise: x  = 3,7; std. dev. 1,01;
– Strategic orientation and defined strategy of 

the enterprise: x  = 3,7; std. dev. 1,07;

– Education and training system: x  = 3,6; std. 
dev. 1,06;

– System of motivating employees: x  = 3,5; 
std. dev. 1,18;

– Connection between marketing and research 

and development: x  = 3,5; std. dev. 1,10.

In the case of external factors (availability of 
technologies and materials, infrastructure, protec-
tion and assertion of intellectual property rights, 
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national supportive institutions, private supportive 
institutions, and access to suitable sources of fi-
nancing), the enterprises were neutral.

An analysis of the answers has shown that 
mostly internal factors prevail among the factors 
that act as an incentive for implementing innova-
tion activity: actual support from the management, 
independent innovation strategy of the enterprise, 
strategic orientation and the defined strategy of the 
enterprise. It can be said with certainty that these 
internal factors are important and that they pro-

mote the innovation activity within the enterprise. 
However, it must be pointed out that enterprises 
do not view external factors, such as e.g. pro-
grammes/tenders/projects that promote the mutual 
cooperation of enterprises, as an incentive.

A correlation analysis has shown that there is a 
positive correlation between the factors (cost fac-
tors, knowledge factors, market factors, and eval-
uating the importance of innovations) that affect 
the implementation of innovation activity and the 
costs of innovations. 

Table 2.  Factors that affect the innovation activity of an enterprise as an incentive or obstacle
Factors F Average Sd Variance

Resources in your enterprise or group 189 3,0 1,21 1,46
Financing from sources outside your enterprise 188 3,1 1,12 1,26
Innovation costs 186 2,7 1,13 1,28
Qualified staff 188 3,6 1,28 1,64
Availability of personnel on the labour market 188 3,0 1,02 1,04
Information about technology 187 3,6 1,03 1,06
Information about markets 187 3,7 1,06 1,12
Partners for cooperation in the field of innovation 187 3,3 1,09 1,19
Established enterprises are predominant on the market 187 3,0 0,99 0,98
Demand for innovative products or services 188 3,7 1,03 1,06
“Being aware of the importance of innovations” 187 3,9 1,04 1,07
Actual support from the management (through resources and activities) 175 4,2 1,02 1,03
Education and training system 173 3,6 1,06 1,12
Independent innovation strategy of the enterprise 171 3,7 1,01 1,03
Strategic orientation and defined strategy of the enterprise 173 3,7 1,07 1,14
Internal activities and financing of research and development 173 3,5 1,21 1,47
Internal availability of personnel 172 3,4 1,30 1,68
Organisational structure of the enterprise 170 3,3 1,16 1,34
System of remunerating employees (including salaries) 172 3,3 1,22 1,49
System of motivating employees 171 3,5 1,18 1,39
Connection between marketing and research and development 171 3,5 1,10 1,22
Establishment of an organisational culture of innovation and creativity 170 3,4 1,07 1,15
Time for experimenting, innovating and creativity 172 3,0 1,15 1,31
System of monitoring innovation success 171 3,2 1,12 1,25
Inclusion of external personnel, who are not employed by the enterprise 171 3,1 1,02 1,03
External activities and financing of research and development 168 3,2 1,09 1,18
Availability of technologies and materials 172 3,0 1,21 1,46
Infrastructure 170 3,1 1,12 1,26
Protection and assertion of intellectual property rights 170 2,7 1,13 1,28
National supportive institutions (e.g. SPIRIT, SID banka etc.) 171 3,6 1,28 1,64
Private supportive institutions (e.g. banks, venture capital funds etc.) 170 3,0 1,02 1,04
Access to suitable sources of financing (including maturity) 170 3,6 1,03 1,06
Programmes/tenders/projects that promote the mutual cooperation of 
enterprises 171 3,7 1,06 1,12

Efficiency of the labour market (flexibility, legislation and regulations) 171 3,3 1,09 1,19
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A moderate positive correlation exists in the 
following cases:

– qualified staff (r=0,482, p<0,05), which 
means that as the qualification of the staff 
increases, so do the costs of innovations, and

– availability of personnel on the labour 
market (r=0,470, p<0,05), which means that 
with the greater availability of personnel on 
the labour market, the resources intended 
for innovations increase as well.

A weak positive correlation exists in the case of 
the following variables:

– resources in your enterprise or group 
(r=0,356, p<0,05), which means that with 
greater resources within the enterprise or 
group, the resources intended for innovations 
increase as well,

– financing from sources outside your 
enterprise (r=0,326, p<0,05), which means 
that as the financing from sources outside 
the enterprise increases, so do the resources 
intended for innovations,

– information about markets (r=0,324, p<0,05), 
which means that with more information 

about the markets, the resources intended for 
innovations increase as well,

– partners for cooperation in the field of 
innovation (r=0,345, p<0,05), which means 
that as the number of partners for cooperation 
in the field of innovation increases, so do the 
costs of innovations,

– established enterprises are predominant on 
the market (r=0,388, p<0,05), which means 
that as the number of established enterprises, 
dominant on the market, increases, so do the 
costs of innovations.

A correlation analysis has shown that there is a 
positive moderate correlation between the sources 
of information which are important for implement-
ing innovation activity (internal sources, market 
sources, institutional and other sources) and re-
search-based learning within an enterprise, in the 
case of the following sources of information:

– learning from findings during testing and/or 
production (r=0,539, p<0,01), which means 
that as new knowledge from findings during 
testing and/or production is introduced, new 
research and development for the purposes 

Table 3.  Pearson‘s correlation coefficient between the variables ‚factors of the implementation of inno-
vation activity‘ and‚ innovation costs‘

Factors Costs of innovation

Resources in your enterprise or group Pearson’s correlation coefficient ,356(*)
The degree of risk ,003

Financing from sources outside your 
enterprise

Pearson’s correlation coefficient ,326(*)
The degree of risk ,008

Qualified staff Pearson’s correlation coefficient ,482(*)
The degree of risk ,000

Availability of personnel on the labour 
market

Pearson’s correlation coefficient ,470(*)
The degree of risk ,000

Information about technology Pearson’s correlation coefficient ,221
The degree of risk ,074

Information about markets Pearson’s correlation coefficient ,324(*)
The degree of risk ,008

Partners for cooperation in the field of 
innovation

Pearson’s correlation coefficient ,345(*)
The degree of risk ,005

Established enterprises are predominant 
on the market

Pearson’s correlation coefficient ,388(*)
The degree of risk ,001

Demand for innovative products or 
services

Pearson’s correlation coefficient ,208
The degree of risk ,093

“Being aware of the importance of 
innovations”

Pearson’s correlation coefficient ,210
The degree of risk ,091

* Correlation is significant at the 0,05 level (2-tailed)
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of innovation is being implemented within 
an enterprise,

– learning from obtaining new experts 
(r=0,456, p<0,01), which means that as new 
knowledge from obtaining new experts is 
introduced, new research and development 
for the purposes of innovation is being 
implemented,

– learning from other projects, which are 
underway at the enterprise (r=0,476, p<0,01), 
which means that connecting and spreading 
the knowledge within an enterprise affects 
the implementation of new research and 
development for the purposes of innovation,

– learning from failure (r=0,453, p<0,01), 
which means that learning from failure also 

Table 4.  Pearson‘s correlation coefficient between the variables‚ sources of information for implemen-
ting innovation activity‘ and‚ research-based learning within an enterprise‘

Sources of information Research inside company
Learning from findings during testing and/or 
production

Pearson’s correlation coefficient ,539(**)
The degree of risk ,000

Learning from obtaining new experts Pearson’s correlation coefficient ,456(**)
The degree of risk ,000

Learning from other projects, which are 
underway at the enterprise

Pearson’s correlation coefficient ,476(**)
The degree of risk ,000

Learning from failure Pearson’s correlation coefficient ,453(**)
The degree of risk ,000

Suppliers of equipment, materials or software Pearson’s correlation coefficient ,087
The degree of risk ,332

Customers or buyers Pearson’s correlation coefficient ,101
The degree of risk ,260

Competitors or other enterprises in your area Pearson’s correlation coefficient ,070
The degree of risk ,433

Learning from testing prototypes with buyers Pearson’s correlation coefficient ,260(**)
The degree of risk ,003

Learning through the after-sales service and 
elimination of errors

Pearson’s correlation coefficient ,234(**)
The degree of risk ,008

Advisers, commercial laboratories, 
implementors of market research or other private 
institutions for research and development

Pearson’s correlation coefficient ,277(**)

The degree of risk ,002
Universities or other higher education 
institutions

Pearson’s correlation coefficient ,396(**)
The degree of risk ,000

Governmental or public research institutions, 
research partners

Pearson’s correlation coefficient ,274(**)
The degree of risk ,002

Conferences, trade fairs and exhibitions Pearson’s correlation coefficient ,215(*)
The degree of risk ,016

Scientific journals and commercial/technical 
publications

Pearson’s correlation coefficient ,189(*)
The degree of risk ,035

Professional associations and associations of the 
industry

Pearson’s correlation coefficient ,265(**)
The degree of risk ,003

Databases with patent applications Pearson’s correlation coefficient ,198(*)
The degree of risk ,026

Governmental and economic delegations and 
other contacts at the international level

Pearson’s correlation coefficient ,259
The degree of risk ,004

** Correlation is significant at the 0,01 level (2-tailed)
* Correlation is significant at the 0,05 level (2-tailed)
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affects the implementation of new research 
and the development for the purposes of 
introducing novelties and improvements 
within an enterprise.

The interviewed enterprises ranked the follow-
ing as important obstacles to the implementation 
of the enterprise‘s innovation activity: resources 
in their enterprise or group (38 %), innovation 
costs (35 %) and availability of personnel on the 
labour market (23 %).

We were also interested which stakeholders/
partners the enterprises were cooperating with 
when implementing the innovation activities of 
the enterprise.

Graph 2.  The key partners/associates with whom 
the enterprises cooperate in the implementation 
of innovation activiy  

As the key associates/partners with whom the 
enterprises are cooperating in the implementation 

of innovation activity, half the enterprises (52 %) 
mentioned customers or buyers. This means that the 
enterprises are market-oriented. When introducing 
novelties they are oriented towards the buyers and 
their wishes and needs, with the purpose of „selling 
an innovation on the market“. The enterprises coop-
erate with suppliers of equipment and materials to 
a smaller degree (19 %). Contrary to expectations, 
the companies attributed extremely low importance 
to universities, faculties, research institutes and pro-
fessional and industry associations. From the afore-
mentioned, we can conclude that one of the most 
important issues of the Slovene innovation policy 
is the promotion of cooperation of companies with 
other players of the innovation system.

As expected, Table 5 clearly shows that, with 
regard to location, when carrying out innovation 
activity enterprises mostly cooperate with partners 
in Slovenia, followed by partners in EU countries. 
Only a small share of the enterprises cooperates 
with partners in the USA, China or India.

The results of the research have led us to con-
clude that despite the numerous supportive insti-
tutions for the transfer of knowledge, technologies 
and innovations in Slovenia, cooperation with the-
se was limited during the period in question. In 
enterprises the innovation activity for the purposes 
of innovating is largely focused on internal rese-
arch, since only a good third has obtained other 

Table 5.  Partners/associates for cooperation in the innovation activity of SMEs with regard to location

Partners 
in 

Slovenia

Partners in 
the former 
Yugoslavia

Partners in 
EU member 

states 
(without Slo)

Partners 
in the 
USA

Partners 
in China 
or India

Partners 
in other 

countries

Other companies in your group of 
companies 63% 21% 48% 3% 5% 9%

Suppliers of equipment, materials, etc. 57% 11% 62% 7% 9% 10%
Customers or buyers 74% 28% 50% 5% 6% 14%
Competitive companies or other 
companies in your industry 67% 20% 49% 7% 9% 11%

Advisers, commercial laboratories, 
market research providers or other 
private institutions for research and 
development

76% 11% 38% 6% 3% 5%

Universities or other higher education 
institutions 88% 8% 21% 1% 0% 0%

Government or public research 
institutions 90% 3% 17% 0% 0% 0%



712 Volume 9 / Number 3 / 2014

technics technologies education management

external knowledge and made other preparations 
for introducing innovations. The reasons for too 
weak cooperation among all the subjects of the in-
novation environment can be linked to the overly 
„traditionally-oriented closed innovation“ of Slo-
vene enterprises, and most certainly also with the 
common characteristic of numerous supportive 
institutions, whose operation is connected with 
personnel and financial weakness and, above all, 
with lack of interconnectedness. As yet we cannot 
speak of their essential contribution to the techno-
logical development of Slovene economy or their 
contribution to a more competitive NIS.

Conclusion

Of great importance for the development of 
SMEs is a stimulating environment, created by 
the state with its measures, above all a suitable 
financial environment for entrepreneurs, since it 
facilitates their access to seed, start-up, venture 
and warranty capital. In order for state measures 
to achieve their purpose, the procedures for ob-
taining funds must be as entrepreneur-friendly as 
possible, and the institutions must work in a co-
ordinated manner and employ experts who can 
provide suitable support to SMEs, with which the 
latter can more easily realise their objectives. 

The conducted analysis of the environment for 
promoting and developing the innovation activity 
of SMEs in Slovenia indicates a highly fragmented 
institutional environment and consequently a low 
level of connectedness among individual players 
in the innovation system. In order to increase the 
absorption ability of SMEs in Slovenia for the 
transfer of knowledge, technologies and innova-
tions, we must make use of the synergy benefits of 
cooperation among individual players in the NIS.

The characteristic of the surveyed Slovene 
SMEs is that they are quite introverted – their 
innovation activity is primarily focused on in-
ternal research and development – and, on the 
other hand, they are focused on the innovation of 
new products and a gradual improvement of the 
existing products, taking into account the needs, 
wishes and requirements of buyers. A correlation 
analysis has shown that there is a positive moder-
ate correlation between the sources of information 
which are important for implementing innovation 

activity (internal sources, market sources, insti-
tutional and other sources) and research-based 
learning within an enterprise. By introducing new 
knowledge from findings during testing and/or 
production, new research and development for 
the purposes of innovation is being implemented 
within an enterprise. A higher level of connecting 
and the spreading of knowledge within an enter-
prise affect the implementation of new research 
and development for the purposes of innovation. 
Simultaneously, despite the costs generated by 
failure, all activities that are focused on learning 
also influence the implementation of new research 
and development within the enterprise for the pur-
poses of introducing novelties and improvements. 
It should be pointed out that there is a weak, yet 
positive correlation between sources of informa-
tion that affect the provision of new innovations 
or innovation projects through learning and those 
that contribute to the completion of existing inno-
vations or innovation projects within an enterprise 
(universities or other higher education institu-
tions; learning from testing prototypes with buy-
ers; learning through the after-sales service and 
elimination of errors; advisers, commercial labo-
ratories, implementors of market research or other 
private institutions for research and development; 
governmental or public research institutions, re-
search partners; professional associations and as-
sociations of the industry).

Based on the data of the survey, we can con-
clude that Slovene SMEs do not fully exploit open 
innovation, but there is a good basis for network-
ing (mutual cooperation). Therefore, stimulating 
companies to cooperate with other players of the 
innovation system is one of the most important 
questions of the innovation policy.

Bearing in mind the „smallness of Slovene 
economy“, by using the model of connecting in-
stitutions with the economy and with open inno-
vation, Slovenia could gradually become included 
in or at least come close to the most innovative 
countries in the EU. The latter have numerous ad-
vantages in common, which result from the strong 
national research and innovation systems with the 
key role of business innovativeness and innova-
tiveness in higher education. In order to increase 
competitiveness, Slovenia will have to follow this 
model in the future. As has been established, the 
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rather introverted SMEs, whose innovation activ-
ity is focused primarily on internal research and 
development, will in the future have to be encour-
aged to employ external cooperation.
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Abstract

In this study, the “Avionics Experimentation 
Board (AEB)” that consists of basic avionics sen-
sors, a microcontroller and a PC interface is in-
troduced for enhancing the teaching of an under-
graduate course on avionics namely “Introduction 
to Avionic Systems” which is thought to the senior 
level cadets at the Turkish Air Force Academy 
(TurAFA) in Istanbul, Turkey. Even though there 
are many commercial laboratory sets for elec-
tronics experimentation, there is almost none for 
the education of avionics course contents. Even 
if you could find one, it wouldn’t be surprising 
that it is very expensive for the educational insti-
tutions with low budgets. The low cost and low 
level implementation of the “Avionics Experi-
mentation Board” described in this study is built 
around an “mbed” microcontroller and a PC GUI 
in MATLAB is implemented for interacting with 
the board and for displaying the sensor readings in 
real time. The benefit of using AEB for the Avion-
ics topics has been measured by getting feedback 
from the students via interview and by surveying 
their opinions. The results were very encouraging.

Key Words: Engineering education, interac-
tive learning, avionics, sensors, microcontroller.

1.  Introduction

Avionics which stands for “Aviation Electron-
ics” covers a broad spectrum of electronic systems 
and technologies like flight control, communica-
tion and sensor measurement systems. Avionics 
courses are present in the curriculum of many 
aeronautical and electronics engineering depart-
ments of universities and military colleges. While 
most of the education is given theoretically, some 
faculties have the option to make practical imple-
mentations of avionic control and measurement 

systems. However, while very useful for learn-
ing, these systems may cost as much as an actual 
on-board avionics system [1]-[4]. Procuring these 
systems may be difficult especially for non-mili-
tary or governmental schools. 

In this paper, the implementation of an “Avion-
ics Experimentation Board – AEB” composed of 
different kinds of sensors that are built around a 
microcontroller is described and its use in the class-
room is also addressed. AEB exposes students to 
avionics systems concepts and allows them to ex-
perience a variety of practical scenarios. It also al-
lows students to explore the effects of varying pa-
rameters and instantly observe their influence on 
the system’s behavior. Interaction with the module 
is straightforward. This sort of interaction proved 
to be helpful since it stimulates the students, and it 
is found that the interactive tool provides a stron-
ger motivation [5]-[8] for learning than does the 
traditional courses. Finally, extensive use of the 
AEB can give students an enhanced intuition and 
help to them to gain better understanding of the 
qualitative aspects of avionics systems.

Interactive learning thru the AEB describes the 
way of acquiring information through hands on, 
interactive means. Interactive learning is a com-
mon method employed in engineering education 
today and often involves the use of computers and 
other tangible equipment [9]-[11]. In universities, 
departments often use interactive learning as a 
way to get their students more involved. Instruc-
tors are not always successful at engaging their 
students when introducing lessons through typical 
lecture format. Certain subject matters within the 
courses on microcontrollers and avionics are more 
easily understood through interactive learning in 
lab experiments. Interactive learning with AEB 
can be utilized to give students a physical grasp of 
the avionic systems concept [12]. 

Design and Development of the “Avionics 
Experimentation Board” for an Undergraduate 
Course on Avionic Systems
Aydemir M. Emre, Gose Ersin, Ilarslan Mustafa
Department of Electronics Engineering, Turkish Air Force Academy, Turkey.
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The tremendous advancement in aircraft avion-
ics and aircraft systems over the last decade has 
created quite a dilemma for nearly all college and 
university flight education programs. Historically, 
flight education has been accomplished largely 
through a combination of direct, one-on-one flight 
instruction in an airplane, or through laboratory 
and flight simulator instruction [13]-[15]. Howev-
er, much of the avionics and aircraft systems found 
in the aviation industry are not found in training 
aircraft, and their complexity and sophistication 
has made them far too expensive to incorporate 
into flight simulators or avionics laboratories. For-
tunately, over the last few years, the development 
of avionics and aircraft systems instructional soft-
ware for personal computers and the emergence of 
the personal computer as a powerful computation-
al tool allows aeronautical and aviation education 
programs to provide realistic, economical, and ef-
fective computer-based instruction [16].

The so-called avionics experimentation board 
has gyro, accelerometer, GPS and pressure sensors 
that are controlled by an “mbed” microcontroller. 
The board takes sensor readings and displays them 
in real time on the alphanumerical LCD. Consid-
ering the fact that today’s most embedded systems 
have computer interfaces, the AEB board sends 
the data to a PC via a virtual serial port. The virtu-
al serial port is preferred because most of today’s 
PCs have only USB ports. The collected data is 
visualized via a GUI running under MATLAB. 

MATLAB is a very common, versatile and 
powerful tool that is being used widely on the 
application of engineering education in today’s 
world [17]. Using the MATLAB graphical pro-
gramming, students develop fast and efficient 
user-controlled applications for measurement, 
analysis and visualization of data such as control-
ling demonstration experiments to acquire signals 
and display them real time. 

2.  Didactic Aims

Interactive based learning was chosen as a teach-
ing methodology for courses that require practical 
applications in the final two years of study at TurA-
FA Electronics Engineering Department. It is very 
obvious that “Microprocessors – EE 444” and “Mi-
croprocessors Applications – EE 445” that include 

microcontrollers within the course contents could 
be placed on top of that list. Both courses have ex-
tensive laboratory applications that make use of 
the department’s existing laboratory infrastructure. 
There are many commercial laboratory sets for 
microprocessor and microcontroller experimenta-
tion that are versatile, general purpose and not so 
expensive which is unfortunately not the case for 
the avionics experimentation. Based upon the fact 
that “Microprocessors – EE 445” course is a pre-
requisite for the “Introduction to Avionic Systems 
– EE 495” course, we decided to develop our own 
avionics experimentation set built upon a general 
purpose microcontroller experimentation set which 
could normally be used for the education of micro-
processors related courses.

The area of avionics is quite an inter-disciplin-
ary area of technologies and hence it requires a 
broad knowledge and sense of each contributing 
technology [16]. This makes the education of avi-
onics especially at the undergraduate level very 
challenging. In our case, this course has been of-
fered to the senior students of the Electronics En-
gineering department and they were at the same 
time, taking either communication or control 
option’s main courses. Needless to say that both 
areas are important and fundamental parts of the 
avionics technology. So, it was needed to keep the 
theoretical content of the course at minimum.

Another point is that, avionics by nature is an 
applied technology area. It was necessary to show 
the students the evolutionary development and ap-
plication of many different technologies in this area 
of aviation. This necessitates the hands-on experi-
ence a must for the students. On the other hand, 
while we had dedicated laboratories to support the 
education of communications and control theories 
just like the many other universities had, we didn’t 
have a dedicated avionics laboratory. And it could 
only be set up by using peculiar piece of hardware 
which makes it very costly and application specific. 
So, this educational tool is considered very invalu-
able for the hands-on experience and demonstration 
of critical principles of the many avionic systems 
listed in the Table 1. The applications of AEB and 
modern digital instrumentation have enabled us to 
supply the students with more hands-on experi-
ence. This is an important aspect for the students’ 
training and technical education. The user-friendly 
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nature of AEB makes both the collection of the data 
and their analysis a straight-forward process. More 
thorough and in-depth experiments and demonstra-
tions can be scheduled within the normal laboratory 
and class periods. 

AEB has been proven to be a very cost-effective 
solution and tool for the study of following topics:

– Capturing and processing the GPS signal 
and code,

– Capturing and processing other sensor data,
– Driving analog and digital buses and 

studying their differences,
– Dealing with a display unit,
– Timing and synchronization of bus signals 

of different format & standard,
– Studying  the aspects of system architecture,
– Studying the concept of “real time” for the 

embedded systems

Without this tool, the course instructor had no 
other practical tool for teaching underlying princi-
ples of many avionic units and their integration to 
form a complete avionic system. Flight simulators 
can be used for the education of avionic systems 
as a whole but as they are targeting pilot training, 
they are both very expensive and lack the techni-
cal details covered in the curriculum. Laboratory 
demonstrations on specific topics could be an op-

tion but they happen to be too specific and detailed 
or that lab demo may not be performed by utiliz-
ing the existing laboratories. In that case, we had 
had to skip that topic and leave it to the imagina-
tion of the students. 

3.  Physical Description of Avionics  
Experimentation Board 

The avionics course syllabus consists of defini-
tion & measurement of the dynamic physical quan-
tities of air data as air pressure, velocity, tempera-
ture and their use within the flight control system. 
There are many dedicated instruments for demon-
stration of this purpose. Today, it is possible to im-
plement a system for this purpose in the classroom. 
The microcontrollers have come a long way from 
early 8-bit architectures with interpreter software 
to today’s 32-bit RISC processors with embedded 
peripherals such as ADC, DAC and SPI, I2C and 
CAN buses. The mbed NXP LPC1768 Develop-
ment Board is selected for this purpose which is 
easy to program by cloud C compiler and has been 
the preferred choice in many aerospace applica-
tions such as CANSATs that have been proven to 
be useful in aerospace training [18]-[19]. Another 
good feature of this board is that, due to its DIP-
40 package, it can easily fit on a prototyping bread-

Table 1.  Applicability of AEB for “Introduction to Avionics System” Course
Chapters Topics

Satellite Navigation GPS
Airborne Communications 
Systems

HF, VHF, UHF, Digital Communication, Data Links (VDL, Mode-S, Military 
Data Links)

Onboard Communications: Intercom, Data Buses (ARINC 429, 629, 664 (Ethernet,  FDX,) 825 (CAN Bus), 
Mil Std 1553, Fiber Optic Data Comm.

Indicators (Electromechanical Indicators, Electronic Displays), Display Technologies, HUD
Air Data (Sensors, indicators, computers)
Flight Control Systems (Aircraft Dynamics, Fly-by-wire, Inertial Navigation, Accelerometers & Gyros)
Avionic Systems 
Engineering Topics Avionics Architecture, Power Sources, Systems Integration, HW/SW Issues

Table 2.  List of Board Components
Component Name Feature Task

mbed NXP LPC1768 32 Bit ARM Microcontroller CPU Development Board
MPL115A2 I2C Pressure Sensor

LPY503 8.3 mv deg/sec Dual Axis Analog Gyroscope
GT-720F GPS Module with Integrated Antenna

ADXL202E +- 2g (0.78V/g) MEMS Dual Axis Acceleration Sensor
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board.  On the other hand, many sensors are avail-
able with embedded temperature compensation and 
signal conditioning. This is a very important feature 
for precision sensors because compensation of un-
wanted parameters involves external circuitry and 
calibration which brings complexity [20]. The list 
of board components is shown in Table 2. 

The block diagram and the picture of AEB are 
given in Figure 1 and Figure 2 respectively. Here, 
it is seen that components are balanced in a blend 
of digital & analog components. This is important 
for understanding of the physical phenomena and 
implementing the digital interface with it. The 
pressure sensor is fully temperature compensat-
ed and transfers data via I2C protocol while the 
MEMS gyro sensor is analog and is read via an 
analog to digital converter. 

Figure 1.  The block diagram of the Avionics  
Experimentation Board

Figure 2.  Avionics Experimentation Board 

The flowchart for board firmware & MATLAB 
Interface is given in Figure 3. The programming 
language for the mbed microcontroller is C. The 
compiler is online so students can reach it from 
everywhere.

Figure 3.  Flowchart for the embedded software 
execution of the AEB and the MATLAB GUI

The library for mbed includes drivers for sev-
eral peripherals including the sensors and GPS in 
this study therefore the students can understand 
the code easily and effectively. The students can 
evaluate the construction and operation of a basic 
avionic system by hands-on training. Some pe-
ripherals may be easily disconnected for the simu-
lation of malfunctions and this helps a better un-
derstanding of system operation. The screenshot 
of developed MATLAB GUI is given in Figure 4. 
In this GUI, the user initiates the flow of data from 
the AEB to the PC by pressing the “Raw Data” 
button. After that, the acceleration, pressure, gyro-
scopic and GPS sensors outputs may be monitored 
on the GUI synchronously with the LCD screen. 
This is accomplished by using the virtual serial 
port protocol via a special interface on the USB 
port. As many PC’s do not come with a serial port 
any more, this is an important feature for utiliza-
tion. The reason for using the serial port is because 
it is very easy to use and has enough baud rate 
to handle instrumentation tasks. Here, the LCD 
represents the cockpit displays while the PC rep-
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resents the flight data computer. The student can 
change the source code for AEB and MATLAB 
GUI in order to tailor the system for any other spe-
cial demand.

4.  Assessment and Evaluation 

For evaluating the effectiveness of AEB as 
an educational tool, the methodology in [9] was 
followed. The students were surveyed regarding 
their confidence in working with AEB and their 
attitudes toward the teaching structure.

4.1  Methodology

The operation of the system is quite straightfor-
ward. After the user sends the “Start Data Acqui-
sition” command from MATLAB via the virtual 
serial port on USB, The microcontroller reads the 
pressure and gyroscopic movement values from 
the sensors and shows them on the alphanumeri-

cal text LCD instantly. As the experimental board 
is very lightweight, it can be moved freely in any 
direction and the variation of the parameters can be 
monitored by which the students can interact freely 
with the sensor behaviors on their own in real time. 
Another method for observing and processing these 
parameters is via GUI software. The MATLAB is 
popular for instrument control purposes [21].

The use of AEB, from the students’ point of 
view and how this contributes effectively to en-
hancing the learning of avionics are important is-
sues for the instructor. To this end, a qualitative as-
sessment based on a focus group interview [22] and 
a traditional course survey were conducted by the 
instructor. Interviewing students constitute an ex-
cellent way of assessing the use of the new learning 
module as well as learning outcomes. The interview 
consisted of discussing a set of open-ended ques-
tions with the students, raising two primary issues: 
the usability of the module and its effectiveness in 
learning. After the discussion, students were asked 

Figure 4.  MATLAB GUI Output
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to give an evaluation (from 1 to 5) for each of the 
discussed questions. The assessment was conduct-
ed with two groups (a class of control engineering 
option and a class of communication engineering 
option) during the second (Spring) 2012 semester. 
In all, 34 students took part in the interview. The 
students’ questionnaire and corresponding evalua-
tions are summarized in Table 3. The results and 
feedback are very positive. The majority of the stu-
dents agreed and strongly agreed that they had de-
veloped deeper knowledge and better understand-
ing of avionics course with AEB.

4.2  Results and Discussion

Concerning the usability of AEB, students 
were receptive to using the new tool. The major-
ity agreed that it is easy to use and does not add 
cognitive load. They also agreed that the use of 
AEB with a GUI is much better than direct use of 
it since it helps them to proceed quickly. Students 
agreed that its most valuable feature is the mul-
tiple sensors provided as a means to explore the 
effects of varying parameters on system behavior. 

The results from the question on whether the 
module is useful for complementing lectures 
showed that students consider AEB as very valu-
able for enhancing in-class sessions and for en-
abling them to a laboratory dimension for practi-
cal hands-on applications. The students also had 

asked for expanding the capabilities of AEB to 
cover more topics and subjects. 

The results and feedback are very positive. The 
majority of the students agreed and strongly agreed 
that they had developed deeper knowledge and bet-
ter understanding of avionics course with AEB. 

Concerning learning outcomes, students uni-
formly agreed that AEB allowed them to pay more 
attention to sensors’ results. Some students declared 
that the interactive feature of AEB activated their 
curiosity to understand the underlying principles of 
avionics systems and microcontroller applications. 

5.  Conclusion

The purpose of this paper is to present the practi-
cal application of AEB for a theoretically thought 
course. It is considered as a low cost solution for 
the didactic needs of the avionics course for the 
hands-on practical applications which can only be 
supplemented by regular laboratory sessions. In the 
case of an undergraduate course on Avionics, such 
a laboratory infrastructure is either very costly or 
very complicated or even impossible to set up. 

The “Avionics Experimentation Board – AEB” 
is considered to be a valuable practical tool for 
teaching avionics within the field of electronics 
engineering. Most of the avionics systems require 
measuring physical variables (e.g., GPS, pressure, 
acceleration, gyro, energy). AEB contains a set of 

Table 3.  Summary of the Results of the Survey for AEB

Questions Percentage of agree 
or strongly agree

AEB helps students understand the principles of microcontroller and avionics systems. 80%
Learning to use AEB is a useful tool for developing application of avionics. 85%
Using real sensor’s data with AEB helps make system simulation analysis more 
interesting. 75%

AEB applications that are hardware-based instead of software simulations are 
preferable. 85%

AEB was worthwhile because of abilities and knowledge acquired. 85%
AEB helps the students to develop new skills. 80%
AEB is easy to use. 85%
AEB is productive and allows setting up simulations quickly. 80%
AEB is useful for complementing lectures. 85%
AEB gave the students more motivation to learn. 80%
AEB is more useful to students than a traditional course teaching. 85%
AEB is a new approach for experimental course teaching.  80%
AEB is good overall. 85%
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devices that allow the gathering and conditioning 
of those variables as well as their processing via a 
micro controller.

Concerning the usability of AEB, students are so 
eager to use the new tool for measuring and analyz-
ing the data relating to their concerns. The major-
ity thought that it is easy to use AEB and does not 
put an extra work for manipulation of it. They also 
agreed that the use of AEB is much better than typi-
cal experimental applications. Students believed 
that its most valuable feature is how to observe data 
from transducers, how to use in the laboratory en-
vironments, how to analyze and synthesizes the re-
ceived data by using proper computer programs. Fi-
nally, many students agreed that AEB helped them 
to understand the application of avionics systems 
and many of them felt that AEB as an robust mod-
ule was an effective learning medium. 

It also allows students to explore the signals in-
stantly and observe their characteristics on the on 
the computer environments. Training with AEB is 
straightforward and is done essentially using GUI. 
This sort of training proved to be helpful since it 
stimulates the students, and it is found that AEB 
provides a stronger motivation to learn than does 
the traditional experimental courses. Finally, ex-
tensive use of AEB can give students an enhanced 
intuition and help to them to gain better under-
standing of qualitative aspects of experimental 
courses of engineering department at TurAFA.

Future Works

The following topics are considered as the fu-
ture work;

– Adding IMU (Inertial Measurement Unit) 
sensor unit to help the study of the topic of 
inertial navigation,

– Sensor integration of the two navigational 
sensors (GPS and IMU) to demonstrate the 
concept of sensor fusion and methods like 
Kalman filtering,

– Replace the display unit with an advanced 
model that is driven by standart interfaces 
like RS-422 which will also support the 
study of topics of ergonomy like man-
machine interface, symbology etc.

– To link multiple units of the same type 
to study the advanced topics of systems 

architecture, network topologies, different 
data buses and their differences, digital 
communication  etc.,
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