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Abstract

Successful efficiency measurement of university departments is very important issue in today’s globalised world and depends on paying
high attention on critical input and output factors affecting efficiency measurement. In this study we aim to determine critical input and
output factors in efficiency measurement of university departments by using fuzzy DEMATEL (Decision Making Trial and Evaluation
Laboratory) method. Factors that are used in efficiency measurement of university departments have been extracted from the literature.
Then Fuzzy DEMATEL method has been employed to separate cause and effect group of factors in input and output sets. Cause groups
are advised to be used in DEA (Data Envelopment Analysis). This study is the first reference in the literature which uses a fuzzy
DEMATEL technique in determination of effective critical input and output factors in successful efficiency measurement of university
departments.
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UNIVERSITELERDE BOLUM ETKINLIKLERININ
OLCULMESINDE KULLANILAN KRITIK BASARI
FAKTORLERININ BULANIK DEMATEL YONTEMI ILE
BELIRLENMESI

Ozet

Glinlimiiziin globallesen diinyasinda {iniversite boliimlerinin bagarili etkinlik 6l¢iimii ¢cok dnemli bir konudur ve bu 6l¢iimiin bagarisi
dogru girdi ve ¢ikt1 faktorlerinin belirlenmesine baglidir. Bu ¢alismada, tiniversite boliimlerinin etkinlik 6l¢iimiinde kullanilan Kritik girdi
ve cikt1 faktorleri Bulantk DEMATEL (Decision Making Trial and Evaluation Laboratory) yontemi kullanilarak belirlenmistir. Oncelikle
literatiirden {iniversite boliimlerinin etkinlik 6lgiimiinde kullanilan faktorler elde edilmistir. Daha sonra Bulanik DEMATEL yontemi ile
girdi ve cikt1 kiimeleri i¢in ayri ayri etkileyen-etkilenen gruplar belirlenmistir. Etkileyen gruplarin VZA’da (Veri Zarflama Analizi)
kullanilmast Onerilmistir. Bu ¢alisma {iniversite boliimlerinin etkinliklerinin 6lgiilmesinde kullanilan kritik girdi ve ¢ikti faktorlerinin
tayini i¢in bulanik DEMATEL tekniginin kullanildig: literatiirdeki ilk caligmadir.
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1. INTRODUCTION

Economic crises caused by increase in public sector
spending has led to a questioning the concept of public
financial management in many countries. Improving the
quality of public services, increasing the resource usage
capacity, ensuring efficiency, effectiveness and
thriftiness in resource usage, make nonprofit government
organizations employing efficiency analysis methods in
their operations (Eruz, 2005).

Higher education is one of the most important factors
in producing information, in high quality servicing to the
community and in meeting the qualified work force
demand of a country. Transition process to information
society began at the last quarter of the twentieth century
throughout the world. This process has been continuing
since then. Transition process has brought a new global
economic structure called knowledge economy. In this
new structure, while economic power of individuals is
measured with knowledge, education levels and
competitiveness of countries is measured with the human
and social capital. This process has increased the
expectations of public from universities which are
primarily responsible for knowledge generation and
sharing and has led to increased competition between
universities (YOK, 2007). Besides expectations, the
demand for higher education has been continuously
increasing in developing countries which have high
percentage of young population. While this situation
increases the number of universities in developing
countries, universities are forced to use their resources
effectively. For example, in Turkey, number of
universities was 76 in 2003. This number has increased
to 190 in 2015. Similarly while enrolments in higher
education were about 1,200,000 in 2003, this number
reached to about 6,000,000 in 2015. Therefore analysis of
effectiveness and efficiency in universities has become a
major management tool.

Quality of education is prerequisite for the continuity
of competitive advantage of universities. Sustainability of
quality depends on efficiency measurements. Efficiency
of universities and university departments has been
researched from many different points of view by many
researches (Ahn, Arnold, Charnes & Cooper, 1989;
Arcelus & Coleman, 1997; Athanassopoulos & Shale,
1997; Avkiran, 2001; Breu & Raab, 1994; Coelli, 1996;
Coelli, Rao & Battese, 1998; El Mahgary & Lahdelma,
1995; Flegg, Allen, Field & Thurlow, 2004; Flegg &
Allen, 2007; Friedman & Sinuany-Stern, 1997; Haksever
& Muragishi,1998; Johnes, 2006; Johnes & Yu, 2008;
Koksal & Nalcaci, 2006; McMillan & Datta, 1998;
Preeti, Shiv & Singh, 2009; Worthington & Lee, 2008).
These researches basically strive to get answers to the

following questions: Do the inputs used in the system
maximize the resulting outputs? Are the types and
quantities of inputs and their relevant outputs appropriate
to achieve educational goals of universities or university
departments? Under current budgetary constraints are
academic objectives complied? If the budget cuts are
made, to what extent the quality of education to be
lowered is allowed? Finding appropriate answers to these
questions is the core subject attracted the attention of
many researchers. It is clear that academic units’
efficiency evaluation is a difficult task due to the
difficulties in measurements of inputs and outputs, to the
large number of such measures relative to the
departments, to the data collection problems, and to the
implications of resource allocations as a result of
budgetary cuts which are difficult to estimate in advance.
Comparing different university departments in terms of
efficiency make this problem even more complicated
(Arcelus & Coleman, 1997).

Efficiency is mostly measured by using parametric
methods (i.e. ordinary least square method),
nonparametric methods (i.e. Data Envelopment Analysis)
and performance indicators. These methods have pros
and cons comparing to each other. Performance
indicators are an effective method when only one input
and one output are determined in measuring efficiency.
In case of multi input and output, the method doesn’t
work. In the literature, some of the researches on
university efficiency measurement that focus on
performance indicators are Cave, Hanney & Kogan,
1991; Chalmers, 2008; OECD, 2007; Pereira & Tavares,
2002; Ward, D. 2007. Parametric methods need
distribution functions for technology and inefficiency. On
the other hand, non-parametric methods use multiple
inputs and outputs in efficiency evaluation.

DEA is a nonparametric method which is widely used
in measuring the efficiency of organizations. Comparing
to other measurement methods, it’s advantages is lied on
the fact that it uses distance function approach in which
multiple inputs and outputs can be employed (Johnes &
Yu, 2008). There are considerable amount of studies in
the literature which use DEA method in efficiency
evaluation of universities and university departments
(Athanassopoulos & Shale, 1997; Avkiran, 2001; Coelli,
1996; Flegg, Allen, Field & Thurlow, 2004; McMillan &
Datta, 1998; Casu & Thanassoulis, 2006; Fox &
Milbourne, 1999; Salerno, 2006; Stevens, 2001;
Worthington, 2001; Glass, McKillop & Hyndman, 1995;
Johnes, 1996).

DEA is a linear programming based technique that
aim to evaluate relative performances of decision making
units (DMU) in case there exists multiple inputs and
outputs which have different measurement units. The
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Basic assumptions of DEA are that all DMUs have
similar strategic objectives and they use same kind of
inputs and produce same kind of outputs. DEA measures
efficiency of DMUSs that have same goals and objectives.
By using DEA, inefficient DMUs can be determined and
corrective measures can be taken. Evaluations of many
input and output at the same time are very difficult task
for managers. At this point, DEA provides important tool
in determination of relative efficiency (Oruc, 2008).

The most important part of DEA is the selection and
definition of proper input and output factors. In the
literature mostly used inputs in university departments’
efficiency evaluation are number of academic staff,
number of assist academic staff, number of non-academic
staff, number of undergraduate students, number of MSc.
students, number of PhD. students, total department
expenditures, research budget, department budget,
number of laboratories, number of computers, number of
classrooms, building usage area, humber of courses and
minimum score of student selection exam. Outputs are
number of papers published in academic journals (SCI,
SSCI), number of papers published in peer-reviewed
journals, number of proceedings, number of academic
researches, number of undergraduate awards, number of
postgraduate awards, number of doctorates awards and
research Incomes. Numerous numbers of input-output
combinations were formed in previous studies (Ahn,
Arnold, Charnes & Cooper, 1989; Arcelus & Coleman,
1997; Athanassopoulos & Shale, 1997; Avkiran, 2001;
Breu & Raab, 1994; Flegg, Allen, Field & Thurlow,
2004; Friedman & Sinuany-Stern, 1997; Johnes, 2006;
Johnes & Yu, 2008; Koksal & Nalcaci, 2006; McMillan
& Datta, 1998; Preeti, Shiv & Singh, 2009; Worthington
& Lee, 2008, Beasley,1990,1995; Bessent, Bessent,
Charnes, Cooper & Thorogood, 1983). Moreover, data
availability is the other major concern in formation of
input-output factors (Katharaki & Katharakis, 2010).

However, a systematic method to identify the inputs
and outputs hasn’t been observed in the literature.
Instead, researchers determine these factors intuitively or
conceptually. The major drawback in selection of these
factors is that researches ignore effects of factors to each
other. Factors that are influenced from other factors are
not useful in measuring the efficiency of DMUs.
Therefore critical factors in efficiency measurement must
be determined. Discrimination of factors as cause and
effect group is the subject of DEMATEL method. Gabus
and Fontela developed DEMATEL method (Gabus &
Fontela, 1972, 1973). This method visualizes the
complicated causal relationships of factors via matrices
and digraphs. DEMATEL also separates the criteria into
cause and effect factors’ groups which make decision
making easier (Wu & Lee, 2007).

It is usually difficult to make decision with crisp
values in vague environment. Uncertainty in decision

making necessitates employment of fuzzy logic. Fuzzy
logic usually used to handle uncertainty and vagueness of
decision making process (Zadeh, 1965; Bellman &
Zadeh, 1970). DEMATEL method combined with Fuzzy
logic is used to obtain more realistic decisions in fuzzy
environments. In the literature, there exist some studies
that combine DEMATEL and Fuzzy logic (Wu & Lee,
2007; Mokhtarian,2007; Zhou, Huang & Zhang, 2011;
Chang, Chang & Wu, 2011).

In this study we aimed to determine critical input and
output factors by using fuzzy DEMATEL method for
efficiency measurement of university departments.
Factors that are used in efficiency measurement of
university departments were extracted from the literature.
Then Fuzzy DEMATEL method was employed to
separate cause and effect group of factors in input and
output sets. Cause groups were advised to be used in
DEA analysis.

The following sections of the paper are organized as
follows. Literature Review about university departments’
efficiency  measurements and  applications  of
DEMATEL-fuzzy logic combination are presented in
section 2. In section 3, applied method is described. In
section 4, empirical study is presented. Section 5 is
dedicated to discussion about results of the study.
Conclusion and further study opportunities are presented
in the last section.

2. LITERATURE REVIEW

In recent years, considerable amount studies have
been done to analyze the efficiency of academic
departments in universities. Among these, some
important studies are briefly reviewed as follows.

Bessent et al. (1983) used DEA to evaluate the
relative efficiency of education programs in a community
college in USA. Outputs were considered as revenue
from state government, number of students completing
the program, and employer satisfaction with training of
students. Inputs were student contact hours, number of
full time equivalent instructors, square feet of facilities
for each program and direct instructional expenditure.

Beasley (1990) studied efficiency of Chemistry and
Physics departments in UK. Financial variables (research
income and expenditure) were used as inputs. Outputs
were numbers of undergraduate and postgraduate
students and research ratings. Beasley (1995) also used
same data set to determine the research and teaching
efficiencies where weight restrictions were applied.

Arcelus and Coleman (1997) assessed short and long
term effects of fixed budget formula on the efficiency of
academic departments of New Brunswick University by
using DEA. Inputs of their model were the number of full
time equivalents teaching staffs (professors, instructors
etc.), number of support staffs (secretaries, non-faculty
student advisors, technicians etc.), operating expenses
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and library expenses. The corresponding outputs were
average enrollment per class (student/class), average
number of classes taught per department (sections),
number of undergraduate students and number of
undergraduate students receiving their degree in a given
year at any given department, number of graduate
students in each departments program receiving their
degree in a given year (MSc. and PhD.)

Koksal and Nalgact (2006) used DEA to measure
relative efficiencies of academic departments of an
engineering college. They determined input and output
criteria utilizing the academic personnel performance
measurement of the collage. They also developed
measures to compare departments of different disciplines.
Their input measures were academic staff salaries (Sum
of salaries of faculty and assistants in the department in
the period under consideration), potential of the
department (20x(average number of publications of a
faculty member when appointed as an associate
professor, over the past 10 years in the department),
Entering students (Weighted sum of students starting
BSc. education four years before (1 point), M.Sc.
education three years before (3 points) and PhD.
education five years before (6 points) than the
measurement period).Output measures were research
activities and quality (sum of points gathered by the
departments academic personnel in that period in
publications, editorial work and translation), education
activities and quality (Sum of points gathered by the
department personnel in that period due to their
education activities and their quality), other activities
(activities such as administrative duties in the university
or other institutions, conference organizations and
seminars) and Graduates (Weighted sum of BSc. (1
point), MSc. (3 points) and PhD. (6 points) students
graduated in a period).

Preeti et al. (2009) evaluated the performance
efficiencies of 19 academic departments of 1T Roorkee
(India) through DEA technique. Outputs that they used
were the number of academic staff, the number of Non-
academic staff and departmental operating cost. Outputs
were total enrolled students, number of postgraduate
degrees and number of graduate degrees and research
index.

After Gabus and Fontela (1972, 1973) initiated
DEMATEL technique, considerable amount of studies
have been done concentrated on structural model that
gathers group knowledge and visualize the causal
relationship of criteria by using graphical diagram.
Recently, the DEMATEL and fuzzy DEMATEL methods
have been studied in different areas, such as real estate
agent service quality (Tseng, 2009), personnel selection
(Aksakal & Dagdeviren, 2010), emergency management
(Zhou, Huang, & Zhang, 2011), supplier selection and
evaluation (Chang, Chang, & Wu, 2011; Biiyiikozkan &
Cifei, 2012; Mavi & Shahabi, 2015), human resources
management (Chou, Sun, & Yen, 2012), machine
selection (Organ, 2013), facility layout (Altuntas, Selim,
& Dereli, 2014), private school evaluation (Baykasoglu

& Durmusoglu, 2014), determining environmental
performance (Tsai et al., 2015), project selection (Ortiz,
Felizzola, & lsaza, 2015; Vinodh & Swarnakar, 2015),
ship selection (Sener, 2016).

Aksakal & Dagdeviren (2010) proposed an integrated
algorithm by combined DEMATEL and Analytic
Network Process (ANP) for decision making about the
personnel selection. There were six evaluation criteria for
four candidate personnel. The evaluation criteria were
experience, communication, foreign language, computer
skills, team member skills, strategic thinking. The
analyze results indicated that, communication, team
member skills and experience are the crucial criteria in
personnel selection, respectively.

Zhou et al. (2011) used fuzzy DEMATEL method to
determine influencing critical success factors of
emergency management. In this study, a set of 20
complex influencing factors were divided into a cause
group and an effect group. According to the analyze
results, five factors were defined critical success factors
in emergency management.

Chang et al. (2011) studied fuzzy DEMATEL method
in determining key factors in supplier selection. Their
model analyzed supplier performance to determine
influencing critical success factors in supplier selection.
In the study, a fuzzy DEMATEL questionnaire was sent
to seventeen professional purchasing personnel in the
electronic industry. The results showed that technology
ability, stable delivery of goods, lead-time and
production capability criteria are more influential than
other evaluation criteria.

Chou et al. (2012) used an integration of fuzzy
Analytic Hierarchy Process (AHP) and fuzzy DEMATEL
method in human resource for science and technology
(HRST). The fuzzy DEMATEL method was used to
capture the complex relationships between dimensions
and criteria. It was seen that for HRST, infrastructure is
the most important criteria and the education, R&D,
expenses and immediate output are more important
second-tier criteria than value, cooperation, labor market,
human capital and intermediate output.

Organ (2013) used fuzzy DEMATEL method to
reveal the relationships among each criteria in machine
selection problem for a textile firm. The used criteria
were cost, quality, technical properties, performance and
flexibility of machines. It was found that, the most
important criteria for selection machine in firms is
technical properties.

Altuntas et al. (2014) presented a fuzzy DEMATEL-
based solution approach for facility layout problem. The
proposed approach allowed both qualitative and
quantitative location factors. They considered six
important location factors. These are material flow,
information flow, personnel flow, equipment flow,
environmental condition and supervision of personnel.
To explore the viability of the proposed approach, a real
world problem in a machinery industry firm was handled.
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Baykasoglu & Durmusoglu (2014) used DEMATEL
based on ANP and Fuzzy Cognitive Map model for
private primary school selection problem. The
DEMATEL method was used to determine the relative
weight of the main criteria. A case study in Turkey was
handled.

Tsai et al. (2015) used to fuzzy DEMATEL to define
the direction and level of interaction between
environmental performance criteria of the Printed Circuit
Board (PCB) industry in Taiwan. The study classified the
environmental performance measurement system into 4
major dimensions (i.e., green development, green
manufacturing, green management and green recycling),
which comprised 10 criteria (i.e., green design, green
material procurement, air & water pollution, waste
pollution, energy consumption, green marketing, green
transport, green image, green packaging and product
recycling). According to the results, it emerged that green
design, green material procurement, and energy
consumption are the most crucial criteria.

Ortiz et al. (2015) presented both an integrated
DEMATEL and ANP technique and only ANP technique
to establish the most suitable six sigma project in a public
medical center. The hierarchical evaluation model
included 3 strategies, 4 criteria and 15 sub-criteria and
after analyzing, the integrated method and ANP were
compared to evaluate their performance in the decision
making process. Because of decreasing error probability,
the integrated method could be found better.

Sener (2016) used DEMATEL method to determine
ship selection criteria in maritime transportation industry.
Real-world data was used to illustrate the application of
the model. In this study, ten criteria were used. These
were cost, payment due date, delivery time, reputation of
the shipping company, flag of the ship, age of the ship,
duration of detentions, classification organization,
capacity of the ship and speed of the ship. According to
the results, reputation of the company was the most
important criteria and other critical factors were the
duration of detentions, classification organization, cost,
and age of the ship.

Although fuzzy DEMATEL method was employed in
determination of critical factors in several fields, similar
applications weren’t encountered on the scope of
university department’s efficiency measurements. This
study aimed to fill this gap in the literature.

3. Fuzzy DEMATEL Method

Fuzzy DEMATEL technique includes 7 basic steps;

Step 1: Objectives and Evaluation criteria with respect
to them are determined.

Step 2: Decision makers are questioned to determine
their judgments about the relationship between criteria.
Since human judgments on evaluation criteria include
uncertainty, five linguistic terms “Very high influence,

High influence, Low influence, Very low influence, No
influence” are determined. Then these linguistic terms
are expressed as positive triangular fuzzy numbers as
shown in Table 1. The answers of decision makers in
terms of linguistic terms are converted to triangular fuzzy
numbers.

Table 1. Fuzzy Linguistic Scale

Linguistic term Triangular fuzzy number

No Influence (No) (0, 0, 0.25)
Very Low Influence (VL) (0, 0.25, 0.50)
Low Influence (L) (0.25, 0.50, 0.75)
High Influence (H) (0.5,0.75, 1.0)
Very High Influence (VH) (0.75, 1.0, 1.0)

Step 3: Let X% is the k. evaluators’ fuzzy decision
matrix about the crileiia expressed in terms of fuzzy
triangular numbers. X ®) is normalized as follows

0o & .. W
20 _ gy 0o . x$>, k=12..p (1)
%0

ro max (Z; uiﬁ ] )
j=

() © 0
g Z G 7 mg” oy 3)
i - - il )
T T e ®

Step 4: In this step, average value of p evaluators’
normalized fuzzy decision matrix is found.

)Z(l) ® X(Z) @“_@X(p)

X = (4)
p
X, X X P,
Colx, %, .. X 2%
X = .21 .22 . %n ; Xij =Xt (5)
. : . : p
X X X

Step 5: After finding initial direct relation matrix and
normalizing it, Total relation fuzzy matrix (T ) is defined
as follows;

T=X.(-X)* (6)
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Step 6: In this step Q and F\~’i are calculated. [Si is
the sum of the row and R, is the sum of the column of
T Then D; and R, are defuzzified separately.

Best Nonfuzzy Performance (BNP) value (Hsieh et
al., 2004) was used as a defuzzification procedure. The
BNP value can be found using the following equation;

BNR, =((U; - L)+ (M; —L;))/3+L, (7)

]

BNP; represents the defuzzified value_of D. and R,
. We call defuzzified value of D, and R; as Dj and R;
respectively.

In order to determine causal relationships between
Critical success factors, D,+R and D, —R are
calculated. While D, + R, represents degree of central
role (how much importance the criteria has), D, —R;
shows the degree of relation. Relation divide the criteria
in to cause and effect group. If D, — R\ is positive then
criteria belong to cause group. If D, — R; is negative then
criteria belong to effect group.

Step 7: Causal diagram is constructed. In this diagram
the horizontal axis represents D, — R, while vertical axis
represents D, +R. . In this diagram, Criteria above the
horizontal axis mean that they belong to cause group.
Criteria below the horizontal axis mean that they belong
to effect group.

4. Empirical Study

In our empirical study, critical input and output factors
were distinguished from input and output sets that are
used in efficiency measurement of university
departments by employing fuzzy DEMATEL method.
Factors that are used in efficiency measurement of
university departments were extracted from the literature.

According to our objective of determining critical
factors in input and output sets, 15 input factors and 8
output factors were selected. Selected inputs and outputs
are shown in Table 2 and Table 3, respectively.

Table 2. Selected Input Factors

Factor | Description

Cinl Number of Academic Staff

Cin2 Number of Assist Academic Staff
Cin3 Number of non-Academic Staff
Cind Number of Undergraduate Students
Cind Number of MSc. Students

Cinb Number of PhD. Students

Cin? Total Department Expenditures
Cin8 Research Budget

Cin9 Department Budget

Cin10 Number of Laboratories

Cinll Number of Computers

Cinl2 Number of Classrooms

Cinl3 Number of Square Meters of Building
Cinl4 Number of Course

Cinl5 Minimum Score of Student Selection Exam

Table 3. Selected Output Factors

Factor Description

Gl Number of Papers Published in Academic Journals (SCI,
SSCI)

Cout2 Number of Papers Published in Peer-reviewed Journals

Cout3 Number of Proceedings

Coutd Number of Academic Researches

Caf® Number of Undergraduate Awards

Coutb Number of Postgraduate Awards

Cout? Number of Doctorates Awards

Cou8 Research Incomes

Then questionnaire form was designed for taking
opinions of experts who took active roles in academic
departments. Experts were chosen from different
universities and from different departments as much as
possible. Under these circumstances, 8 experts were
asked to make pair wise comparisons between each pair
of critical input and output factors separately. Experts
identified their opinions through linguistic scale
determined in Table 1. As an example, the assessment
data of an expert for input and output factors are shown
in Table 4 and Table 5.
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Table 4. Assessment Data of an Expert for Input Factors in Linguistic Scale

Cinl Cin2 Cin3 Cin4 Cin5 Ciné Cin7
Cinl - H L L L L L
Cin2 No - L VL L L VL
Cin3 No No - No No No L
Cind | VH VH H - H H H
Cin5 VH H H No - VH H
Ciné H L L VL VL - L
Cin7 H H No H H H -
Cin8 H H No No H H VH
Cin9 H H H H H VH
Cinl0 L L No H H VH
Cin1l No No No H H H
Cinl2  No No No VL VL VL
Cin13 No No No H H H VL
Cinl4 H L No No No No L
Cinl5 VL VL No VL No No No

Table 5. Assessment Data of an Expert for Output Factors in Linguistic
Scale

Cutl Cut2 Cou3 Cod Cotd Cautb Cou? Cou8
Coutl - VH H L No No No VL
Cui2 H - L H No VL No No
Cu3 L VL - No No No No No
Cud H H VH - VL H H VH
Cwtd L VL L L - VH H VL
Cut6b H H VH H No - VH H
Cout?7 H VH H L No No -
Cu8 VL L VL H L VL VL -

Assessment data of each expert in linguistic scale
were then converted to triangular fuzzy numbers by using
conversion rules given in Table 1. As an example,
assessment data of an expert given in Table 4 and Table 5
are redefined as triangular fuzzy numbers in Table 1 and
Table 2 in the Appendix. C1 through C15 are critical
input factors, C1 through C8 are critical output factors

Table 6. Valuesof D,, R, D,,R, D+R and D,—R for Input Factors

D, R;
Factor
| m u | m
1 0.5643 11711 2.8896 0.3913 0.8478
2 0.1611 0.5145 1.7764 0.4155 0.9106
3 0.0836 0.2319 1.2905 0.2605 0.5703
4 0.8292 1.5889 3.2657 0.3222 0.7974
5 0.5350 1.1361 2.8835 0.3964 0.9349
6 0.4811 1.1071 2.8242 0.4471 1.0040

Determination Of Effective Critical Factors In Successful Efficiency .../ Alphanumeric Journal, 4(1) (2016) 057-072

Cin8 Cin9 Cinl0 Cinll Cinl2 @ Cinl3 Cinl4 Cinl5
L L No VL No VL VH VL
VL VL No No No VL No No
No L No No No L No No
L VH VH VH VH VH H L
H H H H H H VH No
H H H No
H H H H H No VL
- VH H H VL No No No
VH - VH H H H VH
VH VH - VL VL H

No VH L - L H

No L No No - H No No
No L VL VL - No No
No L L H VL - L
No No No No No No No =

and I, m, u are the lower, medium and upper limit of
triangular fuzzy numbers respectively.

Totally 16 assessment matrices (8 for input factors and
8 for output factors) were obtained from experts. Each
matrix (also called as initial direct relation matrix) was
then normalized by using Eg. (2) and Eq. (3). Then
normalized direct relation matrices were obtained by
getting average of 8 normalized direct relation matrices
by using Eq. (4) for input and output factors separately.
Normalized direct relation matrices are shown in Table 3
and Table 4 in the Appendix.

Next, Total relation matrices (Table 5 and Table 6 in
the Appendix) were obtained by using Eq. (6). D, and
R, were calculated. D, is the sum of the row and R; is
the sum of the column of T. Then D, and R, were
defuzzified separately by using Eq. (7). Then, Di+R; and
Di-Ri were calculated. The values of D,, R, D;, R},
D, +R;and D, —R; are shown in Table 6 for inputs and
Table 7 for outputs.

D R D+R D-R
u
2.3079 1.1655 0.9215 2.0870 0.2440
2.3576 0.7099 0.9509 1.6608 -0.2410
1.8835 0.4796 0.7311 1.2107 -0.2515
2.2681 1.3418 0.9144 2.2562 0.4274
2.5081 1.1615 1.0156 21771 0.1460
2.6312 1.1500 1.0627 22127 0.0873
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7 06040 | 12490 | 30614 @ 05175 & 1.1457
8 0.4994 1.0265 2.5361 0.4257 0.8734
9 0.7635 1.4997 3.3117 0.6128 1.2739
10 06160 12933 29335 = 04449 09319
11 0.3249 0.8037 2.2827 0.3903 0.8898
12 0.1059 0.3858 1.5574 0.3640 0.8571
13 0.2284 0.6293 19734 0.4903 1.0858
14 0.2045 0.5812 1.9073 0.3092 0.6705
15 0.0000 0.1141 1.0805 0.2134 0.5391
Table 7. Valuesof D;, R, D,, R, D,+R and D,—R for Output Factors
D, R,
Factor | " " | "
1 0.3695 0.7674 2.4300 0.5585 1.2677
2 0.2774 0.5798 2.0919 0.6163 1.3487
3 0.1018 0.2575 1.5375 0.6761 1.4326
4 0.8197 1.5895 3.5137 0.6570 1.3080
5 0.6321 1.3712 3.2315 0.0000 0.1656
6 0.6970 1.3561 3.3727 0.2428 0.5225
7 0.5214 1.0419 2.9354 0.3863 0.7567
8 0.2100 0.8358 2.3559 0.4918 0.9975

Next, the causal diagrams (Figure 1 and Figure 2)
were constructed by mapping a dataset of (D+R, D-R).

Figure 1. The Causal Diagram of Input Factors
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D R D+R D-R
u
3.1778 0.9426 1.2957 2.2383 -0.3530
3.3219 0.7981 1.3514 2.1496 -0.5533
3.4709 0.5644 1.4091 19735 -0.8447
3.2704 1.4278 1.3071 2.7350 0.1207
1.3496 1.3236 0.5050 1.8286 0.8185
1.9269 1.3439 0.7355 2.0794 0.6084
2.2522 1.1520 0.8742 2.0262 0.2778
2.6990 0.9939 1.0682 2.0621 -0.0743
Figure 2. The Causal Diagram of Output Factors
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When we look at the causal diagram of input factors
(Figure 1), it is easily seen that 8 critical input factors out
of 15 belong to cause group. These factors are Cinl

(Numb

er

of Academic Staff), Cind (Number

Undergraduate  Students),

of

Cin5 (Number of MSc.
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Students), Cin6 (Number of PhD. Students), Cin7 (Total
Department Expenditures), Cin8 (Research Budget), Cin9
(Department  Budget) and Ciy10 (Number of
Laboratories). All other factors belong to effect group.

From Figure 2, it is observed that 4 critical output
factors out of 8 belong to cause group. These factors are
Coutd (Number of Papers Published in Academic Journals
(SCI, SSCI)), Cou5 (Number of Undergraduate Awards),
Cout6 (Number of Postgraduate Awards) and Cou?
(Number of Doctorates Awards). All other factors belong
to effect group.

5. Discussions

In this empirical study, the case university
departments’ efficiency measurements factors are
examined through 15 critical input and 8 output factors.
According to evaluation results, several implications
about efficiency measurement factors can be derived as
follows;

Causal diagrams serve us valuable information about
effective critical input and output factors in efficiency
measurement of university departments. If it is desired to
obtain high efficiency in effect group of critical factors, a
great deal of attention must be paid to cause group of
critical factors. While cause group factors are influencing
factors, effect group factors are influenced factors. If we
look at the cause and effect relationships in input set, it is
clearly seen that number of academic staff,
undergraduate students, MSc. students, PhD. students,
laboratories, total departments expenditures, research
budget and department budget lead to effective efficiency
measurement as critical inputs. Similarly, number of
academic researches, undergraduate awards, postgraduate
awards and doctorates awards are the most important
critical outputs for efficiency measurement.

Contrary to common sense, number of papers
published in academic journals (SCI, SSCI, peer-
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Appendix.
Table 1. Assessment Data of an Expert for Input Factors in Triangular Fuzzy Numbers
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Table 2. Assessment Data of an Expert for Output Factors in Triangular Fuzzy Numbers
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Table 4. The Normalized Direct-Relation Matrix for Input Factors
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Table 5. Total Relation Matrix for Input Factors
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Table 6. Total Relation Matrix for Output Factors
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