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ABSTRACT: In today’s climate of fierce competition between countries, paying attention to
the needs and demands of customers whether in manufacturing or service sector, is considered
as a vital competitive edge. Managers in service sector that are under pressure of
environmental factors, have focused all their services on customers’ satisfaction and this has
led to the continuous improvement in the performance of service organizations. Meanwhile,
customers’ expectations should be properly understood and measured. Many efforts have
been made to date in order to measure the quality of services using the SERVQUAL model.
In this study, we try to investigate the concepts and factors affecting the quality of services
according to modified SERVQUAL model and then utilize the proposed model of Grey
Analytic Hierarchy Process (G-AHP) and Multilevel Grey Evaluation in order to evaluate the
quality of services in the framework of Grey Systems Theory (GST). In order to propose our
method, we will conduct a case study of the performance of service quality in higher
education institutions of Isfahan-Iran.

Keywords: SERVQUAL. Modified SERVQUAL. Quality of services. G-AHP. Multilevel
grey evaluation.

1 INTRODUCTION

Every day, we receive services in different sectors such as education, insurance,
banking, finance, hotels, transportation, restaurants, healthcare, etc. Some of these are
introduced to us as services, while some others as products and finally some as a combination
of both. Delivering a product to customers can be done in an either tangible or non-tangible
way (KOTLER, 2000).

However, the service sector has a significant share of employment, which is increasing
day by day. This has led the quality to be of special importance in services sector. Higher
growth rates and intense competition for the quality of provided services in both developed

and developing countries, has made its measurement and evaluation a major challenge for
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every organization. Managers of service organizations today, try to develop the idea and
culture of customer orientation in their respective organizations and provide the grounds to
achieve organization performance improvement while creating a competitive edge through
focusing on customers’ needs and satisfying their demands, properly.

Products and services have many similarities and the quality of services plays a key role
in order to distinguish them from each other. Thus, measuring and improving the quality of
services is vital in today’s life.

Higher education institutions, as one of the service organizations, should try to identify
their customers’ (i.e. students) needs and expectations and provide them with high quality
services in order to satisfy them and keep their loyalty to gain a competitive advantage.
Providing a high quality service is a necessity for service organizations and educational
institutions, especially the universities.

Students as the recipients of university services, are the best source to identify the
educational behaviors of teachers and staff in their own university. In today’s competitive
environment, service organizations’ managers have found that in order to improve the
performance of their organization, it is necessary to evaluate customer satisfaction of the
quality of services provided.

Therefore, this study evaluates Isfahan University of Technology and Isfahan University
in terms of the above-mentioned subjects using a modified SERVQUAL model. We use these
factors to measure and assess the performance of quality of services for the institutions
mentioned. Since the services consist of non-tangible and non-homogenous factors,
measurement of quality in the services sector is much more difficult compared to the
manufacturing sector. Because the evaluation are made considering the linguistic variables by
the evaluator and we also do not have comprehensive and adequate information at our
disposal, we introduce the foundations of Grey Systems Theory (GST) to measure the
uncertainty of the concepts that are associated to the human mind. GST is one of the methods
to study the uncertainty, insufficiency and incompleteness of information.

We also need an effective instrument to identify and prioritize the quality of systematic
services, an approach that can develop consensus decision-making. Therefore, we will use the
theories proposed by Saaty in the 1970s (SAATY, 1980). The Analytic Hierarchy Process
(AHP) has been proposed based on the analysis by the human brain for complex problems. It

has a widespread use in decision-making. Ranking according to the values obtained by
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parameters that can be calculated in order to estimate the priority using paired comparisons is
an example of this instrument’s capabilities (LIU; HAI, 2005).

2  SERVICE QUALITY IN HIGHER EDUCATION INSTITUTIONS

Paying attention to service quality in higher education began in the 1980s and this
interest continued until the early 1990s. This increased attention was due to the need of higher
education institutions to adapt themselves to financial conditions and customers’ pressure t0
improve service quality (MOSTAFA, 2006).

Since in a competitive market, satisfaction of service is the differentiation factor (HAM;
HAYDUK 2003), therefore, students’ satisfaction is considered as a decisive factor for the
evaluation of higher education institutions. Quality of service is a multidimensional structure
that is obtained from the difference between the existing and the desirable situation from a
customer’s point of view. Shank, Walker and Hayes (1995) evaluated the service quality in
higher education institutions from the professional (teachers) and customer (students) services
point of views (HAM, 2003).

One of the broad definitions of service quality is paying attention to satisfying the needs
or expectations of a customer (RAJDEEP; DINESH, 2010). Quality is a series of activities,
processes, actions and interactions that are offered to customers in order to solve their
problems. It is a multidimensional concept. Service quality is an abstract structure, which is
very difficult to define and measure. There is no value in a product or service unless it would
be consumed by a customer (BUYUKOZKAN; CIFCI; GULERYUZ, 2011). A product or
service is considered high quality when it complies with demands and needs of customers.

3 LITERATURE REVIEW

Many studies have already been conducted to measure service quality using
SERVQUAL. Since the integrated models bring better results; in some of previous studies,
SERVQUAL has been integrated into other models. Table 1 reviews the previous studies
together with their objectives and results in educational fields and other integrated models for
service quality assessment, which are related to the current study.

Tablel — A review of studies, their objectives and results

Tile of study Field of Objectives & results
research
Perceptions about the quality of Web A comparison of perceptions amongst students at
websites: A survey amongst training Northeastern University and Erasmus University about
students at Northeastern University 2004 aspects of service quality of educational websites and
and Erasmus University (Iwarden, J. selecting the most important factors affecting web services
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Tile of study Field of Objectives & results
research

V. etal., 2004) quality from students’ point of view according to
SERVQUAL model.

The SERVQUAL as a marketing | Education | Selecting the most important dimensions of service quality

instrument to Measure services 2006 using the SERVQUAL model. Assurance was the most

quality in  higher  education important dimension while tangibles comprised the least

institutions (Alves, A. and Vieira, important dimension of service quality.

A., 2006)

Service quality measurement in the | Education | Evaluating the service quality at two different universities

Turkish higher education system 2007 and selecting the most important factor in service quality.

with SERVQUAL method (Yilmaz, Students gave the highest importance to both empathy and

V. et al., 2007) responsiveness dimensions.

Service quality in higher education : | Education | The role of students’ expectations and teachers’ teaching

The role of student expectations 2007 quality and identifying the most important factors

(Voss, R. et al., 2007) affecting students’ satisfaction.

Service quality measurement on | Education | Evaluation of service quality in universities. There is a

education service marketing and 2008 significant  difference  between  perceptions and

relationship  between  perceived expectations of students. Students’ perception and

service quality and students’ satisfaction are positively related.

satisfaction  (Okumufi, A. and

Duygun, A., 2008)

Adaptation and application of the | Education | Evaluation of service quality in universities and

SERVQUAL scale in higher 2009 determining the most important dimensions of improving

education (Oliveria, O. and Ferrera, the quality of service. Prioritizing of the five dimensions

E., 2009) of SERVQUAL model in order of their importance:
accountability, empathy, reliability, assurance and
tangibles.

Evaluation of the importance of PMR Service quality assessment and selecting the most

service quality factor in PMR based 2009 important factors affecting PMR in order to improve

on Grey Relation Theory (Yonging, service quality using Grey degree.

C. and Jitao, H., 2009)

Fuzzy application in service quality | Commerce | Measuring service quality in four different stores and

analysis : An empirical study (Lin, 2010 determining the most important factors to rank

H., 2010) commercial stores using fuzzy sets and modified
SERVQUAL.

Evaluation of E-commerce service E- Assessing the service quality in e-commerce and

quality using the AHP (Yu, Y., | Commerce | determining the most important factors affecting service

2010) 2010 quality using Analytic Hierarchy Process.

Strategic analysis of healthcare | Healthcare | Measuring and evaluation of service quality in 5 hospital

service  quality using  AHP 2011 units and their prioritization based on fuzzy AHP model of

methodology (Buyukozkan, G. et service quality. Hospital staff should pay more attention to

al., 2011) each other. Professionalism and reliability dimensions led
to the satisfaction in hospital.

Using a modified grey relation Airlines Evaluation of service quality and ranking of 4 airlines in

method for improving airline 2011 Taiwan using Grey Relation Theory.

service quality (Liou, J. J. H. et al.,

2011)

Service quality in a research | Education | Evaluating the satisfaction of English language learners at

university 2011 UTM university after graduation and performance quality
in students at the end of learning period. Creating the
necessary strategies in order to improve the quality before
and after the graduation of English language learners.

Influence of service quality , | Education | Study of the relationship between service quality,

university image, and student 2012 satisfaction and increased creditability of the university.

satisfaction Toward WOM intention
. A case study on UPHS university
(Jiewanto, A. et al., 2012)

History of behavioral intentions such as service quality
and customer satisfaction induces an appropriate image of
the university through time. This in turn leads to the
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Tile of study Field of Objectives & results
research

promotion of the university and higher service quality.

Assessment of quality of education | Education | Service quality measurement in Khourasgan Azad
in a non — government university 2011 University using the SERVQUAL model. A significant
via SERVQUAL model (Abari, A. difference between expectations and perceptions in all five
A.F.etal., 2011) dimensions of Parasuraman model of service quality.
Highest average score belonged to teachers’ perception of
their knowledge while lowest average score belonged to
students’ perception of their readiness for their future job.

A combined fuzzy AHP and fuzzy | Healthcare | Evaluating the quality of hospital websites using the
TOPSIS based on strategic analysis 2012 SERVQUAL model, fuzzy AHP and fuzzy TOPSIS in

of electronic service quality in order to find the most important dimensions and sub-
healthcare industry (Buyukozkan, criteria for higher customer satisfaction, and improving
G. and Cifci, G., 2012) the service quality through internet services. Results

showed that hospitals should focus more on the allocation
of service accuracy (as a sub-criterion) and, reputation and
response (as the main criterion).

4  GREY SYSTEMS THEORY

In 1982, professor Deng published his first article about the concepts of Grey theory in
international journal of “Systems and Control Letters” entitled: “Control problems of grey
systems” (DENG, 1989). Grey Systems Theory is a very effective method of solving
problems in uncertain conditions with discrete data and incomplete information.

A system is called a grey system if part of it includes known data and another part of it
includes unknown data. Fuzzy mathematics usually deals with cases where experts express
the uncertainty through the membership function. In cases where the number of experts and
their level of experience are low, data are insufficient or there are a few samples available and
it is not possible to extract the membership function, we can use the Grey Systems Theory
(GST).

The advantage of Grey System Theory over Fuzzy Theory is that GST includes fuzzy
conditions or in other words, GST works well in fuzzy conditions. A grey set is defined as a
set of uncertain data that is described by grey numbers, grey relations, grey matrices, etc.
Grey number of an interval is a set of numbers that their exact amounts are unknown. If Z is a
reference set then X grey sets of Z reference set with two Mx(Z) symbols as upper and lower
limits of a grey set, are defined by Equation 1.

{&(Z):Z - [0,1]

My(2):Z > [0,1] My (2)= Mx (2) b(1)
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If MX(2)= My (2), then X grey set becomes a fuzzy set that indicates GST inclusion

over the fuzzy condition and its flexibility when dealing with fuzzy problems.

4.1 Grey assessment and Ranking
In order to assess m independent options considering n criteria (dimensions) for ranking

in a grey environment, we should act as the following steps (Chen, Y. H. et al., 2011).

First step: Preference of option xi over the criterion zi through Equation 2

®Xij= [®xij + ®xij? + -+ + ®xij¥|i=1.2,....mj=12,..n )
In which ®xij* is the value of assessment given by the k™ decision-maker for the i
option in terms of the j" criterion that could be shown by ®xij = {gij",fij"‘} as a grey
number.
Second step: Creating a grey decision matrix, where ®xij are linguistic variables,
which have been defined based on grey numbers (Equation 3).
®X11®X12...®X1n

®x21 ®x22 ...®x2n

D= 3)

®xm1®xm?2 ... ®xmn

Third step: Normalization of the decision matrix (Equation 4).
®X11"®X12" ... ®X1n"
®x21* ®x22* ... ®x2n*

D= (4)

®xm1*®xm2* ... ®xmn*

1- If the criteria are positive (the more the better) (Equation 5).

_max'

®xij* = l
j

xijmax
()
2- If the criteria are negative (the lower the better) (Equation 6).

ximl‘l’l xjmm]

®xij*:[ —
xij = xij

(6)
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Fourth step: Determining the ideal positive option or the best answer possible as an
option in order to be compared with other options. Assume that there M options defined as
u = {uy,Uz,...,un}. Then the best criteria would be u™2* = {®u"®*, ®uF'¥, ...., ®uj}**} that

can be calculated using the Equation (7).

max _ . 1 . .
ume = {[max X1l <jem , Max Xlllsism], [max Xi1<icmZ) max121515m],

[max Xi<imiD, Max i;sism]} (7)

Fifth step: Using grey possibility degree to compare each option with u ™ as the

desirable option according to Equations (8) and (9)

max(O,l*)—max(O,i—X)

P{®x < ®y} = = )
Where: L*=L(®x) + L(®y)
Considering the relationship of ®x,. ®y, four different cases may occur:

1. If X =Y,x—ythen ® = ®y. In that case: P{®x < ®y} = 0.5

2. |If y > x then ®x < ®y. In that case: P{®x < ®y} =1

3. If y < xthen ®x > ®y. In that case: P{®x < ®y} =
1. If there is interference and P{®x < ®y} > 0.5 then ®x < ®y
If there is interference and P{®x < ®y} < 0.5 then ®x > ®y
Therefore, it is possible to make the following comparison between the available

options u={ u1,u2,...um} and the ideal positive option u™ (Equation 10).
PUi< u™*} =~ 37 p{®x’y < u" (10)

Sixth step: Ranking of options
The lower the value of p(ui<u™?¥), the better the rank of option i. Conversely, the

closer these value to 1, the lesser the importance of the respective option.

4.2 Calculation of the relative grey score
In order to calculate the relative grey score for options in this study, grey numbers were

used on a scale of 7 according to Table 4.
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Step 1: It can be calculated from the following Equation 11 for option i and criterion
Tj.

®Gu= [®G}; + ®GE ... +®G] (11)

Where ®GE is the value of assessment given by the k™ decision-maker for the i"

option in terms of the j* criterion that could be shown by ®Gf = [GF, G¥] as a grey number.
Step 2: Creating a grey decision matrix, where ®G;; are linguistic variables, which

have been defined based on grey numbers.
Step 3: Normalization of decision matrix that can be calculated based on the type of

criteria that are either in form of profit or cost (Equation 12).

@Gl 1 ®G12 ------ @Gln

D: @Gzl @GZZ ...... @GZn (12)
G Gy o OGpn
A) If the variables are in form of profit (the more the better) (Equation 13):

&G; = [z o] G = maxyciem{Gi;) (13)

ij G]_max ’ G];nax j 1sism(Mij

B) If the variables are in form of cost (the less the better) (Equation 14):
G = [Glm " ﬁ] G = min, ciem{Gyj) (14)

1] Eij ’ Qij j 1<ism\Yij

Step 4: Determining the reference or the ideal option based on the type of problem in
order to do the assessment.

Step 5: Calculation of the relative grey coefficient

The relative grey coefficient between L;and reference options considering the i
criterion, which is shown with £0;), is calculated from the following Equation 15:

£
0i(j)=

(15)

ming miny (Do }romas max,{Doicp)

Doi(j) +pmax; maxj{Dol-(j)}

1I<i<m 1<j<n
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Where Do)y is the Minkowski distance between the reference options considering the
J™ criterion. Technical coefficient between the reference options is generally considered
according to Wang and p is usually 0.5.

Step 6: Calculation of the relative grey score

The relative grey score between Li and reference options is calculated from the

following Equation 16:

1
Y0i227=1 o £oi(j) (16)

5 GREY-AHP

We recommend using the G-AHP model that is comprised of the grey system and AHP
according to AHP model proposed by Saaty, for this study (Saaty, T. L., 1980). This model is
proposed for service quality assessment in higher education institutions and finding the best
institution in terms of service quality performance. The main steps to use G-AHP are as
follows:

1. Goal setting: at this stage, the goal is to assess the service quality in 3 higher
education institutions and finding the best institution in terms of service quality
performance.

2. Determining the Service quality assessment criteria: at this stage, modified
SERVQUAL dimensions and important factors extracted from the SERVQUAL
model will be selected as the main and sub-criteria, respectively.

3. Introducing options (alternatives): Higher education institutions under assessment
are specified as options or choices.

4. Building the hierarchy of decisions: after determining the selection criteria and
options, the hierarchy structure is built based on them. The overall objective will be
placed on top of this structure and the criteria on lower levels. The available options
or choices will then eventually be placed on 3 levels to make decisions. This
situation as a general standard framework, regardless of the type of problem, is as
described in Figure 1.
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Figure 1 — Hierarchy structure

Overall
objectives

Level 1: Objective

Level 2: Criteria @

Level 3: Options (_D

5. Creating the matrix of paired comparisons: this stage includes the paired
comparisons and creating the matrix of paired comparisons in each row of the
hierarchy in order to answer the realization of objective or to meet its requirements.

Each element of this matrix is a grey number (Equation 17).

®Xqq .. ®X1p (X0, X11] o [Xin Xin]

°7 ©Xm o X :l[hx_m] [&,X_M]J 40

6. Normalization of the paired comparisons matrix (Equation 18, 19 and 20):

®X* 11 ... ®X* 1, [ [X*11'X*11 oo [X* 10, X" 1n] ]
e : : - : :

| ®X* g - X (18)

“x*m,X*—m]' [@,x*—mn]}

2Xij
- ;] (19)

X"y = lil (20)
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7. Calculating the relative weights of criteria and options: the relative weights of
factors in each level are calculated using normalized paired comparisons matrix

according to Equation (22). The calculated weight is a grey number.

Wiz iy 2

8. Calculating the consistency rate (CR): after creating the paired comparisons matrix
and calculating the relative weights of factors, the consistency of the paired
comparisons matrix should be investigated. If the consistency rate of the matrix is
lower than 0.1, then matrix D (decision-maker judgment about the preference of
factors under comparison) is acceptable, otherwise the contents of matrix D are too
inconsistent to give reliable results. In such cases, it is necessary to repeat the paired
comparisons by decision-maker until the consistency rate (CR) reaches to the lower
than 0.1. CR can be calculated using Equations 23 to 27.

WSV=Dx W; (23)
Cv=wsv-=+ W, (24)
Amax:% (25)
_Amax-n
Cl= ~ (26)
CR=Z (27)

RI

RI in Equation 27 is the mean of consistency rate for the Random variable. Table 2
shows the value of Rl (Random Index) Index for each value of n criteria.

Table 2 — Random Index

Criteria (n) 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.51

Source: Adapted from Saaty (2004)

9. Calculating the weights of each option (alternative): in order to do this, the vector
of relative weights of options should be multiplied by the vector of relative weights
of criteria. The calculated numbers in this case are also grey numbers.

10. Ranking of the options: at this stage, ranking is done based on the final weight of

each option. Since final weights are grey numbers, in order to rank them the vector

of positive ideal weight will first be defined according to Equation 28.

gmax — [W;?ax 'W] (28)
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We then use the grey possibility degree.
If the grey weight of the i" option is [wi ,w, ] and s; = [ws”}a" ,WST“X] is the

positive ideal option, the grey possibility degree p (s™** < s;) for each option is calculated
according to equation (15) and the option having the lowest calculated value, will be selected

as the best option.

6 RESEARCH METHODOLOGY

The standard modified SERVQUAL questionnaire with a grey rating of seven that
consists of 41 questions in five dimensions has been used in this study. The validity of this
questionnaire was approved by the professors and experts. After assessing service quality and
measuring expectations and perceptions, 16 factors out of 41 were selected as the most
important ones based on the opinions of students and provided to 8 experts as paired
comparisons in an AHP questionnaire format.

This study was carried out at three superior higher education institutions of Isfahan
(University of Medical Sciences, University of Technology and University of Isfahan). In
order to increase the level of accuracy and making the students’ judgments closer to reality in
this study, linguistic variables were utilized in SERVQUAL questionnaire and G-AHP
questionnaire for paired comparisons using the grey numbers in Tables 3 and 4, respectively.

Table 3 — Scale for SERVQUAL linguistic variables section

Scale Very high High Moderately  Average Moderately Poor Very poor

high poor
Grey [0.9,1] [0.7,0.9] [0.6,0.7] [0.4,0.6] [0.3,0.4] [0.1,0.3] [0,0.1]
number
®G

Table 4 — Linguistic variables of the paired comparisons matrix in AHP questionnaire
Equivalent grey numbers Abbreviation symbol Linguistic variables Level of importance

{8, 10} EMI Extreme Importance 9
{6, 8} VSI Very Strong Importance 7
{4, 6} Si Strong Importance 5
{2, 4} Ml Medium Importance 3
{1,2} El Equivalent Importance 1

7 RESEARCH CASE
After identifying the best factors affecting service quality according to students’
opinions, hierarchy structure was defined as Figure 2 in order to identify the best higher

education institution in Isfahan based on service quality. Options
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e Third level: Sub-dimensions (Sub-criteria)

e Second level: Dimensions (Criteria)

e  First level: Objective

Figure 2 — Hierarchy of service quality assessment based on SERVQUAL model

Searching for the
best higher
education
institution in terms
of performance

and service quality —

Tangibles

-

Human
Factors

Service core

Accelerated service delivery

External  beautification  of

buildings

Proper layout of equipment’s

Crisis readiness

Attending customers

Staff’s proper understanding

Using students’ feedback

Innovation in service delivery

Service depth and intensity

|| Avoiding unnecessary
_| operations
— Existence of necessary
Providing a facilities
systematic :> No error processes
service L—
Simple and standard processes
Employees’ commitment
. Service delivery modeling
Social

responsibility

=

Fair treatment Tangibles

University of
Medical
Sciences

University of

Isfahan

University of
Technology

The paired comparisons matrices were then created by experts in order to give weight to

each factor in its respective level (Table 5 to 26).

Table 5 — Matrix of dimensions assessment in terms of objective

Linguistic variable matrix

| Grey number matrix

Objective
Tangibles (C1)
Human factors (C2)
Service core (C3)

Providing a systematic
service (C4)

Social responsibility (C5)

c1 c2
ST

sT -
ST MT
sI
EMI Ml

C3

Mi

C4 C5 (1 C2 C3

P

El [4, [1, [l’l]
6] 1] 4" 6

Ml [4, [2, [1,
6] 4] 1]

1 11

@ [%], L.

Sl - [6, [2, [2,

8] 4] 4]

C4

.7

C5
1 1
5.4

;5]

Relative weight
®wi
[0.034, 0.45]
[108, 180]
[0.182,0.310]

[0.090 , 0.134]

[0.460 , 0.530]

A max =5.42

CR=0.94
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Table 6 — Matrix of sub-dimensions assessment in terms of tangibles

Linguistic variable matrix

| Grey number matrix

Tangibles (C1) Cl1 C21 C31 c11 c21 C31  Relative weight ®wi
Proper layout of equipments (C12) - [1,1] [l,l] [l,l] [0.69, 0.122]
4" 2 6 4
External beautification of buildings (C21) | Ml - [2,4] [1,1] [l,l] [0.145, 0.259]
6 4
Accelerated service delivery (C31) ST ST - [4,6] [4,6] [1,1] [0.592, 0.770]

Amax=1.3 CR=0.086

Table 7 — Matrix of sub-dimensions assessment in terms human factors

Linguistic variable matrix

| Grey number matrix

Human factors (C2) C21 C22 C23 C24 cC21 C22 Cc23 C24  Relative weight ®wi
Crisis readiness (C21) - El El  [1,1] [l l] [1,2] [1,2] [0.150, 0.255]
4’2
Staff’s proper understanding (C22) | Ml - Ml ML 2,4 [1,1] [2.4] [2,4] [0.359, 0.600]
Using students’ feedback (C23) - El [l 1] [l l] [1,1] [1,2] [0.127,0.215]
2’ 4’2
Attending customers (C24) - [l 1] [l l] [l 1 [1.1] [0.107,0.179]
2 4’2 2

Amax=4.21 CR=0.078

Table 8 — Matrix of sub-dimensions assessment in terms of service core

Linguistic variable matrix

| Grey number matrix

Service core (C3) C31 C32 C33 cC31 C32 C33 Relative weight ®wi
Innovation in service delivery (C31) - [1,1] [1,1] [1,1] [0.094 , 0.138]
6 4 4" 2
Avoiding unnecessary operations (C32) | Sl - El [4,6] [1,1] [1,2] [0.434,0.624]
Service depth and intensity (C33) MI - [2,4] [l 1] [1,1] [0.275, 0.434]
2

Amax=3.09 CR=0.084

Table 9 — Matrix of sub-dimensions assessment in terms of providing a systematic service

Linguistic variable matrix

| Grey number matrix

Providing a systematic service (C4) C41 C42 C43 cC41 C42 C43  Relative weight ®wi
No error processes (C41) - El S [1,1] [1,2] [4,4] [0.432,0.620]
Existence of necessary facilities (C42) - Ml [l 1 [.1] [2,4] [0.272,0.432]
2
Simple and standard processes (C43) - [l l] [l l] [1,1] [0.094 , 0.136]
6’4 4’2

Amax=3.06 CR=0.051

Table 10 — Matrix of sub-dimensions assessment in terms of social responsibility

Linguistic variable matrix

| Grey number matrix

Social responsibility (C5) C51 Ch2 C53

Fair treatment (C51) - Mi
Employees’ commitment (C52) -

Sl
El

Service delivery modeling (C53) -

C51 C52 C53 Relative weight ®wi
[1,1] [2,4] [4,6]
[i,i] [1,1] [1,2]
L ko B

6’4

[0.529 , 0.758]
[0.167 , 0.264]

[0.114 , 0.167]

Amax=3.04 CR=0.034

Table 11 — Matrix of university assessment in terms of proper layout of equipments

Linguistic variable matrix

Grey number matrix

Proper layout of equipments Ul U2 U3
University of Medical Sciences (U1) | - SI  VSI
University of Isfahan (U2) - Ml

Ul U2 U3  Relative weight ®wi

[1,1] [4,6] [6,8]
[%,i] [1,1] [2,6]

[0.636 , 0.803]
[0.153 , 0.233]
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University of Technology (U3) - 3 B4 .1 [0.074,0.096]
8 6 4 2
Amax=3.09 CR=0.077

Table 12 — Matrix of university assessment in terms of external beautification of buildings

Linguistic variable matrix | Grey number matrix
External beautification of buildings | U1 U2 U3 Ul U2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - El [1,1] [1,2] [1,1] [0.133, 0.196]
6 4
University of Isfahan (U2) - [l 1 [1.1] [l‘l] [0.108, 0.152]
2 6 4
University of Technology (U3) SI SI - J4,6] [4,6] [1,1] [0.608 , 0.798]

Amax=3.08 CR=0.069

Table 13 — Matrix of university assessment in terms of accelerated service delivery

Linguistic variable matrix | Grey number matrix
Accelerated service delivery Ul U2 uUs u1 U2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - [1,1] [l‘ l] [l,l] [0.66,0.82]
6 4 8" 6
University of Isfahan (U2) Sl - [4,6] [1,1] [l,l] [0.236, 0.342]
42
University of Technology (U3) VvSI Ml - [6,8] [2,4 [1,1] [0.530, 0.740]

Amax=3.11 CR=0.094

Table 14 — Matrix of university assessment in terms of crisis readiness

Linguistic variable matrix | Grey number matrix
Crisis readiness Ul U2 Us U1 U2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - MI SI [1,1] [2,4] [4,6] [0.528 , 0.758]
University of Isfahan (U2) - El [l‘l] [1,1] [2,1] [0.167 , 0.264]
4" 2
University of Technology (U3) - [1,1] [l 1 [1.1] [0.144 , 0.167]
6 4 2

Amax=3.04 CR=0.034

Table 15 — Matrix of university assessment in terms of staff’s proper understanding

Linguistic variable matrix | Grey number matrix
Staff’s proper understanding Uil U2 U3l U1l u2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - SI SI [1,1] [4,2] [4,6] [0.611,0.799]
University of Isfahan (U2) - El [l,l] [1,1] [1,2] [0.133, 0.197]
6 4
University of Technology (U3) - [l,l] [l 1 [1.1] [0.108 , 0.152]
6 4 2

Amax=3.076 CR=0.066

Table 16 — Matrix of university assessment in terms of using students’ feedback

Linguistic variable matrix | Grey number matrix
Using students’ feedback Ui U2 U3 U1 u2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - SI MI [1,1] [4,6] [2,4] [0.528 , 0.758]
University of Isfahan (U2) - [l,l] [1,1] [l 1] [0.114,0.167]
6 4 2
University of Technology (U3) El - [l,l] [2,1] [1,1] [0.168, 0.264]
4’2

Amax=3.097 CR=0.084

Table 17 — M atrix of university assessment in terms of attending customers
Linguistic variable matrix | Grey number matrix
Attending customers lul U2 U3 Ul U2 U3  Relative weight ®wi
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University of Medical Sciences (U1) [ - MI VSI [1,1] [2,4] [6,8] [0.565,0.772]
University of Isfahan (U2) - Ml [l,l] [1,1] [2,4] [0.170, 0.306]
4" 2
University of Technology (U3) - [l,l] £, [1.1] [0.076, 0.104]
8. 06 4 2

Amax=3.09 CR=0.077

Table 18 — Matrix of university assessment in terms of innovation in service delivery

Linguistic variable matrix | Grey number matrix
Innovation in service delivery Uil U2 U3 U1 U2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - 1.1 23 [l‘l] [0.094 , 0.138]
6 4 42
University of Isfahan (U2) Sl - ElI [4,6] [1,1] [1,2] [0.434 , 0.624]
University of Technology (U3) Ml - [4,2] [l 1] [1,1] [0.275, 0.434]
2

Amax=3.096 CR=0.083

Table 19 — Matrix of university assessment in terms of avoiding unnecessary operations

Linguistic variable matrix | Grey number matrix
Avoiding unnecessary operations Ul U2 U3z U1 U2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - EI SI [1,1] [1,2] [4,6] [0.433, 0.620]
University of Isfahan (U2) - Ml [% 1] [1,1] [4,2] [0.272,0.432]
University of Technology (U3) - [l‘ l] [l‘ l] [1,1] [0.094 , 0.136]
6 4 4_2

Amax=3.06 CR=0.051

Table 20 — Matrix of university assessment in terms of service depth and intensity

Linguistic variable matrix | Grey number matrix
Service depth and intensity Ul U2 U3 Ul u2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - El [1,1] [1,2] [1'1] [0.133, 0.196]
6 4
University of Isfahan (U2) - [l, 11 [1.1] [1'1] [0.108 , 0.152]
2 6 4
University of Technology (U3) Sl SI - [4,6] [4,6] [1,1] [0.608 , 0.797]

Amax=3.08 CR=0.069

Table 21 — Matrix of university assessment in terms of no error processes

Linguistic variable matrix | Grey number matrix
No error processes Ul U2 U3 U1l u2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - [1,1] [i 2] [%é] [0.114, 0.167]
University of Isfahan (U2) El - [1,2] [1,1] [i,%] [0.167 , 0.264]
University of Technology (U3) SI Ml - [4,6] [2,4] [1,1] [0.528 , 0.758]

Amax=3.098 CR=0.085

Table 22 — Matrix of university assessment in terms of existence of necessary facilities

Linguistic variable matrix | Grey number matrix
Existence of necessary facilities Ui U2 u3s U1 u2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - SI MI [1,1] [4,6] [2,4] [0.528 , 0.758]
University of Isfahan (U2) - [l'l] [1,1] [l 1] [0.114, 0.167]
6 4 2
University of Technology (U3) El - [l'l] [1,2] [1,1] [0.167 , 0.264]
4 _2

Amax=3.097 CR=0.084

Table 23 — Matrix of university assessment in terms of simple and standard processes
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Linguistic variable matrix | Grey number matrix

Simple and standard processes Ui U2 U3 U1 u2 U3  Relative weight ®wi
University of Medical Sciences (U1) | - MI VSI [1,1] [2,4] [6,8] [0.565,0.772]
University of Isfahan (U2) - Ml [l,l] [1,1] [2,4] [0.170, 0.360]
4" 2
University of Technology (U3) - [l,l] £, [1.1] [0.076, 0.104]
8. 06 4 2

Amax=3.09 CR=0.077

Table 24 — Matrix of university assessment in terms of fair treatment

Linguistic variable matrix | Grey number matrix
Fair treatment Ul U2 U3z U1 U2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - SI SI [1,1] [4,6] [4,6] [0.611,0.799]
University of Isfahan (U2) - El [l'l] [1,1] [1,2] [0.133, 0.197]
6 4
University of Technology (U3) - [1,1] [l 1 [1.1] [0.108 , 0.152]
6 4 2

Amax=3.076 CR=0.066

Table 25 — Matrix of university assessment in terms of employees’ commitment

Linguistic variable matrix | Grey number matrix
Employees’ commitment Uil U2 U3 U1l U2 U3  Relative weight ®wi
University of Medical Sciences (U1) [ - SI EI [1,1] [4,6] [1,2] [0.434 ,0.624]
University of Isfahan (U2) - [l‘l] [1,1] [l,l] [0.094 , 0.138]
6 4 42
University of Technology (U3) Ml - [l 1] [2,4] [1,1] [0.275, 0.433]
2

Amax=3.096 CR=0.083

Table 26 — Matrix of university assessment in terms of service delivery modeling

Linguistic variable matrix | Grey number matrix
Service delivery modeling uil U2 U3 Ul U2 U3  Relative weight ®wi
University of Medical Sciences (U1) | -  MI [1,1] [2,4] [l,l] [0.170, 0.306]
4" 2
University of Isfahan (U2) - [l'l] 1.1 234 [0.076, 0.104]
4" 2 86
University of Technology (U3) MI VST - [2,4] [6,8] [1,1] [0.565, 0.772]

Amax=3.09 CR=0.077

Relative weight of each option (alternative) is calculated by multiplying the matrix of
weight vector for each sub-dimension by weight vectors of university assessment in terms of
sub-dimensions (Table 27).

Table 27 — Calculation of relative weight for each alternative

Sub-dimensions of | Proper layout of  External beautification of buildings Accelerated Relative weight
tangibles equipments service delivery of alternatives
Weight [0.069, 0.122] [0.145,0.259] [0.159,0.770]
University of [0.636, 0.803] [0.133,0.196] [0.066 , 0.082] [0.102,0.212]
Medical Sciences
University of Isfahan [0.153,0.233] [0.108, 0.152] [0.236, 0.342] [0.166, 0.331]
University of [0.074 , 0.096] [0.608 , 0.797] [0.530, 0.740] [0.407,0.788]
Technology
Sub-dimensions of Crisis readiness Staff’s proper Using Attending Relative weight
human factors understanding students’ customers of alternatives
feedback
Weight [0.150, 0.255] [0.359, 0.600] [0.127, [0.107,0.179]
0.211]
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Sub-dimensions of
tangibles

Proper layout of
equipments

External beautification of buildings

Accelerated
service delivery

Relative weight
of alternatives

University of
Medical Sciences

University of Isfahan

University of
Technology

Sub-dimensions of
service core
Weight
University of
Medical Sciences
University of Isfahan
University of
Technology
Sub-dimensions of
providing
a systematic service
Weight
University of
Medical Sciences
University of Isfahan
University of
Technology
Sub-dimensions of
social responsibility

weight
University of
Medical
Sciences
University of Isfahan
University of
Technology

[0.529 , 0.758]
[0.167 , 0.264]
[0.114,0.167]

Innovation in
service delivery
[0.094 , 0.138]

[0.094 , 0.138]

[0.434 , 0.624]
[0.275 , 0.434]

No error
processes

[0.432 , 0.620]
[0.114 , 0.167]

[0.167 , 0.264]
[0.528 , 0.758]

Fair treatment

[0.529 , 0.758]
[0.611 , 0.799]

[0.133,0.197]
[0.108 , 0.152]

[0.611, 0.799]
[0.133,0.197]
[0.108 , 0.152]

Avoiding unnecessary
operations
[0.434,0.624]

[0.432 , 0.620]

[0.272, 0.432]
[0.094 , 0.136]

Existence of necessary
facilities

[0.272 ,0.432]
[0.528 , 0.758]

[0.114 , 0.167]
[0.167 , 0.264]

[0.167 , 0.264]
[0.434, 0.624]

[0.094 , 0.138]
[0.275 , 0.434]

[0.528
0.758]

[0.114
0.167]

[0.167
0.264]

Employees’ commitment

, [0.565 , 0.722]
, [0.170 , 0.306]
: [0.076 , 0.104]

Service depth and
intensity
[0.275, 0.433]
[0.133, 0.196]

[0.108 , 0.152]
[0.608 , 0.797]

Simple and standard
processes

[0.094 , 0.136]
[0.565 , 0.772]

[0.076 , 0.306]
[0.076 , 0.104]

Service delivery
modeling
[0.114,0.167]

[0.170 , 0.306]

[0.076 , 0.104]
[0.565 , 0.772]

[0.426 , 0.962]
[0.106 , 0.276]
[0.085 , 0.208]

Relative weight
of alternatives

[0.233, 0.491]

[0.186 , 0.422]
[0.234 , 0.491]

Relative weight
of alternatives
[0.246 , 0.536]
[0.120,0.277]
[0.281, 0.598]
Relative weight
of alternatives
[0.415,0.822]

[0.095 , 0.203]
[0.167 , 0.359]

In order to calculate the exponential weight of options, matrix of relative weight for

each option (alternative) should be multiplied by the matrix of relative weights of dimensions.

Results are shown in Table 28.

Table 28 — Calculation of final weight of performance for each higher education institution based on
their service quality

Dimensions Tangibles Human Service Providing a Social Weight of
factors core systematic service responsibility alternatives
Weight [0.034, [0.108, [0.182, [0.090, 0.134] [0.460 , 0.530]
0.045] 0.180] 0.310]
University of [0.102, [0.426 , [0.233, [0.242, 0.536] [0.415, 0.822] [0.305, 0.843]
Medical Sciences 0.212] 0.962] 0.491]
University of [0.166, [0.106, [0.186, [0.120, 0.277] [0.095, 0.203] [0.106 , 0.340]
Isfahan 0.331] 0.276] 0.422]
University of [0.407, [0.085, [0.234, [0.281, 0.598] [0.168, 0.359] [0.169, 0.496]
Technology 0.788] 0.208] 0.491]

In the last stage, the higher education institutions are ranked based on their service

performance using grey possibility degree (GDP) and considering the ideal weight. The lower

the GDP, the better is the respective option.
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As you can see, p(UI<U™9)=0.5, p(U2<U™™)=0.94 and p(U3<U"®)=0.78; thus,
ranking of the institutions is as follows:

(Rank 1): University of Medical Sciences (Ul) > (Rank 2): University of Technology
(U2) < (Rank 3): University of Isfahan (U3)

8 ANALYSIS OF DATA

After identifying the most important factors using the modified SERVQUAL model in
this study, five main dimensions of service and their sub-dimensions were evaluated using G-
AHP. Paired comparisons were carried out by experts that had consensus in their judgments
using linguistic variables and grey numbers.

As it is shown in Table 5, social responsibility was identified as the most important
dimension to assess service quality in higher education institutions according to the grey
possibility degree (GPD). Service core that includes the service principle regardless of the
way of its delivery, was placed in second rank considering its lower GDP. Human factors,
providing a systematic service and tangibles were finally comprised the next priorities for
increasing of satisfaction about the performance of higher education institutions in this study.
Sub-dimensions were prioritized for the satisfactory performance of higher education
institutions by an overall look at the weights obtained from the paired comparisons tables.

The order of priority is: 1 — Accelerated service delivery; 2 — Fair treatment, 3 —
Avoiding unnecessary operations; 4 — No error processes; 5 — Staff’s proper understanding; 6
— Service depth and intensity; 7 — Existence of necessary facilities; 8 — Employees’
commitment; 9 — External beautification of buildings; 10 — Crisis readiness; 11 — Using
students’ feedback; 12 — Attending customers (students); 13 — Service delivery modeling,; 14
— Innovation in service delivery; 15 — Simple and standard processes and; 16 — Proper layout
of equipments.

Three superior higher education institution of Isfahan were compared with each other in
this study using G-AHP for their service quality performance. Considering all the
calculations, the performance ranking of these institutions is as follows:

University of Medical Sciences > University of Technology > University of Isfahan

University of Medical Sciences had the best performance among the other universities
in this study. This does not mean that the above-mentioned university provides glamorous
services. Other universities should in fact improve their service quality based on these criteria

in order to provide services to their students compared to the superior university.
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9 GREY SCORE
After following the steps listed, grey score of dimensions was calculated as follows:

Tangibles dimension = 0.5598  Providing a systematic service dimension = 0.60836
Social responsibility dimension = 0.7429 Human factors dimensions = 0.67051

Above results showed that students gave more importance to social responsibility
dimension and less importance to tangibles dimension.

10 GREY ASSESSMENT METHOD
Considering the steps mentioned for grey assessment:

Stepl. Grey decisions matrix
e 3
[0.1735, 0.475] [0.0925 , 0.455] [0.089 , 0.432] [0.1271 , 0.420] [0.875 , 0.415]

[0.1515, 0.493] [0.1066 , 0.4525] [0.218, 0.562] [0.210, 0.543] [0.1911, 0.5326]

[0.072, 0.399] [0.3066 , 0.6591] [0.338 , 0.642] [0.468 , 0.752] [0.35, 0.648]
N— J

Step2. we use the normalized vector of dimensions weight:
[0.3815,0.41469 , 0.46687 , 0.5064 , 0.457]

Step3. The normalized weight matrix is as follows:

[0.05772 , 0.158076] [0.086,0.414] [0.096 , 0.466] [0.1531, 0.506] [0.0943 ,0.457]
[0.05562,0.181051][0.846216,0.359227][0.0737,0.19022][0.1175,0.30623][0.07353,0.20491]
[0.06875,0.381] [0.058084,0.12486] [0.06459,0.1226] [0.0855 , 0.1373] [0.0604 , 0.11187]

Step4. Ranking

Grey possibility degree (GPD) values for universities in this study

e University of Medical Sciences GPD = 0.5583757

e University of Technology GPD = 0.7179549

e University of Isfahan GPD = 0.8594079

Ranking of universities:

e 1st: University of Medical Sciences 2nd: University of Technology 3rd: University

of Isfahan
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Results obtained from both grey assessment and G-AHP were the same, which indicates
that both methods confirm each other. In fact, both methods gave the following ranking:

e 1strank: University of Medical Sciences

e 2nd rank: University of Technology

e 3rd rank: University of Isfahan

11 CONCLUSION

This study was carried out in order to develop a model to understand the service quality
and assess the performance of some superior universities using the modified SERVQUAL
approach.

Thus, the objective was first to calculate the gap score for sub-dimensions of five main
dimensions and then identifying the most important of them in order to be provided to
experts.

This model was used to measure the performance of higher education institutions
compared to each other. Results showed that universities should focus more on social

responsibility and human factors so their services lead to more students’ satisfaction.
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