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Service activities have become the fundamental and dominant factors of the economic system over the
past three decades and the significance and influence of service quality have been recognized through
the great effect on customer satisfaction and customer loyalty. It should be noted that the assessment
results obtained from multiple attributes decision-making problems of diverse intensity, such as service
quality evaluation, may be misleading if the fuzziness of subjective human judgment is not taken into
account. This paper develops an analysis architecture, which consists of fuzzy measurement of P-I gap,
modified P-I analysis for attributes and ranking order determination for subjects, to deal with service
quality measurement more effectively. The fuzzy measurement of P-I gap takes advantage of including
the vagueness of evaluators’ judgment. By using the results of modified P-I analysis, effective ways for
improving service quality perceptions can be focused on the attributes of high importance yet poor qual-
ity; meanwhile, resources or efforts attached to the attributes of low importance and good quality can be
shifted to those of high importance yet poor quality. According to the ranking order of subjects, managers
could devote more efforts to assist the subjects with inferior rankings to improve the service activities.
The proposed analysis architecture can be used to investigate service quality effectively and track the

trends periodically. An empirical study is conducted by using the proposed approach.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Early research efforts on quality research in the 1920s focused
on measuring the quality in manufacturing and assembling indus-
tries. As service activities have become the fundamental and dom-
inant factors of the economic system over the past three decades,
studies in service quality started to increase. Relevant studies indi-
cated that service quality is a key factor for survival and develop-
ment in today’s keen competition, the significance and attention
in service quality has grown noticeably (Ghobadian, Speller, &
Jones, 1994). Researchers (e.g., Buttle, 1996; Caruana, 2002;
McDougall & Levesque, 2000; Teas, 1994) argued that good service
quality is antecedent to customer satisfaction and then customer
satisfaction is antecedent to customer loyalty. Su (2004) pointed
out that service quality is a critical factor for any business to be-
come successful. Regarding the difficulty in studying service qual-
ity, Frochot and Hughes (2000) showed that the assessment of
quality for services is more complicated and complex than for
physical products because of the intrinsic characteristics of heter-
ogeneity, inseparability of production and consumption, perish-
ability and intangibility. Such intrinsic characteristics and the
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elusive concept of service make it hard to define and measure ser-
vice quality.

Realizing the significance and influence of service quality on sur-
vival, success and growth of service industries as well as the diffi-
culty in measuring service quality, many researchers devoted time
to the development of generic instruments which could be widely
employed to measure service quality across different service sectors.
The plentiful methods provided in literatures (e.g., Erto & Vanacore,
2002; Franceschini & Rossetto, 1997; Parasuraman, Zeithaml, & Ber-
ry, 1985; Philip & Hazlett, 1997, Teas, 1994) can be roughly catego-
rized into two types, as incident-based or attribute-based methods
(Stauss & Weinlich, 1997). Among the successive variants of the lat-
ter, the SERVQUAL instrument has attracted the greatest attention.

Regarding the development of SERVQUAL instrument, also
known as PZB service quality, the scale was proposed by Parasur-
aman et al. (1985), and refined in 1988, 1991 and 1994 (Akbaba,
2006). Parasuraman et al. (1985) conducted in-depth interviews
with executives of service firms and customer focus groups, and
then they made a definition of service quality as the gap between
expectations and perceptions of customers, which is referred to as
the P-E gap. A multiple-item scale for measuring ten dimensions of
service quality was proposed. In measuring the score of the service
quality, the discrepancy between the ratings that customers
assigned to paired expectation and perception statements are
calculated. By subtracting the aggregate expectation scores from
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the aggregate perception scores, the gap scores for each attribute
are obtained. A positive gap shows that perception is better than
expectation and thus exhibits good quality, while a negative gap
exhibits poor quality. A neutral gap of zero score implies that the
quality is satisfactory (Akbaba, 2006). The scale was later simpli-
fied to five dimensions in 1988. Further improvements to SERV-
QUAL were made in 1991 and 1994 (Parasuraman et al.,, 1985,
Parasuraman, Zeithaml, & Berry, 1988, 1991, 1994a, 1994b).

The statistical analysis based on SERVQUAL instrument has
been traditionally used as an effective tool for measuring service
quality. Dissimilate to statistical analysis; fuzzy approach and
analysis network process (ANP) technique are also applied to this
field. Chien and Tsai (2000) used Hamming distance (Klir & Yuan,
1995) to compute the discrepancy rate between consumers’ satis-
faction degree and importance degree, which were quantified by
triangular fuzzy numbers (TFNs). Tsaur, Chang, and Yen (2002)
pointed out that the assessment results obtained from different
daily decision-making problems of diverse intensity may be mis-
leading if the fuzziness of subjective human judgment is not taken
into account. Hence, they utilized fuzzy multiple criteria/attributes
decision-making (MCDM) technique to deal with an airline service
quality evaluation problem. In their study, 15 attributes included
in five aspects were used to assess the perceptions of performance
for three airlines. TFNs were used to quantify the perceptions ex-
pressed by five linguistic variables and AHP weighting method
(Saaty, 1980) was used to determine the preference weights for
attributes. Benitez, Martin, and Roman (2007) conducted an empir-
ical study for measuring the experimented quality of service under
13 attributes in three hotels of the LHR chain. TFNs were used to
quantify the linguistic expression varying from four linguistic vari-
ables. The best nonfuzzy performance values were derived and
used to compare and rank the service quality of hotels. Hsieh,
Lin, and Lin (2008) applied ANP to evaluate the service quality un-
der 23 criteria for four hot spring hotels in Taiwan and determine
the ranking order of the hotels by weighted scores.

It was found that service quality components are the perfor-
mance drivers of a service industry. Service quality components
translate into the day-to-day activities that can be manipulated by
management (Wilkins, Merrilees, & Herington, 2007). Hence, inves-
tigating service quality and tracking the trends periodically would
definitely help managers to formulate effective strategies for
improving service quality. As fuzzy set theory has been extensively
employed to the decision-making problems, however, its applica-
tion in the field of service quality management is still rare. The pur-
pose of this study is to propose a fuzzy analysis architecture, which
consists of fuzzy measurement of P-I gap based on SERVQUAL
instrument, modified P-I analysis for attributes and ranking order
determination for subjects, to address service quality management
more effectively by including the vagueness of evaluators’ judgment
and identifying directions and targets for improvement. An empiri-
cal study is conducted by using the proposed analysis architecture.
The rest of this paper is organized as follows. Section 2 describes the
modification/adaptation of SERVQUAL. In Section 3, the proposed
analysis architecture is presented. Section 4 conducts an empirical
study. Finally, Section 5 contains some conclusions.

2. Modification and adaptation of SERVQUAL

Although the authors of SERVQUAL has applied refinement to
the original SERVQUAL instrument, and they held that the dimen-
sions identified were transferable across business sectors,
researchers still keep expressing the theoretical and operational
concern and criticisms about the scale (e.g., Buttle, 1996). For
empirical application, Buttle argued that the numbers and contents
of dimensions are varied in reality according to the sector under

study. Vazquez, Bosque, Diaz, and Ruiz (2001) also pointed out that
the scale and its dimensions require customization to the specific
service sector in which they are applied. The research of Wilkins
et al. (2007) also supports these findings.

Taking into account these criticisms, researchers also investi-
gated alternative SERVQUAL formats, as one-column, two-column
and three-column formats. If management wants plentiful data
in the questionnaire analysis, respondents may be asked to rate
three perspectives via a three-column format scale, including
importance level of service, service quality expectations and per-
ceptions. However, such a three-column questionnaire will induce
respondents to take more time to complete it which is a disadvan-
tage. Regarding the functions of three perspectives, Teas (1993) ar-
gued that expectations can be viewed as the ideal level of service,
as the predictions of service, or as the importance of attributes, and
these may induce somewhat of confusion in the measurement.
Smith (1995) pointed out that measuring the importance of service
attributes for customers may be more useful and meaningful to
managers than measuring the expectations of customers. His study
revealed that importance scores fit the gap-based service quality
better than expectation scores. Smith argued that a number of
researchers have substituted importance for expectations in SERV-
QUAL instrument. Landrum and Prybutok (2004) conducted a
study of library service quality and success model. Their study
indicated that difference score based on perception of performance
minus expectation may be as useful to managers as that based on
perception of performance minus importance, and more impor-
tantly, importance score may lead to less confusion. They proposed
a two-column format consisting of importance and perception to
measure variables related to information system success. Akbaba
(2006) modified the SERVQUAL instrument to analyze the service
quality expectations and perceptions of the business hotel’s guests.
Customers were asked to rate the attributes on a five-point scale.
Some of the five dimensions confirmed in the work were different
from SERVQUAL. The author indeed took importance as an indica-
tor of the expectations in the analysis.

3. The proposed analysis architecture

In spite of the criticisms about SERVQUAL, it is still considered
as a major tool for measuring service quality (Lam & Woo, 1997,
Mittal & Lassar, 1996) and the modified/adapted version of SERV-
QUAL has been used as an effective tool to measure service quality
across a broad range of service categories, such as supermarkets,
information service and hotel industries (Akbaba, 2006; Landrum
& Prybutok, 2004; Vazquez et al., 2001). Thereby, SERVQUAL is
used to develop the measurement structure in this study. Accord-
ing to the methods utilized or suggested in the literatures (Akbaba,
2006; Landrum & Prybutok, 2004; Smith, 1995; Teas, 1993;
Vazquez et al,, 2001), two perspectives consisting of importance
and perception are analyzed in this study. The importance rating
exerts two functions on service quality assessment. First, the ser-
vice quality measurement is based on perception rating (P) minus
importance rating (I) and the difference is referred to as P-I gap
score. Second, importance rating serves as the weight attached to
the associated gap score. The original gap scores are weighted to
provide the basis for ranking all subjects. Adopting importance rat-
ing to obtain P-I gap score, instead of using expectation rating (E)
to obtain P-E gap score, can take advantage of reducing the confu-
sion of interpretation about expectation rating.

The study of Landrum and Prybutok (2004) showed that some
attributes that were rated high belonged to dimensions rated
low, and some attributes rated low belonged to dimensions rated
high. Managers may target inappropriate attributes if respondents
rate only the dimensions. Hence, they suggested that if managers
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Table 1
Linguistic variables along with quantified TFNs.

Linguistic data (Importance/Perception) TEN

it

Develop a suitable measurement structure for capturing service quality .

Very high/very good (8,1
High/good (6,8
Medium/fair 3,5,
Low/poor (0, 2
Very low/very poor (0,0

are concerned about the importance of different areas of service
being provided, they should have respondents rate the importance
of each attribute rather than the importance of each dimension. For
these reasons, the rating and analysis are focused on the attributes
in this study.

In the conventional method, the ratings of importance, expec-
tation and perception are measured as if they were crisp data. Se-
ven-point or five-point Likert scales are often used to collect the
ratings of customers. Statistical method is then employed to draw
inferences. However, service quality assessment problems, such
as “how important are the attributes given to you” or “how you
would rate the perception of performance of the attributes”, are
problems that adhere to group decision-making under multiple
attributes and subjective judgment of preference, thereby, fuzzy
sets theory is adequate to deal with them to strengthen the rea-
sonableness and comprehension of measurement results. Regard-
ing the subjective judgment of preference, lingual expressions,
e.g., very good, fair and poor, are convenient and a natural repre-
sentation. In this study, the ratings of importance and perception
are expressed by linguistic variables. The linguistic data scheme
in the rating set along with the quantified TFNs (Cochran & Chen,
2005; Liang & Wang, 1994) shown in Table 1 are used to capture
the respondents’ judgment and preference structure. For conve-
nience, the momentous notations used in the following descrip-
tions are listed in Table 2.

The computation flow of the proposed analysis architecture is
shown in Fig. 1, which consists of three modules: fuzzy measure-
ment of P-1 gap, modified P-I analysis for attributes and ranking
order determination for subjects. The procedure is carried in the
following steps.

Initiation: Propose a suitable measurement structure for cap-
turing service quality of the subjects under consideration.

3.1. Fuzzy measurement of P-I gap

Step 1: Obtain the linguistic ratings of service quality impor-
tance and perception for attribute g evaluated by respondent j of
subject s. Then, quantify the linguistic judgment values as

Table 2
Momentous notations.

Fuzzy measurement of P-I gap

For each subject, obtain the linguistic ratings of importance and perception
for each attribute, then quantify the linguistic judgment values by TFNs.

v
For each subject, obtain aggregate fuzzy assessments of importance and
perception for each attribute by applying the mean aggregation rule to pool
the respondents' opinions.

For each subject, derive the total utility values of importance and perceptio n
for each attribute, then use them for discriminating the nature of P-I gap
(positive or negative).

— v

Determination of ranking order

Modified P-I analysis
For each subject, divide the
modified P-I analysis chart into
four positions by a 45-degree line
and a vertical line of average
importance utility.

For each subject, employ the fuzzy
distance measurement to obtain the
P-1 gap score for each attribute.

For each subject, calculate weighted
P-1 gap score for each attribute by i
using utility similarity between
importance rating and "very high" to
serve as the weight.

For each subject, draw the
modified P-I analysis chart and
formulate effective strategies.

L 3

For each subject, calculate the
distance from positive-ideal solution
and that from negative-ideal
solution. i

Calculate the closeness coefficients
of all subjects, and then determine
the ranking order of them according
to the descending order of closeness

coefficients.

Fig. 1. Flowchart of the proposed analysis architecture.

I = (a,.b,.c,) and P5, = (o5, 5, 75,), respectively, where j=1,
2,...0,9=1,2,...,0,s=1,2,.".,S.

Step 2: Apply the mean aggregation rule to pool the respon-
dents’ opinions. The aggregate fuzzy assessments of service quality
importance and perception for attribute q of subject s will be
5 = (a3, b;,c5) and P = (o5, 5. 75), respectively, where

J J J
azzia;q 7, bq:ijq/]7 CZ:ECL/],
= = =

J J J
oG =2 e/l By=_Balls Vo= "l
j=1 j=1 Jj=1

?jq = (%ig: Big Vjq):
I = (a5, by, c)):
Py = (o, B3, 75):

s: subjects,s=1, 2,...,S

J: a customer who is selected as respondent j,j=1, 2,...,J
q: attribute q used to evaluate service quality, =1, 2,...
T S .

I_J?q = (@, bjg, G,):

,Q
a TFN used to quantify the linguistic judgment values of service quality importance for attribute q evaluated by respondent j of subject s

a TFN used to quantify the linguistic judgment values of service quality perception for attribute q evaluated by respondent j of subject s
the aggregate fuzzy assessment of service quality importance for attribute q of subject s

the aggregate fuzzy assessment of service quality perception for attribute g of subject s

U[(if]): total utility value of iz. Referred to as importance utility for attribute q of subject s
U[(PZ): total utility value of Pfr Referred to as perception utility for attribute g of subject s
U (F): average importance utility of all attributes of subject s

Us(I3, VH): utility similarity between I$ and “very high”

22 gap score for attribute q of subject s

Jioe weighted gap score for attribute q of subject s

B index of importance level for attribute g of subject s. Afz = 1, if attribute q of subject s is of high importance; isq = 0, otherwise
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I qS PqS

55 6.0 6.5 8.0 8.5 10

Fig. 2. Example of TFNs for calculating total utility values.

Step 3: Calculate the total utility values of ¥ and PS, U,(I$) and
Ut(PS) respectively, and use them for dlscriminating the nature
of P-I gap. For simplification, a gap with relation of U,(P ) =
U: (IS) is treated as a positive one; otherwise, as a negative one.

For obtaining Ut(I‘) and Ur(PS) the definitions and formulas of
right utility value based on max1mizing set and left utility value
based on minimizing set (Cochran & Chen, 2005; Hsieh & Chen,
1999) as well as the total utility function (Chen, 1985) are em-
ployed to calculate the total utility values as

Uels) = [Ur(B) + 1 - UL(E))/2, s=1.2,....5, q=1,2,....Q,

(1)
s=1,2,....,5, g=1,2,...,Q,
(2)

)

where UR(IS) =¢c;/(10 - (bS -¢;)) and UR(PS) =75/(10 = (B = 73)
denote the right utillty values of IS and PS respectively, based on
maximizing set (0,10,10) and UL(IS) (10 —az)/(10 + (bfJ —ay))
and Uy (Py) = (10 —o5) /(10 + (B — ocs)) denote the left utility values
of Is and PS respectively, based on minimizing set (0, 0, 10).

U[(Is) and U.(P;) are helpful information for clarifying the nat-
ure of P I gap. ConSIderlng an example of IS (6.0,6.5,8.0) and
Ifq (5.5,6.5,8.5) along with the assoc1ated maximizing set
R=(0,10,10) and minimizing set L = (0,0, 10) shown in Fig. 2. It
is difficult to determine which of Tf, and 133 is the larger one by
straightforwardly comparing the membership functions. By using
formulas (1) and (2), Ut(IS) is calculated as 0.6573 and Ut(PS)
0.6496. The relation of U[(PS) < U[(IS) reveals that the ranking of
IS is superior to that of P, Wthh mduces that the gap is a negative
one.

Ue(PS) = [Ur(P5) + 1 - UL(P))]/2,

3.2. Modified P-I analysis

In order to formulate effective service strategies, Vazquez et al.
(2001) employed the importance-performance analysis scheme,
developed by Almanza, Jaffe, and Linn (1994) and referred to as
I-P analysis, to obtain information on the strengths and weak-
nesses of the addressed supermarket retailing. By comparing the
average perception of each dimension with the average perception
of all dimensions, each dimension was assigned to high, medium or
low perception. The same procedure was followed as with the per-
ception for assigning each dimension to high, medium or low
importance. By combining three groups (high, medium and low)
of importance and perception, the chart was divided into a gray
zone and four different positions, viz., competitive vulnerability,
competitive strength, irrelevant superiority and relative indiffer-
ence. The limitation of their I-P analysis is that perception ratings
and importance ratings were, respectively, assigned to three
groups. The P-1 gap nature had not been incorporated into the po-
sition division. Hence, the quality status (good or poor) of each
dimension can’t be straightforwardly judged by the position where
it was included. In this section, the I-P analysis is modified by
dividing the positions by a 45-degree line and a vertical line of

high
Perception 2. competitive
utility strength,
3. irrelevant
superiority
1. competitive
vulnerability
4. relative
indifference
45° .
low high

Importance

U’ ( ' ) utility

Fig. 3. Four positions of modified P-I analysis chart.

U.(I) and then are referred to as modified P-I analysis in this pa-
per. The modified scheme is shown in Fig. 3. For subject s, if the
gap nature of attribute q is positive, i.e., U;(P}) > U(I}), then attri-
bute q is included in the group above or on the 45-degree line;
otherwise, below the 45-degree line. For positioning attribute g
of subject s in respect of importance, the importance utility of attri-
bute g, U,(I3), is compared with U, (F). If U,(I¥) is greater than or
equal to Ut(IS) then attribute q is included in the group of high
importance; otherwise, in the group of low importance. Thus, an
attribute included in position 1 indicates it is high importance with
negative gap, in position 2 is high importance with positive gap, in
position 3 is low importance with positive gap and in position 4 is
low importance with negative gap. The steps for performing mod-
ified P-I analysis are as follows:

Step 4: For subject s, divide modified P-I analysis chart into four
positions by a 45-degree line and a vertical line of U,(FF), where
U.(IF) is calculated as

S
U.(F) = g Uelly) . s=1,2,....S 3)
Q-

Step 5: Draw the points for all attributes of subject s in modified
P-I analysis chart by using Ur(YZ) and Ur(ﬁg) corresponding to hor-
izontal and vertical coordinate axes, respectively. Then, formulate
effective strategies for each attribute according to the position
included.

3.3. Ranking order determination

The underlying concept of Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS; Hwang & Yoon, 1981) is to
choose the optimal alternative which is closest to the positive-
ideal solution and farthest to the negative-ideal solution, meaning
the optimal alternative has the best distance measurement. TOPSIS
is a well-known method that can effectively deal with the MCDM
problem by taking into account the closeness to both positive-ideal
solution and negative-ideal solution. In this section, the gap score
for attribute q of subject s is measured by the fuzzy distance be-
tween 5 and PS. Then, TOPSIS is employed with modifications of
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positive-ideal solution and negative-ideal solution to determine
the ranking order of subjects with respect to the weighted gap
scores of attributes. The ranking order of subjects can help manag-
ers understand the relative overall performance level of service
quality.

The steps for determining the ranking order of subjects are as
follows.

Step 6: Employ the distance measurement to obtain the differ-
ence between 7; and 133, i.e., P-1 gap score for attribute q of subject
s. By using the vertex method (Chen, 2000), the gap score is calcu-
lated as

8 = \/ 5 —as)” 4 (b — B + (e — 737,
s=1,2,....S, g=1,2,...,0Q. (4)

The results of Step 3 are used to discriminate the nature of gq

Step 7: Calculate the utility similarity between IS and “very
high”, Us(I, VH), to serve as the weight of g;- By usmg the utility
similarity method proposed by Hsieh and Chen (1999), the value
can be calculated as

Us(I5, VH) = min{Ui(ly), U (Vi) } s=1,2,....5,
max{U, (), Ue(VH)}
q=1.2,...,Q. (3)

Then, the weighted gap score, g;, can be obtained as
g =g Us(I,VH), s=1,2,....5, ¢=1.2,....Q (6)

The reason for adopting weighted gap score is elaborated by an
example of I! = (6.0,6.5,8.0), P} = (5.5,6.5,8.5), I = (7.0,8.0,9.5)
and P2 (6. 5 7.5,9.5). By Step 3 and formula (4), both gaps, g;
and gq, are calculated as —0.4082. It seems that attribute q is as-
sessed as the same quality level by the respondents of subjects 1
and 2. However, owing to the difference between 7}] and 75, the
two respondent groups should have different receptions for the
gap. To rationally reflect such diversities, Us(I}, VH) and Us(I2, VH)
are calculated from I; and 15, respectively, and used as the weights
attached to g; and gg, respectively. By formula (5), Us(I3, VH) and
Us(IZ,VH) are calculated as 0.7171 and 0.8473, respectively. Thus,
g, and gg are calculated as —0.2927 and —0.3459, respectively, by
formula (6). The weighted gap scores deeply exhibit the different

Table 3
Four dimensions consisting of 22 attributes.

quality levels for attribute q by taking into account the different
receptions of the two respondent groups.

Step 8: Determine the original positive-ideal solution of attri-
bute g among all subjects as max{gq} and negative-ideal solution
as mln{g }. Then, derive thé modifications of positive-ideal
solution, gS+ and negative-ideal solution, g}, according to
the importance level for attribute gq of subject s as
& =1, max{msax{gZ},O} +(1 -7 min{msax{QZ},O} and

& =g msin{g;} +(1—17)- min{msin{g;}, 0},
S:]’,27"'7S7 q:1727"'7Q' (7)

For subject s, the distance from g}" and that from g}, denoted by dl
and d_, respectively, are calculated as follows:

(& &) and d; =

e

s=1,2,....S. (8)

In formula (7), if attribute q of subject s is of high importance, g is
restricted at least zero by the former term of §3*; otherwise, g3" is re-
stricted at most zero and should be greater than or equal to g5~ by
the latter terms of &g+ and g;~. Such modifications keep the principle
that if attribute q of subject s is of high importance, the larger the va-
lue of g}, the better the distance measurement; otherwise, the smal-
ler the absolute value of g;, the better the distance measurement.
Step 9: Calculate the closeness coefficient of subject s, d;. Then,
the ranking order of all subjects is determined according to the
descending order of closeness coefficients. d; is calculated as

. dg

dy=—= s=12..8 (9)

4. Empirical study

In this section, the service quality management for four regular
chain supermarkets situated in different trade areas of Taichung
City in central Taiwan is conducted by using the proposed analysis
architecture in March 2008. For convenience, the supermarkets are
denoted by store s, s =1, 2, 3, 4. Measuring the service quality is a
routine customer feedback process which is conducted by the

Physical aspect V1. The store has visually appealing buildings and facilities
V2. The store’s decoration, fixtures and equipment are pleasant, attractive and modern
V3. The section design enables customers to move around with ease
V4. The section layout enables customers to easily find the products they need
V5. The sections are clean and bright
V6. The parking lot enables customers to make a stop and move with ease
V7. Employees are well dressed and appear neat

Reliability V8. The store provides the services and goods as customers were promised and allows returns
V9. There are always stocks of products/brands desired by customers
V10. Waiting time at the cash registers is short
V11. Employees show great interest and pleasure in resolving any customer problem
V12. The store gives appropriate and punctual information on its sales promotions

Personal interaction V13. Employees are always willing to advise customers on the best possible buy
V14. Employees have in-depth knowledge to answer questions for customers
V15. The public-contact staffs are always polite to customers
V16. Employees are never too busy to respond to customer requests or complain
V17. Employees kindly send their regards to customer

Policy V18. The product prices are reasonable and clearly indicated
V19. The store guarantees the freshness, hygiene and safety of products in its fruit and vegetable sections
V20. The operating hours are convenient for customers
V21. The store is characterized by its individual attention or help given customers
V22. The store is characterized by periodically providing interesting sales promotions
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stores under study. As the regional manager intends to assess the
service quality of each store and determine the ranking order of
four stores through periodic surveys with a small sample size,
thereby a convenience sampling approach was utilized to select
the small-sized customers immediately after their departure from
the store as the respondents. For each store, 40 questionnaires
were completed by the customers who were willing to fill them
out. The TFNs scheme shown in Table 1 is used to quantify the
judgment values of linguistic data. In the importance section, one
of the five linguistic variables, viz., very high, high, medium, low
and very low, is chosen by the individual respondents to capture
the importance rating for each attribute; while in the perception
section, one of the five linguistic variables, viz., very good, good,
fair, poor and very poor, is chosen to capture the perception rating
for each attribute.

4.1. The used dimensions and attributes

Initiation: The service quality dimensions for supermarket com-
panies proposed by Vazquez et al. (2001), viz., physical aspects,

reliability, personal interaction and policies, are employed to
develop a suitable measurement structure for capturing ser-
vice quality of the stores. By taking into account the business
characteristics of the stores, the attributes of SERVQUAL and the
those suggested by Vazquez et al. (2001) are referred by the
storekeepers and regional manager to propose 22 attributes used
in this study. Table 3 shows the four dimensions consisting of 22
attributes.

4.2. Implementation and findings

With the proposed attributes for measuring service quality, the
proposed analysis architecture starts off as follows:

Steps 1 and 2: For example, the linguistic ratings of service
quality importance and perception for attribute 1 evaluated by
respondent 2 of store 3 are “very high” and “good”, respectively.
The TENs for quantifying the linguistic judgment values are as
B, =(8,10,10) and P3, = (6,8,10), respectively. By pooling all
respondents’ opinions for all attributes, the aggregate fuzzy assess-
ments of importance and perception are shown in Table 4.

Store 2
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Iq

p2
Pq

(6.150, 8.150, 9.850)
(6.025, 8.025, 9.625)
(6.875, 8.875, 9.925)
(6.600, 8.600, 9.850)
(6.550, 8.600, 9.850)
(5.950, 7.950, 9.550)
(6.675, 8.675, 9.925)
(6.700, 8.700, 9.850)
(7.000, 9.000, 9.850)
(5.925, 7.925, 9.625)
(5.950, 7.950, 9.700)
(6.800, 8.800, 9.700)
(6.425, 8.425, 9.625)
(7.050, 9.050, 9.850)
(6.750, 8.750, 9.850)
(6.750, 8.750, 9.850)
(6.125, 8.125, 9.625)
(6.500, 8.500, 9.850)
(6.525, 8.525, 9.775)
(6.200, 8.200, 9.850)
(5.475, 7.475, 9.175)
(5.850, 7.850, 9.550)

Store 4

(4.975, 6.975, 8.875)
(4.950, 6.950, 8.800)
(5.575, 7.575, 9.475)
(5.250, 7.250, 9.100)
(5.025, 7.025, 8.875)
(5.400, 7.400, 9.250)
(5.175, 7.175, 9.025)
(4.650, 6.650, 8.650)
(5.375, 7.375, 9.325)
(4.625, 6.625, 8.575)
(5.000, 7.000, 8.950)
(5.625, 7.625, 9.475)
(5.100, 7.100, 8.950)
(4.450, 6.450, 8.350)
(5.250, 7.250, 9.100)
(5.025, 7.025, 8.875)
(5.125, 7.125, 9.025)
(4.525, 6.525, 8.425)
(5.200, 7.200, 9.100)
(5.425, 7.425, 9.175)
(4.650, 6.650, 8.650)
(5.075, 7.075, 9.025)

74
Iq

Py

Table 4
Aggregate fuzzy assessments of importance and perception.
Attribute (q) Store 1

I P
1 (5.975, 7.975, 9.325) (5.275, 7.275, 9.025)
2 (4.825, 6.825, 8.575) (4.975, 6.975, 8.875)
3 (6.925, 8.925, 9.925) (5.625, 7.625, 9.325)
4 (6.425, 8.425, 9.775) (5.550, 7.550, 9.400)
5 (6.450, 8.450, 9.850) (5.700, 7.700, 9.400)
6 (6.450, 8.450, 9.700) (5.500, 7.500, 9.100)
7 (6.750, 8.750, 9.850) (5.825, 7.825, 9.475)
8 (6.800, 8.800, 9.850) (4.775, 6.775, 8.725)
9 (6.925, 8.925, 9.775) (5.725, 7.725, 9.325)
10 (6.175, 8.175, 9.775) (5.850, 7.850, 9.550)
11 (6.325, 8.325, 9.925) (5.300, 7.300, 9.100)
12 (6.775, 8.775, 9.775) (5.700, 7.700, 9.550)
13 (6.075, 8.075, 9.325) (5.425, 7.425, 9.175)
14 (6.175, 8.175, 9.475) (4.650, 6.650, 8.500)
15 (6.325, 8.325, 9.625) (6.025, 8.025, 9.625)
16 (6.475, 8.475, 9.625) (5.175, 7.175, 8.875)
17 (6.175, 8.175, 9.475) (4.850, 6.850, 8.650)
18 (6.275, 8.275, 9.625) (5.325, 7.325,9.175)
19 (6.525, 8.525, 9.775) (6.600, 8.600, 9.850)
20 (6.325, 8.325, 9.775) (6.175, 8.175, 9.775)
21 (4.650, 6.650, 8.200) (5.075, 7.075, 8.875)
22 (5.975, 8.050, 9.550) (5.675, 7.675, 9.475)

Store 3

I P
1 (5.850, 7.850, 9.550) (5.825, 7.825, 9.475)
2 (5.350, 7.350, 9.100) (5.550, 7.550, 9.250)
3 (6.525, 8.525, 9.625) (4.825, 6.825, 8.725)
4 (6.425, 8.425, 9.925) (5.550, 7.550, 9.250)
5 (6.325, 8.325, 9.775) (5.950, 7.950, 9.700)
6 (5.775, 7.775, 9.475) (6.250, 8.250, 9.850)
7 (6.700, 8.700, 10.000) (5.800, 7.800, 9.400)
8 (6.575, 8.575, 9.775) (5.275, 7.275, 9.025)
9 (6.800, 8.800, 9.850) (5.375, 7.375, 9.175)
10 (6.275, 8.275, 9.925) (5.075, 7.075, 9.025)
11 (6.225, 8.225, 9.775) (5.100, 7.100, 8.950)
12 (7.175, 9.175, 9.925) (5.925, 7.925, 9.475)
13 (6.650, 8.650, 9.850) (5.400, 7.400, 9.250)
14 (6.200, 8.200, 9.550) (5.900, 7.900, 9.550)
15 (6.725, 8.725, 9.775) (5.675, 7.675, 9.175)
16 (7.050, 9.050, 10.000) (5.025, 7.025, 8.875)
17 (6.750, 8.750, 9.850) (5.625, 7.625, 9.175)
18 (6.600, 8.600, 9.850) (5.150, 7.150, 8.950)
19 (6.500, 8.500, 9.850) (5.650, 7.650, 9.250)
20 (6.225, 8.225, 9.775) (5.175, 7.175, 9.025)
21 (5.725, 7.725, 9.325) (4.200, 6.200, 8.200)
22 (6.275, 8.275, 9.625) (4.825, 6.825, 8.725)

(6.200, 8.200, 9.700)
(5.675, 7.675, 9.175)
(6.725, 8.725, 9.925)
(6.350, 8.350, 9.700)
(6.150, 8.150, 9.550)
(6.450, 8.450, 9.850)
(6.325, 8.325, 9.775)
(6.500, 8.500, 9.700)
(7.000, 9.000, 9.850)
(6.100, 8.100, 9.700)
(6.075, 8.075, 9.625)
(6.950, 8.950, 9.850)
(6.225, 8.225, 9.625)
(5.775, 7.775, 9.325)
(6.450, 8.450, 9.850)
(6.600, 8.600, 9.850)
(6.150, 8.150, 9.550)
(6.325, 8.325, 9.775)
(6.500, 8.500, 9.700)
(5.900, 7.900, 9.700)
(5.325, 7.325, 9.025)
(6.300, 8.300, 9.700)

(4.975, 6.975, 8.875)
(4.525, 6.525, 8.425)
(5.250, 7.250, 9.100)
(5.225, 7.225, 9.025)
(4.975, 6.975, 8.875)
(5.600, 7.600, 9.400)
(5.600, 7.600, 9.250)
(5.525, 7.525, 9.325)
(5.175, 7.175, 9.025)
(4.575, 6.575, 8.575)
(4.925, 6.925, 8.725)
(5.425, 7.425, 9.175)
(5.425, 7.425, 9.175)
(5.600, 7.600, 9.250)
(5.500, 7.500, 9.400)
(5.550, 7.550, 9.250)
(5.650, 7.650, 9.400)
(5.550, 7.550, 9.250)
(4.700, 6.700, 8.500)
(5.575, 7.575, 9.325)
(4.175, 6.175, 7.975)
(5.275, 7.225, 8.925)
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Step 3: For calculating the total utility values of I3 and P3, for
example, the associated right utility values and left utility values
are calculated beforehand as

Ur(3) = 9.550/(10 — (7.850 — 9.550)) = 0.816,

Ur(P3) = 9.475/(10 — (7.825 — 9.475)) = 0.813,

UL(B) = (10 — 5.850)/(10 + (7.850 — 5.850)) = 0.346 and
UL(P3) = (10 — 5.825)/(10 + (7.825 — 5.825)) = 0.348.

Then, the total utility values are calculated by formulas (1) and (2)
as

Uc(I) = (0.816 + 1 —0.346)/2 = 0.735 and

U,(P3) = (0.813 + 1 — 0.348)/2 = 0.733.

The relation of U,(I3) > U,(P?) reveals that g3 is a negative gap. The

total utility values and nature of gaps are depicted in Table 5.
Steps 4 and 5: Calculate the values of U,(I'),U.(I?), U.(I?) and

U.(I*) as 0.768, 0.780, 0.779 and 0.769, respectively, by formula
(3). The modified P-I analysis charts along with effective strategies

are provided in Fig. 4 and Table 6. To view the outcome as a whole,
the results exhibit that the respondents among the four trade areas
made different comments on the attributes. From the viewpoint of
gap nature, there are merely three and two attributes of positive
gap (good quality) for stores 1 and 3, respectively. Regarding the
importance of attribute, the numbers of attribute included in group
of high importance (positions 1 and 2) for stores 1 to 4 are 14, 13,
12 and 12, respectively. Among these attributes, 10 attributes (V3,
V4,V7,V8, V9, V12, V15, V16, V18 and V19) are unanimously as-
sessed with high importance. However, only one attribute (V19)
is assessed with good quality in store 1. The regional manager
should devise ways to help storekeepers improve service quality
perceptions for these 10 attributes. On the contrary, the numbers
of attribute included in group of low importance (positions 3
and 4) for stores 1-4 are 8, 9, 10 and 10, respectively. Among these
attributes, four attributes (V1, V2, V10 and V21) are unanimously
assessed with low importance. The resources or efforts attached
to the attributes (V2, V6 or V21) of low importance and good
quality for stores 1 or 3 could be shifted to the attributes of high
importance yet poor quality.

Table 5
Total utility values and nature of gaps.
Attribute (q) Store 1 Store 2

U(@) U:(P}) Nature of gap Ui () U, (P2) Nature of gap
1 0.743 0.687 Negative 0.761 0.664 Negative
2 0.649 0.664 Positive 0.749 0.661 Negative
3 0.823 0.716 Negative 0.819 0.714 Negative
4 0.782 0.711 Negative 0.796 0.686 Negative
5 0.784 0.723 Negative 0.795 0.667 Negative
6 0.783 0.705 Negative 0.743 0.699 Negative
7 0.808 0.733 Negative 0.803 0.680 Negative
8 0.812 0.647 Negative 0.804 0.638 Negative
9 0.822 0.724 Negative 0.829 0.697 Negative
10 0.762 0.735 Negative 0.742 0.635 Negative
11 0.775 0.690 Negative 0.744 0.666 Negative
12 0.810 0.724 Negative 0.812 0.717 Negative
13 0.751 0.700 Negative 0.781 0.673 Negative
14 0.760 0.636 Negative 0.833 0.620 Negative
15 0.773 0.749 Negative 0.808 0.686 Negative
16 0.785 0.678 Negative 0.808 0.667 Negative
17 0.760 0.652 Negative 0.757 0.676 Negative
18 0.769 0.692 Negative 0.788 0.626 Negative
19 0.790 0.796 Positive 0.790 0.682 Negative
20 0.774 0.762 Negative 0.764 0.700 Negative
21 0.632 0.671 Positive 0.704 0.638 Negative
22 0.749 0.721 Negative 0.735 0.672 Negative

Store 3 Store 4

Ur(13) U:(P3) Nature of gap Ur(I3) U:(P3) Nature of gap
1 0.735 0.733 Negative 0.763 0.664 Negative
2 0.693 0.710 Positive 0.719 0.626 Negative
3 0.789 0.651 Negative 0.807 0.686 Negative
4 0.783 0.710 Negative 0.775 0.683 Negative
5 0.774 0.744 Negative 0.758 0.664 Negative
6 0.729 0.768 Positive 0.784 0.715 Negative
7 0.805 0.730 Negative 0.774 0.714 Negative
8 0.794 0.687 Negative 0.787 0.709 Negative
2) 0.812 0.696 Negative 0.829 0.680 Negative
10 0.771 0.672 Negative 0.756 0.631 Negative
11 0.766 0.673 Negative 0.753 0.658 Negative
12 0.844 0.740 Negative 0.825 0.700 Negative
13 0.800 0.699 Negative 0.765 0.700 Negative
14 0.762 0.739 Negative 0.728 0.714 Negative
15 0.806 0.719 Negative 0.784 0.707 Negative
16 0.834 0.667 Negative 0.796 0.710 Negative
17 0.808 0.715 Negative 0.758 0.719 Negative
18 0.796 0.677 Negative 0.774 0.710 Negative
19 0.788 0.717 Negative 0.787 0.639 Negative
20 0.766 0.680 Negative 0.740 0.712 Negative
21 0.724 0.600 Negative 0.691 0.595 Negative
22 0.769 0.651 Negative 0.771 0.684 Negative
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Fig. 4. Modified P-I analysis charts.

Table 6
Attributes included in different positions along with effective strategies.
Position 1 Position 2 Position 3 Position 4

Store 1 V3,V4,V5,V6,V7,V8,V9, V11, V12, V15, V16, V18, V20 V19 V2,V21 V1, V10, V13, V14, V17, V22

Store 2 V3,V4,V5,V7,V8,V9,V12,V13,V14,V15,V16,V18,V19 V1, V2, V6, V10, V11, V17, V20,
V21, V22

Store 3 V3, V4,V7,V8,V9, V12, V13, V15, V16, V17, V18, V19 V2, V6 V1, V5, V10, V11, V14, V20, V21,
V22

Store 4 V3, V4, V6, V7, V8, V9, V12, V15, V16, V18, V19, V22 V1, V2, V5, V10, V11, V13, V14,
V17, V20, V21

Strategy Require a greater effort to reverse the nature of gap from Maintain the fine Shift some efforts to the attributes Do not require much attention

negative to positive performance

included in position 1 and concern

Steps 6 and 7: For example, the P-I gap score for attribute 1 of
store 3 is calculated by formula (4) as

g = \/% [(5.850 — 5.825)% + (7.850 — 7.825)* + (9.550 — 9.475)?]

= 0.048.

Since g3 is a negative gap, the score of g3 is treated as —0.048 in the
following analysis. As the total utility value of “very high”, U(VH), is
calculated as 0.917, the utility similarity between I? and “very high”
is calculated by formula (5) as

_0735 0.802.

3

By formula (6), £ can be computed as (—0.048) - 0.802 = — 0.038.
The weighted gap scores for the attributes of four stores are shown
in columns 2-5 of Table 7.

Step 8: By using the positions of attributes shown in Table 6 and
the original positive-ideal solution and negative-ideal solution
shown in Table 7, 2] as well as the values of g2+ and g3 determined
by formula (7), for example, are depicted in Table 8. Then, the val-
ues of di and d; are calculated by formula (8) as dj=3.351,
d;=3.459, d}=4.952, d,=1.137, d}=3.943, d;=2.998, d;=3.857 and
d,=2.819.

Step 9: By formula (9), the closeness coefficients are calculated
as d; = 0.508,d; = 0.187,d; = 0.432 and d, = 0.422. The ranking
order of four stores is determined as store 1 - store 3 - store
4 - store 2, meaning store 1 is the most effective, followed by
stores 3, 4 and 2, respectively. The regional manager has assisted
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Table 7
Weighted gap scores along with original positive-ideal solution and negative-ideal solution.
Attribute (q) & & & & Original value

Positive-ideal solution Negative-ideal solution
1 —0.484 -0.923 —0.038 —-0.923 —0.038 —-0.923
2 0.150 —0.816 0.140 —0.811 0.150 —0.816
3 —1.002 -0.976 -1.275 ~1.140 -0.976 -1.275
4 —0.637 -1.028 —0.695 -0.844 —0.637 -1.028
5 —0.569 —1.201 —0.261 -0.857 —0.261 -1.201
6 -0.726 —0.390 0.353 —0.634 0.353 -0.726
7 —0.693 -1.165 -0.713 ~0.561 ~0.561 ~1.165
8 —1.574 —1.589 -0.993 -0.708 -0.708 —1.589
9 —0.909 —-1.231 —1.087 ~1.415 —0.909 ~1.415
10 —0.246 -0.989 -0.932 -1.158 —0.246 -1.158
11 —0.814 -0.721 —0.864 —0.882 -0.721 —0.882
12 —0.784 -0.857 —-0.970 ~1.174 —0.784 ~1.174
13 —0.440 -0.979 -0.941 —0.587 —0.440 -0.979
14 -1.133 —2.084 —0.204 -0.119 -0.119 —2.084
15 —0.206 ~1.145 —0.813 —0.700 —0.206 —1.145
16 -0.981 -1.337 -1.616 -0.803 -0.803 -1.616
17 —0.980 —0.732 —0.880 -0.345 -0.345 —0.980
18 —0.686 -1.556 -1.123 —-0.592 —-0.592 ~1.556
19 0.065 -0.991 —0.667 -1.395 0.065 -1.395
20 -0.103 —0.620 -0.802 -0.277 -0.103 -0.802
21 0.360 —0.567 -1.109 —0.842 0.360 -1.109
22 -0.229 —0.563 —1.084 —-0.814 —-0.229 —1.084
Table 8 the greatest attention. In spite of the criticisms about SERVQUAL,

PERPS 53— . . . . . . . .

Values of 7;,g3* and g3~ it is still considered a leading tool for measuring service quality
Attribute (q) i g & and the modified/adapted version of SERVQUAL has been widely
r 0 0,038 0923 used as an effective tool of analysis. .
2 0 0 _0816 Nowadays fuzzy set theory has been extensively employed to
3 1 0 -1.275 the decision-making problems, however, its application in the field
4 1 0 —1.028 of service quality management is still rare. It should be noted that
g g 60'261 :(1)';[2)35 the assessment results obtained from MCDM problems of diverse
7 1 0 1165 intensity, such as service quality e\{aluation, may be misleading if
8 1 0 ~1.589 the fuzziness of subjective human judgment is not taken into ac-
) 1 0 -1.415 count. This paper develops an analysis architecture consisting of
10 0 —0.246 -1158  three modules to deal with service quality analysis problem by tak-
11 0 -0.721 —0.882 - . . S
b 1 0 1174 ing advantage of including the vagueness and subjectivity of eval-
13 1 0 _0979 uators’ judgment. An empirical study is conducted by using the
14 0 -0.119 —2.084 proposed approach.
15 1 0 -1.145 The regional manager agrees that the proposed approach is
}s } g ’é'g;g helpful in identifying targets and formulating strategies for
18 1 0 1556 improving service quality. Thus it will be used to investigate ser-
19 1 0.065 -1.395 vice quality and track the trends periodically.
20 0 -0.103 -0.802
al © 0 -1109  References
22 0 -0.229 —1.084

storekeepers of the stores with inferior rankings, i.e. stores 4 and 2,
to devote more efforts to improve the service activities.

5. Conclusions
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