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Abstract. Differentiation, growing competitive advantage, and excellence has been proved to be the result of service
quality. At the same time, measuring attributes of service quality and customer satisfaction is fuzzy and ambiguous,
and methods available for their measurement are generally classical. This paper proposes a fuzzy method to identify
the service quality attributes. This approach was developed using crisp assessment methods in a logistics company.
Applying the proposed fuzzy approach, service quality attributes and indicators are identified and then organized into
8 categories, to see the uncertainty level of each. The proposed method was successfully conducted in a real logistics
company. The results show the membership degree of each indicator, suggesting customer expectations regarding qual-
ity. Also, the membership degrees of the service quality attributes suggest the ability of each to describe service quality
in logistics industry.
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Introduction ersox et al. (1991, 1995) stating that to develop an effec-
tive tool for building close relationships between a firm
and its customers, leveraging a firm’s logistics service
capability is a critical issue. Logistics companies provide
services for various enterprises that are affected by the
quality of that logistics service. Thus, the improvement
of logistics service quality must be a continuous focus
for logistics service providers (Stank et al. 1999). None-
theless, researchers and practitioners have never reached
common ground in defining the concept of quality in
terms of logistics service and the related attributes and
metrics. However so far, several researchers have inves-

Progressive economies are dominantly becoming more
service alerted and the growing share of the service sec-
tor is evident in all aspects (McKee 2008; Ramsey, Bond
2007). No one can neglect the vital role of the service
sector and service related issues in growing economies
and for the growth of the countries. This is due to the
fact that the manufacturing sector is growing more
similar to the service sector, not to mention the fact
that around 80% of the United States Gross Domestic
Product (GDP) is related to services (Gunasekaran, Ngai
2004). As a matter of fact, the share of services in GDP

is growing in all nations around the world. Therefore, ef-
fective implementation of evaluation instruments would
help organisations in the service sector to meet the mar-
ket needs and, specifically, customer expectations. In
this regard, this study focuses on the quality of logistics
services, which is the basis of logistics enterprises. Also,
the level of service quality supplied by those companies
determines customer satisfaction; therefore, resulting in
their competitive advantage. This is conceded by Bow-

tigated this subject and their conclusions and proposals
in relation to the evaluation of service quality in logistics
are largely different in terms of attributes. It also seems
that there has been very little research in logistics servic-
es, on how its quality is defined and attributed in terms
of attributes and metrics. Also, geographical differenc-
es and different national policies have determined the
emergence of local types of logistics providers. Hence,
this paper aims at addressing gaps in the literature by a
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detailed review of dimensions pertaining to the quality
of logistics services. In addition, the paper proposes and
validates an assessment method of service quality attri-
butes through fuzzy logic evaluation for practical man-
agement of customs-related logistics services. For this
purpose, empirical data was collected from an Iranian
customs and logistics company.

The rest of the paper is structured as follows: the
methodology of service quality attributes extracted from
the literature and the review of fuzzy sets and member-
ship functions are introduced in section 1. To enhance
real case issues, an analysis of the reviewed method in
the logistics service sector, which is believed to represent
attributes of service quality in logistics is given in sec-
tion 2. Ultimately, a summary of the contributions of the
paper is presented in last section.

1. Literature Review
1.1. Logistics Service Quality

Logistics services generally include unloading, ware-
housing and loading of goods. Such services are required
inside and outside organisations. This paper considers
customs logistics services: unloading, warehousing and
loading of imported and exported goods by various
manufacturing companies in the analysed geographi-
cal area. First, relevant literature on logistics services
and specific dimensions of logistics service quality is
reviewed to give an account of the definition of service
quality and expand its various aspects focusing on the
proposed methodology.

Over the past decades, most of service quality lit-
erature was dedicated to the development of reliable
and applicable assessment tools to measure the concept.
Among the assessment tools, perhaps the most renowned
and the most commonly used is the SERVQUAL scale
(Ladhari 2009). The SERVQUAL is basically used in 5
service areas — credit card services, retail banking, long-
distance telephone services, title brokerage, and repair
and maintenance of electrical appliances — which consist
of 5 attributes and are represented by 22 items. This scale
is used as a tool for service quality assessment under
various service conditions. Ladhari (2009) indicated that
despite the criticisms against SERVQUAL, it is a useful
tool for the assessment of service quality. He also sug-
gested that to determine the structure of service quality
in various sectors, researchers must develop a relative as-
sessment tool based on SERVQUAL and extract the im-
plicit attributes of service quality accordingly. Addition-
ally, most researches indicated that constant evaluation
of customer expectations and needs with different meth-
ods helps companies to retain current customers and
attract new ones as well as reduces costs and increases
efficiency (Junior et al. 2008; Zhu et al. 2011). The re-
view of the relevant literature (Franceschini, Rafele 2000;
Mentzer et al. 2001; Bottani, Rizzi 2006; Karpuzcu 2006;
So et al. 2006; Junior et al. 2008; Taskin, Durmaz 2010;
Kamble et al. 2011; Kilibarda et al. 2012; Ho et al. 2012;
Thai 2013) revealed attributes that have been studied in
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relation to the quality of logistics services. We identified
the attributes appropriate for this particular industry.
Literature that is related to this area mainly focuses on
the functional attributes of service quality and ignores
its technical aspects (Carman 1990; Cronin, Taylor 1992;
Akroush 2009). Besides, this study attempts to identify
the most emerging service quality attributes in the logis-
tics industry to broaden the service quality evaluation
scale as suggested by Ladhari (2009). Most of the studies
(Bottani, Rizzi 2006; Karpuzcu 2006; So et al. 2006; Kili-
barda et al. 2012; Ho et al. 2012; Thai 2013) incorporate
fuzzy methods to evaluate the attributes. They have tried
to evaluate service quality using expectations and per-
ceptions of customers to prioritize the service quality at-
tributes or service quality indicators and failed to incor-
porate the fuzzy logic in the first phase of evaluation to
conform to real world conditions and overcome the defi-
ciency of human judgment. Baki ef al. (2009) conducted
a SWOT analysis on a cargo company using SERVQUAL
and Kano model aimed at categorizing service quality
attributes. The aim of their study was to identify metrics
that satisfy customer needs, which was the basis to de-
velop Quality Function Deployment (QFD) method of
analysis. Customer needs were prioritized based on QFD
analysis and the top 3 quality attributes: VIP Service, in-
forming customers about delivery time before sending,
and taking deliveries from customer addresses. Ho et al.
(2012) used variables - ‘condition/accuracy of order,
‘availability/quality of personnel, ‘timeliness, and ‘qual-
ity of information’ etc. — to identify the most important
attributes in service delivery. The results revealed that
customers of courier services ranked ‘condition/accu-
racy of order’ as important than ‘timeliness’ Thai (2013)
aimed to explore the definition of the quality concept
in logistics service and associated attributes concerning
logistics. Using a survey of logistics providers operat-
ing in Singapore, he utilized explanatory factor analysis
and proposed a revised model of top 5 attributes (cus-
tomer focus quality, order fulfilment quality, corporate
image, timeliness, and information quality) that includ-
ed 20 items of logistics service quality. In their study,
Tadi¢ et al. (2014) proposed a model that can be used
to support decision makers redefining the concept of
urban logistics. They developed a new hybrid MCDM
model based on fuzzy DEMATEL, fuzzy ANP and fuzzy
VIKOR. Entrusted with the selection of a solution for
urban logistics, decision makers (users, logistics service
providers, city administration, planners etc.) can have
a better understanding of the contributing factors. A
holistic view can be formed taking into account each
decision maker’s point of view. Chang (2014) evaluated
hospital service quality utilizing fuzzy VIKOR method
in Taiwan. The framework of the study was based on
fuzzy sets theory and VIKOR method. He included 6
service quality dimensions made from 33 sub-criteria.
The results indicated 5 most important criteria for evalu-
ation of hospital service quality based on the developed
fuzzy method. Markovits-Somogyi and Bokor (2014)
studied the efficiency of logistics in European countries
by using the DEA-PC (pairwise comparison) method-
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ology. Through the use of non-parametric linear pro-
gramming method combined with the analytic hierarchy
process, they assessed the efficiency of decision making
units in the transport sector. Also, the results of the as-
sessment process were evaluated according to the index
of Logistics Performance Indicator (LPI), to assess them
based on the most recent survey conducted in European
countries. What comes next is an overview of studies
in logistics service quality, which is briefly presented in
Table 1, and according to which the most emerging at-
tributes of logistics were identified to shape this study’s
assessment model in logistics service quality.

A. Esmaeili et al. An application of fuzzy logic to assess service quality attributes in logistics industry

1.2. Service Quality Evaluation

A questionnaire consisting of 39 items driven from lit-
erature review in logistics service quality was used to
assess each metric based on five-point scale. All re-
spondents expressed their judgments on the following
questions:
— What is the level of services the company deliv-
ers?
— What should be the level of services the company
delivers?
It is important to determine the service quality at-
tributes of the company, based on the perceptions and

Table 1. Summary of the most cited literature on logistics service quality

Author/s (year) Study type Data analysis

Final attributes

Mentzer et al.  Service quality

Availability, timeliness and quality

(1989) outcomes
. . Personnel contact quality, order release quantities, information
é\/llgggz)er et al. ;[e}?\fldc 5 gzligtgil;tllcs - quality, ordering procedures, order accuracy, order condition,
order quality, order discrepancy handling and timeliness
Franceschini, Logistic quality Lead time, regularity, reliability, completeness, flexibility,

Literature review

Rafele (2000)  indicators

correctness, harmfulness, productivity

Mentzer et al. Using SPSS and

Logistics service quality

Personnel contact quality, order release quantities, information
quality, ordering procedures, order accuracy, order condition,

(2001) K2 test order quality, order discrepancy handling, timeliness
Analytical

So et al. (2006) Logistics service quality Hierarchical Reliability, assurance, tangibles, empathy, responsiveness
Process

Bottani, Rizzi ~ Logistics service

QFD, HOQ, FAHP

Lead-time, regularity, reliability, completeness, flexibility,

(2006) management correctness, harmfulness, productivity

Analytical R . .
Karpuzcu Logistics service quality Hierarchical Rel{abl!qy, assurance, tangibles, empathy, responsiveness,
(2006) availability

Process
Chan et al. .. . Apalyt1cgl Reliability, lead time, convenience, flexibility, cost, return on

Logistics evaluation Hierarchical . .

(2006) assets, relationship

Process
Jamaludin Quality evaluation of a  SWOT to identify Perfor‘n.lance, fc?atur?s., rehablht){, conformance, tec.hmcal

durability, serviceability, aesthetics, perceived quality,
(2006) company CSFs h .
umanity, value
Aguezzoul Evaluation of logistics . . Price, Fehablht.y, service quahty, on-time performanc.e, cost
. Literature review reduction, flexibility and innovation, good communication,

(2007) companies

speed of service

Janior et al. Evaluation of logistics

Support, reliability, performance, availability

(2008) services (case study)

Taskin, Logistics in creating Multivariate Ly . .

Durmaz (2010) customer value Analysis Reliability, assurance, tangibles, empathy, responsiveness

Banomyong, Selecting appropriate . 1t . ey

Supatn (2011)  provider Regression Reliability, responsiveness, assurance, empathy, tangibility, cost
validating a construct Information quality, ordering procedures, order release

Kamble et al.  and measurement Confirmatory quantities, timeliness, order accuracy, order quality, order

(2011) instrument for Logistics

Service Quality (LSQ)

Factor Analysis

condition, order discrepancy handling and personal contact
quality

determining the most ~ Multiple regression

Ho et al. (2012)

Timeliness, condition/accuracy of order, quality of

effective attribute analysis information, and availability/quality of personnel
s Designing a model for ~ Analytical The completeness of the logistic service, reliability of the
Kilibarda et al. luation of lowisti . hical lowisti . ired for deli £ e0ods. fi
(2012) evaluation of logistics ~ Hierarchica ogistic service, time required for delivery of goods, frequency
service quality Process of delivery, delivery benefit and damaged goods
Thai (2013) _ Inferential Statistics Customer focus quality, order fulfilment quality, corporate

(t-test)

image, timeliness and information quality
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expectations of customers. However, one should remem-
ber that all respondents express their opinion according
to on-hand data while the decision-making process is
vague and unknown. The opinion of respondents about
the definition of a single concept is his/her own and may
vary in the means of scores. Any decision is based on the
information and the subjectivity of a concept can add to
its vagueness, and in the objective terms might be con-
sidered as lack of information (Dubois, Prade 2013). To
show the uncertainty of assessments in service quality
evaluation by respondents, with the aid of a fuzzy mem-
bership function, we tried to fuzzify the crisp results of
the questionnaires. This approach allows varying degrees
of memberships in a single set of numbers. The con-
struction of a membership function requires the consid-
eration of semantics (interpretation) of a function, and
the proper method for that semantics should be chosen
accordingly.

The construction of fuzzy belongingness functions
have been studied by numerous authors. According to
the literature, three distinct methods can be summarized
(Soyer et al. 2007):

- subjective evaluation and elicitation methods:
approaches that include subjective judgments
rather that real data in the issue (Huber 1974;
Dubois, Prade 1997):

- measurement-theoretic approaches (Bilgic,
Tirksen 1995; Crowther et al. 1995);

- intuition-based approaches (Liu et al. 2007);

- probabilistic approaches (Baas, Kwakernaak
1977);

- heuristic methods, parameterized functions, in
which standard shapes are used for belonging-
ness functions (Jang 1993; Choi, Rhee 2009);

- estimation methods using synthetic and real data
sets (Medasani et al. 1998):

- neural network techniques (Kosko 1991; De-
tienne et al. 2003).

- fuzzy clustering methods (Hall et al. 1992;
Bezdek, Pal 1992).

- curve fitting methods (Klir, Yuan 1995; Roy-
chowdhury 1998).

The selection of the proper method is related to the
data gathered and various types of the problem (Jang
1993; Medasani et al. 1998; Choi, Rhee 2009). Also, there
is no precise measure to evaluate the generated mem-
bership function in terms of correctness and goodness
(Huber 1974; Dubois, Prade 1997; Medasani et al. 1998).

The values are crisp and based on the attributes
and metrics of the literature; thus, we should maintain
the original features of the metrics. For this reason and
with the focus on the nature of the problem, an S-shaped
membership function is utilized. With the help of expert
judgments, all associated parameters are enhanced with
the membership function.

Eq. (1) represents the membership function ¥E)
generated for service quality metrics. The average of
judgments of the item i given by all respondents is rep-
resented by Xx; (Fig. 1). For example, if x; is greater
than 4, we can conclude that the metric indicates the
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Fig. 1. Membership function of service quality metrics

service quality in the company. Furthermore, it can be
inferred that the membership value is 1. Accordingly,
if it is smaller than 2, it is clear that the metric shows
the service quality in the company and the membership
value is 0. Besides, it is assumed that there exists a linear
membership function between 2 and 4. In the end it can
be concluded that the membership value conveys that a
metric either shows the service quality in logistics or not
as well as the current and desired value of the metrics.
Then, using the functions, values are fuzzified:

0, if X<2;
X-2 . =

“V(f) = , if 2<X<4 (1)
i if X>4.

1.3. Evaluation of Attributes in Crisp Environment

Based on the service quality evaluation literature re-
viewed by the authors, the service quality attributes re-
quire modification in every industry and on the basis of
5 generic attributes of SERVQUAL, basically defined by
Parasuraman et al. (1985) and then improved by Paras-
uraman et al. (1991, 1994). According to Parasuraman
et al. (1985), the service quality assessment by customers
is a result of the mismatch between their expectations
and what is really delivered based on ten attributes:

1) tangibles;

2) reliability;

3) responsiveness;

4) communication;

5) credibility;

6) security;

7) competence;

8) courtesy;

9) understanding/knowing customers;

10) access.

The final edition of the SERVQUAL scale catego-
rized the 10 attributes mentioned above into 5 generic
attributes, namely (Parasuraman et al. 1991, 1994):

1) tangibles;

2) reliability;

3) responsiveness;

4) assurance;

5) empathy.
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In a review, Ladhari (2009) suggests that to deter-
mine the structure of service quality in various sectors,
researchers must develop the relative assessment tool
based on the SERVQUAL and extract the implicit at-
tributes of service quality accordingly. Therefore, based
on the evaluation of logistics service quality, 3 more at-
tributes are added to meet the industry need:

6) timeliness: the time between service request and

delivery of the service;

7) availability: availability of staff, Processes, facili-
ties in needed time;

8) flexibility: the capability of staff and the com-
pany to conform to unpredictable changes and
the flexibility of processes.

All the attributes and metrics for each of the attri-

butes are listed in Table 2.

The attributions of service quality in logistics in-
dustry are recognized through existence (degree of
belongingness) of relevant metrics. According to the
proposed method, if the membership was complete in
the set, then it can be argued that it is a member in the
crisp set. Also, the results are analysed based on the
level of decision to consider the gradual membership
of all of the metrics enhanced by the application of the
fuzzy approach. Therefore, to distinguish the possible
service quality indicators and service quality attributes,
3 levels (average, high, very high) have been assigned.
Table 3 gives the corresponding numbers of items for
each level and service quality attributes. For instance,
the service quality attribute, ‘availability’ consists of four
metrics (AVA1, AVA2, AVA3, AVA4), and in order to
state ‘the company’s services can be assessed using avail-

Table 2. Service quality attributes and metrics

Service Quality Attributes

Metrics

TAN1: Modern-looking equipment

TAN?2: Staffs appears neat

TAN3: The organisation has modern facilities

Tangibles

TAN4: Easy transportation ways inside the organisation

TANS: Enough IT services inside the organisation.

TANG6: Enough convenient spaces inside the organisation for rest

TIM1: Adequate customer response time

TIM2: Convenient processing time

Timeliness

TIM3: Timeliness according to what organisation promises

TIM4: Short time between placing requisition and receiving delivery

AVAL1: Difficulties never occur due to minimum release quantities

AVA?2: Service processes are adequate and easy to use

Availability

AVA3: Service processes are always accessible for customers

AVAA4: Difficulties never occur due to maximum release quantities

RELI: When the organisation promises to do something, it does it

REL2: The organisation performs the service right the first time

Reliability

REL3: When you have problems, customs show a genuine interest in solving them

REL4: Customs provide their services at the time it promise to do so

RELS5: Customs insist on error-free service

FLE1: Flexibility and ease in order placement procedures

FLE2: Response to requests are treated flexibly

Flexibility

FLE3: Flexibility and ease in payment methods

FLE4: The report on discrepancy process is adequate

FLE5: Staff are flexible enough to take the initiative in emergency situations

ASS1: The behaviour of staff instils confidence in you

ASS2: Staff of the customs is consistently courteous with you

Assurance

ASS3: You feel safe in the delivery of service

ASS4: Response to quality discrepancy reports is satisfactory

EMP1: The organisation gives you individual attention

EMP?2: The staff gives your personal attention

Empathy

EMP3: The staff understands your specific needs

EMP4: The staff has the knowledge to answer your question

EMP5: Convenient open hours to all its clients

RESI: Staff tells you exactly when services will be performed

RES2: Staff gives your prompt service

RES3: Staff is never too busy to respond to your request

Responsiveness

RES4: Delivery of orders regardless of amount

RES5: Responding to unexpected/urgent orders

RES6: Willingness to help customers
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Table 3. Numbers of items for each decision level and service quality attribute
Sez&ifb?;tl:shty Item set Total number of items Ave;:';t:bute I(_llj;}jlon li;:: high
Tangibles TAN1, TAN2, TAN3, TAN4, TAN5, TAN6 6 3 4 5
Timeliness TIM1, TIM2, TIM3, TIM4 4 2 3 4
Availability AVA1, AVA2, AVA3, AVA4 4 2 3 4
Reliability RELIL, REL2, REL3, REL4, REL5 5 3 4 5
Flexibility FLEL, FLE2, FLE3, FLE4, FLE5 5 3 4 5
Assurance ASS1, ASS2, ASS3, ASS4 4 2 3 4
Empathy EMP1, EMP2, EMP3, EMP4, EMP5 5 3 4 5
Responsiveness RES1, RES2, RES3, RES4, RESS5, RES6 6 3 4 5

ability attribute at the average level’ the results should be
identified as having any two of these metrics at higher
level of quality.

The fuzzy membership of the metrics means that
attributes also have fuzzy features. The transformation
of metrics membership degrees to logistics service qual-
ity attributes was done using a method extracted from
the intersection of fuzzy sets. For the first time, Zadeh
(1965) extended intersection to fuzzy sets.

According to Soyer et al. (2007), all functions of
a given notion are described as the maximum of the
minimum membership degrees in the compounds. Us-
ing mathematics, the formula is as follows:

He-r ()_() =SUpP.y rnes {AZ:IA“V ()_Crk )} > (2)

where: C-L shows the service quality attributes and CS
shows the attribute set; n is the representation of the
number of metrics that should exist for a given attribute
and attribute level; x is a vector of all average values of
responses.

More importantly, a concept that needs to be ad-
dressed in the assessment is uncertainty. There exist var-
ious measures for uncertainty quantification. Pal (1999)
declares that three types of uncertainty are evident in the
research agenda. According to him, those three groups
include: fuzziness, non-specificity and randomness.
As service quality attributes are said to have different
priorities in various times and settings, and their mem-
berships alter through time and conditions, only an
uncertainty resulting from fuzziness is interesting and
proper for this study (Klir, Yuan 1995).

Several famous metrics of fuzziness exist in the lit-
erature (Pal 1999; Zadeh 1968; Pal, Bezdek 1994). The
evaluation of fuzziness for a given set is H : P, (X ) —RY,
in which the degree of fuzziness in numbers is the re-
sult. According to De Luca and Termini (1972) axioms,
Ebanks (1983) maintained that following properties
must be satisfied by a fuzziness measure:

Sharpness P1: H(A)=0«>p1, (x) =0orl, V, e X;
Maximality P2: H(A)is maximum > i, (x)=0.5,
V. eX;

Resolution P3: H(A)> H(A* ),

where A" is a sharpened version of A;

Symmetry P4: H(A)=H(z§),
where 3 (x)=1-p, (x), ¥V, e X;

Valuation P5: H(AUB)+H(ANB)=H(A)+H|(B).
Shang and Jiang (1997) developed a measure that
satisfies the above mentioned properties:
n WU = )_(
H(c)zlz—C“C(_’), )
h t—-1 u’Cué (X’)

where: n represents the number of metrics in a attribute;
X is regarded as average of judgments for each of met-
rics; i and [ii(x) represents the degree of belongingness
of metric i to the attribute set C. Also, the complement
set of Cis C. Fig. 2 depicts the structure of the meth-
odology for service quality metrics.

2. Application
2.1. Implementation of Indicator Assessment

For the evaluation of service quality indicators in logis-
tics industry, the initial step was to collect data through
a questionnaire from customers of the company. The
sample consisted of the customers of the company. Due
to the reason that customers are limited, a number of
traders were added to the population. 19 customers were
included in the study. After collecting the data to calcu-
late the belongingness degree though use of Eq. (1), the
mean of the responses was taken. The current level of
service quality is assessed and e.g. the mean of responses
the REL5, X;, is equal to 4.33 and through the use of
Eq. (1) the belongingness degree was determined:

uv(4.33)=@=1.

According to the results given in Table 4, TIM2,
TIM4, REL5, ASS2 and RES5 are the strongest indi-
cators in terms of the current level of service quality;
i.e., the company completely holds these indicators at
this level. The company can also be said to have TIMI,
TIM2, TIM3, TIM4, AVA1, AVA3, REL1, REL2, REL4,
REL5, FLE3, FLE5, ASS2, ASS3, EMP1,EMP2, EMP3,
RES1, RES2, RES5, and RES6 due to the reason that
these metrics represent moderately strong belonging-
ness degrees (>80%).



178 A. Esmaeili et al. An application of fuzzy logic to assess service quality attributes in logistics industry

—_—

Data collection

Self-administered questionnaire

Service quality indicators evaluation < Fuzzification Membership function
Indicators Current and desired level of indicators
—
p—
Attributes Classification Fuzzy intersection function
Service quality attributes evaluation \ <

Uncertainty measurement

Fuzzy entropy

——

Fig 2. Fuzzy-based methodology for evaluation of service quality attributes and quality indicators

A summary of the results is presented in Table 4.
As shown in the results, all those metrics that represent
strong belongingness degrees can better explain the ser-
vice quality level in the logistics industry.

The desired level of the indicators having the high-
est level of membership shows that in all indicators,
customers expect the highest level of service quality.
This expectation forces the company to adapt all of the
indicators.

2.2. Implementation of Attribute Assessment

With the implementation of Eq. (2), the belonging-
ness degrees of service quality attributes are computed
as shown in Table 5. Furthermore, the fuzzy entropy
measures for each attribute are represented in Table 5
through the use of Eq. (3). The computation of the be-
longingness degree of one of the attributes at the middle
level is given below as an example:

H(cx—)L =SUp, e {Alfl ()_(rk )} =

sup{A(L, 2),A(L, 3),A(L,4),A(2, 3),A(2, 4),A(3,4)} =
sup{A(0.84,1),A(0.84,0.84),A(0.84,1), A(1,0.84), A (1, 1),A(0.84,1)} =
sup{0.84, 0.84, 1}=I.

The result of the calculation suggests that at the
middle level, the company shows the attributes of “Time-
liness” with the belongingness degree of 1.

Also, Table 5 shows that based on the decision level
‘High'’ the results indicate that the attributes: “Timeliness’
and ‘Responsiveness” score the highest among other at-
tributes, which is in accordance with the results of Fran-
ceschini and Rafele (2000) study. Here, the attribute ‘Re-
sponsiveness’ with a membership degree of 0.9 shows
that this attribute describes the service quality better
than other attributes, and ‘Timeliness’ attribute ranks
second in the ability to describe the service quality with
a membership degree of 0.84. Also, other attributes show
relatively high degree of membership (>0.7), ‘availability,
flexibility, assurance and empathy’ had membership de-
gree of ‘0.74, 0.7, 0.77, 0.77, which indicates that a lower
degree can describe service quality too. As an example,

the calculation of one of the attributes “Timeliness’ is
presented below:

o 1( min{0.84;0.16}
H(Tlmehnes) = " —{0 940 16} +
max40.84;0.

>

min{;0} min{0.84;016} min{1;0}
+ +
max{l;O} max{0.84;0.16} max{l;O}

H(Timelines)=i(%+%+%+%}

H(Timelines) =i(0.19+0+0.19+0) ;

H (Timelines) = % =0.09.

‘Middle’ level or ‘average’ level of decision shows
relatively similar outcomes with respect to ‘high’ deci-
sion level. Moving from ‘high’ level to ‘very high’ level,
‘Timeliness’ and ‘Responsiveness’ attributes are domi-
nant still.

Fuzzy entropy with the chance of containing more
accurate results is taken into account in this process.
With respect to the results given in Table 4 the most
uncertain attribute with the result of 51% is ‘Flexibility’
This shows a lower degree of certainty in the service qual-
ity assessment. In other words, it shows a poor under-
standing of the service quality in the logistics industry.
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Table 4. Results of the questionnaire and belongingness
degree of the current and the desired level of service quality

179

Table 5. Membership degree and fuzzy entropy measures
of service quality attributes in logistics industry

Current level of Desired level of
Indicator i indicators indicators
X; u, (%) Vi K, (7:)
TAN1 1 3.47 0.74 4.60 1
TAN2 2 3.13 0.57 4.87 1
TAN3 3 3.33 0.67 4.67 1
TAN4 4 3.33 0.67 4.53 1
TANS5 5 3.00 0.50 447 1
TANG6 6 2.20 0.10 4.53 1
TIM1 7 3.67 0.84 4.73 1
TIM2 8 4.07 1.00 4.73 1
TIM3 9 3.67 0.84 4.73 1
TIM4 10 4.13 1.00 4.80 1
AVA1 11 3.87 0.94 4.73 1
AVA2 12 3.20 0.60 4.66 1
AVA3 13 3.80 0.90 4.47 1
AVA4 14 3.47 0.74 4.67 1
REL1 15 3.80 0.90 4.67 1
REL2 16 3.86 0.93 4.80 1
REL3 17 3.20 0.60 4.60 1
REL4 18 3.80 0.90 4.73 1
REL5 19 4.33 1.00 4.60 1
FLE1 20 3.40 0.70 4.53 1
FLE2 21 3.53 0.77 4.53 1
FLE3 22 3.73 0.87 4.87 1
FLE4 23 3.13 0.57 4.53 1
FLE5 24 3.67 0.84 4.67 1
ASS1 25 3.20 0.60 4.67 1
ASS2 26 4.20 1.00 4.60 1
ASS3 27 3.73 0.87 4.67 1
ASS4 28 3.53 0.77 4.80 1
EMP1 29 3.80 0.90 4.73 1
EMP2 30 3.80 0.90 4.73 1
EMP3 31 3.60 0.80 4.53 1
EMP4 32 3.53 0.77 4.60 1
EMP5 33 3.33 0.67 4.33 1
RES1 34 3.87 0.94 4.73 1
RES2 35 3.93 0.97 4.67 1
RES3 36 3.60 0.80 4.67 1
RES4 37 3.40 0.70 4.60 1
RES5 38 4.27 1.00 4.60 1
RES6 39 3.80 0.90 4.67 1

Notes: i - number of metrics in each attribute; X; — mean of all
responses for the metric 7 in the current level of service quality;
W, (}i) - membership degree of value i in the current level of
service quality; y, - average of responses for value i in the
expected level of service quality; ., (yl) - membership degree
of value i in the expected level of service quality.

Service quality attributes

Attributes efl?rz()zgy decision levels
Average High  Very high
Tangibles 0.45 0.65 0.57 0.50
Timeliness 0.09 1 0.84 0.84
Availability 0.30 0.9 0.74 0.60
Reliability 0.19 0.9 0.6 0.6
Flexibility 0.51 0.77 0.7 0.57
Assurance 0.28 0.87 0.77 0.6
Empathy 0.25 0.8 0.77 0.67
Responsiveness  0.15 0.94 0.9 0.8

Also, it shows an indecision of customers with respect
to these attributes. In this context, ‘Flexibility’ and ‘“Tan-
gibles’ are the most uncertain attributes of service qual-
ity in the logistics industry.

On the other hand, ‘Timeliness’ and ‘Responsive-
ness’ have the lowest degree of fuzziness, namely, 0.09
and 0.15, which support their high membership de-
grees. Consequently, we can conclude that ‘“Timeliness,
Responsiveness and Reliability’ can be the best attributes
to describe service quality in logistics industry.

Conclusions

The aim of this research was to validate the attributes of
service quality in an un-researched area of services in
order to better contribute to customer satisfaction. Ser-
vice quality improvements can solve many problems. In
this study, we tried to propose a fuzzy method to assess
service quality attributes. The suggested methodology is
applied for the customs warehousing company and its
logistics services. Although many researches have in-
vestigated the service quality in logistics industry, none
provide an accurate assessment of the attributes, which
are capable of describing service quality best. Also, some
attributes are inherent in every industry and context
regarding service assessment as mentioned by Ladhari
(2009). The vagueness of judgments about service qual-
ity can be added to the complexity of the problem. To
conquer the defects mentioned before, we aimed to
suggest a methodology to show the capability of fuzzy
theories in the analysis of service quality attributes. It
should be noted that in crisp evaluation, an attribute of a
concept would not be the member of assessment unless
it gains a complete belongingness degree, but the sug-
gested method considers gradual belongingness degree
of the attributes, allowing a full and more accurate as-
sessment. More importantly, this method proposes dif-
ferent decision levels for the belongingness of an attrib-
ute that exhibits even the level of uncertainty, making
the process more accurate and sensible to understand.
At the end, to address a real world case in the
chosen industry, the method was utilized to assess a
customs warehousing company in Iran. However, with
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slight changes it is also applicable to various logistics
companies working in the industry. The insistence on
the fact that these attributes should be applied only in
the same industry comes from the literature review and
the definition of service quality that must be clarified
in case of each industry. All inherent attributes must be
classified according to the industry and then evaluation
indicators have to be developed.

Within the proposed approach, one can have a
comparison of the service quality attributes and met-
rics, which has been proven to be more consistent than
traditional statistical methods.

Future scope of this research can be expansion of
the reviewed literature and at the same time collect data
based on subjective perceptions of the customers. This
allows for a better understanding of the fuzzy data and
omits the process of fuzzifying data. Also, different new
methods of belongingness generation can add to the
richness of future studies.
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