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In this study, fuzzy quality function deployment (FQFD) is used as a tool to improve service
quality in the passenger transportation industry. QFD enables firms to hear the voice of the
customer appropriately and integrate it with the technical language in design processes. How-
ever, the nature of uncertainty and subjectivity in service delivery processes makes it difficult
to employ QFD consistently. This study provides an empirical example of how FQFD could be
appropriately used. ‘Employee’ and ‘tangibility of buses’ are the items from the hybrid views
of both customers and service provider managers who require the most attention when dif-
ferentiating a passenger transportation service from a rival’s. The vital technical requirements
relate to ‘employees’, ‘the features of buses’, and ‘error-free services’.

Keywords: fuzzy quality function deployment; highway passenger transportation; fuzzy set
theory; service quality

1. Introduction

Business organisations aspire to a competitive advantage in their markets. ‘A thorough and
accurate understanding of customer demands and expectations is the key to possessing a strong
competitive advantage in the market place’ (Pakdil, Işın, and Genç 2012, 1). Meeting customers’
needs and expectations is not only a concern in manufacturing organisations, but also in service
industries. Improving quality is more likely to be employed as a competitive advantage in the
services industry (Hoffman and Bateson 2006).

The passenger transportation industry is a huge economic element in most countries, com-
prising highway passenger transportation, airlines, maritime, vessels, railways, and other trans-
portation. For example, the European Commission Passenger Transport Statistics Report (2013)
revealed that 500 billion passenger-kilometres were travelled on national railway networks
within the EU-27 in 2011 and 7.9% of the travels were on buses. Airline passenger transportation
has a significant market share of the entire EU transportation industry with 777 million airline
passengers in 2011.

Railway and airline transportation branches have been investigated several times in the litera-
ture in terms of increasing service quality (Agarwal 2008; Bowen and Headley 2000; Elliott and
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Roach 1993; Truitt and Haynes 1994). However, some geographic areas require that highways
or freeways be the primary route for passenger transportation. Although Das and Pandit (2015)
delineated the importance of assessing service quality of passenger transportation based on con-
sumers’ perceptions, service quality improvements in highway passenger transportation firms
or industry have not been examined comprehensively. To alleviate this gap, this study presents
fuzzy QFD (FQFD) methodology to identify customers’ needs and expectations and to improve
service quality, to achieve a competitive advantage in intercity highway passenger transportation.
Akao (1990, 3) defined QFD as ‘a method for developing a design quality aimed at satisfying
the customer and then translating the customer’s demands into design targets and major quality
assurance points to be used throughout the production phase’. A comprehensive literature review
indicates that QFD is not commonly used as a method to examine customers’ needs and expec-
tations in the service industry. Na et al. (2012) stated that QFD gives a new direction for service
quality improvement activities because it can be used as a tool to synthesise customer demands,
request design/management of services and design objects, while simultaneously evaluating the
performance of rivals. Regular QFD is built on precise design characteristics (Lee and Lin 2011),
and is primarily used in manufacturing processes.

Service processes may not be as exact as in manufacturing settings and the nature of service
quality is fuzzy and abstract (de Ona et al. 2013). For this reason, FQFD should be useful for
eliminating uncertainty and ambiguity in service activities. Fuzzy set theory seeks to resolve the
ambiguity in people’s subjective judgements measured in linguistic terms (Benítez, Martín, and
Román 2007), particularly in QFD (Bevilacqua, Ciarapica, and Giacchetta 2006; Bottani and
Rizzi 2006). Fung et al. (2002) reported that fuzzy set theory helps decision-makers identify
more accurate values under uncertainty. Lee and Kim (2000) and Bevilacqua, Ciarapica, and
Giacchetta (2006) found that bias in decision-making processes can be eliminated easily by using
QFD.

FQFD is proposed as better than traditional approaches to eliminate uncertainty and vague-
ness for improving service quality in the transportation industry. There are several reasons to use
fuzzy logic in QFD. One of the main reasons for implementing FQDF in this study is to reduce the
impreciseness and subjectivity contained in regular QFD (Lin, Chen, and Chang 2011). Addition-
ally, while regular QFD assumes input variables as crisp numerical data, FQFD utilises linguistic
variables as more appropriate to reduce possible misinterpretations. Instead of using single crisp
values, FQFD makes it possible to utilise a fuzzy rating scale identified in a set of scores, giv-
ing more flexibility to decision-makers (Li 2013). Also, fuzzy logic is an appropriate tool to
generalise findings using imprecise methods (Aydin and Pakdil 2008). For instance, ill-defined
sampling problems, varying contextual variables influences, and different consumer and manager
perceptions of service quality could be better defined by using fuzzy logic. This tool creates a
suitable formula for decision-makers and customers with dissimilar point of views, personalities,
moods, and aims of travel.

The fuzzy Likert scale used in fuzzy logic has the potential to reduce the information lost
problem, measurement and analysis error, and the information mismatching effect created in
regular Likert scales (Li 2013). In addition, SERVQUAL is built upon the Likert scale, including
the use of an ordinal scale to obtain reliable results when using mean averages; fuzzy logic
transforms raw scores into quantitative interval scores (Aydin and Pakdil 2008).

The paper is developed as follows. Section 2 briefly explains service quality in the passenger
transportation industry. Section 3 presents fuzzy logic and fuzzy set theory. Section 4 gives a brief
framework of the FQFD methodology, step by step. In Section 5, an empirical study is presented
to demonstrate FQFD methodology in highway passenger transportation services. Section 6,
results and discussion, Section 7, suggestions for further research, and Section 8, conclusions,
follow.
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2. Service quality in the passenger transportation industry: a literature review

The demand for service quality in the passenger transportation industry is increasing (Bordagaray
et al. 2014). The literature includes a variety of studies regarding service quality measurement
and improvement (cf. Beirão and Sarsfield-Cabral 2007; Dell’Olio and Ibeas 2011; Diab and
El-Geneidy 2012; Fujii and Van 2009; Hu and Jen 2006; Mokonyama and Venter 2013; Redman
et al. 2013; Stradling et al. 2007; Tyrinopoulos and Antoniou 2008). In these studies, various
aspects of service quality were investigated in depth and various methods are used to measure
service quality.

For instance, Fuji and Van (2009) examined the behavioural intentions of motorcycle owners
to use the bus, focusing on the perceived quality of bus service, problem awareness, and moral
obligation factors. Diab and El-Geneidy (2012) evaluated the influence of combined strategies
designed to improve the bus transit service running time and passenger satisfaction. Hu and Jen
(2006) developed a service quality scale to determine passengers’ expectations and perceptions
for city buses in Taipei. Tyrinopoulos and Antoniou (2008) used five different transit system
performance levels to analyse passenger perceptions. Beirão and Sarsfield-Cabral (2007) eval-
uated passenger perceptions of public transport service quality by comparing public transport
users and car drivers. Chou, Lu, and Chang (2014) proposed that car cleanness, followed by neat
appearance of employee, employee service attitude, comfort of air conditioning, and on-time per-
formance were the most critical service attributes on high-speed train services (service quality
positively affected customer satisfaction and customer loyalty, while customer satisfaction had a
positive impact on customer loyalty).

de Oña and de Oña (2015) emphasised on the importance of customers’ diverse perceptions
about the quality of service in public transport industry. Redman et al. (2013) and Dell’Olio and
Ibeas (2011) examined ways to improve public transportation quality in passenger perceptions,
while Mokonyama and Venter (2013) evaluated the effects of different public transport service
packages on passenger satisfaction. Hine and Scott (2000) discussed the preferences of public
transport passengers for the method of travel that they chose. Similarly, Pantouvakis and Lym-
peropoulos (2008) assessed the importance of the physical elements of services on passenger
satisfaction. Del Castillo and Benitez (2012) and Thompson and Schofield (2007) measured the
quality of public transportation services. Cruz, Barata, and Ferreira (2012) studied the finan-
cial and economic aspects of services provided by urban public road passenger transportation
firms. Taking a different view, Lai and Chen (2011) determined the particular factors influencing
behavioural intentions of public transit passengers using structural equation model (SEM) for
describing customer satisfaction. Chen (2011) examined passenger perception of electronic ser-
vice quality. Within a multistage structure in passenger transportation, Chiou and Chen (2012)
stated that a lack of satisfaction at a particular stage would affect customer perception of the
consequent service stage.

There is no consensus around the categorisation of passenger transportation service quality
attributes. For instance, Philip and Hazlett (1997) used a model including three categorisations
of service process, such as pivotal, core, and peripheral. Tripp and Drea (2002) classified service
processes according to core attributes in rail transportation such as service announcements, seat
comfort, restroom, and café car. The UNE-EN 13186 standard (European Committee for Stan-
dardization 2002) utilised the service characteristics as basic, proportional, and attractive ones.
The Transit Capacity and Quality of Service Manual (Transportation Research Board 2004) cat-
egorised service attributes as availability, comfort and convenience factors. Eboli and Mazzulla
(2008) implemented two service attribute categories: basic and not basic.

Service quality research in the transportation industry is also differentiated in terms of method-
ology. One of the approaches used in service quality literature is the SERVQUAL scale. For
example, Barabino and Eusebio (2013), Carvalho and Brito (2012), Prakash and Mohanty (2012),
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178 F.B. Kurtulmuşoğlu et al.

Table 1. The SERVQUAL dimensions.

Dimension Description

Tangibles Physical facilities, equipment, and appearance of the personnel
Reliability Ability to perform the promised service dependably and accurately
Responsiveness Willingness to help customers and provide prompt service
Assurance Knowledge and courtesy of employees and their ability to inspire trust and confidence
Empathy Caring, individualised attention for each customer

Source: Parasuraman, Zeithaml, and Berry (1988).

Cavana, Corbett, and Lo (2007), Beirão and Sarsfield-Cabral (2007), and Barabino, Deiana, and
Tilocca (2012) used SERVQUAL to analyse service quality in transport systems. Olsson et al.
(2012) measured the service experience using SERVQUAL in public transportation. Tripp and
Drea (2002), Jun and He (2007), and Nathanail (2008) used SERVQUAL to measure service
quality in railroad services. Abdlla, Mohamed, and Mekawy (2007), Pakdil and Aydin (2007),
and Kiatcharoenpol and Laosirihongthong (2006) utilised SERVQUAL in the airline industry.
In a comprehensive approach, Wang, Yan, and Liu (2010) measured bus transportation service
quality using SERVQUAL from a stakeholder perspective.

The service quality literature relies mainly on the SERVQUAL scale (Zeithaml, Parasura-
man, and Berry 1990) as a validated and reliable metric in service quality measurement studies,
both academically and practically. SERVQUAL presumes that the concept of quality in a cus-
tomer’s eye is a subjective phenomenon (Gronroos 1990; Parasuraman, Zeithaml, and Berry
1988). The development of the SERVQUAL scale by Parasuraman, Zeithaml, and Berry (1988)
provided an instrument for measuring functional service quality that is applicable across a broad
range of services (Pakdil and Harwood 2005). Using Likert-type perception and expectation
items, service quality is measured by the difference in scores (the gap scores) between the per-
ceived level and the expected level of service provided (Lam 1997). As illustrated in Table 1,
SERVQUAL incorporates five main quality dimensions to measure service quality; tangibles,
reliability, responsiveness, assurance, and empathy.

Different methodologies have been used to examine service quality management in the trans-
portation industry. Sánchez et al. (2007) utilised a weighted SERVPERF for assessment of
urban bus services based on performance perceptions. Oña Juan de, Eboli, and Mazzulla (2013),
Swanson and Ampt (1997), Eboli and Mazzulla (2007), and Wen, Lan, and Cheng (2005) exam-
ined bus transit service quality using the SEM approach. Eboli and Mazzulla (2011) developed
a methodology with subjective and objective indicators including passenger perceptions and
performance measures. Luís and Freitas (2013) proposed an Importance–Satisfaction Analysis
to assess customer perspectives on the quality of intercity road transportation. Medeiros and
Nodari (2011) used the focus group technique, while Fujii and Van (2009) employed principal
component analysis to improve the service quality of bus road transportation. Agarwal (2008)
implemented factor and regression analysis to determine customers’ level of satisfaction with
railways. Borchardt, Pereira, and Avaliação (2005) proposed lean manufacturing techniques for
determining the need for improvement in bus transportation processes. Hensher, Stopher, and
Bullock (2003), Tyrinopoulos and Antoniou (2008), and Dell’Olio and Ibeas (2011) proposed
multinomial logit models to evaluate public transit user satisfaction.

Inspired by Hill et al’s (2003) Customer Satisfaction Index (CSI), Eboli and Mazzulla (2009)
developed the Heterogeneous CSI based on customer perspectives for evaluating transit ser-
vice quality, accepting that there is heterogeneity among user judgements about different service
aspects. Hensher, Stopher, and Bullock (2003) suggested the Service Quality Index for evaluating
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transit service quality that measures service effectiveness from passenger perspective. Yedla and
Shrestha (2003) studied the analytic hierarchy process (AHP) approach to evaluate environ-
mentally sustainable transport system. Hilmola (2011) discussed public transportation efficiency
using data envelopment analysis in metropolitan cities. Aksoy, Atilgan, and Akinci (2003) used
discriminant analysis (DA) for determining service dimensions in airline sector. Lan, Chiou,
and Yen (2014) integrated fuzzy data envelopment analysis into assessing the relative efficiency
for bus transport companies. Tam, Lam, and Hing (2010) worked on integrating air passenger
perceived service quality in developing airport ground access mode choice model.

While some service quality measurement studies use various traditional methods, others
employed a fuzzy approach. As mentioned previously, the service quality literature warns that the
measurement of service quality is not as easy in customer services as in manufacturing settings
(cf. Lovelock and Wirtz 2010; Rosander 1989). One suggestion to eliminate this difficulty is to
use fuzzy logic in service quality measurement (Awasthi et al. 2011). For example, Onden and
Guresen (2011) used fuzzy optimisation for determining passenger coach interior designs. While
Yeh, Deng, and Chang (2000) and Chang, Yeh, and Cheng (1998) employed fuzzy numbers and
fuzzy multi-criteria analysis for evaluating ground passenger transportation, while Tsaur, Chang,
and Yen (2002), Yeh and Kuo (2003), Fernandes and Pacheco (2010), and Kuo (2011) focused
on implementing fuzzy logic to examine airline services. Similarly, Teodorovic (1994) and Mar-
challeck and Kandel (1995) utilised fuzzy logic in their study on general passenger transportation
topics. Chang et al. (2012) used fuzzy zone of tolerance in the airline cargo business.

As well as the approaches identified above, some research proposed hybrid methodologies for
measuring service quality in the passenger transportation industry. For example, Behara, Fisher,
and Lemmink (2002) presented a neural network model with SERVQUAL, and Hu and Jen
(2007) proposed using neural networks and SEM for estimating the behavioural intentions of
passengers. Bilişik et al. (2013) used a hybrid approach consisting of SERVQUAL, the Delphi
method, and fuzzy AHP for determining customer satisfaction in a public transportation system.
Awasthi et al. (2011) used SERVQUAL and fuzzy Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) for evaluating the urban transportation industry, and Chou et al.
(2011) used a fuzzy weighted SERVQUAL model for an airline service quality evaluation. As
illustrated above, there are limited studies in the transportation sector using fuzzy logic as a
research methodology to improve service quality.

Using multi-criteria analysis, Kuo, Wu, and Pei (2007) evaluated service quality for interur-
ban bus services. Tsaur, Chang, and Yen (2002) and Nejati, Nejati, and Shafaei (2009) utilised a
fuzzy TOPSIS approach for ranking service quality levels among airlines. Kuo and Liang (2011)
implemented the VIKOR (VlseKriterijumska Optimizacija I Kompromisno Resenje) method
for analysing service quality in airports. Tsai, Hsu, and Chou (2011) used the AHP, VIKOR,
and importance-performance analysis methods simultaneously to analyse airport passengers’
importance rates and satisfaction levels.

3. Fuzzy logic and fuzzy arithmetic

Fuzzy set theory originated in Zadeh’s (1965) studies and strongly emphasises the rationality of
uncertainty resulting from imprecision, vagueness, or incomplete and not totally reliable knowl-
edge (Zadeh 1983). Two common ways to eliminate uncertainty are the stochastic and fuzzy
approaches. Fuzzy logic is preferred to stochastic systems because most of the uncertainties
found in real-life problems are covered by the fuzzy approach (Zimmermann 1996). Addition-
ally, real-life problems do not always have crisp or complete information. In this regard, one
of the best ways to eliminate such uncertainty is to use fuzzy logic to analyse those problems.
Hisdal (1988, 349) said that ‘fuzzy logic can handle inexact information and verbal variables
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in a mathematically well-defined way which simulates the processing of information in natu-
ral language commutation’. Using fuzzy logic enables decision-makers to reach more accurate
and consistent information and results. Fuzzy set theory is operated through fuzzy logic and
fuzzy arithmetic operations. Fuzzy sets are composed of different membership elements and
membership functions varying between zero and one (Klir and Yuan 1995).

According to Wang (1997, 1), fuzzy system theory is useful because:

The real world is too complicated to precise descriptions to be obtained therefore approximation (or
fuzziness) must be introduced in order to obtain a reasonable, yet trackable, model. As we move
into the information era, human knowledge becomes increasingly important. We need a theory to
formulate human knowledge in a systematic manner and put it into engineering systems, together
with other information like mathematical models and sensory measurement.

Even though fuzzy logic has been used as a tool in various management problems, it is rarely
employed in service quality (Tsaur, Chang, and Yen 2002). Lingual expressions ‘indicate the
applicability of fuzzy set theory in capturing the decision makers’ preference for structuring
fuzzy set theory aids in measuring the ambiguity of concepts that are associated with a human
being’s subjective judgment’ (Tsaur, Chang, and Yen 2002, 108). Definitions used in fuzzy
ratings and fuzzy arithmetic are given as follows.

Definition 1 A fuzzy set M̃ in a universe of discourse X is characterised by a membership
function μM̃ (x) which associates with each element x in X a real number in the interval [0, 1].
The function value μM̃ (x) is termed the grade of membership of x in M̃ (Klir and Yuan 1995).

Definition 2 A triangular fuzzy number (TFN) M̃ can be defined as a triplet (l, m, u), and
the membership function μM̃ (x) is defined as (Klir and Yuan 1995):

μM̃ (x) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
0 x〈l, x〉u
(x − l)

(m − l)
l ≤ x ≤ m

(u − x)

(u − m)
m ≤ x ≤ u

(1)

where l, m, and u are real numbers and l ≤ m ≤ u. If two TFNs are M̃1 = (l1, m1, u1) and
M̃2 = (l2, m2, u2), the triangular membership function is identified in Figure 1 and the fuzzy

Figure 1. Triangular membership function.
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arithmetic operations of the TFN are expressed as

M̃1 ⊕ M̃2 = (l1 + l2, m1 + m2, u1 + u2), (2)

M̃1 − M̃2 = (l1 − u2, m1 − m2, u1 − l2), (3)

M̃1 ⊗ M̃2
∼= (l1 ∗ l2, m1 ∗ m2, u1 ∗ u2), l1 ≥ 0, l2 ≥ 0, (4)

M̃1 M̃2
∼= (l1/u2, m1/m2, u1/l2), l1 ≥ 0, l2 > 0, (5)

λ ⊗ M̃ = (λ ∗ l, λ ∗ m, λ ∗ u), λ ≥ 0. (6)

4. FQFD methodology

QFD was first presented in Akao’s studies in the Japanese heavy metal industry in the 1970s.
Even though QFD was developed in Japan, it has been employed by global manufacturing firms
such as Toyota, GM, Ford, and Texas Instruments in other geographic areas. QFD was first
used effectively by manufacturing firms, but some studies show that QFD can be profitably
implemented by non-manufacturing firms as well (cf. Ansari and Modarress 1994; Pakdil, Işın,
and Genç 2012; Paryani, Masoudi, and Cudney 2010).

QFD procedure is performed via a House of Quality (HOQ) diagram. An HOQ provides
detailed information about the customers’ needs (what) and design specifications (how) to iden-
tify these needs. These are the criteria to determine which customer needs are the most important
and how to bring about the greatest customer satisfaction (cf. Akao 1990; Trappey, Trappey, and
Hwang 1996). The flow of QFD is performed in six phases: (1) customer needs and expectations,
(2) planning matrix, (3) technical requirements, (4) relationship matrix, (5) technical correlation
matrix, and (6) customer evaluations (Figure 2). These phases are interconnected within the HOQ
structure. Each section of HOQ is detailed in the literature (cf. Akao 1990; Hauser and Clausing
1988; Utne 2009). Using these QFD phases, FQFD operates in a systematic structure as identified
in Figure 3, which depicts the algorithm of FQFD as follows.

(1) Customer needs and expectations: Determining customer needs and expectations accu-
rately and appropriately, that is, the voice of the customer, is the vital step in QFD.

Figure 2. Structure of the HOQ diagram.
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Figure 3. Algorithm of the FQFD process.
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Customer needs, expectations, and demands, obtained through several marketing research
tools such as focus groups, research surveys, previous customer requests and complaints,
are named WHATs as rows in HOQ.

(2) Fuzzy planning matrix: This matrix is constructed to discover primary customer needs
and expectations, taking the views of customers and service managers into considera-
tion simultaneously in a team work approach. The fuzzy planning matrix includes fuzzy
importance rates, fuzzy customer ratings (current and rival firms), fuzzy quality plan
scores, fuzzy rates of level up, priority factors, fuzzy absolute weights, and fuzzy relative
weights, respectively.

(3) Technical requirements: The options available to meet customer needs and expectations
are taken into account in this section. Technical requirements, namely the voice of engi-
neering, are used to determine the most effective design characteristics within engineering
and design perspectives. Those are named HOWs as columns in HOQ.

(4) Fuzzy relationship matrix: The fuzzy relationship matrix is constructed in the step in
which HOQ demonstrates the correlations of each customer need and expectation with
each technical requirement. This matrix indicates fuzzy relationships between design
characteristics and the voice of customer. The relationships between WHATs and HOWs
are matched in vagueness or uncertainty (Kim et al. 2000).

(5) Fuzzy technical correlation matrix: Because of the uncertain nature of items, fuzzy
associations among and between technical requirements are determined on the roof of
HOQ in this matrix. Theoretically, the roof of HOQ enables decision-makers to spec-
ify design characteristics, taking inner dependencies among technical requirements into
consideration to increase service quality.

(6) Customer evaluations: The customer evaluation section helps decision-makers compare
the fuzzy customer ratings of their own and rival firms’ customers. Decision-makers can
also evaluate their performance, taking rival firms’ performances into consideration.

5. Empirical study using FQFD in the highway passenger transportation industry

This section presents an empirical study implementing FQFD methodology in one firm in a
nation’s highway passenger transportation industry. Following the six phases identified in the
previous section, FQFD methodology is presented step by step. The firm provides service
through 25 routes with 150 employees and has 32 years of experience in a national market as one
of the most important actors in the highway passenger transportation market. The firm has 56
coaches, each has 52 seats. The shortest distance is 3-hour drive and the longest one is 11-hour
drive among the 25 routes of the firm. The rival firm has a similar capacity profile, including
23 routes, 136 employees, and 20 years of experience in the same market. This study has been
performed by a QFD team including two moderators, one top manager, two functional man-
agers who have more interactions with customers, and one manager who is capable of analysing
the technical side of the service. Two moderators of the QFD team are competent in construct-
ing QFD methodology, and all members have proficiency in aspects of the highway passenger
transportation industry.

Customer needs and expectations were discovered through a focus group study, requests and
complaints reported by past customers, and a recent research survey conducted as part of this
study. The focus group participants were selected from undergraduate students. The main reason
students were used is that they make up three-fourths of the total passengers in the company, as
noted from the company’s data warehouse. In addition, the city where the company is located
has 15 private and state universities. Thus, the city transportation system, as a whole, is likely
economically dependent on the student population.
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Table 2. Linguistic variables for customer needs and expecta-
tions and managers’ opinions for quality plan scores.

Linguistic values TFNs

Unimportant (UI) (1, 1, 2)
Of little importance (LI) (1, 2, 3)
Moderately important (MI) (2, 3, 4)
Important (I) (3, 4, 5)
Very important (VI) (4, 5, 5)

Table 3. Linguistic variables for customer perceptions.

Linguistic values TFNs

Strongly disagree (SD) (1, 1, 2)
Disagree (DA) (1, 2, 3)
Moderately agree (MA) (2, 3, 4)
Agree (A) (3, 4, 5)
Strongly agree (SA) (4, 5, 5)

This focus group study involved seven students: 57.1% were female and 42.9% male. Seventy-
one per cent were between 18 and 22 years old and the remainder are between 22 and 25 years
old. The seven-student sample represents the student population, because the majority of the
student population originally resides in other cities and travel by highway passenger transporta-
tion. They prefer to travel using highway passenger transportation companies, and the students
involved in the focus group travelled with both the current and rival companies at least once.

Customer requests and complaints reported by past customers were investigated by the QFD
team to augment the voice of customers, and were used in developing the research survey.
Finally, the needs and expectations of recent customers were determined through a survey
conducted with volunteer customers of a firm during a specific journey.

The survey was constructed by the QFD team using a SERVQUAL two-part structure with 38
items, along with 4 demographic questions. The questions were adjusted to the industry by QFD
team member who had high industry competency. The first part included questions measuring
passenger needs and expectations, while the second part contained perception questions. The
whole service process was visualised as follows: pre-service, service delivery process, and post-
service phases, ticketing and reservation process (12 items); transportation process (23 items);
and post-transportation process (3 items). Both passenger expectations and perceptions were
rated using a fuzzy scale. In other words, linguistic terms were used in the questionnaire to learn
respondents’ expectations and perceptions. Fuzzy scale used in this part of the study is shown in
Tables 2 and 3. Table 2 includes TFNs used to identify linguistic variables for customer needs and
expectations. Table 3 presents TFNs to describe linguistic variables for customer perceptions.

The sample of current passengers consisted of 285 passengers, taking into account a 95%
confidence level and a 5% error margin (DeVaus 2000). Of the passengers, 39% were aged
between 21 and 30, 50.2% were male, and 44.2% had an undergraduate degree. The sample of
the rival firms’ passengers was 45 passengers who had travelled previously with other firms as
well as the rival firm. Of these, 40.9% were between 21 and 30, 62.2% were male and 50% had an
undergraduate degree. A reliability analysis for the research survey resulted in 0.933 Cronbach’s
alpha coefficient for expectation-related items among recent customers and 0.946 among the
rival firms’ customers. Ultimately, customer needs and expectations revealed by the three tools
as given above were transferred to the ‘Customer needs and expectations’ in Table 4.
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Table 4. Fuzzy planning matrix.

Ticketing and
reservation process

Fuzzy
importance rate

Fuzzy current
customer
rate-firm

Fuzzy customer
rate rival firm

Fuzzy quality
plan

Fuzzy rate of
level up

Priority
factor

Fuzzy absolute
weight

Deffuzzy
absolute
weight

Relative
weight

Tangibles and
reliability

Duration of ticketing 2.85 3.81 4.59 3.11 4.10 4.82 3.09 4.07 4.82 3.00 4.00 5.00 0.62 0.98 1.61 1.00 1.77 3.72 7.38 4.00 1.72

Providing the right service at
the first time by employees

3.12 4.10 4.73 3.08 4.08 4.81 3.09 4.09 4.87 3.00 4.00 5.00 0.62 0.98 1.62 1.20 2.34 4.82 9.21 5.14 2.20

Duration to get the ticket 2.92 3.89 3.89 3.04 4.03 4.78 3.21 4.21 4.93 3.00 4.00 5.00 0.63 0.99 1.64 1.00 1.83 3.86 6.40 3.95 1.69
The courtesy of employees 3.33 4.31 4.78 3.05 4.05 4.77 3.00 4.00 4.84 4.00 5.00 5.00 0.84 1.23 1.64 1.50 4.19 7.98 11.75 7.98 3.42
Uniformity of employees’

uniform
2.93 3.90 4.57 3.07 4.06 4.79 3.11 4.11 4.87 4.00 5.00 5.00 0.84 1.23 1.63 1.20 2.94 5.76 8.93 5.82 2.49

The visual characteristics of
ticketing area

2.77 3.74 4.49 2.91 3.91 4.67 2.87 3.87 4.73 4.00 5.00 5.00 0.86 1.28 1.72 1.20 2.85 5.74 9.26 5.84 2.50

Competency of employees 3.14 4.13 4.71 3.01 4.00 4.75 2.98 3.96 4.78 4.00 5.00 5.00 0.84 1.25 1.66 1.50 3.97 7.74 11.74 7.78 3.33
Error-free customer records 3.25 4.22 4.74 3.06 4.06 4.75 3.02 4.00 4.78 4.00 5.00 5.00 0.84 1.23 1.63 1.20 3.28 6.24 9.29 6.25 2.68

Accessibility and
internet services

Advanced website 3.05 4.01 4.67 3.03 4.03 4.74 2.50 3.50 4.42 3.00 4.00 5.00 0.63 0.99 1.65 1.00 1.93 3.98 7.71 4.26 1.83

User-friendly website 3.07 4.04 4.66 3.10 4.09 4.77 2.82 3.82 4.68 2.00 3.00 4.00 0.42 0.73 1.29 1.20 1.54 3.56 7.22 3.83 1.64
Availability of ticket sales on

website
3.10 4.08 4.68 3.01 4.00 4.76 3.00 4.00 4.74 4.00 5.00 5.00 0.84 1.25 1.66 1.50 3.91 7.65 11.66 7.69 3.30

24 hours service availability 3.09 4.07 4.67 2.99 3.99 4.70 3.00 4.00 4.75 4.00 5.00 5.00 0.85 1.25 1.67 1.50 3.94 7.65 11.71 7.71 3.30
Transportation process
Employees and

reliable service
Well-dressed employees 3.25 4.24 4.81 3.19 4.19 4.88 3.16 4.16 4.89 3.00 4.00 5.00 0.61 0.95 1.57 1.20 2.40 4.86 9.05 5.15 2.20

Employees’ courtesy in their
behaviours

3.40 4.40 4.84 3.13 4.13 4.83 3.16 4.16 4.91 4.00 5.00 5.00 0.83 1.21 1.60 1.50 4.22 7.99 11.60 7.96 3.41

Trustworthy employees 3.27 4.27 4.79 2.98 3.98 4.73 3.24 4.24 4.91 4.00 5.00 5.00 0.85 1.26 1.68 1.50 4.15 8.05 12.06 8.06 3.46
Well-cared employees 3.24 4.23 4.80 3.10 4.10 4.80 3.16 4.16 4.82 4.00 5.00 5.00 0.83 1.22 1.61 1.20 3.24 6.19 9.29 6.22 2.66
Feeling safe during the travel

time
3.27 4.27 4.27 3.05 4.05 4.76 3.20 4.20 4.89 3.00 4.00 5.00 0.63 0.99 1.64 1.50 3.09 6.33 10.50 6.48 2.78

Employees’ responsiveness
and willingness towards
customer needs and
expectations during service
time

3.21 4.20 4.77 2.97 3.97 4.70 3.11 4.11 4.89 4.00 5.00 5.00 0.85 1.26 1.68 1.50 4.10 7.93 12.05 7.98 3.42

Punctuality on service
delivery

3.33 4.33 4.85 3.05 4.05 4.74 3.26 4.26 4.95 4.00 5.00 5.00 0.84 1.23 1.64 1.20 3.37 6.41 9.54 6.43 2.75

Delivering the right service at
the first time

3.22 4.22 4.83 3.10 4.10 4.77 3.24 4.24 4.93 4.00 5.00 5.00 0.84 1.22 1.61 1.20 3.24 6.18 9.35 6.22 2.66

Features of buses Accessories such as plug and
TV availability in bus

3.23 4.21 4.77 3.07 4.07 4.78 2.98 3.98 4.73 4.00 5.00 5.00 0.84 1.23 1.63 1.50 4.05 7.76 11.65 7.79 3.34

(Continued)
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Table 4. Continued.

Ticketing and
reservation process

Fuzzy
importance rate

Fuzzy current
customer
rate-firm

Fuzzy customer
rate rival firm

Fuzzy quality
plan

Fuzzy rate of
level up

Priority
factor

Fuzzy absolute
weight

Deffuzzy
absolute
weight

Relative
weight

Modern-looking buses 3.19 4.18 4.75 3.03 4.03 4.03 2.98 3.98 4.71 3.00 4.00 5.00 0.74 0.99 1.65 1.50 3.56 6.22 11.76 6.70 2.87
Air-conditioning in bus 3.38 4.37 4.82 3.02 4.01 4.76 2.87 3.87 4.73 3.00 4.00 5.00 0.63 1.00 1.66 1.20 2.56 5.23 9.58 5.51 2.36
Cleanliness in buses 3.29 4.28 4.77 3.04 4.04 4.75 3.00 4.00 4.76 4.00 5.00 5.00 0.84 1.24 1.64 1.50 4.16 7.95 11.77 7.95 3.41
The availability of rest room

in buses
2.88 3.86 4.55 2.83 3.79 4.56 2.50 3.38 4.24 3.00 4.00 5.00 0.66 1.06 1.77 1.50 2.84 6.11 12.06 6.56 2.81

The distance between chairs 3.20 4.19 4.74 2.83 3.79 4.56 2.67 3.62 4.49 3.00 4.00 5.00 0.66 1.06 1.77 1.20 2.53 5.31 10.05 5.63 2.41
Rest house and

service on the bus
The variety of food at the rest

houses
3.04 4.03 4.66 2.92 3.89 4.64 2.18 3.05 3.95 2.00 3.00 4.00 0.43 0.77 1.37 1.00 1.31 3.11 6.38 3.35 1.44

The cleanliness of the rest
houses and areas

3.37 4.37 4.84 3.05 4.04 4.72 2.09 2.98 3.93 4.00 5.00 5.00 0.85 1.24 1.64 1.20 3.43 6.49 9.52 6.48 2.78

The quality of the rest houses
and areas

3.37 4.35 4.85 2.95 3.93 4.66 2.23 3.09 3.98 4.00 5.00 5.00 0.86 1.27 1.69 1.20 3.47 6.64 9.86 6.65 2.85

Recognisability of rest houses
and areas

3.15 4.13 4.71 3.05 4.02 4.70 2.28 3.19 4.12 3.00 4.00 5.00 0.64 1.00 1.64 1.00 2.01 4.11 7.72 4.36 1.87

The punctuality of travel
duration

3.41 4.40 4.85 3.16 4.15 4.77 3.22 4.22 4.84 4.00 5.00 5.00 0.84 1.20 1.58 1.20 3.43 6.36 9.21 6.35 2.72

The frequency of in-buses
services

3.02 4.01 4.68 3.01 4.01 4.71 3.09 4.09 4.79 3.00 4.00 5.00 0.64 1.00 1.66 1.20 2.31 4.80 9.33 5.14 2.20

Competency and
responsiveness of
employees

Individual attention to
customer needs

2.78 3.77 4.51 2.88 3.87 4.62 3.04 4.04 4.84 4.00 5.00 5.00 0.87 1.29 1.74 1.20 2.89 5.84 9.40 5.94 2.55

The understanding of special
customer needs

2.96 3.96 4.64 3.86 3.86 4.61 2.91 3.91 4.76 4.00 5.00 5.00 0.87 1.30 1.30 1.00 2.57 5.13 6.01 4.85 2.08

The competency of
employees

3.23 4.23 4.79 3.03 4.03 4.75 3.16 4.16 4.91 4.00 5.00 5.00 0.84 1.24 1.65 1.50 4.08 7.87 11.86 7.90 3.39

Post-transportation process
Post-transportation

service
The availability of inner city

shuttles
3.31 4.31 4.82 2.71 3.64 4.44 2.88 3.86 4.65 2.00 3.00 4.00 0.45 0.82 1.48 1.00 1.49 3.55 7.11 3.80 1.63

The courtesy of employees 3.42 4.41 4.88 3.07 4.06 4.74 3.05 4.05 4.81 4.00 5.00 5.00 0.84 1.23 1.63 1.50 4.33 8.15 11.92 8.14 3.49
Lost personal belongings

services
3.50 4.49 4.88 3.12 4.11 4.76 2.93 3.93 4.73 3.00 4.00 5.00 0.63 0.97 1.60 1.20 2.65 5.24 9.38 5.50 2.36

Notes: ‘Duration of ticketing’ refers to the time spent by customer for scheduling the travel.
‘Duration to get the ticket’ refers to the time spent by customer and service representative for buying the ticket.
‘Uniformity of employee’s uniform’ refers to if all employees get dressed with uniforms during the service delivery.
‘Well-dressed employees’ refers to if all employees are in clean and tidy uniforms.
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The fuzzy planning matrix is a matrix where all calculations and computations are done in
HOQ to reveal the most important customer needs and expectations, as well as technical require-
ments. The variables computed in the fuzzy planning matrix are the fuzzy importance rate, the
fuzzy customer rating (current and rival firms), fuzzy quality plan score, fuzzy rate of level up,
priority factor, fuzzy absolute weight, and fuzzy relative weight.

While calculating the fuzzy importance rate for each customer need and expectation (i =
1, 2, . . . , n), TFNs were calculated using fuzzy arithmetic, and fuzzy mean x̃ was computed
as given in Equation (7), where n is the number of customer needs and expectations.

x̃ =
∑n

i=1(li, mi, ui)

n
. (7)

To determine the most and least important customer needs and expectations, a defuzzification
method was operated using Equation (8). The defuzzified value is identified by Mdef:

Mdef = (l + 4 ∗ m + u)

6
. (8)

Defuzzification is a method to convert TFNs to crisp numbers to enable decision-makers to
make the final decisions easily (Kwong and Bai 2003). According to Table 4, the most important
fuzzy customer need and expectation was discovered to be the ‘lost personal belongings services’
with TFNs by (3.50, 4.49, 4.88) and the defuzzified value Mdef was 4.39. The least important
fuzzy customer need and expectation was seen as the ‘visual characteristics of ticketing area’
with TFN by (2.77, 3.74, 4.49) and the defuzzified value Mdef was 3.70.

The fuzzy current and rival firms’ customer rating were calculated using Equation (7), and
illustrated in Table 4. To calculate fuzzy customer ratings, the respondents’ fuzzy perception
TFNs were used in this step. As an indication of customer satisfaction, current customers were
mostly satisfied with the ‘well-dressed employees’ with TFNs by (3.19, 4.19, 4.88) and the
defuzzified value Mdef was 4.14. But, current customers were mostly dissatisfied with the ‘the
availability of shuttles’ with TFNs by (2.71, 3.64, 4.44) and the defuzzified value Mdef was 3.62.
In terms of the rival firms’ fuzzy customer ratings, the lowest fuzzy customer rating belonged to
the ‘variety of food at the rest houses’ with TFNs by (2.18, 3.05, 3.95) and the defuzzified value
Mdef was 3.06, while the highest fuzzy customer rating was for ‘punctuality of service delivery’
with TFNs by (3.26, 4.26, 4.95) and the defuzzified value Mdef was 4.21.

The fuzzy quality plan scores in the planning matrix were targeted by the firm managers using
TFNs, illustrated in Table 2. Fuzzy quality plan scores were assigned with linguistic variables. As
shown in Table 4, firm managers assigned relatively high quality targets for particular customer
needs and expectations, considering the magnitude of the gaps that occurred between current
and rival firms’ fuzzy customer ratings. They also focused on the firm’s strategic targets and
objectives in this step.

The fuzzy rate of level up score for each customer need and expectation was generated using
Equation (9).

(9)

where n is the number of customer’s needs and expectations, R̃Li is the fuzzy rate of the level up,
Q̃Pi is the fuzzy quality plan score, and ˜CCRi is the fuzzy current customer satisfaction score. A
higher fuzzy rate of level up values lead decision-makers to the factors where customer needs and
expectations should be improved. The highest fuzzy rate of level up values was the ‘individual
attention to customer needs’ with TNFs by (0.87, 1.29, 1.74) and the defuzzified value Mdef was
1.29, while the lowest fuzzy rate of level up values was the ‘user-friendly websites’ with TNFs
by (0.42, 0.73, 1.29) and the defuzzified value Mdef was 0.77.
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Priority factors in the planning matrix were used to identify the potential of each customer
need and expectation in improving total sales (Akao 1990). The priority factors for each cus-
tomer expectation were functioned as crisp values in this study. Instead of fuzzy values, crisp
values are more convenient to use in this study because no uncertainty is assumed for the prior-
ity factors. One point was assigned if there would be no possibility for improvement in sales, 1.2
points were given for medium possibility for improvement, and 1.5 points for strong possibility
for improvement. Table 4 shows that 1.5 points were assigned to (a) the courtesy of employees,
(b) competency of employees, (c) availability of ticket sales on website, and (d) 24-hour service
availability in the ticketing and reservation process. In the transportation process, the following
items were assigned 1.5 points: (a) employees’ courteous behaviour, (b) trustworthy employees,
(c) feeling safe during the travel time, (d) employees’ responsiveness and willingness towards
customer needs and expectations during service time, (e) accessories such as plug and TV avail-
ability in buses, (f) modern-looking buses, (g) cleanliness in buses, (h) the availability of rest
rooms in buses, and (i) the competency of employees. In the post-transportation process, the
only customer need and expectation assigned 1.5 points was the courtesy of employees.

The planning matrix ends with fuzzy absolute weight and fuzzy relative weight calculations.
Fuzzy absolute weights for each customer need and expectation are calculated using Equation
(10).

ÃWi = ĨRi ⊗ R̃Li ⊗ PFi i = 1, 2, . . . , n, (10)

where ÃWi is the fuzzy absolute weight, ĨRi is the fuzzy importance rate score, R̃Li is the fuzzy
rate of level up, and PFi is the priority factor score. Fuzzy absolute weights were defuzzified using
Equation (8) as shown in Table 4. The relative weights, RWi(i = 1, 2, . . . , n), were calculated
using defuzzified values as given in Equation (11).

RWi =
(

AWdefi ÷
n∑

i=1

AWdefi

)
∗ 100, i = 1, 2, . . . , n, (11)

where n is the number of the customer need and expectation, and AWdefi is the defuzzified value
of fuzzy absolute weight for each customer need and expectation. As seen in Table 4, relative
weights imply that the most critical customer needs and expectations in the planning matrix
are as follows: (1) employees’ courteous behaviours, (2) trustworthy employees, (3) employ-
ees’ responsiveness and willingness towards customer needs and expectations during service
time, (4) cleanliness, and (5) competency of employees in transportation process. In the post-
transportation process, the courtesy of employees was revealed as the most critical customer
need and expectation in highway passenger transportation.

The technical requirements were determined by the QFD team, specifying the design char-
acteristics and specifications. Several brainstorming sessions were performed by QFD team
members, all competent on the service delivery details, to generate the voice of engineering to
identify the technical requirements. Twenty-one technical requirements were generated in HOQ
given in Table 5. As reported in the service quality literature (Rosander 1989), technical require-
ments in this study were grouped into two main performance characteristics: time-based and
employee-based performance characteristics.

The fuzzy relationship matrix indicates how each customer need and expectation is associated
with each technical requirement (j = 1, 2, . . . , k). Technical requirements determined in this
study are related to customer needs and expectations using ãi TFNs, where ãi is the fuzzy rela-
tionship coefficient between the technical requirements and customer needs and expectations,
as identified in Table 5, using the fuzzy scale shown in Table 6. The relationship coefficients
given in Table 5 were assigned by QFD team members. The fuzzy scale is based on the tra-
ditional numeric system developed by Akao (1990). Additionally, the fuzzy relationship matrix
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Table 5. Fuzzy technical relationship matrix.

Relationships:
VW: (1, 1, 3) W:
(1, 3, 5) VS: (7,

9, 9)

Minimum
time on
ticketing
process

Error-
free

services

Minimum
time waiting
in queue for

ticketing
process

Employees’
empathetic

approach toward
customers

Well
dressed-up
employees

Tangible
features of
service area

Competent
employees

Error-free
records

Advanced
technical
on-line
services

Customer
needs and
expectations

Ticketing and reservation process

Tangibles and
reliability

Duration of ticketing VS W VW VW

Providing the right service at the
first time by employees

VS W W

Duration to get the ticket VS W VS
The courtesy of employees VS
Uniformity of employees’

uniform
VS

The visual characteristics of
ticketing area

VS

Competency of employees VS
Error-free customer records VS VS

Accessibility
and internet
services

Advanced website VS

User-friendly website VS
Availability of ticket sales on

website
24 hours service availability

Transportation process
Employees

and reliable
service

Well-dressed employees VS

Employees’ courtesy in their
behaviours

VS

Trustworthy employees VS VS
Well-cared employees
Feeling safe during the travel time W
Employees’ responsiveness and

willingness towards customer
needs and expectations during
service time

VS

Punctuality on service delivery VS
Delivering the right service at the

first time
VS W W

(Continued)
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Table 5. Continued.

Relationships:
VW: (1, 1, 3) W:
(1, 3, 5) VS: (7,

9, 9)

Minimum
time on
ticketing
process

Error-
free

services

Minimum
time waiting
in queue for

ticketing
process

Employees’
empathetic

approach toward
customers

Well
dressed-up
employees

Tangible
features of
service area

Competent
employees

Error-
free

records

Advanced
technical
on-line
services

Features of buses Air-conditioning in bus
Accessories such as plug and TV

availability in bus
Modern-looking buses
Cleanliness in buses
The availability of rest room in

buses
The distance between chairs

Rest house and
service on the
bus

The variety of food at the rest
houses

The cleanliness of the rest houses
and areas

The quality of the rest houses and
areas

Recognisability of rest houses and
areas

The punctuality of travel duration VS
The frequency of in-buses

services
Competency and

responsiveness
of employees

Individual attention to customer
needs

VS

The understanding of special
customer needs

VS

The competency of employees VS

Post-transportation process
Post-transportation

Service
The availability of inner city

shuttles
The courtesy of employees VS
Lost personal belongings services

Sum (25.25, (113.25, (12.83, (185.11, (37.34, (19.93, (95.80, (28.56, (26.10,
Sum 68.20, 292.84, 34.75, 459.66, 95.56, 51.65, 268.65, 89.13, 71.54,

124.00) 488.35) 57.58) 673.02) 161.81) 83.32) 488.28) 176.46) 156.43)
Sum def 70.34 295.49 34.90 449.46 96.92 51.64 276.45 93.59 78.12
Relative weight (%) 2.5 10.48 1.24 15.95 3.44 1.83 9.81 3.32 2.77

(Continued)
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Table 5. Continued.

User-friendly
website

Online
services

24 hours
service

Employees’
attention to

customers’ needs

Technical
specifications of

buses
Reliable
service

Keeping promise
on the duration of

trip Hygiene

Standard of food
and beverage
in-bus service

Quality of
service at rest

house
Frequent

in-bus service

Availability of
post-transportation

service

W VS

VS

VS

W VS VS

VS

W

VS

W VS

VS

VS

VS

VS

W VS

VS

VS

VS

VS W

VS

VS

VS

VS

VS

VS

(18.46, 70.61, (68.48, 173.52, (27.61, 68.85, (42.40, 105.19, (106.04, 318.48, (25.79, 81.07, (49.40, 118.70, (53.08, 129.92,

184.18) 279.73) 105.43) 191.83) 607.19) 154.78) 190.89) 191.60)

80.85 173.72 68.08 109.17 332.86 84.14 119.18 127.39

2.87 6.16 2.42 3.87 11.81 2.99 4.23 4.52D
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Table 6. Linguistic variables for relationships between technical
requirements and customer needs and expectations.

Linguistic values TFNs (ãi)

Very weak relationship (VW) (1, 1, 3)
Weak relationship (W) (1, 3, 5)
Very strong relationship (VS) (7, 9, 9)

Table 7. Linguistic variables for relationships between
and among technical requirements.

Linguistic values TFNs

Very weak relationship (VW) (1, 1, 3)
Weak relationship (W) (1, 3, 5)
Medium relationship (M) (3, 5, 7)
Strong relationship (S) (5, 7, 9)
Very strong relationship (VS) (7, 9, 9)

may have some blank cells if there are no relationships between customer needs and expectations
and technical requirements.

Fuzzy absolute weights for each technical requirement are calculated using Equation (12).

˜TAWj =
n∑

i=1

ÃWi ⊗ ãi, j = 1, . . . , k, (12)

TRWj =
(

TAWdefj ÷
k∑

J=1

TAWdefj

)
∗ 100, j = 1, . . . , k, (13)

where k is the number of the technical requirement, ˜TAWj the fuzzy absolute weight for the
technical requirement, ÃWi the fuzzy absolute weight for the customer need and expectation,
TRWj the relative weight for the technical requirement, and TAWdefj the defuzzified absolute
weight for the technical requirement. The fuzzy absolute weights for the technical requirements
were defuzzified using Equation (8) as identified in Table 5. The relative weights, TRWj (j =
1, 2, . . . , k), were calculated using the defuzzified values as given in Equation (13).

The fuzzy relationship matrix indicates that, in this study, the most important technical require-
ments in highway passenger transportation services were as follows: employees’ empathetic
approach towards customers (16%), technical specifications of buses (12%), error-free services
(10%), and competent employees (9.81%).

The fuzzy technical correlation matrix presents the relationships between and among technical
requirements. The fuzzy scale used for determining technical correlations in this study were
assigned by QFD team members and shown in Table 7 and the fuzzy technical correlation matrix
created by QFD team is shown in Figure 4 on the roof of HOQ. Weak or very weak relationships
were not assigned, while medium, strong, and very strong relationships were observed among
some technical requirements.

As seen in Figure 4, ‘very strong relationships’ were observed between the following technical
requirements:

(i) minimum time on the ticketing process and minimum time waiting in a queue for
ticketing process,
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Figure 4. The roof of HOQ including technical correlations.

(ii) minimum time in the ticketing process and competent employees,
(iii) error-free services and competent employees,
(iv) error-free services and error-free records,
(v) minimum time waiting in a queue in the ticketing process and competent employees,

(vi) error-free records and reliable service, and
(vi) technical specifications of the buses and a reliable service.

Figure 4 also shows that ‘strong relationships’ were seen between the next technical
requirements:
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(i) minimum time in the ticketing process and an error-free service,
(ii) error-free services and minimum time waiting in a queue for the ticketing process,

(iii) minimum time in the ticketing process and error-free records,
(iv) competent employees and reliable service, and
(v) keeping promises on the duration of the trip and technical specifications of the buses.

Along with very strong and strong relationships, medium relationships were determined
between the technical requirements given below:

(i) error-free services and a user-friendly website,
(ii) minimum time waiting in a queue for the ticketing process and error-free records, and

(iii) employees’ empathetic approach toward customers and reliable service.

The customer evaluation section presents the comparison of the defuzzified values of the cur-
rent and rival firms’ fuzzy customers’ rates in Table 4. Symbols X and O refer to the customer
perception levels for the customers of the current and rival firms, respectively. According to
Table 8, on the one hand, ‘the availability of rest room in buses’ was the only item in which
the rival firms showed better perceived performance than the current firm. On the other hand,
‘the variety of food at the rest houses’, ‘the cleanliness of the rest houses and areas’, ‘the quality
of the rest houses and areas’, and the ‘recognisability of rest houses and areas’ were the items
in which the current firm had better perceived performance than the rival firms. The rival and
current firms displayed the same perceptions of performance in the rest of the items.

6. Results and discussion

This study identified the most important customer need and expectation as the ‘lost personal
belongings services’, while the least important was the ‘visual characteristics of the ticketing
area’. As an outcome of competitive analysis, the comparison between expectations and percep-
tions for the two items revealed that the service provider firm was capable of meeting the least
important customer need and expectation. However, the firm had not met the most important need
and expectation in this study. This finding gives direction to the service quality improvement
plans.

Looking at the other significant findings of this study, current customers were mostly satisfied
with ‘well-dressed employees’ as noted previously in the literature (cf. Parasuraman, Zeithaml,
and Berry 1988). Also, current customers were mostly dissatisfied with ‘the availability of shut-
tles’. Cavana, Corbett, and Lo (2007) found that the ‘connection’ dimension, including the shuttle
services, was one of the most effective service quality dimensions in railway services. In terms
of the rival firms’ customer ratings, the lowest customer rating was for the ‘variety of food at the
rest houses’, while the highest customer rating was for the ‘punctuality of service delivery’. Cer-
tain studies support the importance of punctuality. For instance, Tripp and Drea (2002) identified
on-time performance of intercity drivers as one of the three elements of service quality. Luís and
Freitas (2013) emphasised punctual departure time as essential to intercity road transportation
measures of quality.

The findings revealed that the customer need and expectation which most required improve-
ment was the ‘individual attention to customer needs’ item. This finding agreed with the empathy
dimension of SERVQUAL. The least attention was for the ‘user-friendly websites’ item. How-
ever, Cavana, Corbett, and Lo (2007) used a similar approach and discovered that the connection
dimension in the railway system is a vital expectation. Also, Luís and Freitas (2013) mentioned
the ‘ease of purchasing tickets’ in the assessment of quality of intercity road transportation of
passengers.
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Table 8. Customer evaluations.

Customer
evaluation

Tomer
needs and
expectations

Ticketing and reservation process 1 2 3 4 5

Tangibles and
reliability

Duration of ticketing X O

Providing the right service at the first time by
employees

X O

Duration to get the ticket X O
The courtesy of employees X O
Uniformity of employees’ uniform X O
The visual characteristics of ticketing area X O
Competency of employees X O
Error-free customer records X O

Accessibility and
internet services

Advanced website X O

User-friendly website X O
Availability of ticket sales on website X O
24 hours service availability X O

Transportation process
Employees and

reliable service
Well-dressed employees X O

Employees’ courtesy in their behaviours X O
Trustworthy employees X O
Well-cared employees X O
Feeling safe during the travel time X O
Employees’ responsivenessandwillingnessto-

wardscustomerneedsandexpectationsduring
service time

X O

Punctuality on service delivery X O
Delivering the right service at the first time X O

Features of buses Accessories such as plug and TV availability
in bus

X O

Modern-looking buses X O
Cleanliness in buses X O
Air conditioning in bus X O
The availability of rest room in buses X O
The distance between chairs X O

Rest house and
service on the
bus

The variety of food at the rest houses O X

The cleanliness of the rest houses and areas O X
The quality of the rest houses and areas O X
Recognisability of rest houses and areas O X
The punctuality of travel duration X O
The frequency of in-buses services X O

Competency and
responsiveness
of employees

Individual attention to customer needs X O

The understanding of special customer needs X O
The competency of employees X O

Post-transportation process
Post-transportation

service
The availability of inner city shuttles X O

The courtesy of employees X O
Lost personal belongings services X O
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From the service provider managers’ point of view (considering priority factors in the fuzzy
planning matrix), there are particular customer needs and expectations that are more likely to
improve sales. Using the findings of the study, three main topics were mentioned in this context
by managers, namely the ‘employee’, ‘tangibility and safety of buses’, and ‘24 hour availability’
dimensions. These findings reflect those of Luís and Freitas (2013), Nathanail (2008), and Tsaur,
Chang, and Yen (2002), who all found that the safety aspect of travel was one of the important
aspects of service quality perception.

Taking the relative weights of customer needs and expectations in the fuzzy planning matrix
into consideration, the most important customer needs and expectations (WHATS in HOQ), were
associated with the ‘employee’ and ‘tangibility of buses’ related dimensions. In other words,
‘employee’ and ‘tangibility of buses’ were the items requiring the most attention in differen-
tiating the passenger transportation service from rivals, from the combined points of view of
the customer and service provider managers. To convert WHATS to HOWS in HOQ, technical
requirements identify ways of meeting customer needs and expectations to differentiate the ser-
vice from that of rivals. In this sense, the vital technical requirements, as seen at the bottom of
the columns on technical requirements, were connected to ‘employees’, ‘the features of bus’,
and ‘error-free services’, respectively. It should be noted that these findings are in line with Eboli
and Mazzulla’s (2012) research findings that identified two branches of technical requirements
in passenger transportation, namely the tangible and subjective features.

The emphasis given to employee-related service quality characteristics in this study is com-
patible with the service quality literature. For more than two decades, service quality (Rosander
1989) emphasised the crucial effects of employee performance on service quality, particularly
the transportation service quality literature (cf. Agarwal 2008; Cirillo, Eboli, and Mazzulla 2011;
Disney 1998; Friman and Edvardsson 2003; Gautam 2010; Luís and Freitas 2013; Vanniarajan
and Stephen 2008). Along with employee-related technical requirements, bus-related technical
requirements were also mentioned as important design characteristics in the literature (cf. Cirillo,
Eboli, and Mazzulla 2011; Huang, Wu, and Hsu 2006; Paquette, Cordeau, and Laporte 2009;
Rojo et al. 2012; Vanniarajan and Stephen 2008).

To help designers improve the outcomes of the design processes, QFD keeps the relationships
between and among technical requirements in mind. Any improvement opportunities for any
technical requirements are not independent from the other correlated technical requirements. The
results here revealed that competency and the empathetic behaviour of employees are positively
related to dimensions indicating the quality perceptions of the service cycle in the passenger
transportation industry. Another implication of this study is that error-free service was technically
correlated to time effectiveness related technical requirements such as minimum time waiting
in queues and minimum time on the ticketing process. Luís and Freitas (2013) assessed the
crucial importance of fast and organised queues in the quality of intercity road transportation
of passengers. Error-free service was also correlated to reliable service, confirming Nathanail’s
(2008) research.

Another important finding is that managers in the passenger transportation industry should
pay attention to online services, considering the positive correlation between error-free service
and user-friendly website technical requirements, as well as the managers’ neglectful attitude
to these items. Cavana, Corbett, and Lo (2007) proposed that ‘convenience’ was one of the
important dimensions in rail transport service quality. Considering the emphasis of the ‘reli-
ability’ dimension (Cirillo, Eboli, and Mazzulla 2011; Eboli and Mazzulla 2010; El-Geneidy,
Horning, and Krizek 2011; Parasuraman, Zeithaml, and Berry 1988), this finding should be
worthy of attention of service providers in the passenger transportation industry. Similarly, ‘reli-
able service’ and ‘keeping promises’ are positively linked to the ‘technical specifications of
buses’.
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This study also revealed that the only customer need and expectation differentiating between
the services of the current and rival firms were rest house issues. This implication clearly iden-
tified that attention to these services can enhance the development of a competitive advantage
in the industry. The low rival firms’ customer rating for the ‘variety of food at the rest houses’
reinforces this judgement.

7. Future research suggestions and limitations

There are several future research opportunities in this study. One is that a stochastic approach
may be used in constructing the HOQ and a comparison performed between FQFD and stochastic
QFD studies. Second, even though the triangular membership function was used in this study,
further studies might employ other membership functions, such as trapezoidal, in the FQFD
studies. While calculating the fuzzy importance rate for each customer need and expectation,
TFNs were calculated using fuzzy mean values in this study. Another research opportunity is
that the weighted rates given by customers and managers’ opinions as decision-makers could be
used as an alternative method. It is also possible to implement cluster analysis and data mining
techniques into QFD methodology.

As a further research focus, the competing interests of several stakeholders in the passenger
transportation industry would be an important input for service quality improvement efforts, as
stated in Zak’s (2011) study. Another opportunity for future research is to include the perceptions
of passengers from other nationalities to determine different cultural attitudes towards service
quality.

Service expectations may vary among passengers with different reasons for travel. This might
be another driving force for further studies. The quality of service delivered to disabled people is
another subject for study, as a specific customer segment. Disabled people’s needs and expecta-
tions differentiate in various ways. Bordagaray et al. (2014) found consumers’ heterogeneity in
service quality perceived in different bus lines. In this line, heterogeneity between different bus
lines might be another topic study.

The limitations of this study may include the small sample in the focus group and the use
of students as participants, as they may have unique needs that are not reflected in the general
population.

8. Conclusions

Improving quality in service industries has been shown to provide a competitive advantage in
this era of tough global competition. Compared to previous years, passenger transportation has
been one of the largest and fastest growing service segments in the global economy (Euro-
pean Commission Passenger Transport Statistics Report 2013). Passenger transportation firms
need to implement appropriate advanced approaches to survive the competition instead of only
traditional approaches which have their particular weaknesses.

As one of these approaches, FQFD has been used in this study to help designers and decision-
makers in the passenger transportation industry. QFD enables firms to focus on the voice of
customer in a timely fashion and integrate their needs and expectations with the technical lan-
guage in the design processes (the voice of the engineer), which is a crucial competency. The
nature of service delivery processes contains uncertainty and subjectivity causing in difficulty
in expressing quantitative measures; therefore, any approaches using crisp values may not be
well suited for QFD studies. Consequently, fuzzy logic is indicated as an appropriate approach to
cope with uncertainties in QFD understanding of the relationships between the ‘hows’ (technical
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requirements) and between the ‘hows’ and ‘whats’ (customer needs and expectations). We
believe that this study is a first step in using FQFD in this manner.
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