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ABSTRACT

The objective of this study is to develop a proposal for developing port services that can improve the service quality
by accurately satisfying the customer requirements. In this study, a four-stage process was identified. In the first stage,
data envelopment analysis (DEA) was used for measuring the efficiency of the container terminals. In the second stage,
the requirements of the port customers were identified, and confirmatory factor analysis was applied for satisfying
these requirements. Further, in the third stage, the consistency of the binary comparison matrices which consist of
customer requirements was evaluated using the analytic hierarchy process (AHP). In the final stage, the fuzzy analytic
hierarchy process (FAHP) and fuzzy quality function deployment (FQFD) were jointly used for designing the port
services. According to results, the resources requirement is considered to the most important criterion among the
main criteria to improve the service quality of the port. Further, FQFD was used for designing of P1 port’s service. FQFD
was concluded that the quality of the equipment, facilities, and technological infrastructure have to be improved for
increasing the service quality of P1 port.

Keywords: Fuzzy Analytic Hierarchy Process, Fuzzy Quality Function Deployment, Confirmatory Factor Analysis, Port

Service Design, Data Envelopment Analysis
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1.INTRODUCTION

The ports that form the backbone of maritime
transport and their efficiency are considered the
main factors that affect the performance of maritime
transport. The ports that do not contain any docks,
warehouses, and/or storage spaces that are suitable
for different cargo and vessel types have no and/or poor
connection to other forms of transportation, have tech-
nologically outdated equipment, fail to employ skilled
labor, are inaccurately designed, or are not professi-
onally managed are obstacles in obtaining favorable
results in maritime transport. In the current competitive
business environment, port operators must optimally
use their scare resources and, simultaneously, adopt a
professional, innovative, and proactive management
approach for achieving their targets and objectives
(Tahar and Hussain, 2000). This entails the design and

presentation of the port services and all areas related
port services in a manner that focuses not only on the
port efficiency but also on customers (the port services
should be responsive to the customer requirements) as
well as the improvements.

However, this study focuses on the design of port
services in accordance with the customer requirements.
At this time, the following basic questions have to be
answered: What are the customers’ expectations from
a port? How can these expectations be identified? How
can the services be designed or improved to satisfy
these expectations? This study searches for the answers
to such questions. Further, this study intends to come
up with a proposal for designing and developing port
services that are capable of satisfying the customer
requirements using Fuzzy Quality Function Deployment
(FQFD). Subsequently, an existing questionnaire was
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used to identify the expectations of the customers, and
confirmatory factor analysis (CFA) was applied to this
questionnaire. The questionnaire was finalized after this
analysis was completed, and the revised questionnaire
was used for determining the importance ratings and
weights of customer expectations using the Fuzzy Anal-
ytic Hierarchy Process (FAHP). The efficient operation
of a port was the key consideration for determining
the port at which this study could be conducted and
its rivals. Further, data envelopment analysis (DEA) was
used for performing the efficiency analysis, and the
efficient and inefficient ports were identified. One of
the inefficient ports was selected for conducting this
study. After these stages, the basic steps of FQFD were
performed, and a service design proposal was obtained
for the selected port.

The following sections in this study address the
literature review, the basic issues related to the con-
cept of port, data and used methodology, analysis and
findings, and conclusions.

2. LITERATURE REVIEW

In this study, an extensive literature search was
carried out to build up a strong theoretical background
and to identify method and/or methods. Firstly, studies
focused on port services design in the literature has
been investigated in order to build up a strong theore-
tical background of this study. In line with this purpose,
studies related to the subject have been researched th-
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rough keywords by using online databases and internet
search engines, especially EBSCO Discovery Service (On
22.05.2020). The distribution of the studies reached as
a result of the search by keyword groups is shown in
Figure 1. Due to the limitation of the page, these studies
could not be included in detail.

As can be seen in Figure 1, among these studies, it
is seen that those who are related to “port’, “transport”
and“design”issues are more numerous than others. The
topics and methods of the studies examined with the
literature research have not been elaborated since they
are not “directly related” to the subject of this study.

In addition to determining the gap regarding the de-
sign of port services, the literature research also allowed
us to determine what kind of problems are sought and
which methods are used in the studies related to ports.
In this context, the majority of the studies proposed
solutions various network design problems with the
help of mathematical models. Another issue that was
emphasized as much as the network design was the
measurement of the emission caused by the ships and
the ports as a whole, and the analysis of theirimpact on
the environment. Moreover, the studies that examine
the negative effects of maritime transport, ports and
ships on the environment and coastline through chemi-
cal analyzes are also remarkable. The methods used in
these studies mentioned in Figure 2 are grouped under
general headings.

Keyword Groups

u "Port" and "Quality" and "Transport"
"Port" and "Shipping" and "Quality"

u "Port" and "Transport" and "Design"

m "Seaport" and "Quality" and "Transport"

H "Service quality" and "QFD"

m "Port" and "Planning"

Figure 1: Distribution of studies reached through literature research by keywords
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Figure 2: Distribution of the methods used in the studies reached by the literature research

As seen in the Figure 2; mathematical models,
methods such as QFD and FQFD are used more than
other techniques. Although methods such as QFD and
FQFD seem to be the most preferred after mathematical
models, the problems discussed in the studies in which
these methods are used differ from the structure of the
problem addressed and sought in this study.

In the current literature review, there are a limited
number of studies focused on similar problem and met-
hods used in the study. In this context; Ding (2009) used
the FQFD method to define Kaohsiung Port’s service
delivery system (SDS) solutions from the perspective of
customers and Duru et al. (2013) used the QFD method
to determine the needs of both the customers and port
operators. Hsu (2013) determined the service activities
at the container terminals from a customer perspective
by using the QFD method. Huang et al. (2015) also used
the QFD method to improve the service quality of ship
freight companies; Razik et al. (2015) used QFD and
factor analysis together for improvement activities in
dry cargo terminals from a customer perspective. In
another study on service quality, Huang et al. (2019)
used QFD and FAHP methods together to improve the
service quality of large shipping companies.

In this study, unlike the studies examined with the
literature research, port services were handled from
a more holistic perspective. Different from current
literature, the port services were evaluated from the
perspective of customers for port authorities and it was
aimed to present a proposal for the improvement of
the services. Since the studies related service quality
improvements at ports from consumer perspective are
limited in number in the literature.

While there are studies that have investigated the
product and service design using the FQFD, only a few
studies have investigated the usage of quality function
deployment (QFD) and/or FQFD for the design of port
services; further, no study has been conducted in Tur-
key as of the date of the present study. In this context,
this study will contribute to the literature related to
study’s subject in terms of its scope and methodology
and encourage further studies.

3. BASICISSUES RELATED TO THE
CONCEPT OF PORT

Ports include structures comprising several sections
that can be referred to as terminals (Mangan et al., 2008)
and perform the following five basic functions: serve as
shelter for vessels; maintain, repair, and construct vessels;
possess suitable infrastructure for handling, stowing,
storing, and checking the loading operations; possess a
suitable environment for the expansion of industry and
commerce; and ensure the effectiveness of the transpor-
tation operations by connecting different transportation
points (Branch, 1986). Based on these functions, the
ports may be classified as state, municipal, private, and
autonomous ports (Baird, 1995). However, the ports
can also be classified as first, second, third (UNCTAD,
1992) and fourth generation according to the scope of
the services which they offer (Esmer and Cetin, 2016).

The differentiation of ports in terms of their capa-
cities and the services that they offer makes it difficult
to develop a standard approach that is applicable to
every port with respect to the measurement of the
efficiency and service design. The factors that affect
the performance and efficiency of a port include its
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geographic location, the availability of transportation
modes, its technological infrastructure, its potential for
expansion, the automation systems, its work load, the
duration of cargo’s stay in the port, its storage spaces
and the manner in which these spaces are used, the
number and adequacy of the handling equipment, its
operation times, the capabilities of the crane operators,
the professional qualifications and the training levels
of the staff, the occurrence of natural disasters, and the
persons or organizations related to the port.

Currently, to ensure efficient operation of ports, to
ensure customer satisfaction, and to become larger
than their rivals, the port operators must recognize
the changes in the customer requirements of global
trade and take the lead in undergoing transformation
before being forced to transform or to become inno-
vative. The increase in global trade volume and cargo
traffic, changes in customer expectations, introduction
of heavy tonnage ships, technological advancements,
and increased competition (TURKLIM, 2010); the com-
petition rules, taxation systems, working conditions,
security services, and regulations concerning customs
and environmental protection (World Bank, 2007); the
climate change, rising sea levels, storms, and natural
disasters; (Becker et al., 2011) and several other factors
make transformation inevitable for port operators.

4. RESEARCH AND METHODOLOGY

The objective of this study is to make a proposal for
facilitating the improvement of the services that are
provided at a port in accordance with the customer
requirements. In this context, the first problem that
should be solved is to identify the port at which the
study has to be conducted. The efficiency score obtai-
ned using DEA was considered an evaluation criterion
for selecting the port, a literature review on ports has
been performed, and the input and output variables
that can be used for performing efficiency analysis have
been identified. The port having the lowest efficiency
score in the analysis was selected for conducting this
study. For the service design work to be conducted on
the selected port, FQFD was used because it allowed
the customers to be indirectly included in the design
and the service production process. Subsequently, the
AMOS 20 software package was employed to conduct
CFA for verifying the validity and reliability of the service
quality scale used to determine the customer require-
ments in FQFD. Further, to determine the importance
rating of the customer requirements, the FAHP method

was used, and a design proposal was created for the
selected port by performing FQFD.

The research model has been presented in Figure 3
for a clear presentation of the aforementioned stages.

4.1. Data Collection

The data required for performing the efficiency
analysis in the first stage of the application were
collected from the Ministry of Transport, Maritime
Affairs, and Communications and the websites of the
14 designated ports. DEA was performed using the
data from 2014 because the accessible and reliable
data on the ports originated in that year. The data
that were required for determining the customer
requirements were collected using the questionnaire
forms. While preparing these questionnaire forms, a
previously developed scale was used for measuring
the service quality of the port operators. To verify the
validity and reliability of this scale, 400 questionnaire
forms were administered to port customers, and 337
valid questionnaire forms were collected. FAHP was
employed for determining the importance rating of
the customer requirements. This constitutes the first
stage of FQFD. To obtain the data that were required
at this stage, the questionnaire forms, which were
prepared according to the hierarchy of goals and the
main and sub-criteria, were given to 119 port customers
by contacting them in person or via phone or e-mail,
and the forms were taken back using the same method.
Among the 93 questionnaire forms that were returned,
64 were observed to be usable. The data required for
the creation of the planning matrix in the second stage
of FQFD were obtained by handing over the question-
naire forms to 320 port customers by contacting them
in person or via phone or e-mail, receiving 292 usable
questionnaire forms in return. Further, a quality team
comprising seven people who were experts in port
services was formed, and the technical requirements
of the ports were identified based on their opinions. To
measure the degree of relation between the identified
technical requirements and customer requirements, a
relation matrix was created by consulting the quality
team. Further, 16 experts who worked in the ports and
who were knowledgeable about the port evaluated the
questionnaire forms that were designed to determine
the importance rating of technical requirements and to
identify the target values. In the final stage, a correlation
matrix was created to measure the relations among
various technical requirements.
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4.2. Research Methods

This section is devoted to the descriptions of the
DEA, CFA, fuzzy logic, FAHP, and FQFD methods that
have been used in the application.

4.2.1. Data envelopment analysis

DEA is a data-driven analysis that is used for
measuring the effectiveness of the decision-making
units (DMUs) that convert multiple inputs into multiple
outputs (Cooper et al., 2004). The DEA models are typ-
ically grouped into radial and non-radial models. The
most commonly used non-radial DEA models are the
additive model, slacks-based measure, hybrid measure,
and Russell measure. However, the radial DEA models
are categorized into constant returns to scale (CRS) and
variable returns to scale (VRS). Based on the assumption
of CRS, the CCR (Charnes-Cooper-Rhodes) model is
used; further, based on the assumption of VRS, the BCC
model is used; CCR and BBC models can be solved as
being input- and output-oriented (Cooper et al., 2007).
The objective of the input-oriented DEA models is
to use the minimum input for obtaining a particular
output, whereas the objective of the output-oriented
DEA models is to create the maximum output using a
particular amount of input (Charnes et al., 1994).

The data envelopment analysis includes six stages
such as the selection of DMUs, determination of inputs
and outputs, identification of the appropriate DEA mo-
del, assignment of the reference set, calculation of the
potential improvement rates for ineffective DMUs, and
the assessment of the results. DMUs should have similar
inputs and outputs because their selection affects the
results of analysis. Further, the DMUs should perform
similar activities to achieve similar targets, should
operate under similar market conditions, (Golany and
Roll, 1989) and should be in adequate numbers (Bakirci,
2006). In the literature, there are various recommenda-
tions that can be used for determining the number of
DMUs. In this context, the number of DMUs should be
greater than or equal to the product of the number of
used inputs with the number of outputs greater than or
equal to three times the sum of the numbers of inputs
and outputs according to (Cooper et al. (2001), whereas
it should be no less than the sum of the numbers of the
inputs and outputs according to Bakirci (2006); From
(Boussofiane et al., 1991); further, it should be at least
twice the product of the numbers of inputs and outputs
according to Dyson et al. (2001).

Because the number of input and output variables
that should be used in DEA is as important as the num-

ber of DMUs, all the inputs and outputs that affect the
effectiveness of the DMUs should be identified. If there
are too many inputs and outputs, various methods
should be used for determining the most important
inputs and outputs and for reducing their number. The
inputs are the resources that are used by the DMUs,
and the outputs are the beneficial results of the acti-
vities of the DMUs. For obtaining meaningful results,
a reasonable number of inputs and outputs should
be included for performing the analysis. Because the
increased number of inputs and outputs will increase
the number of DMUEs, it is important to accurately
determine the inputs and outputs (Ramanathan, 2003).
In DEA, the efficiency values of the DMUs will vary
between 0 and 1, where the DMUs whose efficiency
scoreis 1 can be considered to be efficient while those
having effectiveness scores of smaller than 1 can be
considered to be inefficient (Weber, 1996).

4.2.2. Confirmatory factor analysis

Factor analysis is a type of multivariate analysis that
allows the presentation of data in a meaningful and
concise manner based on the relations among a group
of variables (Nakip, 2013), and it is classified as explana-
tory and confirmatory. Exploratory factor analysis (EFC)
is designed for cases in which the relations between the
observed and latent variables are unknown or tentative
(Byrne, 2010). However, CFA has been developed for
verifying the validity of factor structures. In CFA, there
are certain fit indices for verifying the consistency of
the model. The most commonly used indices include
the chi-square test statistics, root mean square error of
approximation (RMSEA), standardized root mean squa-
re residual (SRMR), normed fit index (NFI), comparative
fitindex (CFl), goodness of fit index (GFI), and adjusted
goodness of fit index (AGFI) (Schermelleh-Engel et al.,
2003).

4.2.3. Fuzzy logic and fuzzy numbers

Fuzzy logic was initially introduced as a concept by
L. A. Zadeh in his book, Fuzzy Sets, published in 1965.
Fuzzy logic considers uncertainty, and it can be used
to solve the problems without considering definite
borders and values (Chamzini and Yakhchali, 2012).
Further, Zadeh developed the theory of fuzzy sets
because of the perception differences or uncertainties
that are associated with human thought. In fuzzy logic,
the linguistic variables are mathematically expressed
(Ertugrul and Karakasoglu, 2008). Each element in a
fuzzy set can take values ranging from 0 to 1 (Chan
and Kumar, 2007). Further, the membership function
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for the fuzzy set A can be expressed asp;(x) — [0,1]
. In literature, the triangular and trapezoidal fuzzy
numbers are considered to be the most extensively
used fuzzy numbers,and iz = (/, m, u)is a triangular
fuzzy number, where [ denotes the smallest possible
value, m denotes the possible value, and © denotes the
greatest possible value (Chang, 1996). The linguistic
variables that are used in this study and the triangular
fuzzy numbers that correspond to them are presented
in Table 1 (Rao, 2008).

4.2.4. Fuzzy analytic hierarchy process

Fuzzy logic s suitable for solving real-life problems;
this has led to the usage of fuzzy logic along with the
traditional multiple-criteria decision-making methods.
FAHP began to be used in the literature because of the
aforementioned developments (Huang et al., 2008;
Deng, 1999). In this study, the FAHP that was proposed
by Chang (1996) was used, and its stages were shown
below (Chang, 1996; Kahraman et al., 2004):

According to the order analysis conducted by
Chang (1992), where U = {uy, u,, ..., u;,} denotes the
objectsetand X = {x1, X2, ..., Xz }denotes the target set,
(g0 is applied to each order analysis. Therefore, m order
analysis values are obtained for each object.

M’ ML M?

gi»Mgir - i = 1,2, e, (‘])

m
!Mgi

1st Stage: The calculation of the fuzzy synthetic
order value for value .

j=

j=1 i=1

Here, to calculate Z}Zl Méi in Equation 2, the additi-
on of the m order analysis value is performed as follows:

m m m m
Jj —
ZMgi— Zl],ij,Zu] (3)
j=1 j=1 j=1 j=1

Méi], the
,m)is performed.

Further, to obtain the value of [Z?=1 Z;'n:1
additiontothevalue M), j = 1,2, ...

S5l (5i5n50)

Subsequently, the Equation 5 is obtained by taking
inverse of Equation 4.

-1

n m
Syul (o) ©
: Eh Tl Xieam Xl

2nd Stage: The degree of likelihood for the state
M; = (l;, my,uy) = M, = (l,,m,, u, )can be given
as follows:

VM 2 M) = Squzy[min(liMl(x): M, (}’))] (6)

In other words:

Table 1: Importance Scale in AHP and Its Fuzzy Corresponding

AHP

FAHP

Degree of Importance Definition

Fuzzy Numbers Corresponding Numbers

1 Equally important
Weakly important
Essentially important

Very strong important

O N U W

Absolutely important

Intermediate values
Intermediate values

Intermediate values

o o A~ N

Intermediate values

11,3 (1/3,1,1)

(1,3,5) (1/5,1/3,1)
(3,5, 7) (1/7,1/5,1/3)
(5,7,9 (1/9,1/7,1/5)
(7,9,9 (1/9,1/9,1/7)
(1,2,3) (1/3,1/2,1)
3,45 (1/5,1/4,1/3)
(5,6,7) (1/7,1/6,1/5)
(7,8,9) (1/9,1/8,1/7)
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V(My = M) = hgt(M; N M3) = py, (d) =

Here, d denotes the ordinate of the highest intersec-
tion point between the points ty, and iy, as depicted

1, myp = mq
0’ ll > U,
ll_uZ (7)
, th
(my —uz) — (my — 1y) other
l+2m+u
- (11)
4

in Figure 4. To compare the values of M; and M,, both
the values of V(M; = M,) and V(M, = M, ) should
be known.

M, My

ViM,=M,)

/ -

Ly my 1y u, m, uy

Figure 4: The Intersection Between of M1and M-

3rd Stage: The likelihood degree that a convex fuzzy
number will be M; (i = 1,2, ..., k) greater than the
convex fuzzy number k;

V(M > Mlt Mz, ""Mk) = V[(M > Ml)and
(M = My)and ...and (M = M )]

minV(M > M,), i=123,..,k (8)

d'(4) =minV(S; = S,) k=123,..,m;k #iforW’'.

In equation 8 and 9, W’is weighting vector which
consists of 77 elements,

W' = (d'(Ay), d'(A3), o d'(A)) A = 1,2, ..,n) (9)

4th Stage: The calculation of the normalized weight
vector (W).

W = (d(4),d(4y), ..., d(4,))" (10)

Here, the vector I is not a fuzzy number. Defuzzi-
fication was also used in this study even though it is
not one of the basic stages of AHP. While A= (I, m, u)
is a triangular fuzzy number, the formula presented in
Equation (11) was used for performing the defuzzifica-
tion (Bottani and Rizzi, 2006; Bevilacqua et al., 2012).

4.2.5. Fuzzy quality function deployment

The first stage of FQFD is the creation of the house of
quality, similar to that in QFD. While creating the house
of quality, the expert opinions are used for determining
the customer requirements and the performances
and technical requirements of the firm (organization,
facility, port, product, service etc.) and its rivals. Because
the expression of these opinions via linguistic variables
creates uncertainty, fuzzy numbers are used to elimi-
nate uncertainty and to reach definite conclusions
(Buyukozkan et al., 2007; Khoo and Ho, 1996). FQFD,
which can be used for designing new services or for
improving the existing services, consists of several
matrices. The resulting structure can be referred to as
the house of quality because it resembles a house. In
the house of quality, the horizontal matrices denote the
customer requirements, whereas the vertical matrices
denote the technical requirements.

The most important stage of the house of quality
is the determination of the customer requirements
that are located to the left of the house of quality. The
columns of the planning matrix, which is located to the
right of the house of quality, may change depending on
the QFD teams. In general, the planning matrix contains
the columns of the importance ratings of customer
requirements, the status of the studied firms and its
rivals, the target, the improvement rate, the point of
sale, and the raw weight and relative weight scores
(Costa et al., 2001; Jeong and Oh, 1998). Further, the
importance ratings of the customer requirements
are calculated by identifying the most important
requirements; subsequently, the importance ratings
are converted into numerical values; they are quite
important because they are used in other stages of
the house of quality. The column of the status of the
firm and its rivals denotes the performance of the firm
and its rivals in satisfying the customer requirements.
The remaining columns in the planning matrix are
the target column that denotes the achievable target
values of the firm, the raw and relative weight column
(Akbaba, 2005), and the point of sale column, where
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the customer requirements that may directly interfere
with a sale are evaluated (Liu, 2009).

The technical requirements matrix depicts the
manner in which the firm will satisfy the customer
requirements. There should be at least one technical
requirement corresponding to each customer requ-
irement. Further, the suitable technical requirement
can beidentified by the QFD team using different met-
hods. Because the number of technical requirements
determines the number of columns in the matrix, the
number of columns in the matrix increases along with
the increasing number of such requirements, which
further complicates the solution process and escalates
the number of decisions that have to be made.

After the customer requirements and technical
requirements are identified, each customer require-
ment is compared with the technical requirements to
find the relation between them; further, the technical
requirements are transferred to the production stage
(Day, 1998). After the relation matrix is created, all
lines of the matrix should be checked to remove the
lines without any relation symbol or with only a weak
relation symbol from the matrix.

The upper part of the house of quality is the roof
or the correlation matrix, which denotes the relations
among technical requirements. This matrix isimportant
for observing the design process from which the bottle-
neck(s) may originate (Ficalora and Cohen, 2010). While
the creation of the matrix of technical requirements in
which the relation of priority or posteriority among te-
chnical requirementsis described, the QFD team should
take into consideration the technical requirements of
both the firm and its rivals. After this stage, the targeted
technical requirements for the firm as well as raw and
relative importance weights should be determined
(Han et al., 2001; Jeong and Oh, 1998).

Table 2: The Results of Efficiency Analysis

4.3. Determining The Port Through Data
Envelopment Analysis

As noted above, the first question that should be
answered is the port in which the port service design
will be performed. However, the distinct characteristics
of ports complicate the quest for an answer to this
question. In this context, we have investigated the si-
milarities among the ports in Turkey. When the criterion
of container handling was considered, we obtained a
higher number of ports than what we obtained from
the remaining criteria. Therefore, the port for the appli-
cation was selected from among 14 ports that exhibited
container-handling capability (referred toas P1, P2, P3,
P4, P5, P6, P7, P8, P9, P10, P11, P12, P13, and P14 for
the sake of anonymity). By considering the studies in
the literature, the dock length, number of cranes (total
number of gantry cranes and mobile cranes), depth,
and storage spaces were considered to be inputs for
performing the efficiency analysis, and the number of
handled containers was used as the output. In the study
that benefited from the output-oriented CCR model,
the analysis was performed using the Frontier Analyst
package program, and the results are presented in
Table 2.

According to Table 2,among the 14 container ports,
three containers (P6, P8, and P9) were efficient while the
efficiency values of the remaining 11 ports (P1, P2, P3,
P4,P5,P7,P10,P11,P12,P13,and P14) were lower than
1.000. It was observed that P1 was the port with the
lowest efficiency of 0.0885 and that P1 had to consider
P8 as a reference to ensure efficiency. Consequently, it
was decided that the service design application should
be made at P1 and that P8, which P1 considered to
be a reference, should be considered to be the first
rival and P13, which is closely located to P1, should be
considered to be the second rival.

Port CRS Eff. CRS Ref. Set CRS Ref. Num. Port CRS Eff. CRSRef.Set CRSRef.Num.
P1 0,0885 P8 P8 1,0000 P8 9

P2 04567 P6and P8 P9 1,0000 P9 1

P3 0,6529 P6 P10 0,6241 P6 and P8

P4 05173 P6 and P8 P11 0,6976 P6

P5 04163 P6 and P8 P12 0,3145 P6

P6 1,0000 P6 10 P13 0,1902 P6

P7 0,3809 P6 and P8 P14 03121 P6 and P8

Average= 0,5465
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4.4.Testing The Validity and Reliability of The
Port Service Quality Scale

Because the diverse locations of the port’s custo-
mers made it difficult to conduct face-to-face inter-
views in terms of time and costs, the scale prepared
by Thai (2008), which is widely accepted in literature
forimproving the service quality of maritime transport,
was used to determine the customer requirements.
Before beginning to create the house of quality, the
validity and reliability of the scale in question had to
be verified. In this context, the data obtained from the
questionnaire forms were tested using the SPSS and
AMOS 20 package programs, and Cronbach’s alpha
value was estimated to be 0.971, indicating the high
reliability of the scale. Further, the criterion of image
was eliminated from the analysis because it adversely
affected the validity of the CFA. The last version of the
customer requirements scale is presented in Table 3.

Using CFA, the fit indices of RMSEA, AGFI, CFl, GFl,
NFI, SRMR, and X2/df were observed to be 0.066,0.857,
0.951, 0.888, 0.920, 0.030, and 2.471, respectively. The
fit indices that were obtained were within acceptable

Table 3: Customer Requirements

limits. It was also observed that R3 and O6 had a factor
weight of 6.675 and 0.696, respectively, while other
variables had factor weights varying between 0.754
and 0.850.

4.5. Determining the Priorities and Weights of
Customer Requirements

In this phase, the objective was to define the
requirements of the port’s customers and to identify
their importance ratings. The scale, developed by Thai
(2008) and comprising 5 main and 23 sub-criteria, was
used for collecting the required data. The collected data
were used to create the pairwise comparison matrices
that formed the very basis of the FAHP method. While
creating these matrices, the consistency rates of the
matrices that were initially formed in the AHP form were
calculated; further, after the matrices were observed to
be consistent, they were converted to the FAHP form
using triangular fuzzy numbers. The analytic hierarchy
process and the matrices that have been organized in
the FAHP form are presented in Tables 4, 5,6, 7,8,and 9.

Main Criteria Sub-Criteria

« The accessibility of port equipment and facilities (R1)

- The availability and adequacy of port equipment and facilities (R2)

Resources - The assurance of stability in port fees (R3)
(R) - Ability to track for loading in port operations (R4)
- The adequacy of physical infrastructures of the port (R5)
- The realization speed of services at the port (01)
- The timely loading/unloading of cargo in the port (02)
Outputs - Consistently provision of port services (03)
(0) « Ensuring the safety and security against loss and damage of loads (04)
- The error-free conduct of operations in the port (O5)
- Suitability of the provision of services in terms of time and place (06)
- The attitudes and behaviors of port personnel in meeting customer requirements (PR1)
Process - Ability to respond quickly to customers’ questions (PR 2)
(PR) - The knowledge of customer needs and requirements (PR 3)
- The ability to use information technologies, such IT and EDI in customer service (PR 4)
« The ability to use information technologies, such [T and EDI in port operations, (M1)
- The efficiency of the port operator and management (M2)
Management «The level of knowledge and skills in doing business of port managers and employees (M3)
(M) - Understanding customers'needs and requirements (M4)

- The reception of feedback from customers (M5)

- The continuous and customer-oriented improvement of work processes (M6)

- Demonstrating socially responsible behaviors and concerns for human safety (SR1)

Social Responsibility (SR)

- Port activities done in a environmentally conscious (SR2)
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Table 4: Pairwise Comparison Matrix for Main Criteria

Pairwise Comparison Matrix of AHP Pairwise Comparison Matrix of FAHP

R (o} PR M SR R (o} PR M SR
1 3 3 2 3 11,1 (1,3,5) (1,3,5) (1,2,3) (1,3,5)
o 1/3 1 2 2 2 o (1/5,1/3,1) 1nn (1,2,3) (1,2,3) (1,2,3)
PR 1/3 1/2 1 2 2 PR (1/5,1/3,1) (1/3,1/2,1) (11,1 (1,2,3) (1,2,3)
M 1/2 1/2 1/2 1 3 M (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) 11,mn (1,3,5)
SR 1/3 1/2 1/2 1/3 1 SR (1/5,1/3,1) (1/3,1/2,1) (1/3,1/2,1) (1/5,1/3,1) 11,1
Table 5: Pairwise Comparison Matrix for Sub-criteria of Resources
Pairwise Comparison Matrix of AHP Pairwise Comparison Matrix of FAHP
R1 R2 R3 R4 R5 R1 R2 R3 R4 R5
R1 1 2 2 1 2 R1 (11,1 (1,2,3) (1,2,3) (1,1,3) (1,2,3)
R2 1/2 1 2 2 2 R2 (1/3,1/2,1) (1,1,1) (1,2,3) (1,2,3) (1,2,3)
R3 1/2 1/2 1 2 2 R3 (1/3,1/2,1) (1/3,1/2,1) (1,1,1) (1,2,3) (1,2,3)
R4 1 1/2 1/2 1 2 R4 (1/3,1,1) (1/3,1/2,1) (1/3,1/2,1) (1,1,1) (1,2,3)
R5 1/2 1/2 1/2 1/2 1 R5 (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1,1,1)
Table 6: Pairwise Comparison Matrix for Sub-criteria of Outputs
Pairwise Comparison Matrix of AHP Pairwise Comparison Matrix of FAHP
o1 02 03 04 O5 06 o1 02 03 04 05
o1 1 1 2 1 1 2 o1 (1,1,1) (1,1,3) (1,2,3) (1,1,3) (1,1,3)
02 1 1 2 2 2 2 02 (1/3,1,1) (1,1, 1 (1,2,3) (1,2,3) (1,2,3)
03 17212 1 2 2 2 03 (1/3,1/2,1) (1/3,1/2,1) (11,1 (1,2,3) (1,2,3)
04 1 172 1/2 1 2 3 o4 (1/3,1,1) (1/3,1/2,1)  (1/3,1/2,1) 11n (1,2,3)
05 1 17212 12 1 2 o5 (1/3,1,1) (1/3,172,1) (1/3,1/2,1)  (1/3,1/2,1)  (1,1,1)
o6 1/2 1/2 1/2 /3 12 1 06 (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/5,1/3,1) (1/3,1/2,1)
Table 7: Pairwise Comparison Matrix for Sub-criteria of Process
Pairwise Comparison Matrix of AHP Pairwise Comparison Matrix of FAHP
PR1 PR2 PR3 PR1 PR2 PR3 PR4
PR1 1 1 1 PR1 11,1 (1,1,3) (1,1,3) (1,2,3)
PR2 1 1 1 PR2 (1/3,1,1) 11,m (1,1,3) (1,1,3)
PR3 1 1 1 PR3 (1/3,1,1) (1/3,1,1) 11nn (1,2,3)
PR4 1/2 1 1/2 PR4 (1/3,1/2,1) (1/3,1,1) (1/3,1/2,1) (1,1,1)
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Table 8: Pairwise Comparison Matrix for Sub-criteria of Management

Pairwise Comparison Matrix of AHP

M1 M2 M3 M4 M5 M6
M1 1 1 2 2 2
M2 1 1 1 2 2
M3 172 1/2 1 2 1 2
M4 1/2 1 1/2 1 2 2
M5 1/2 1/2 1 1/2 1 1
Mé6 1/2 1/2 172 1/2 1 1

Pairwise Comparison Matrix of FAHP

M1 M2 M3 M4 M5 M6
M1 (11,1 (1,1,3) (1,2,3) (1,2,3) (1,2,3) (1,2,3)
M2 (1/3,1,1) 11,1 (1,2,3) (1,1,3) (1,2,3) (1,2,3)
M3 (1/3,1/2,1) (1/3,1/2,1) (1,1, 1) (1,2,3) (1,1,3) (1,2,3)
M4 (1/3,1/2,1) (1/3,1,1) (1/3,1/2,1) 1,1, (1,2,3) (1,2,3)
M5 (1/3,1/2,1) (1/3,1/2,1) (1/3,1,1) (1/3,1/2,1) 1 1,mn (1,1,3)
M6 (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/3,1,1) (1,1, 1)

Table 9: Pairwise Comparison Matrix for Sub- criteria of Social Responsibility

Pairwise Comparison Matrix of AHP

Pairwise Comparison Matrix of FAHP

SR1 SR2 SR1 SR2
SR1 1 1 SR1 (1 1,m (1,1,3)
SR2 1 1 SR2 (1/3,1,1) 1,11

The consistency rates that were calculated using
both Excel and the Super Decisions 2.8 package prog-
ram are presented in Table 10. The consistency rates
of higher than 0.1 indicated that the matrices were
consistent.

Table 10: The Consistency Rates of Pairwise
Comparison Matrix

Main Solution of Solution of Super
Criteria Excel Decisions

R 00719 00703

o] 0,0668 0,0661

PR 00537 00536

M 0,0227 00227

SR 0,0370 00353

After evaluating the matrices, the fuzzy matrices
were created for the relevant criteria and sub-criteria
using triangular fuzzy numbers. Further, Chang's order
analysis method was employed to determine the im-
portance ratings and weights of the criteria, and the
observations are presented in Table 11.

According to Table 11, resources are considered
to be the most important criterion among the main
criteria. It was followed by the outputs, processes,
management, and social responsibility criteria. The
most important sub-criteria are the“accessibility of port
equipment and facilities’, “availability and adequacy of
port equipment and facilities,” and “ensuring stability

in port fees.”

4.6. Port service design with fuzzy quality
function deployment

After the importance ratings of the customer
requirements are determined using the FAHP, the
planning matrix that is located to the right of the
house of quality should be created. The planning matrix
contains columns denoting the status of satisfaction
of the customer requirements for P1 and its rivals, P8
and P13, their target values, improvement rates, points
of sale, raw weights, and normalized raw and relative
weights. After this stage, the technical requirements
that were required for satisfying the requirements of
each customer were identified using the quality team.
Further, 23 customer requirements and 26 technical
requirements on which the quality team agreed are
presented in Table 12.
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Table 11: Weight of Criteria

Main Criteria Sub -Criteria Local Weight Global Weight Ranking

R
(0,281)

o
(0,222)

PR
(0,194)

M
(0,191)

SR
(0,112)

R1
R2
R3
R4
R5
01
02
03
04
05
06
PR1
PR2
PR3
PR4
M1
M2
M3
M4
M5
M6
SR1
SR2

Further, the relation matrix was

0,248 0,070 1 created for connecting the customer
0,240 0,067 2 requirements with technical require-
0,211 0,059 3 ments, and the priority status of technical
0,180 0,051 6 requirements was determined. After the
0,121 0,034 13 L .

raw and relative importance weights of
0,188 0,042 9 . .
0205 0,045 3 technical requirements were calculated,
0,182 0,040 1 the present status of the ports in terms of
0,182 0,040 1 technical requirements was evaluated, and
0,141 0,031 15 the target values were specified. Finally,
0,102 0,023 17 the correlation matrix was created, and
0,284 0,055 5 positive or negative relation levels were
0,256 0,050 / identified among the technical require-
0.284 0055 > ments. All parts of the house of quality that
0,176 0,034 13 .
0213 0,041 10 .hav.e been described so far are presented
0202 0038 12 in Figure 5.
0,178 0,034 13
0171 0,033 14
0,132 0,025 16
0,105 0,020 18
0,500 0,056 4
0,500 0,056 4

Table 12: Technical Requirements

Customer Requirements Technical Requirements

R1 Connection with transport modes of port (Highway, airway, railway, waterway and pipelines) (TR1)
R2 Standards-compliant facilities and equipment (TR2)
R R3 Ceiling and floor price application in port fees (TR3)
Connecting to contract of port fees (TR4)
R4 Automation system suitable to load diversity and adequacy of system (TR5)
R5 Dock structure and number in port (TR6)
o1 Competence and sufficiency of employees (TR7)
Information and processing speed between units (TR8)
02 Planning of load handling operations (Docks, equipment, workforce planning) (TR9)
o 03 Standardization of services (Regulating of service standards) (TR10)
An effective security system (TR11)
04
Insurance system (TR12)
o5 An effective inspection and control system (TR13)
06 24 hours service (TR14)
Training in customer relations of employees (TR15)
PR1 i .
Internal customer satisfaction (TR16)
PR PR2 Accessibility to authorized personnel (TR17)
Customer relationship management (Collection of customer information, consideration of
PR3 : .
complaints and suggestions) (TR18)
PR4 An effective information technology infrastructure (TR19)
M1 An effective information technology infrastructure (TR19)
M2 Efficient use of land, lobar, tools, etc. resources of port (TR20)
M M3 All managers and employees have the necessary experience and professional qualifications (TR21)
M4 The activities carried out with the customers (TR22)
M5 Service quality and satisfaction surveys (TR23)
M6 Continuous improvement and total quality management (TR24)
SR SR1 Corporate social responsibility activities (TR25)
SR2 Green Port (Eco Port) certificate and I1SO 14001 environmental management systems (TR26)
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Figure 5: House of Quality
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According to Figure 5, the accessibility of port
equipment and facilities, the availability and adequacy
of port equipment and facilities, and the assurance of
stability in port fees are the customer requirements with
the highest level of importance while the continuous
and customer-oriented improvement of work processes
is the customer requirement with the lowest level of
importance. According to the planning matrix, the
initial three most important requirements that would
ensure customer satisfaction are the accessibility of port
equipment and facilities, the availability and adequacy
of port equipment and facilities, and the knowledge of
customer requirements while the requirements with the
lowest level of importance are listed as suitability of
the provision of services in terms of time and place, the
reception of feedback from customers, and the continuous
and customer-oriented improvement of work processes.
Based on the planning matrix, P13 exhibited a low per-
formance with respect to the reception of feedback from
customers, and the P13 and P8 ports performed better
than the P1 portin terms of all the other requirements.

The observations have demonstrated that P1
failed to satisfy the customer requirements. The most
important reasons for this failure were observed to be
the shortcomings regarding the accessibility of port equ-
ipment and facilities, the availability and adequacy of port
equipment and facilities, and the knowledge of customer
requirements; further, the mostimportant requirements
that would ensure customer satisfaction were identified
to be the standardization of services, standard-compliant
facilities and equipment, and continuous improvement
and total quality management.In accordance with these
observations, the improvement rates and target values
were determined for P1, and P1 was also evaluated in
terms of each technical requirement. When compared
toP13and P8, P1 was lower than the target valuesin all
technical requirements except for the standards-comp-
liant facilities and equipment, the planning of cargo
handling operations, and the availability of authorized
personnel.

The relation matrix of the house of quality in Figure 5
indicates that the technical requirement that was most
frequently associated with customer requirements was
the error-free conduct of operations in the port. This tech-
nical requirement was followed by the timely loading/
unloading of cargo in the port, the attitudes and behaviors
of port personnel in meeting customer requirements, the
ability to use information technologies, such IT and EDI,
in port operations, and the efficiency of the port operator
and management. In the technical evaluation matrix

of the house of quality, each port among P1, P13, and
P8 was separately evaluated against each technical
requirement, and the target values were identified by
comparing the current status of P1 with that of P13 and
P8.In this context, P1 was found to achieve target values
for the technical requirements for standards-compliant
facilities and equipment, the planning of cargo handling
operations, and the availability of authorized personnel
but failed in terms of all other technical requirements.
According to the correlation matrix that formed the
final stage of the house of quality, positive and strongly
positive relations were identified among the technical
requirements, and it was concluded that the technical
requirements supported each other.

5. CONCLUSION

The maritime transport sector should be treated
from a holistic perspective to elicit its benefits, parti-
cularly because a significant proportion of global trade
is performed through it. Because the port operators
form the backbone of the maritime transport and,
at the same time, are major players in this sector, the
factors, such as adequacy, quality, effectiveness, and
the efficiency of the services that are provided by them,
are becoming increasingly important. Ineffective and
inefficient port activities may lead to increased costs,
loss of competitive edge, and customer dissatisfaction.
The ports operating in national and international mar-
kets must adapt to the changes in economic, social, and
cultural life and improve the quality of their services
to survive. In this context, the port operators should
consider the service design and presentation that
considers the customer requirements to be essential.

To support the port operators for change and
self-improvement, this study has developed a custo-
mer-oriented service design proposal for the inefficient
port P1. The observations indicated that the port in
question performed poorly in satisfying the customer
requirements and achieving the target values when
compared to its rivals. To provide quality services, P1
should make improvements in terms of its equipment,
facilities, technological infrastructure, handling opera-
tions, and skilled personnel and comply with the green
port standards for minimizing the environmental and
noise pollution, harmful gas emissions, accidents,
and other such adversities that may emerge during
operations.

Further, the limitations of this study should be con-
sidered to accurately construe its results in a beneficial
manner. The first limitation is that a perceived service
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quality scale that is extensively accepted in national and
international literature has been used to identify the
customer requirements; further, the statements in this
scale were considered to be customer requirements.
Another limitation is that only the most important
technical requirements were included in the study.
Indeed, the inclusion of all the technical requirements
would result in large matrices, further complicating
the decision-making processes. The third limitation is
that part of the data that were used in the methods
employed by this study relied on the subjective opi-
nions of customers and experts. Therefore, it should
be remembered that another study in another port
may yield different results depending on the selected
experts and customers. The final limitation is that

this study was performed in a port having the lowest
efficiency rating because of cost and time restrictions;
further, the results cannot be generalized for other port
operators.

In this study, the requirements of the port custo-
mers was determined by using Thai (2008)’s service
quality scale. However, consumer requirements can
be determined by other methods. Also, a consumer
requirements scale can be developed instead of the
using a preset scale. Further, the port service should
be designed by using all the stages of QFD. Besides
numerous service design techniques such as Failure
Mode and Effects Analysis (FMEA), Service Mapping
(SM) and Creative Problem Solving (CPS) including
FQFD can be used in the further studies.
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