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Abstract: Vietnam is a popular production base for multi-national companies and has become a hub
for the global supply chain. Accordingly, to facilitate the increased demands on transportation and to
satisfy customers’ complicated requirements, more attention has been paid to the service quality of
container terminals. Thus, the aim of this paper is to investigate the service quality of transshipment
container terminals in Vietnam from the perspective of shipping companies. The Consistent Fuzzy
Preference Relation (CFPR) method has been introduced to solve multi-criteria service quality
problems using both empirical data and expert knowledge. The results of this study illustrate
that terminal accessibility and the proximity to a main trunk route are most important among the
principal factors and sub-factors. Additionally, the TCIT terminal’s service quality ranks first among
the top five container terminals in Vietnam. This study provides stakeholders with insight into
competitive factors and risk factors for container terminals and their overall quality of service.

Keywords: transshipment; container terminal; service quality; shipping company; Vietnam;
Consistent Fuzzy Preference Relation (CFPR)

1. Introduction

Along with the development of global trade, liner container shipping is experiencing significant
growth [1]. Accordingly, fierce competition in the shipping industry has forced container shipping
companies to improve their service quality at minimal cost [2]. In particular, there is a trend toward
changing shipping operations from different point-to-point networks to the hub-and-spoke networks,
which are characterized by fewer port calls and larger vessels [3]. The hub-and-spoke system can
benefit from reduced haul lengths resulting in a lower carbon footprint, reduced cost by economies of
scale, and increased service provision. As a result, carriers will not only enhance the cost efficiencies
of providing environmentally friendly cargo movements and transport sustainability, but will also
strengthen the bargaining positions of terminal operators [4].

Choosing a hub or transshipment container terminal (TCT) has become increasingly important
to shipping companies [5], which are affected by many factors. Of those factors, service quality has
been emphasized as one of the primary determinants of a terminal’s competitiveness [6,7], especially
for trunk routes [8,9]. According to the functions of hub shipping, TCTs create a bottleneck in the
network; any delay or interruption might escalate the effects, not only on hub-spoke networks,
but also on supply chains [10]. Service quality constitutes hardware factors, such as accessibility,
equipment, and facilities, and software factors, such as management, information, and terminal
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convenience [8,11]. Service quality measurement is required in order to simultaneously consider
quantitative and qualitative variables.

Vietnam has become one of the fastest growing nations in the world and has increased its
involvement in the global supply chain. Attributed to the favorable business environment, comparative
geographical location, political stability, and an integrated global economy, Vietnam has become one
of the most rewarded of the ASEAN countries, attracting foreign direct-investment and witnessing the
exponential growth of cargo importation and exportation. A master plan for the Vietnamese seaport
system was approved in 2014, acknowledging the crucial role the seaport plays in the national economy.
In this plan, the deep-sea terminals of the southeast terminals in Ba Ria-Vung Tau and the northern
terminals at Lach Huyen in Hai Phong have been designated to handle imported and exported
containers for long distance sea routes and function as a combined international transshipment.
The ports are able to accommodate larger vessels for transshipment cargoes directly to the European
Union and the United States instead of transiting through Hong Kong and Singapore. Despite the
aforementioned importance of service quality, there have been insufficient studies about terminal
service quality in Vietnam.

This paper aims to evaluate the service quality of the top five container terminals in Vietnam
from the perspective of the shipping line companies. The assessment is considered a multiple criteria
decision-making (MCDM) problem that deals with both qualitative and quantitative data. In evaluating
the logistics facilities of developing countries, qualitative knowledge obtained from experts is significant
because of the lack of available secondary data. However, the experts’ judgments may be uncertain and
imprecise [12], and the fuzzy theory, using linguistic variables, is useful to tackle these problems. This study
applies the Consistent Fuzzy Preference Relations (CFPR) method, which is a robust methodology that
combines fuzzy theory and MCDM [13], allowing the strengths and weaknesses of targeted container
terminals in Vietnam to become recognizable. Additionally, a sensitivity analysis is conducted to test
the changes and variations from the evaluation factors that are used. The implications of this study are
expected to enhance the understanding of service quality evaluation of transshipment terminals through
the case study of Vietnam, a developing country.

The paper is structured as follows: Section 2 reviews the literature on the evaluation of service
quality, Section 3 explains the CFPR methodology, followed by Section 4, which provides the empirical
analysis. Finally, Section 5 presents the results and implications, limitations, and possible future work
on the issue.

2. Literature Review

Due to the nature of the services, characterized by intangibility, heterogeneity,
and inseparability [14], measurement of service quality is difficult and complicated [15]. Efforts to
develop models and theories to measure service quality have been presented in previous studies,
and among them, multi-attribute and multi-dimensional constructs are common approaches to
review service quality [7,16]. In addition, the SERVQUAL model, which examines five dimensions
(tangibles, reliability, responsiveness, assurance, and empathy) and 22 items [17], has been widely
used to estimate service quality, though the model has recently been criticized as a universal tool for
specific measurement [18-21]. The model entails considerable limitations to the creation of various
modifications to applications. The indicated dimensions of SERVQUAL are either too many or too few
criteria, requiring the development of several different models to accommodate specific contexts [21],
such as the SERVPERE [22] and INTSERVQUAL models [23]; E-S-QUAL [24]; SITEQUAL [25]; and
ROPMIS, used in maritime transport [26], which is a modified SERVQUAL model that is used in
the banking industry [27], where the laboratory method of decision-making trial and evaluation is
combined with an analytical network process to evaluate the service quality of air cargo terminals [28].

Notwithstanding the fact that evaluation of service quality is conducted in various industries,
studies of container terminals are exceedingly limited [21]. Kolanovic et al. [11] investigate the
dimensions of port service quality using a factor analysis that includes, among a set of 25 attributes,
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port accessibility, port reliability, port functionality, availability of port information, and port flexibility.
Ha [8] suggests a framework for evaluating terminal service quality that includes seven factor
groups: available information regarding port-related activities, port location, port turnaround time,
available facilities, port management, port costs, and convenience for customers. Lu et al. [12] present
seven dimensions for a factor analysis to evaluate container terminal service quality, including port
facilities and equipment, port cost, customer orientation, IT service, staff service, service efficiency,
and general service. Lee and Hu [29] apply an importance performance analysis (IPA) based on Kano’s
two-dimension quality model to investigate service quality factors, from the perspective of shipping
lines, at container ports in Singapore, Shanghai, Hong Kong, Busan, and Kaohsiung. Some studies
have applied the SERVQUAL model to measure the service quality of container terminals at Bandar
Abbas [7] and Nigerian ports [30]. Yeo et al. [21] apply the ROPMIS model to estimate service quality,
considering the social responsibility of Korean container ports, by reviewing resources, outcomes,
processes, management, image, and social responsibility. Hemalatha et al. [31] assess the service
quality and Indian ranking of container terminal operators using a hybrid of SERVQUAL, an attribute
hierarchy model, TOPSIS, and GRP methodologies. Based on the literature review, evaluation of
service quality is regarded as a multi-attribute hierarchy structure problem. To solve this problem,
MCDM techniques are suggested, such as using an analytical hierarchy process (AHP) and techniques
to order preferences, similar to the ideal solution (TOPSIS) methodology used to evaluate the service
quality of restaurants [32]; the Fuzzy AHP TOPSIS, used to estimate website service quality [33]; or the
Fuzzy TOPSIS used to evaluate intangible resources that affect port service quality [34].

Both quantitative and qualitative attributes contribute to the service quality of container terminals.
Using the knowledge and opinions of experts is a significant method of determining qualitative
factors and considering the lack of secondary data [35]. However, the preferential model can lead to
imprecise and vague expert opinions in the decision-making process due to the limited comparison
of numerical values [36]. The fuzzy theory, introduced by Zadeh [37], employs a linguistic scale
and has commonly been used to overcome the problems of uncertain and imprecise evaluations [38].
Despite the important role of container terminals in the supply chain, previous studies have primarily
investigated the service delivery process or the service outcome, while other determinants, such as
value-added services, inter-modal transport services, and coordination between authorities, have
not been considered. This study solves the MCDM problems of container terminal service quality
evaluation in Vietnam by combining fuzzy theory and MCDM techniques, while the CFPR method,
characterized by computational simplicity and consistency [39], is used to assess the performance of
the top five container terminals in Vietnam from the shipping companies’ perspective.

3. Methodology

This study applies the CFPR method developed by Herrera-Viedma et al. [40] to evaluate the
service quality of TCTs in Vietnam. The CFPR method establishes pairwise comparison preference
matrices using an additive transitivity property. Compared to the AHP or Fuzzy AHP methods, which
commonly use pairwise comparison preferences for evaluation, the CFPR method is advantageous in
that it shortens the number of questions from (n x (n—1))/2 to (n—1) for group (n) criteria, resulting
in an increased rate of received responses while eliminating inconsistent situations that have too many
questions, thereby saving time and increasing efficiency [41].

This study employs the key definitions and propositions as introduced by Chen and Chao [41].
The scale for comparison uses five levels (Table 1) and the hierarchy criteria for the evaluation involves
both quantitative and qualitative factors, resulting in the collection of real data and expert opinions.
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Table 1. Linguistic terms and weight of each criteria’s importance.

Relative Importance Linguistic Terms
1 Equally important (EI)
2 Weakly more important (WI)
3 Strongly more important (SI)
4 Very strongly more important (VI)
5 Absolutely more important (Al)

3.1. Preference Relations

Experts have defined preference relations by scoring a set of criteria and terminals; the value
represents the preference rate for the two criteria or terminals. Two preference relations are applied:
(1) the multiplicative preference relation, and (2) the fuzzy preference relation.

(1) Inmultiplicative preference relation A, experts illustrate their preference for a set of alternatives
(X), denoted by a preference relation matrix A C X x X, A = (aij), Vi, j € {1,...,n}, in which

ajj € [%, 5} indicates the ratio of the preference relative to the alternative, x; to Xj.
As aj; = 1 presents an equivalent between x; and x;,
ajy = 5 illustrates that x; is absolutely preferred over x;.

The preference relation (R) is proposed as a multiplicative reciprocal:
ajj X aj = 1Vi.j S {1,...,1’1} 1)

(2) In the fuzzy preference relation, the ratio of the preference intensity of terminal x; to that of
xj is indicated by expert assessments of a set of terminals, in which (X) indicates a positive
preference relation matrix P C X x X with membership function p, (xi,%) = pjj- When p;; = %,
no difference exists between x; and x]-(xi ~ xj), whereas P = 1 denotes that x; is absolutely
preferred over x;, p; =0 denotes that x; is absolutely preferred over x;, and P > % indicates that
x; is preferred over xj(x; > x;). (P) is an additive reciprocal:

p; +p; = 1Vij € {1,...,n} @)

3.2. Propositions in CFPR

This method eliminates the problems of inconsistency by constructing decision matrices of
pairwise comparisons based on the following three propositions:

Proposition 1. Suppose the existence of a set of alternatives, X = {x1,xz,...,%n}, is associated with a
multiplicative preference relation, A = (aij) , witha;; € {%, 5} . The corresponding reciprocal additive preference
relation, P = p;, with p;; € [0,1] to A = (ay), is defined as

1
Py = g(ay) = 5 (1+logsay) ®)
where g is a transformation function, and logs a;; is used because a;; € [%, 5} .

Proposition 2. The reciprocal fuzzy preference relation is P = g (A), where P = (pij), and the following
statements are equivalent:

3., .
Py + Pjx + Pui = 5 Vij k 4
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3. .
Pyt Pj + P = 5Vi<j <k ®)

Proposition 3. The reciprocal additive fuzzy preference relation is P = (pij ), and the following statements
are equivalent:

3.
Py +Px TP = 5Vi<j<k
j—it1,,
Pit1) T Psnyie2) T Py F P = Vi< ©)

If the preference matrix contains values that are not included in the interval [0, 1], but are included
in [—a, 1+ a], in order to preserve the reciprocity and additive transitivity, a linear transformation is
required: f:[—a, 1+ a] — [0,1]. The transformation function is then defined as

f(pk) = (pk+a)/(1+2a) @)
where 4 is the absolute value of the minimum negative value in the preference matrix.

3.3. Process of Methodology

To achieve the objectives of the study, a two-step process of methodology was introduced,
as shown in Figure 1.

o ~ ] [
! \ . .
{  Step 1: Semi- | - | Literature review <> Expert review
i structured | — E—
i interview | \ /
i (identifying |
1 . L U [een— . . . . . . . .
: criteria) } | Criteria affecting service quality of a transshipment container terminal
_____________________ A \l,
o TTTTTTTTTTTTTT \\
"""" Establish a linguistic scale and calculate the weight of each criterion
Step 2: CFPR ‘l’
method 1} _____ Establish a linguistic scale and evaiuare the service quality of the targeted
(assessing | container terminals
criteria and
terminals) \l,
------- Sensitivity analysis to examine rank reversal of each terminal
N /o

Figure 1. Schematic diagram of the methodology.

Initially, the process was to identify the criteria, including factors and sub-factors, to evaluate the
service quality of transshipment container terminals in Vietnam, based on the factors considered in the
literature review and examined by experts from shipping line companies calling Vietnamese container
terminals. The next step was completed by applying the CFPR method to weigh the factors and
targeted terminals using a linguistic scale. Finally, the sensitivity analysis was conducted to examine
the rank reversal of the terminals by adjusting the weight of each factor.
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4. Case Study

4.1. Survey Design

For the first step of methodology, studies related to terminal service quality were circulated among
experts to gain insight into the objective. Three experts, each of whom were general or operational
managers with more than 15 years of shipping line experience, were interviewed to identify the factors.
Within 25 days, between October 3, 2018, and October 27, 2018, four principal factors and 16 sub-factors
were identified. The experts were invited to participate in a brainstorming session with open-ended
questions to examine whether any factors had not been mentioned, whether any factors overlapped,
and whether any factors were unnecessary. Following this session, the experts reached a consensus on
a hierarchy of four principal factors and 16 sub-factors, as shown in Table 3.

The second step of the procedure was to analyze the weight of each factor and targeted terminal.
To evaluate the service quality of a representative sample of container terminals in Vietnam, the top
five terminals of 2017 were identified based on statistics provided by the Vietnam Seaports Association.
Among the 68 terminals included in the statistics, CMIT, Tan Cang-Cat Lai (TCCL), Tan Vu, TCIT,
and Nam Hai Dinh Vu (NHDV) were listed as the top five and accounted for approximately 70% of
the total container throughput in Vietnam, as shown in Figure 2 and Table 2.

_______________________

4 Y
{ Hai Phong
Tan Vu “% i
=Nm H aib inh Vu -
-2
N L
\  Ho Chi Minh city
A
ol e L P .

) o
Tan Cang CatLai

@ TCiII
@ cnm »

Figure 2. Targeted Vietnamese container terminal locations.
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Table 2. The top five container terminals in Vietnam in 2017.

Terminal Location Percentage in Total Throughput Operators Year of Operation
TCCL Ho Chi Minh city 37.30 Saigon Newport Corporation 2007
TCIT Ba Ria Vung Tau 11.07 Saigon Newport Corporation, Wanhai, Mitsui OSK and Hanjin 2011
Tan Vu (Hai Phong) Hai Phong 9.28 Vinalines 2009
CMIT Ba Ria Vung Tau 6.06 Vinalines, Sai Gon port, APM terminals 2011
NHDV Hai Phong 5.34 Gemadept Corporation 2013
Total 69.05

Source: Vietnam Seaports Association.

For the second step, an evaluation was conducted by applying the CFPR method.
Seventeen experts, including three who participated in the first step, were invited to complete a
survey. To deal with MCDM problems, it is common to consult a panel of 15-20 experts to gain
adequate insight. A sample size of 15 experts was considered reasonable for the expert survey [42,43].
According to Kolios et al. [44], the survey should be completed by 20 experts with at least seven years’
experience to fulfil the requirements for qualitative validation. This study consulted 17 respondents,
each having more than seven years of professional experience with shipping line companies that have
called on Vietnamese container terminals. The second survey was conducted between October 29,
2018, and December 9, 2018. The experts were required to present their evaluations using linguistic
variables for the factors and sub-factors.

The weights and ranks of each factor were calculated, as shown in Table 3, and the results show
that, among the principal factors, terminal accessibility (C;) was ranked highest. According to the
shipping line companies, terminal accessibility is the most important factor when evaluating the
service quality of a transshipment terminal. The “terminal function (C;)” factor is also crucial for
deciding the allowances of calling and a vessel’s turnaround time at the terminal, including crane
productivity per hour, required Under Keel Clearance (UKC) at berth, maximum Length Of All (LOA)
restriction at berth, and the number of berths. Terminal management is also considered an important
determinant when evaluating service quality in order to provide smooth services for shipping line
companies, including procedures and coordination among government agencies, application of IT
and EDI, qualifications and skills of port workers and staff, and the effectiveness of marketing and
sales departments.

Table 3. Importance and weight of the service quality factors for a transshipment container terminal.

Factor Weight Sub-Factor Weight Global Weight Rank

Cj11. Productivity at berth (move/crane/hour) 0.299 0.079 4
Function Cjp. Required UKC at berth (m) 0.249 0.066 6
(Cy) 0266 Ci3. Max LOA restriction at berth (m) 0.235 0.062 8
C14. Number of berths 0.217 0.058 11
Cy1. Proximity to main trunk route 0.302 0.101 1
Accessibility 0335 Cpo. Perceived congestion time at terminal 0.252 0.084 3
(C2) Cpa. Perceived congestion time at terminal hinterland facilities 0.256 0.086 2
Cy4. Integration into intermodal transport system 0.190 0.064 7
(cutorme, martime administration, commt goard, vy 0141 0050 16
Management 0213 Cap. Application of IT and EDI in management system 0.258 0.055 12
) C33. Qualifications and skills of terminal workers and staff 0.282 0.060 9

Cay. Effectiveness of marketing and sales departments 0.319 0.068
Cy1. Tracking and tracing services 0.314 0.059 10
Convenience Cyp. Repair and maintenance services 0.183 0.034 15
(Cy) 0186 Cy3, Pilot and tug boat services 0.225 0.042 14

Cyy. Handling and storage of special containers 0.278 0.052 13
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Among the sub-factors, Cy; (proximity to main trunk route) is the most important factor
in sustaining the convenience of transshipment callings. Additionally, congestion time at port,
congestion time at hinterland facilities, and productivities are considered important criteria that
greatly effect a vessel’s turnaround time at a terminal, driving the ship’s operation performance [45].
Integration into intermodal transport is also an important sub-factor and was emphasized by the
shipping line companies as a method to optimize different modes of transportation and establish an
effective connecting network with hinterlands, potentially diminishing issues related to congestion.
Factors related to the required UKC and max LOA restrictions at berth are prioritized to accommodate
larger container ships [46]. The effectiveness of marketing and sales departments might strengthen the
relationship between terminals and customers and thus affect customers’ assessments of a container
terminal’s service quality.

4.2. Evaluation of Targeted Terminals’ Service Quality

The service quality of the top five container terminals in Vietnam were evaluated based on
16 sub-factors, including seven quantitative factors and nine qualitative factors. Real data was collected
to measure the quantitative factors, as shown in Table 4, while the qualitative factors were assessed by
linguistic scale, as expressed by the experts.

Table 4. Data for the objective factors.

NHDV  Tan Vu TCCL TCIT CMIT
Factors

(A1) (A2) (A3) (Ag) (As)
Productivity at berth (move/crane/hour) 30 40 40 31 40
Required UKC at berth (m) -9.0 —9.07 -85 —14 —14
Max LOA restriction at berth (m) 455 980.6 970 890 600
Number of berths 2 5 5 3 2
Proximity to main trunk routes (nautical miles) 22.7 23.2 43 18 15
Integration into intermodal transport system Two modes (road and inland waterway)
Handling and storage of special containers (number of reefer plugs) 600 800 1400 1080 840

To ensure compatibility between subjective and objective factors, the real data, with different
units, was transformed into dimensionless units. The terminal with the most benefits (or the lowest
cost) received the highest score.

Table 5 illustrates the evaluation of the top five container terminals in Vietnam, indicating that
TCIT maintains the highest service quality among transshipment container terminals, followed by
CMIT, TCCL, Tan Vu, and NHDV. TCIT and CMIT were the first deep-water terminals in Cai Mep,
along the Thi Vai River, and have an absolute advantage for large container vessels up to 18,000 TEUs,
conveniently allowing for direct shipment to the US or the EU without transshipping via Singapore
and Hong Kong. The service quality of these two terminals was ranked higher than the quality of other
terminals due to the minor congestion issues at each terminal and the available hinterland facilities.
Moreover, TCIT and CMIT are both modern terminals that are operated by corporations with global
partnerships, providing an international standard of operation. These terminals provide competitive
services for customers through an advanced technology system. In particular, TCIT has a comparative
advantage over CMIT regarding some typical subjective factors, such as the qualifications and skills of
staff and workers and the effectiveness of the marketing and sales departments. Along with the local
company, Sai Gon New Port Cooperation (SNP), which is the biggest and most experienced terminal
operator in Vietnam, TCIT has been served by three foreign partners: Hanjin Transportation, based
in Korea; Mitsui O.S.K Lines, based in Japan; and Wan Hai Lines, based in Taiwan. In addition to a
comprehensive connectivity of SNP’s regional network, the terminal provides preferential policies
and privileges for customers who use certain services, such as inbound laden cargos from TCIT to Cat
Lai, without applying additional charges. Although TCIT and CMIT have been designed to allow a
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maximum LOA at berth of 890m and 600m respectively, CMIT is limited in its ability to simultaneously
accommodate two vessels over 300m LOA for shipping routes to the US or the EU.

Table 5. Score and rank of the targeted terminals with respect to each sub-factor.

Factor Sub-Factor Aq Ay Ajz Ay As

Cn 0.004 0022 0022 0006 0.026

c Ci2 0.007 0.008 0.005 0.023 0.023

1 C13 0.003 0.018 0018 0.016 0.007

Cia 0.004 0.019 0019 0011 0.004

Coy 0.020 0.020 0.007 0025 0.029

c Coy 0.020 0019 0.004 0.020 0.021

2 Cos 0.021 0.019 0.004 0.021 0.021

Coy 0013 0013 0013 0013 0.013

Cs1 0.006 0.005 0.008 0.006 0.004

c Csp 0.011 0.008 0.015 0.012 0.009

3 Cas 0.011 0.009 0.019 0013 0.008

Cay 0.018 0.010 0.018 0.013 0.008

Ca 0011 0.008 0.015 0.014 0011

c Cp 0.007 0.007 0.009 0.007 0.005

4 Cu3 0.007 0.008 0011 0.009 0.007

Cuy 0.005 0.009 0.017 0.013  0.009

Total score 0.169 0201 0203 0223 0.204
Ranking 5 4 3 1 2

Notwithstanding that TCCL is the busiest container terminal, accounting for 37.3% of the total
throughput in Vietnam, the terminal’s service quality was ranked third among the targeted terminals.
TCCL is operated by an experienced container terminal and is highly invested in its facilities, which
elevated the management and convenience factors of this terminal over the other terminals, as ranked
by the shipping line companies. Although the majority of terminals in Vietnam do not have sufficient
container storage or other value-added services within the terminal, the comprehensive inland
container depot system run by SNP, which is one of the operators of TCCL, works as an extension
to support the terminal operations. Accessibility factors, which are the most important criteria for
evaluating the service quality of a TCT, are the least competitive factors for TCCL. Located close to
the main industrial zones and demand markets, it would be favorable for TCCL to optimize logistics
costs for their customers, but the overload and backlog of containers has a substantial influence on the
terminal’s operation and the city’s transportation infrastructure. A large volume of cargo is transported
to and from the terminal by roadway, frequently causing heavy traffic congestion at critical junctions.

The two other container terminals in the north, Tan Vu and NHDYV, were ranked fourth and fifth,
respectively. These two terminals are located close to each other, and there are almost no differences in
accessibility factors, including the issue of gate congestion at peak times. Nevertheless, Tan Vu has
a comparative advantage in its capacity to provide more diverse services for customers, such as the
number of berths, LOA at berth, and handling and storage of special containers. As an experienced
terminal operator in the north, the service quality of Tan Vu is better than the quality of its rival in
terms of the qualifications and skills of the staff and workers. In contrast, NHDV’s dynamic and
flexible marketing and sales departments have made a positive impression on customer satisfaction.
However, the service quality of both northern terminals is less competitive compared with their
counterparts in the south, considering the procedures and coordination of government agencies, such
as customs, maritime administration, and the coast guard. According to the shipping line companies,
policies for implementation and instruction and the regulations of the southern authorities is more
supportive and effective, especially for resolving entanglements with customs.
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4.3. Sensitivity Analysis

A sensitivity analysis was applied to investigate the robustness of the targeted container
terminals’ rankings. The analysis examined the uncertainty of output as effected by the uncertainty
of input [47,48], resulting in reliable results for the MCDM problems [49]. A sensitivity analysis
was conducted by increasing and decreasing the weight of each criteria by equally decreasing and
increasing the weights of other criteria [50]. An adjustment of 10% on priority weights was deemed
adequate to examine how sensitive the findings were with respect to the changes [35,51].

Table 6 illustrates how the results correspond to each of the four principal factors after increasing
or decreasing each weight by 10%. Figure 3 provides insight into the sensitivity of each terminal’s
rank with respect to score changes, resulting in the comparative advantages and disadvantages of
each identified terminal. The ranking for TCIT and NHDYV, ranked first and last, respectively, were
insensitive to the change in factor weights. However, other TCTs were sensitive to the change in factor
weights, and their rankings were adjusted slightly.

Table 6. Cases for ranking reversal when factors” weights were changed.

Ranking
Al A2 A3 A4 AS
Current 5 4 3 1 2
Case 1: Terminal accessibility increase 10% 5 3 4 1 2
Case 2: Terminal management increase 10% 5 4 2 1 3
Case 3: Terminal convenience increase 10% 5 4 2 1 3
Case 4: Terminal function decrease 10% 5 4 2 1 3
Case 5: Terminal accessibility decrease 10% 5 4 2 1 3
Case 6: Terminal management decrease 10% 5 3 4 1 2
Case 7: Terminal convenience decrease 10% 5 3 4 1 2
0.23 -
022 - - s o
0.21 -
. = ~>4—s :
— A
0.19 - — A2
A3
0.18 -
e A4
0.16 -
0.15 T T T T T T T T 1
Current C1 C2 C3 C4 C1 C2 C3 C4
increase increase increase increase decrease decrease decrease decrease
10% 10% 10% 10% 10% 10% 10% 10%

Figure 3. Rank changes with respect to changes in priority weights.
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Ranking reversal occurred among the remaining terminals as the weights changed. The service
quality of TCCL would increase significantly if the accessibility factors performed better [43].
Aside from the drawback of its geographical location away from the main trunk route, more attention
should be paid to the issue of congestion. Limited connectivity with other modes of transportation
is also an issue for TCCL. Reducing the burden on the roadway system by using other modes of
transportation, such as inland waterways and railways, would not only contribute to solving the
problem of congestion, but would diversify services for customers. Terminal management and
convenience, however, are competitive factors for TCCL, which might be emphasized to obtain a
higher ranking. Along with TCIT, CMIT is projected to develop deep-sea ports to improve its ability
to cater to modern maritime transportation. CMIT’s accessibility attributes are emphasized as its
competitive advantage in order to increase its service quality ranking [52], as this terminal is closest
to the trunk routes. However, the performance of management and the convenience factors should
be improved to secure a higher rank. Tan Vu’s rank was upgraded as accessibility factors were
emphasized and the weight of management and convenience decreased. Tan Vu is the busiest terminal
in the north seaport system, but its accessibility attributes are considerably more competitive than its
counterpart in the south, which serves over 60% of Vietnam'’s container traffic while facing issues of
heavy congestion. Although the Tan Vu terminal is managed by an experienced terminal operator
and uses modern technologies, compared to other terminals, improvements are needed to increase its
service quality.

5. Conclusions

The service quality of transshipment container terminals is crucial not only to the supply chain but
also to the national economy. Evaluation of service quality by customers, such as shipping companies,
is critical to improve the quality of service. An integrated qualitative and quantitative analysis based on
CFPR methods was introduced in this study to evaluate the service quality of transshipment container
terminals in Vietnam by examining the country’s top five container terminals. The results illustrate that
terminal accessibility is the most important factor, and proximity to the main trunk route is the most
important sub-factor. Among the five terminals examined, TCIT ranked highest for service quality.
A sensitivity analysis was conducted to examine rank reversal of the five terminals and to provide
insight into each terminal’s competitive and risk factors, as these can affect service quality.

This study outlines both academic and industrial implications. Regarding academic contributions,
(1) the study solves the problems of service quality measurement by using the MCDM tool and by
considering both quantitative and qualitative factors; (2) the CFPR method, using both real data and
expert opinions, was employed to investigate the service quality of transshipment terminals; and
(3) to overcome the limitations of secondary data in evaluating developing countries, use of expert
knowledge is recommended to provide a reliable measurement. Regarding industrial contributions,
the findings of this study (1) support container terminal operators in better understanding their
customers’ requirements and provide an assessment to help operators with strategic developments
and improvements; (2) provide shipping companies with insight into the service quality of Vietnamese
container terminals, helping shipping companies to make critical decisions about choosing a
transshipment container terminal that will allow them to cut costs and provide better service for
their customers; (3) support port authorities in developing appropriate policies and strategies to boost
the shipping industry and aid in Vietnam’s development.

This study provides a stepping stone from which to explore a more suitable hierarchy of the
factors and sub-factors used to assess the service quality of transshipment container terminals in
Vietnam. There is a limitation to this study. Although there are benefits to evaluating the service
quality of shipping terminals through the perspective of shipping line companies, which are the
strategic customers of container terminals, examining the perspectives of other stakeholders, such as
shippers and logistics service providers, is equally important. To provide more insight into the service
quality of shipping terminals, future studies should include other customer groups.
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