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Abstract
Shipowners face the challenge of selecting shipyards to build a new ship, as shipyards are highly similar in terms of
capacity and capability but highly heterogeneous with a variety of incentives to shipowners. Building a new ship takes at
months and is very expensive, and selecting a prospective shipyard demands the shipowners to have a wealth of experience
and knowledge. We develop an improved fuzzy AHP (IFAHP) based game-theoretic model to analyse two competitive
shipyards. This model allows us to conduct pairwise comparisons on risks of selecting competitive shipyards. A case
study in which two shipyards offering prospective services to the shipowners is conducted with several rounds of expert
consultations. This study contributes to the literature by providing both the players and beneficiaries of a game with
considerable insights on shipbuilding. We discuss some practical implications for both the shipowners and shipyards.
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1. Introduction

Risk assessment is crucial for decision making to observe the vulnerability of the systems. Risk can be expressed as
the multiplication of the probability of an event and its probable consequences. Risk assessment comprises the preventive
measures along with the data of risk analysis. Since the consequences of undesired events are costly and even deadly, risk
assessment is highly studied in the shipping industry-related literature. For example, risk assessment of Arctic navigation
and Istanbul Strait are studied by Sahin & Kum (2015) and Şahin & Chan (2018). A systematic literature review for
the individual collision risk assessment in ship navigation is presented by Ozturk & Cicek (2019). Risk analysis for the
ship mooring operation is studied by Kuzu et al. (2019). Ship collision risk assessment is conducted by Zhang & Meng
(2019). Risk assessment studies related to the shipping industry are not only limited to safe navigation or ship traffic
but also ship investment and shipyards such as Yin et al. (2019), Li (2006), and Iwańkowicz & Rosochacki (2014).

Shipyards are one of the essential elements of the maritime industry. Many activities such as ship construction,
ship maintenance, and the supply of spare parts are carried out in shipyards. Therefore, shipyard selection is vital for
shipowners. Competing shipyards in the same region offer similar alternatives in many dimensions, such as capacity,
workload, and economy. When the shipowners invest in a ship, they almost know which shipyard to be chosen. However,
when a detailed analysis is done, the shipyard selection takes on a different level. This study includes a detailed analysis
covering not only current conditions but also future situations such as economic, equipment, or service support. The
shipbuilding industry is different from other construction or manufacturing sectors and has unique parameters. The
shipbuilding industry has been described as a high-risk sector in many respects (Basuki et al., 2014). In this study, it is
the first time the risk concept is introduced for the shipyards that can endure. The shipyards close to each other in terms
of size, capacity, and capabilities develop some strategies as a marketing tool for their customers. In the free market,
shipyards compete with these strategies. The pre-determined marketing strategies have a cost to the shipyards. The
novelty of this study is a hybrid model for examining the potential costs of risks to the shipyards.

As the most crucial problem faced by shipowners is the ship’s investment decisions, robust models are needed to
handle this process as a whole (Engelen et al., 2006). For this study, the model is designed based on the following
research questions: "Can a model be established in favour of the customer based on the strategies of the actors in the
competitive environment?", "Can this model be observed step by step to analyze the causes more deeply?" and "Can the
results of this model be translated into practice?". The motivation of this study is to create a model that can choose
an ideal shipyard, among others, with the same features in terms of capacity, size, and capabilities in a competitive
environment in favour of the shipowner. We propose a hybrid improved fuzzy analytical hierarchy process (IFAHP)
extended game-theoretic model. The analytical hierarchy process (AHP) method and fuzzy sets are used because of their
superiority, such as suitability to the human thought system and ability to handle the criteria more conveniently and
quickly. The advantages and disadvantages of AHP are mentioned in Ishizaka & Labib (2011). The values obtained from
AHP are adapted to the game theory, and the relevant data are processed. We employ game theory in order to determine
the game values of the strategies of the competing shipyards and to provide maximum benefit to the shipowners. This
model gives practitioners the most comprehensive answers to research questions and achieves the stated goals.

First of all, this model is used for the first time in the literature and is essential both for its contribution to the economy
and for the convenience of shipowners in the competitive shipyard selection process. The most important contribution
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of this study to the literature is to create awareness for the decision making processes of maritime authorities, especially
shipowners. It is emphasized that conventional methods need to be improved. The strengths of this model are the
combination of well-established methods, ease of use, the potential for further improvement, practical applicability, and
traceability. Contrary to the traditional approaches, this study deals with the background of shipyards rather than the
only visible front side of the shipyards. In this study, the game-theoretic model is aimed to increase the quality by
providing extra benefits from the marketing strategies of shipyards rather than the cost of the construction. In other
words, a decision support system is aimed at quality management by making a risk assessment. Finally, this study
provides a holistic and comprehensive insight for invisible and non-considerable situations to attract the shipowners for
a shipping proposal with the same cost (same contract).

The study is presented as follows. In Section 2, the risk assessment of ship investment and applications of multi-
criteria decision making (MCDM) methods in risk assessment are discussed. The explanations of methodology and
proposed hybrid IFAHP extended game-theoretic model along with the corresponding algorithm are provided in Section
3. The application is presented in Section 4. Section 5 presents discussions, while Section 6 finally concludes the paper.

2. Literature Review

The literature is examined in two parts. The first part reviews the risk assessment and ship investments, while the
second part reviews the risk assessment methods.

2.1. Risk assessment of ship investment
The locomotive of the global economy is the shipping industry, which consists of several sub-units such as shipbuilding,

shipping transportation, ship scraping, etc. (Alexandridis et al., 2018; Du et al., 2017). All participants in the shipping
sector are in multi-directional relationships. All parameters constituting the shipping industry in terms of economy and
politics interact with each other, whether actors in these sectors are conscious or not (Sahin & Yip, 2017). Ship investment
involves a dynamic and complex environment where it has numerous trade-offs, difficulties, and risks (McLean, 2013;
Niese et al., 2015). Existing and probable risks have always been considered in maritime history (Garbatov et al., 2018).
The banks might cause these risks and also involve the positions of countries in the maritime sector, capacities, and
capabilities of shipyards (Kavussanos & Tsouknidis, 2016; Shu et al., 2018). Moreover, efforts to develop a sustainable
economic model in this field proves the significance of risks in the shipbuilding market (Xu & Yip, 2012; Luo & Kou, 2018;
Ross & Schinas, 2019). A risk can be defined as the function of multiplication of occurrence probability of an undesired
event and its consequences (Wu et al., 2019). According to the practice and the observations from the field, shipowners
make their investments mostly through conventional approaches. In one approach, they consider the return on investment
(ROI) or loss probability after ship construction at the pre-determined shipyards (Cullinane, 1995). Another approach
considers technical characteristics such as ship tonnage, volumetric capacity, or ship type (Park et al., 2014; Lai et al.,
2019). In both approaches, there is no study dealing with a shipyard comparison.

A number of risks faced by the maritime industry are explained in Gui-jun & Zhang (2015). For instance, political
changes, global relationships, operational problems, financial uncertainties are some of the example risks for the shipyards
(Gui-jun & Zhang, 2015). Ship investment criteria are studied in Branch (1988) and Rousos & Lee (2012). Generally,
financial risks are emphasized in the literature. For instance, the studies of Pires et al. (2012) and Patterson (2016)
focus on investment timing, financial strategies, and options. All the related elements are constituting a shipyard face
and exposure several risks related to such as occupational, material, labour, payment, promotion, shipment timing, etc.
(Barlas, 2012; Celik et al., 2009; Liu et al., 2019a). All risks have a financial impact and compensation. One of the
innovative benefits of this study is the provision of a better product after measuring the risks that shipyards can endure.
Risk assessment is defined as a process involving the identification, detailed analysis, and evaluation of all probable
situations (Hegde & Rokseth, 2020). Risk assessment takes a critical role in the systems, including complex operational,
technical, and organizational processes (Paltrinieri et al., 2019). In the literature, risk assessment is frequently studied,
and its applications in the maritime industry can be observed in many different areas. These areas vary from navigation,
ship mooring systems, ship collision, autonomous ships, human factors, etc. (Zhang et al., 2019; Fan et al., 2020; Zheng
et al., 2020). Studies on ship investment decision making are few in the literature compared to other studies concerning
the shipping industry (Fan & Luo, 2013). Ship investment is a very complex process in the presence of uncertainties and
in a competitive environment, where shipowners find it difficult to decide without a suitable system (Luo & Fan, 2010).

Ship investment is a process that requires extensive capital and long-term returns that should be taken into account.
Therefore, shipowners, shipyards, and banks agree that ship investment is a risky process (Zhu & Chen, 2014). Risk
assessment in the ship investment process can be explained in several different perspectives depending on shipowners,
banks, shipyards. For example, the technical risks of shipyards might be low-quality materials, ship maintenance, and
poor quality labour or late delivery. The financial risks of shipyards might be difficulties in banking payment options
(Patterson, 2016). Similarly, operational or marketing risks of shipyards might not create opportunities responding to
the shipowner’s demands (i.e., avoidance for more facilities on demand, avoidance for revising the contract in case of
a need). Ship investment from the perspective of the shipowner is a laborious, time-consuming process based on the
managerial, operational, strategical, and financial perspectives (Celik & Akyuz, 2018; Gkochari, 2015). Shipowners have
various roles in the shipbuilding supply chain (Li et al., 2018). Shipowners must know the shipyard’s functions and
marketing strategies (Bulut et al., 2012; Zheng & Chen, 2018). Countries continuously compete with each other in ship
construction (Jiang et al., 2013; Vishnevskiy et al., 2017; Chou, 2018). A comparison of countries is highly studied in
the literature and can be found on several databases (Lee et al., 2014; Hossain et al., 2017). For example, one of the
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sectors that carry the Turkish economy as a developing country is the shipbuilding industry. Like other countries, Turkey
encounters similar situations. Shipyards in Turkey are in a competition based on cost, service, prestige, and relative
positions (Yercan, 1998).

In the literature, shipyards are studied either in a holistic perspective or as a single part of a system in detail. In
other words, some studies work on the shipyard performance of the countries, and some focus on a shipyard incident in
detail. To the best of our knowledge, there is no study comparing two or more shipyards based on risk assessment. They
mostly focus on a comparison of two shipyards based on a single parameter. Furthermore, this study provides a tool that
helps shipowners for decision making by calculating the risk values of which shipyards can tolerate. In the traditional
approach, shipowners pay attention to specific criteria during the decision-making process of the ship’s investment. These
parameters can be classified into two categories: finance and engineering aspects. In the shipping market, the ROI is
commonly preferred, which refers to the profitability and efficiency of the investment. ROI is a performance measure that
deals with the current position and expected return (Farris et al., 2010). Its equation is expressed as ROI=(Gain - Cost)
/ Cost of investment. Loss probability in the shipping sector is firstly introduced in Duru et al. (2010). Loss probability
refers to a percentage of results that give a deficit account. Loss probability represents defect rates in the simulation and
is different from the classical meaning in the banking system (Duru et al., 2012). If the potential buyer’s requirements are
fulfilled after negotiations, then the shipping price is decided. Shipping price includes inspection of classification records,
the expenses of dry-dock and delivery, and additional payments such as bunkers and stores. The remaining four criteria
concern engineering aspects: fuel consumption, loaded draft, ship’s economic speed, and the availability of cargo transfer
equipment. Fuel consumption is a significant subjective parameter in terms of technical and operational concerns. The
fuel consumption of a merchant ship is processed as an operational cost. The vessels are responsible for ensuring to meet
the draft restrictions of the ports. The draft is a term that refers to the distance between the water surface and the
underwater level of the ship. It depends on the cargo and ballast, whether it is loaded or cargo-free. In practice, there are
several versions of drafts such as air-draft, saltwater arrival draft, freshwater arrival draft, brackish water arrival draft,
bar draft, etc. The difference of these terms are based on the physical restrictions (i.e., bridges, rivers, etc.) A ship’s
economic speed represents operation time, and the availability of cargo transfer equipment expresses whether the ship
can transfer cargoes by equipped cargo handling appliances.

In order to increase the shipyards’ performance, several approaches (i.e., lean approach) are proposed (Sharma &
Gandhi, 2017). These are mainly focused on shipyards; however, in the literature, there is no study dealing with
shipowners’ profits based on the endurance and maximum limit of shipyards’ risks.

2.2. Applications of MCDM methods in risk assessment
Risk assessment methods have been studied extensively in almost every field in the literature, and have several diverse

applications. The methods used in risk assessments are applied for complicated problems in many areas (Rausand, 2013;
Aven, 2016). For example, there are applications in almost every field, such as ecological (Ramos-Miras et al., 2020),
marine, chemical (Sciarrillo et al., 2020; Senol et al., 2015), health, etc. (Gyamfi et al., 2020; Ünver et al., 2019). Some
of the MCDM method based risk assessments are AHP, the technique for order of preference by similarity to an ideal
solution, failure modes and effects analysis, fault tree analysis, preference ranking organization method for enrichment of
evaluations, etc. (Sahin et al., 2020). The studies are carried out by using deterministic approaches or fuzzy sets (Sahin
& Soylu, 2020a). In the literature, it is observed that the number of risk assessment studies conducted using the AHP
method is relatively high (Kheybari et al., 2020).

The AHP technique has been applied in almost every area in the maritime industry, such as shipbuilding, shipyard
selection, ship accidents, the health and safety of seafarers, port operations, and technology decisions (Bellsolà Olba
et al., 2020; Sahin & Soylu, 2020b; Sahin et al., 2015). In the study of Crispim et al. (2020), methods and areas for risk
assessment are given in detail. Shipyards are classified by using the AHP method in Caner Akin et al. (2020). Barriers
and enablers for shipyards are discussed by using the AHP method in Praharsi et al. (2020). Ports and terminals are
analyzed based on safety by using the AHP method (Hervás-Peralta et al., 2020). There exist many studies related to
risk assessment by using the same IFAHP method as we used in this paper (Li et al., 2005; Şahin & Yazır, 2019). For
example, Wu et al. (2009) use it for information systems security, Wu et al. (2020) prefer it for sustainability and system
dynamics, Wang et al. (2012) deal with reliability design, and Tian et al. (2013) implement the IFAHP method for safety
evaluations. As it is seen, IFAHP is designed for risk assessment and fits well for safety, reliability, and the subjects
related to risk. IFAHP method is also implemented in maritime-related problems such as risk analysis of marine risers
(Yu & Liu, 2014) and ship navigation in the Arctic region (Sahin & Kum, 2015).

Similarly, game theory is highly applied for risk assessment studies (Sohrabi & Azgomi, 2020). For instance, Cui et al.
(2020) combine the Bayesian network and game theory to solve the damages of the pipelines. Water supply systems are
analyzed by using the fuzzy game-theoretical model (Liu et al., 2020). System engineering and game theory are combined
with a pipeline accident model (Xing et al., 2020). Hybrid game-theoretic MCDM is highly implemented in the literature,
such as Lau et al. (2020), Goyal & Kaushal (2017), Nikkhah et al. (2019) and Han et al. (2019). However, there is no
study on the game-theoretical IFAHP method. In the proposed method, the data are calculated via IFAHP after the
data are collected, then the game theory is executed.

The contributions of this paper are threefold. First, this paper investigates the ship’s investment decisions from a
shipyard perspective in a fuzzy manner and sheds light on the ship’s investment literature. Second, this paper extends
the game-theoretic model to a hybrid improved fuzzy analytical hierarchy process (IFAHP) that could examine pairwise
relationships of rival shipyards. Third, different from many previous studies on individual’s independent decision-making,
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this study uses MCDM in the presence of rival decision-makers and various relationships between decision-makers under
different market conditions.

3. Methodology

MCDM techniques are applied in almost all disciplines. Pairwise comparison systems are preferred because of their
ease of use and avoiding holistic generalizations by breaking the problem into small pieces. The methods used in this
study are compatible with multi-expert group decisions, consistency of decision matrices, and linguistic expressions.

3.1. Improved fuzzy analytical hierarchy process method
IFAHP transfers the reciprocal judgment matrix into the fuzzy consistent judgment matrix. Normalized aggregation,

square root, and eigenvector methods are also involved in the process (Yu & Liu, 2014; Kang & Xue, 2008). The variables
and their descriptions are given in Table 1.

Table 1: Definitions and descriptions of the variables

No Variables Definitions and descriptions
1 aij The comparison element
2 Rij Fuzzy consistent judgment matrix
3 Ri Summation of Rij for j=1, 2, . . . , n
4 Rj Summation of Rij for i=1,2, . . . , m
5 F Fuzzy judgment matrix
6 wi Element weights of ordering vector W
7 i ith strategy (i=1, 2, . . . , m)
8 j jth event (j=1, 2, . . . , n)
9 k kth iteration

For the IFAHP method, (0.1 ∼ 0.9) scales are used. The scales and their meanings are given in Table 2.

Table 2: Number scale: (0.1 ∼ 0.9) and it’s meaning

aij The significance of aij aji
0.5 ai is as important as aj 0.5
0.6 ai is slight precedence over aj 0.4
0.7 ai is obvious precedence over aj 0.3
0.8 ai is forceful precedence over aj 0.2
0.9 ai is extreme precedence over aj 0.1

The steps of IFAHP are shown below (Wang et al., 2012; Sahin & Kum, 2015):
Step 1: Comparative judgment matrix is set up as F = (aij)n×n. The elements of matrix F (aij , aji) have the following

properties: 0 < aij < 1, aij + aji = 1, aii = 0.5.
Step 2: Fuzzy complementary judgment matrix is established. It is listed as a fuzzy consistent matrix: F = (rij)nxn.

ri is the sum of rows as ri =
n∑

j=1
rij , rj is the columns of judgment matrix F as rj =

n∑
i=1

rij and i, j = 1, 2, . . . , n

Step 3: Transformation formula ri = ri−rj

2n + 0.5 is used to solve the row sum ri =
∑10

i=1 ti. The fuzzy consistent
judgment matrix R = (rij)nxn is converted from fuzzy judgment matrix F = (fij)nxn.

Step 4: Rank aggregation method (Equation 1) or Square root (Equation 2) method is used to get the ordering vector.

W (0) = (w1, w2, . . . , wn)T =


n∑

j=1
e1j

n∑
i=1

n∑
j=1

eij

,

n∑
j=1

e2j

n∑
i=1

n∑
j=1

eij

, . . . ,

n∑
j=1

enj

n∑
i=1

n∑
j=1

eij


T

(1)

W (0) = (w1, w2, . . . , wn)T =


n

√
n∏

j=1
e1j

n∑
i=1

n

√
n∏

j=1
eij

,

n

√
n∏

j=1
e2j

n∑
i=1

n

√
n∏

j=1
eij

, . . . ,

n

√
n∏

j=1
enj

n∑
i=1

n

√
n∏

j=1
eij


T

(2)

Step 5: Transformation formula of eij = rij

rji
is used to obtain reciprocal matrix E = (eij)nxn that is transformed from

the fuzzy complementary judgment matrix R = (rij)nxn. W (0) solves high accuracy of the ranking vector.
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For the iterative initial value V0, iteration formula Vk+1 = EVk is used to find the eigenvector Vk+1 and infinite norm
||Vk+1||∞ of Vk+1. While ||Vk+1||∞ − ||Vk||∞ less than ε, Vk+1 = λmax which is the largest eigenvalue. Then Vk+1 is
normalized and become the form of Equation 3

Vk+1 =

 Vk+1,1
n∑

i=1
Vk+1,i

,
Vk+1,2

n∑
i=1

Vk+1,i

, . . . ,
Vk+1,n

n∑
i=1

Vk+1,i


T

(3)

Step 6:

Vk = Vk+1

||Vk+1||∞
=
(

Vk+1,1

||Vk+1||∞
,
Vk+1,2

||Vk+1||∞
, . . . ,

Vk+1,n

||Vk+1||∞

)T

(4)

is taken, and the ordering vector is W (k) = Vi+1, and the calculation is completed. Vk becomes the new iterative initial
value, which can be recalculated from the beginning.

3.2. Game theory
Game theory is a multidisciplinary approach with an analysis characteristic of the human thought system (Vasudeva

et al., 2017). There is a balance in n-person finite games called Nash equilibrium (Myerson, 1999). In zero-sum games for
two players, the equilibrium point is a great solution to reach a general conclusion in the context of the players’ responses
to each other’s strategies. Players who have different strategies and know each other’s strategies make their best actions
in the competitive environment, and as a result, players can fix their decisions in maximum satisfaction. When the
game reaches the equilibrium point, no one wants to deviate from their strategies, even if the players are self-conflicting.
In other words, strategic stability is achieved even if strategy decisions do not dominate competitors (Aliahmadi et al.,
2011).

In static game models, each player determines the appropriate strategy according to all the opponent’s actions.
Reciprocal strategies form the solution at the equilibrium point of the game. Game theory applies to the following
assumptions. Each player must choose a strategy. A strategy should be the best alternative to an opponent’s predicted
strategy choice. In the case of game equilibrium, players’ thoughts about their opponents’ strategy choices must be
rational because these strategies meet their expectations. Since each player acts based on the opponent’s strategy, the
players’ basic expectations and actions must be consistent (Colman, 2016; Han et al., 2019; Liu et al., 2019b).

Elements in a decision problem consist of decision-makers, controllable and non-controllable variables (events), and
the result (Ren et al., 2019; Tey et al., 2019). The decision-maker is responsible for the decision-making process and its
outcome. Controllable variables represent a large number of strategies that are making a system in the decision-making
process. The chosen strategy should serve as much as possible as the intended purpose. Uncontrolled variables are
factors outside the system and where parties cannot intervene and determine what to do, such as socio-economic and
social-cultural factors and advanced technological development. The result is a strategy chosen by the decision-makers
(Aktan & Bahçe, 2007).

The method succeeds when all the following steps are taken into account in the decision-making process (Geckil &
Anderson, 2016; Portillo & Humphrey, 2018). First, the decision criteria are determined. Second, possible decisions and
outcomes of the decision-making process are identified. Third, the probability distribution type that is applied in the
decision-making process is determined, and the possible probability values of the decision matrix inputs are assigned.
Forth, a function that measures the benefit is defined. Fifth, an experiment is done for decision options. Sixth, according
to the experiment results, input possibilities might be reviewed, revised, or corrected. Seventh, the risks of process inputs
are calculated for each possible decision. Eighth, the real probabilities used for inputs and the expected risks of each
possible decision are calculated. Finally, the smallest expected risky decision is determined as the best solution (Rençber,
2012). Profit is maximized, and loss is minimized, as it is challenging to consider all possible scenarios in the game theory
and make the best decision. In the decision process, the decision matrix is used to find the best strategy. The decision
matrix is given in Figure 1.

Events     

               K1, K2, …, Kn
Strategies

     S1

S2 

… 

Sm

X11, X12, …, X1n

X21, X22, …, X2n

…

Xm1, Xm2, …, Xmn

Figure 1: Decision matrix
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In a decision matrix, S represents strategies (controllable variables), K symbolizes Events (uncontrollable variables).
Xij is the decision maker’s choice based on ith strategy and jth event. Xij might also be the cost of ith strategy in case
of occurring the jth event where i = 1, 2, . . . ,m is the number of strategies and j = 1, 2, . . . , n is the number of events.

The game value and the selection probabilities of the strategies in a competitive environment are found as follows:

[X1, X2, Xn] = I · adjA
I · adjA′

(5)

[Y1
Y2
Ym

]
= adjA · I′

I · adjA · I′
(6)

g = |A|
I · adjA · I′

(7)

where meanings of symbols A is the coefficient matrix, adjA is the additional matrix of a matrix, |A| is the determinant
of a matrix, I is a row vector whose elements are one (1) and equal to the size of matrix A, I’ is the transposition of row
vector I’, and g is the value of the game.

3.3. Proposed Model
Figure 2 indicates the proposed improved fuzzy AHP based game-theoretic model for risk assessment on strategies

offered by two competitive shipyards. In the literature of multi-criteria decision making, there are three common types
of research approaches and they include: quantitative research, qualitative research, mixed methods. We have adopted
a mixed method to consider both quantitative and qualitative data by using improved fuzzy AHP. The variables, the
strategies of shipyards, are collected from structured interviews of 27 field experts. The strategies surveyed are defined
and discussed in the Appendix. Then, two competitive shipyards are evaluated in a game-theoretic model quantitatively.
The model is applied to a real case of shipyard selection.

Expert consultations

Determine the goal 

Identify each strategy based on the goal

Define each strategy based on the goal

Determine the hierarchic structure of decision matrices for each actor

Conduct pairwise investigation and collect the data

Calculate the probability of each strategy and discuss the results

Calculate the cost values of each strategy

Calculate the risk values of each strategy

Structure the game matrices

Find the game values for each actor

 Selection of the best actor after all evaluations

IFAHP

Expert consultations

Determine the goal 

Identify each strategy based on the goal

Define each strategy based on the goal

Determine the hierarchic structure of decision matrices for each actor

Conduct pairwise investigation and collect the data

Calculate the probability of each strategy and discuss the results

Calculate the cost values of each strategy

Calculate the risk values of each strategy

Structure the game matrices

Find the game values for each actor

 Selection of the best actor after all evaluations

IFAHP

Figure 2: Improved Fuzzy AHP based Game-theoretic Model

4. Application

4.1. Case study
In the application of this study, a comprehensive list is organized, and numerous experienced experts are invited

for face-to-face and online meetings. The main concern to determine the expert is their both academic and industrial
experience. Twenty-seven (27) experts accepted our invitations and a critical discussion is conducted on determining the
strategies of shipyards in the first round. As reported in Table 3, the 27 experts are all shipyard related.
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Table 3: Profiles of the experts

No Education Job Title
Shipyard
Experience
(in years)

Academic
Experience
(in years)

1 Ph.D. Academician 10 36
2 Ph.D. Academician 5 20
3 Ph.D. Academician 4 20
4 Ph.D. Academician 3 12
5 M.Sc. Academician 7 7
6 M.Sc. Academician 8 5
7 M.Sc. Academician 5 2
8 B.Sc. Shipowner 15 NA
9 B.Sc. Shipowner 13 NA
10 B.Sc. Shipowner 12 NA
11 High school Shipowner 7 NA
12 High school Shipyard Owner 39 NA
13 B.Sc. Shipyard Owner 20 NA
14 B.Sc. Shipyard Owner 12 NA
15 B.Sc. Quality Manager 15 NA
16 B.Sc. Quality Manager 10 NA
17 B.Sc. Quality Manager 9 NA
18 B.Sc. Quality Manager 9 NA
19 B.Sc. Shipbuilding and Planning Manager 15 NA
20 B.Sc. Shipbuilding and Planning Manager 13 NA
21 B.Sc. Shipbuilding and Planning Manager 13 NA
22 B.Sc. Shipbuilding and Planning Manager 12 NA
23 B.Sc. Shipbuilding and Planning Manager 10 NA
24 B.Sc. Finance Manager 14 NA
25 B.Sc. Finance Manager 3 NA
26 B.Sc. Finance Manager 3 NA
27 B.Sc. Work Development and Projects Manager 5 NA

They are divided into shipyard owner, shipowner, shipbuilding and planning manager, quality manager, finance
manager, work development and projects manager, and academicians. Our approach synthesizes various field experts’
opinions and reduces potential preference bias. They finally agreed on eight strategies, as given in Figures 3 and 4. The
descriptions of the strategies are provided in Table 4.

Table 4: Descriptions of shipyards’ strategies

Strategies Descriptions
1 Material-based risk Technical characteristics of ships. Materials to be used in shipbuilding.
2 Late delivery risk The process or period from the ship construction decision to the delivery date of the ship.

3 Risk of not being tolerated
in favor of the shipowner Flexibility and tolerance. The contractual terms of the shipyard in favor of the shipowner.

4 Risk of not providing promotions Whether the shipyard offers promotions in favor of the shipowner.
5 Risk of poor quality labor Technical infrastructure. Quality of technical personnel.
6 Risk of payment difficulty Easy of payment. The financial power of the shipowner.
7 Ship (Facility) maintenance risk Maintenance and repair facilities.

8 Risk of failure to provide
extra facilities on demand Provide extra facilities upon shipowner’s requests.

These strategies are significant in terms of customer expectations. Then experts are asked about the risk levels of the
competitive strategies of the competing shipyards for ship investment. The data collection and application are conducted
between March 2019 and May 2019. The profiles of the experts are given in Table 3. The areas of study and experience
of the experts are ship design, shipbuilding, and ship navigation. Also, surveys are applied to the shipyard owners. The
help of two separate forms completes expert consultations, and they are applied via face-to-face and online interviews.
They completed the questionnaires by making several rounds in three sessions. The participation and replies to the
questionnaires by the experts are 100%. Designing the problem, determining strategies, and defining these strategies
have been carried out by interviewing with the experts at the national level. Shipowners and shipyard behaviours are
taken into account, considering country realities and international markets. After expert interviews, the results of the
survey are combined, and the results are analyzed. The steps of IFAHP are performed one by one. Pairwise decision
comparisons and their complementary matrices are transformed as the fuzzy consistent matrix. The reciprocal matrices
are obtained as a result of the transformation of complementary decision matrices. Relative priorities are found after the
weight vector is computed. The hierarchical structures of the risk assessment of the ship investment model are provided
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in Figures 3 and 4. Aggregated pairwise judgment matrix of the A player’s strategies in terms of the B player’s strategies
is given in Table 5.

A player’s strategies in terms of the B player’s strategies

Material-based risk Late delivery risk
Risk of not being tolerated in 

favor of the shipowner

Risk of not providing 

promotions

Risk of poor quality labor Risk of payment difficulty  Ship maintenance risks
Risk of failure to provide extra 

facilities on demand

Figure 3: Hierarchical structure of A-player’s strategies in terms of B-player’s strategies

B player’s strategies in terms of the A player’s strategies

Risk of poor quality labor Risk of payment difficulty Ship maintenance risks
Risk of failure to provide extra 

facilities on demand

Material-based risk Late delivery risk
 Risk of not being tolerated in 

favor of the shipowner

Risk of not providing 

promotions

Figure 4: Hierarchical structure of B-player’s strategies in terms of A-player’s strategies

Table 5: The aggregated pairwise comparison matrices of the A player’s strategies in terms of the B-player’s strategies

K1 S1 S2 S3 S4
S1 0.50 0.43 0.49 0.39
S2 0.57 0.50 0.56 0.49
S3 0.51 0.44 0.50 0.51
S4 0.61 0.51 0.49 0.50
K2 S1 S2 S3 S4
S1 0.50 0.38 0.52 0.52
S2 0.62 0.50 0.57 0.50
S3 0.48 0.43 0.50 0.48
S4 0.48 0.50 0.52 0.50
K3 S1 S2 S3 S4
S1 0.50 0.43 0.38 0.38
S2 0.57 0.50 0.60 0.47
S3 0.62 0.40 0.50 0.48
S4 0.62 0.53 0.52 0.50
K4 S1 S2 S3 S4
S1 0.50 0.31 0.39 0.40
S2 0.69 0.50 0.56 0.51
S3 0.61 0.44 0.50 0.49
S4 0.60 0.49 0.51 0.50

In this study, matrices are created for both actors. The positions of each strategy, according to each case, are subject
to all expert considerations. Similarly, the aggregated pairwise comparison matrices of the B-player’s strategies in terms
of the A-player’s strategies are given in Table 6.
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Table 6: The aggregated pairwise comparison matrices of the B player’s strategies in terms of the A-player’s strategies

S1 K1 K2 K3 K4
K1 0.50 0.38 0.41 0.47
K2 0.62 0.50 0.51 0.57
K3 0.59 0.49 0.50 0.58
K4 0.53 0.43 0.42 0.50
S2 K1 K2 K3 K4
K1 0.50 0.43 0.44 0.52
K2 0.57 0.50 0.47 0.56
K3 0.56 0.53 0.50 0.63
K4 0.48 0.44 0.37 0.50
S3 K1 K2 K3 K4
K1 0.50 0.47 0.49 0.59
K2 0.53 0.50 0.52 0.66
K3 0.51 0.48 0.50 0.62
K4 0.41 0.34 0.38 0.50
S4 K1 K2 K3 K4
K1 0.50 0.50 0.41 0.57
K2 0.50 0.50 0.43 0.57
K3 0.59 0.57 0.50 0.62
K4 0.43 0.43 0.38 0.50

Table 7 provides R = (rij)nxn as mentioned in step 3.

Table 7: Fuzzy consistent judgment matrix

S1 K1 K2 K3 K4
K1 0.5000 0.4444 0.4500 0.4833
K2 0.5556 0.5000 0.5056 0.5389
K3 0.5500 0.4944 0.5000 0.5333
K4 0.5167 0.4611 0.4667 0.5000
S2 K1 K2 K3 K4
K1 0.5000 0.4764 0.4597 0.5139
K2 0.5236 0.5000 0.4833 0.5375
K3 0.5403 0.5167 0.5000 0.5542
K4 0.4861 0.4625 0.4458 0.5000
S3 K1 K2 K3 K4
K1 0.5000 0.4792 0.4917 0.5514
K2 0.5208 0.5000 0.5125 0.5722
K3 0.5083 0.4875 0.5000 0.5597
K4 0.4486 0.4278 0.4403 0.5000
S4 K1 K2 K3 K4
K1 0.5000 0.4972 0.4625 0.5292
K2 0.5028 0.5000 0.4653 0.5319
K3 0.5375 0.5347 0.5000 0.5667
K4 0.4708 0.4681 0.4333 0.5000

Ordering vector can be found by two different methods as rank aggregation and square root methods. In this study, we
prefer to use the rank aggregation method (Equation 1). Equation 4 shows the ordering vector. Weights of combinations
are calculated by using the formulas given in the methodology section.

Table 8: Final weights of A player’s strategies in terms of the B-player’s strategies

W1(2) 0.2270 0.2638 0.2454 0.2638
w2(2) 0.2400 0.2743 0.2361 0.2496
w3(2) 0.2129 0.2661 0.2489 0.2721
w4(2) 0.2029 0.2822 0.2538 0.2610

In the game theory, shipyards develop many strategies to attract the shipowner. Even if the shipyards are ultimately
profitable, the strategies have some risks. As seen in Tables 8 and 9, the probability of occurrence of these strategies is
given in the table as 0-1 range. Risk = Event probability × Results (Dumbravă & Iacob, 2013). Shipyard strategies also
have costs. In the following scale in Table 10, the cost scale of the shipyards is generalized after the consensus of expert
consultations.

9



Table 9: Final weights of B-player’s strategies in terms of the A player’s strategies

W1(2) 0.2202 0.2752 0.2691 0.2355
w2(2) 0.2369 0.2605 0.2785 0.2241
w3(2) 0.2542 0.2763 0.2628 0.2067
w4(2) 0.2461 0.2489 0.2861 0.2189

Table 10: Consequence Scale

Min Max Degree of preference
100 999 Very low
1000 9999 Low
10000 99999 Moderate
100000 999999 High
1000000 9999999 Very high

Complex, unpredictable, time, and space-dependent factors take roles in the shipbuilding process. When building
a ship, thousands of variables are involved in the process such as ship’s service sector, tonnage, the financial situation
of the shipowner, shipyard’s location, the size of the shipyard, the experience of the shipyard, the economic structure
of the country where the shipyard is located, international transportation conditions, and the freight market. After the
analysis of an extensive exchange of ideas with sector representatives, it has been concluded that the ship’s investment
is a dynamic process requiring specialized expertise and experience. The experts agreed that it is difficult to determine
the exact cost of a ship before the process starts due to fragile factors such as exchange rate, natural disasters, political
decisions, international financial crises, etc. For this scenario, the approximate costs for each strategy taken from the
experts are given in Table 11 in the United States Dollars (USD). After the expert consultations cost of each strategy are
calculated. Fuzzy expressions are primarily preferred because it is close to the human thought system. Then, the mean
of approximate values in the intervals represented by the fuzzy expressions are obtained as the data given in Table 10.

Table 11: The approximate costs for each strategy taken from the experts

S1 S2 S3 S4 K1 K2 K3 K4
Cost 2560000 1650000 227000 360000 246800 3698000 1000000 200000

Table 12: The risk levels of different and independent strategies for A player’s strategies in terms of the B player’s strategies

Strategies Material-Based Risks Late delivery Risk Risk of not being
tolerated in favor of the shipowner

Risk of not
providing promotions

Risk of poor quality labor 581126.04 0 0 0
Risk of payment difficulty 0 452640.70 0 0
Ship Maintenance Risks 0 0 56499.42 0
Risk of failure to provide extra facilities on demand 0 0 0 93960.14

The weights of strategies constitute the decision matrix of game theory. Table 12 shows the weights of A-player’s
strategies in terms of the B-player’s strategies. The risk levels of the shipyard are indicated in Table 12. It means that
shipyard A is competing with shipyard B based on the strategies of risk of low quality labour, risk of payment difficulty,
ship maintenance risks, and risk of failure to provide extra facilities on demand. According to the game theory, the Nash
Equilibrium for strategies of A (the row) is g = USD 30.986. In the case of realizing their strategies, the maximum
amount of risk that A can tolerate is found to be USD 30.986. Similarly, as it is shown in Table 13, shipyard B can
overcome USD 21.700 based on the game theory of which its steps are given in the methodology section.

Table 13: The risk levels of different and independent strategies for B player’s strategies in terms of the A player’s strategies

Strategies Risk of poor quality
labor

Risk of payment
difficulty

Ship Maintenance
Risks

Risk of failure to
provide extra facilities on demand

Material-Based Risks 54347.56 0 0 0
Late delivery Risk 0 963201.13 0 0
Risk of not being tolerated in favor of the shipowner 0 0 262802.70 0
Risk of not providing promotions 0 0 0 43783.04

In such a case, the shipyard A, which offers more opportunities for the shipowner to the hypothetical ship, should be
a priority for the shipowner.

4.2. Sensitivity analysis
Sensitivity analysis is a holistic approach to measure the performance of a criterion when the other factors are

involved in comprehensively. In this study, we employed a sensitivity analysis based on the study of Celik & Akyuz
(2018). Sensitivity analysis is conducted to evaluate the impacts of shipyard strategies under a fuzzy environment for
the validation of outcomes. Seven cases are generated for each actor, as given in Tables 14 and 15. Current, all low, all
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medium weights are used to analyze the sensitivity of the critical shipyard strategies. Cases 4 to 7 are generated to see
the high values for the specific strategies of the competitors and the low values for other strategies. The changes in risk
levels and rankings are given in Figures 5 to 8. As can be seen, K2 shows the highest importance in seven cases. Then,
K1 follows it. Similarly, S3 indicates the highest importance in seven cases, then S2 follows it.

Table 14: The case combinations for A player’s strategies in terms of the B player’s strategies with different weights

K1 K2 K3 K4
Case 1 Current Kw1 Kw2 Kw3 Kw4
Case 2 All low Kw5 Kw6 Kw7 Kw8
Case 3 All medium Kw9 Kw10 Kw11 Kw12
Case 4 S1 High, The Rest Low Kw13 Kw6 Kw7 Kw8
Case 5 S2 High, The Rest Low Kw5 Kw14 Kw7 Kw8
Case 6 S3 High, The Rest Low Kw5 Kw6 Kw15 Kw8
Case 7 S4 High, The Rest Low Kw5 Kw6 Kw7 Kw16

Table 15: The case combinations for B player’s strategies in terms of the A player’s strategies with different weights

S1 S2 S3 S4
Case 1 Current Sw1 Sw2 Sw3 Sw4
Case 2 All low Sw5 Sw6 Sw7 Sw8
Case 3 All medium Sw9 Sw10 Sw11 Sw12
Case 4 K1 High, The Rest Low Sw13 Sw6 Sw7 Sw8
Case 5 K2 High, The Rest Low Sw5 Sw14 Sw7 Sw8
Case 6 K3 High, The Rest Low Sw5 Sw6 Sw15 Sw8
Case 7 K4 High, The Rest Low Sw5 Sw6 Sw7 Sw16

Figure 5: Changes of risk levels for A player’s strategies in terms of the B player’s strategies in sensitivity analysis

4.3. Validation
Several studies in the literature deal with the reliability and validation, which are two crucial parameters for the

MCDM and game-theoretical approach (Deng & Jiang, 2019; Madani & Lund, 2011; Wee et al., 2020). AHP and game
theory are valid methods and approaches. Since improved fuzzy AHP extended game-theoretic model is an entirely new
approach, to the best of our knowledge, there is no existing model that fits completely to compare those. Therefore,
for the hybrid approaches, there exist analytical requirements for the candidate method, of which it provides a decision
support system for the ship’s investment in favour of the shipowner. These requirements are the use of linguistic variables,
fuzzy expressions, ease of use with pairwise comparisons, ability to work in a competitive environment, availability of
desired parameters such as financial technical or operational concerns, traceability of each step, and sensitivity analysis.
To solve the problem, a decision-making process is conducted. In this process, the final model is developed step by step.
The model providing all these analytical requirements are obtained. Field experts test the obtained data. Findings prove
that the method is valid.
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Figure 6: Changes of risk levels for B player’s strategies in terms of the A player’s strategies in sensitivity analysis

Figure 7: Changes of rankings for A player’s strategies in terms of the B player’s strategies in sensitivity analysis

Figure 8: Changes of rankings for B player’s strategies in terms of the A player’s strategies in sensitivity analysis

5. Discussion

5.1. Performance evaluation of the developed model
As this paper intends to develop a MCDA model for shipyard selection, the results are shown in Figure 9. The

probability of each strategy in the game matrix is given in the graphical form (Figure 9). Accordingly, the most
advantageous of these risky situations for shipyard A is poor quality labor (S1 = 0.053). Contrary to the assumption,
coefficients for variation of the parameters affecting labour in labour costs are relatively low. Control is more comfortable
for the shipyard, but the warranty period (S3 = 0.548) involves risks that occur outside the control of the shipyard.
Other strategies for shipyard A are the risk of failure to provide extra facilities on demand (S4=0.330) and the risk of
payment difficulty (S2=0.068). The riskiest strategy of shipyard B is expected by the shipowner to offer shipowners extra
opportunities other than shipbuilding in a highly competitive environment (K4=0.496). Other strategies for shipyard B
are material-based risks (K1=0.399), risk of not being tolerated in favour of the shipowner (K3=0.083), and late delivery
risk (K2=0.023). The results show that a feature of this model is in favour of the shipowners.

Fuzzy logic is integrated into the system, making it closer to the human thought system. The financial risks are kept
to a minimum due to the setting of the game. It reflects real-time business cases that financial risk is minimized in a
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Figure 9: Risk probabilities of the shipyards

competitive environment.
Managerial implications for ship investment versus shipyard strategies can be found in Appendix. Separate interviews

have been conducted, and experts have provided future directions of shipbuilding industry. If more experts are involved
in the expert consultation process, it will take longer time to have expert interviews, collect data, and questionnaire
process.

This method is ready to be extended to multiple market players with different number of strategies. The proposed
IFAHP based game-theoretic model can also be developed by alternative MCDA methods (deterministic, heuristic,
computational intelligence). Table 16 demonstrates three shipyards with different number of strategies. Shipyard 1
consists of four strategies (K = 1,2,3,4), Shipyard 2 has three strategies (L = 1,2,3), and Shipyard 3 has five strategies
(M = 1,2,3,4,5). There exist sixty decisions to be made in this setting. However, as it can be seen here, as the number of
shipyards and/or strategies increases, the complexity increases but compromise the clarity of results. Optimization and
other techniques can be chosen to conduct the analysis with great clarity, while the complexity increases.

Table 16: Multiple shipyards and multi-strategy game

Shipyard 1
K1 K2 K3 K4

Shipyard 2 Shipyard 2 Shipyard 2 Shipyard 2
L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3

Shipyard 3

M1
M2
M3
M4
M5

5.2. Academic and managerial implications
The research findings have the following academic implications. First, the criteria influencing shipyard selection,

especially those related to risk and finance, are identified in the form of competitive games. It triggers new research
directions on MCDM and game theory in the future to address the general setting of competitive markets. Secondly,
the method is pioneered to make the overall decision result rationalized by considering two decision-makers of different
criteria. This method is also applicable to solve other MCDM problems with varying criteria in a dynamic market.
Thirdly, the relative weights of criteria are determined by an IFAHP, and fuzzy expressions establish the structure of
AHP. The model is demonstrated with a real application and found useful in processing risk and qualitative information
simultaneously. Fourthly, the proposed model, with the aid of the game theory, enables shipowners to evaluate and select
the most preferred ship in a dynamic environment. Moreover, the results of ship evaluation can also enable professional
staff to recognize current strengths and the defects of competitive strategies, then get more rational decision-making
through strategy re-positioning. It will significantly improve the overall selection of game settings and MCDM.

Besides academic implications, this study also provides some guidance for shipowners and shipyards on how to deal
with conflicting strategies in a shipbuilding service. The study may support shipyards in dealing with shipowner’s
expectations of providing extra facilities on demand. In interviews with field experts, it has observed that shipyard
executives were struggling to understand why some strategies were effective in attracting shipowners, while others were
not. This study provides an overall systematic framework that allows the shipyard executives to evaluate a mix of
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strategies in developing a better service to shipowners. On the other hand, this study’s findings may support shipyard
executives to increase the labour costs or the labour salaries, because it is not the highest concern of the shipowners.
As this study demonstrates, shipyards have to manage multiple strategies simultaneously, the mix of strategies may be
even more pronounced than individual strategy. In this study, we encourage shipyards executives to foster strategies
more integrative for serving shipowners in this competitive shipbuilding industry. Therefore, managerial implications
based on the relative importance of the different criteria and different strategies can help guide competing shipyards as
decision-makers and assist in ship investment based on shipyard strategies.

6. Conclusions

In this study, an improved fuzzy AHP (IFAHP) based game-theoretic model is presented to assist shipyard selection.
The main goal of this paper is to investigate whether the combination of IFAHP and game theoretic model is a good
approach for solving a MCDM problem of selecting one shipyard in a competitive market. The model is proposed from
the perspective of human thinking style, particularly with pairwise comparison. A 10-step process is developed by using
IFAHP and game-theoretic model. The study provides a risk assessment tool to help the shipowners for guiding the
shipyard selection and proves the applicability of the method, along with its consistency.

From the case study and sensitivity analysis, it is found that time in delivery is the most important factor of shipyard
selection and quality labour is the second most important one. From the expert consultations, shipowners tend to
focus more on shipbuilding process than on future ship maintenance. Shipyards are advised to endure higher costs of
shipbuilding.

Three future research directions could be explored to increase our understanding of ship investment and the roles of
shipyards and other decision-makers. First, only shipowners have been consulted. Other related field experts’ knowledge
(e.g. marine insurers, ship charterers, etc.) and ship operators’ opinions can be collected in future research. Second,
only two shipyards have been considered and assumed to be competitors. A future research study could be conducted
with multiple market players to extend the present research to competition and cooperation among market players. This
could be the multiple strategies in a ship selection game. Third, the way to finance shipbuilding is not considered. Ship
leasing is a popular source of ship financing (Yu et al., 2019) but many banks consider ship leasing for ship investors. The
consideration of ship leasing may or may not lead to different strategies of ship investment, which would be evaluated by
further study.
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Appendix: Expert Consultations

1- What should a shipowner pay attention to during a new shipbuilding decision process?

23%
Technical characteristics of the ship (Material to be used in
shipbuilding, quality of technical personnel, etc.)

23%

The process or period from the construction decision to the
delivery date of the ship

0%

Stretching the contractual terms of the shipyard in favour of the
shipowner (after the contract)

0%

Whether the shipyard offers promotions in favour of the
shipowner, the scope of the promotion (before the contract)

15%
Financial considerations (Ship cost, payment channels, payment
type,etc. )

15%

The economic power of the shipowner

8%

Mobility and viability of markets, political environment

8%

Maintenance and repair facilities

8%

Providing extra facilities depending on shipowner demand
(improvement of the project after the contract)

2- What should the shipowner pay attention to when deciding to a shipyard for a new shipbuilding?
11% Location of a shipyard

11%
The capacity of the shipyard (technical infrastructure, easy
access)

33%

Experience of the shipyard (year established, confidence)

0%

Human resources

22%

Offered price

22%

Recognition (history of the shipyard)

0%

Subsidiaries (services received from outside companies)

3- What should the shipowner pay attention to when choosing from multiple shipyards for the construction of new
shipbuilding?

In this question, the experts are asked to evaluate the criteria given below in a pairwise comparison manner.

• C1 - Technical infrastructure (Material to be used in shipbuilding, quality of technical personnel, etc.)

• C2 - Process or period for a delivery date of the ship

• C3 - Whether the shipyard offers promotions in favour of the shipowner, scope of promotion

• C4 - Financial considerations (Ship cost, payment channels, payment type,etc.)

• C5 - Capacity for providing extra facilities depending on shipowner demand

Expressions in the row are provided as a priority over the expressions in a column as given in Table 17

Table 17: Evaluation of criteria to choose a shipyard for the construction of new shipbuilding

C1 C2 C3 C4 C5
C1 0.00 0.29 0.29 0.14 0.29
C2 0.25 0.00 0.25 0.25 0.25
C3 0.00 0.00 0.00 0.00 1.00
C4 0.20 0.20 0.40 0.00 0.20
C5 0.00 0.50 0.50 0.00 0.00

4- What should shipyards offer shipowners as a marketing strategy?
Experts evaluate the importance of marketing strategies of shipyards, as given in Table 18. Here, importance levels

are expressed high to low as extremely important, forcefully important, obviously important, slightly essential and vital.
The data are given as a percentage of the average of expert evaluations.
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Table 18: Expert evaluations for marketing strategies of shipyards

Extremely
Important

Forcefully
Important

Obviously
Important

Slightly
Important Important

High quality labor 0.67 0.33 0.00 0.00 0.00
Ease of payment 0.67 0.33 0.00 0.00 0.00

Maintenance facilities 0.33 0.33 0.00 0.33 0.00
Provide extra facilities upon request 0.00 0.33 0.33 0.33 0.00

High quality materials 0.67 0.33 0.00 0.00 0.00
Delivery on time 0.67 0.33 0.00 0.00 0.00

Flexibility and tolerance 0.33 0.33 0.33 0.00 0.00
Promotions 0.00 0.00 0.67 0.00 0.33

5- What should shipowners expect from the shipyards as a marketing strategy?
Similarly, experts evaluate the importance level of shipowners’ expectations from the shipyards as given in Table 19.

Table 19: Expert evaluations for expectations of shipowners from the shipyards as a marketing strategy

Extremely
Important

Forcefully
Important

Obviously
Important

Slightly
Important Important

High quality labor 0.67 0.33 0.00 0.00 0.00
Ease of payment 0.67 0.33 0.00 0.00 0.00

Maintenance facilities 0.67 0.00 0.00 0.33 0.00
Provide extra facilities upon request 0.00 0.33 0.33 0.33 0.00

High quality materials 0.33 0.67 0.00 0.00 0.00
Delivery on time 1.00 0.00 0.00 0.00 0.00

Flexibility and tolerance 0.00 0.67 0.33 0.00 0.00
Promotions 0.33 0.00 0.33 0.00 0.33

6 - How do you assess the shipbuilding industry in developing countries?
In the interviews we have conducted with experienced professionals at local, we asked the state of the shipbuilding

industry in developing countries. Overall we have reached the following generalizations. The shipbuilding industry
in developing countries such as Turkey is still in the development stage, and there exist many difficulties in terms of
planning and efficient production. There are several advantages for the shipowner, such as customer-oriented construction
management and provision of service for specific shipbuilding. There are also opportunities in the production of offshore
platforms. Turkish shipyards are technologically behind from a global perspective. Research and development investments
are given little importance in recent years, but the increase still left behind from the current advances. Some experts
have maintained hope for the future of the shipbuilding industry in Turkey and commented that it would be better.

7 - How can two shipyards compete with each other?
Experts point out the following important points for a shipyard in a competitive environment. Main competition

parameters can be itemized as timely delivery, reasonable price, adequate quality, customer orientation, quality of material,
cheap and high-quality labour, and flexibility for shipowner’s wishes according to the situations that may arise later.
Shipyards can set a robust organizational structure and realize a life-long learning approach in their company.

Acknowledgments

We would like to thank the Editor and anonymous reviewers for their valuable suggestions to improve the paper. We
also thank the European Research Consortium for Informatics and Mathematics (ERCIM) and the Karadeniz Technical
University for the process of the postdoctoral fellowship program.

References

Aktan, C. C., & Bahçe, A. B. (2007). Kamu tercihi perspektifinden oyun teorisi. Hukuk ve İktisat Araştırmaları Dergisi,
5 , 93–117.

Alexandridis, G., Kavussanos, M. G., Kim, C. Y., Tsouknidis, D. A., & Visvikis, I. D. (2018). A survey of shipping
finance research: Setting the future research agenda. Transportation Research Part E: Logistics and Transportation
Review, 115 , 164–212. doi:https://doi.org/10.1016/j.tre.2018.04.001.

Aliahmadi, A., Sadjadi, S. J., & Jafari-Eskandari, M. (2011). Design a new intelligence expert decision making using
game theory and fuzzy ahp to risk management in design, construction, and operation of tunnel projects (case studies:
Resalat tunnel). The International Journal of Advanced Manufacturing Technology, 53 , 789–798. doi:https://doi.
org/10.1007/s00170-010-2852-7.

Aven, T. (2016). Risk assessment and risk management: Review of recent advances on their foundation. European Journal
of Operational Research, 253 , 1–13. doi:https://doi.org/10.1016/j.ejor.2015.12.023.

16

http://dx.doi.org/https://doi.org/10.1016/j.tre.2018.04.001
http://dx.doi.org/https://doi.org/10.1007/s00170-010-2852-7
http://dx.doi.org/https://doi.org/10.1007/s00170-010-2852-7
http://dx.doi.org/https://doi.org/10.1007/s00170-010-2852-7
http://dx.doi.org/https://doi.org/10.1016/j.ejor.2015.12.023


Barlas, B. (2012). Shipyard fatalities in turkey. Safety science, 50 , 1247–1252. doi:http://dx.doi.org/10.1016/j.
ssci.2011.12.037.

Basuki, M., Manfaat, D., Nugroho, S., & Dinariyana, A. (2014). Probabilistic risk assessment of the shipyard industry
using the bayesian method. International Journal of technology, 5 , 88–97. doi:http://dx.doi.org/10.14716/ijtech.
v5i1.157.

Bellsolà Olba, X., Daamen, W., Vellinga, T., & Hoogendoorn, S. P. (2020). Risk assessment methodology for vessel
traffic in ports by defining the nautical port risk index. Journal of Marine Science and Engineering, 8 , 10. doi:https:
//doi.org/10.3390/jmse8010010.

Branch, A. E. (1988). Ship investment criteria. In Economics of Shipping Practice and Management (pp. 57–78). Springer.
doi:https://doi.org/10.1007/978-94-009-1227-4_4.

Bulut, E., Duru, O., Keçeci, T., & Yoshida, S. (2012). Use of consistency index, expert prioritization and direct
numerical inputs for generic fuzzy-ahp modeling: A process model for shipping asset management. Expert Systems
with Applications, 39 , 1911–1923. doi:https://doi.org/10.1016/j.eswa.2011.08.056.

Caner Akin, G., Eren, , Oral, H., & Heperkan, H. (2020). Classification of shipyard facilities with a new risk assessment
method. Business amp; Management Studies: An International Journal, 8 , 232–254. URL: https://bmij.org/index.
php/1/article/view/1349. doi:10.15295/bmij.v8i1.1349.

Celik, E., & Akyuz, E. (2018). An interval type-2 fuzzy ahp and topsis methods for decision-making problems in maritime
transportation engineering: the case of ship loader. Ocean Engineering, 155 , 371–381. doi:https://doi.org/10.1016/
j.oceaneng.2018.01.039.

Celik, M., Kahraman, C., Cebi, S., & Er, I. D. (2009). Fuzzy axiomatic design-based performance evaluation model
for docking facilities in shipbuilding industry: The case of turkish shipyards. Expert Systems with Applications, 36 ,
599–615. doi:https://doi.org/10.1016/j.eswa.2007.09.055.

Chou, C.-c. (2018). Application of anp to the selection of shipping registry: the case of taiwanese maritime industry.
International Journal of Industrial Ergonomics, 67 , 89–97. doi:https://doi.org/10.1016/j.ergon.2018.04.009.

Colman, A. M. (2016). Game theory and experimental games: The study of strategic interaction. Elsevier. doi:https:
//doi.org/10.1057/jors.1984.31.

Crispim, J., Fernandes, J., & Rego, N. (2020). Customized risk assessment in military shipbuilding. Reliability Engineering
& System Safety, 197 , 106809. doi:https://doi.org/10.1016/j.ress.2020.106809.

Cui, Y., Quddus, N., & Mashuga, C. V. (2020). Bayesian network and game theory risk assessment model for third-party
damage to oil and gas pipelines. Process Safety and Environmental Protection, 134 , 178–188. doi:https://doi.org/
10.1016/j.psep.2019.11.038.

Cullinane, K. (1995). A portfolio analysis of market investments in dry bulk shipping. Transportation Research Part B:
Methodological, 29 , 181–200. doi:https://doi.org/10.1016/0191-2615(94)00032-U.

Deng, X., & Jiang, W. (2019). D number theory based game-theoretic framework in adversarial decision making under a
fuzzy environment. International Journal of Approximate Reasoning, 106 , 194–213. doi:https://doi.org/10.1016/
j.ijar.2019.01.007.

Du, Z., Zhu, H., Zhou, Q., & Wong, Y. D. (2017). Challenges and solutions for ship recycling in china. Ocean Engineering,
137 , 429 – 439. doi:https://doi.org/10.1016/j.oceaneng.2017.04.004.

Dumbravă, V., & Iacob, V.-S. (2013). Using probability–impact matrix in analysis and risk assessment projects. Descrierea
CIP/Description of CIP–Biblioteca Nat,ională a României Conferint,a Internat,ională Educat,ie s, i Creativitate pentru o
Societate Bazată pe Cunoas, tere–ŞTIINŢE ECONOMICE , 42 .

Duru, O., Bulut, E., & Yoshida, S. (2010). Modelling and simulation of variability and uncertainty in ship investments:
implementation of fuzzy monte-carlo method. In The 12th World conference on transport research, Lisbon.

Duru, O., Bulut, E., & Yoshida, S. (2012). Regime switching fuzzy ahp model for choice-varying priorities problem
and expert consistency prioritization: A cubic fuzzy-priority matrix design. Expert Systems with Applications, 39 ,
4954–4964. doi:https://doi.org/10.1016/j.eswa.2011.10.020.

Engelen, S., Meersman, H., & Voorde, E. V. D. (2006). Using system dynamics in maritime economics: an endogenous
decision model for shipowners in the dry bulk sector. Maritime Policy & Management, 33 , 141–158. doi:https:
//doi.org/10.1080/03088830600612807.

Fan, C., Wróbel, K., Montewka, J., Gil, M., Wan, C., & Zhang, D. (2020). A framework to identify factors influencing
navigational risk for maritime autonomous surface ships. Ocean Engineering, 202 , 107–188. doi:https://doi.org/
10.1016/j.oceaneng.2020.107188.

17

http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2011.12.037
http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2011.12.037
http://dx.doi.org/http://dx.doi.org/10.1016/j.ssci.2011.12.037
http://dx.doi.org/http://dx.doi.org/10.14716/ijtech.v5i1.157
http://dx.doi.org/http://dx.doi.org/10.14716/ijtech.v5i1.157
http://dx.doi.org/http://dx.doi.org/10.14716/ijtech.v5i1.157
http://dx.doi.org/https://doi.org/10.3390/jmse8010010
http://dx.doi.org/https://doi.org/10.3390/jmse8010010
http://dx.doi.org/https://doi.org/10.3390/jmse8010010
http://dx.doi.org/https://doi.org/10.1007/978-94-009-1227-4_4
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2011.08.056
https://bmij.org/index.php/1/article/view/1349
https://bmij.org/index.php/1/article/view/1349
https://bmij.org/index.php/1/article/view/1349
http://dx.doi.org/10.15295/bmij.v8i1.1349
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2018.01.039
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2018.01.039
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2018.01.039
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2007.09.055
http://dx.doi.org/https://doi.org/10.1016/j.ergon.2018.04.009
http://dx.doi.org/https://doi.org/10.1057/jors.1984.31
http://dx.doi.org/https://doi.org/10.1057/jors.1984.31
http://dx.doi.org/https://doi.org/10.1057/jors.1984.31
http://dx.doi.org/https://doi.org/10.1016/j.ress.2020.106809
http://dx.doi.org/https://doi.org/10.1016/j.psep.2019.11.038
http://dx.doi.org/https://doi.org/10.1016/j.psep.2019.11.038
http://dx.doi.org/https://doi.org/10.1016/j.psep.2019.11.038
http://dx.doi.org/https://doi.org/10.1016/0191-2615(94)00032-U
http://dx.doi.org/https://doi.org/10.1016/j.ijar.2019.01.007
http://dx.doi.org/https://doi.org/10.1016/j.ijar.2019.01.007
http://dx.doi.org/https://doi.org/10.1016/j.ijar.2019.01.007
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2017.04.004
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2011.10.020
http://dx.doi.org/https://doi.org/10.1080/03088830600612807
http://dx.doi.org/https://doi.org/10.1080/03088830600612807
http://dx.doi.org/https://doi.org/10.1080/03088830600612807
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2020.107188
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2020.107188
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2020.107188


Fan, L., & Luo, M. (2013). Analyzing ship investment behaviour in liner shipping. Maritime Policy & Management, 40 ,
511–533. doi:https://doi.org/10.1016/j.oceaneng.2020.107188.

Farris, P. W., Bendle, N. T., Pfeifer, P. E., & Reibstein, D. J. (2010). Marketing metrics: The Definitive guide to
measuring marketing performance. Pearson Education.

Garbatov, Y., Sisci, F., & Ventura, M. (2018). Risk-based framework for ship and structural design accounting for
maintenance planning. Ocean Engineering, 166 , 12 – 25. doi:https://doi.org/10.1016/j.oceaneng.2018.07.058.

Geckil, I. K., & Anderson, P. L. (2016). Applied game theory and strategic behavior . Chapman and Hall/CRC.

Gkochari, C. C. (2015). Optimal investment timing in the dry bulk shipping sector. Transportation Research Part E:
Logistics and Transportation Review, 79 , 102–109. doi:https://doi.org/10.1016/j.tre.2015.02.018.

Goyal, T., & Kaushal, S. (2017). An intelligent scheduling scheme for real-time traffic management using cooperative game
theory and ahp-topsis methods for next generation telecommunication networks. Expert Systems with Applications,
86 , 125–134. doi:https://doi.org/10.1016/j.eswa.2017.05.071.

Gui-jun, Q. K. D., & Zhang, P.-f. (2015). Research on risk management strategy of shipping enterprise. Journal of
Shipping and Ocean Engineering, 5 , 75–79. doi:10.17265/2159-5879/2015.02.003.

Gyamfi, O., Sorenson, P. B., Darko, G., Ansah, E., & Bak, J. L. (2020). Human health risk assessment of exposure
to indoor mercury vapour in a ghanaian artisanal small-scale gold mining community. Chemosphere, 241 , 125014.
doi:https://doi.org/10.1016/j.chemosphere.2019.125014.

Han, X., Zhao, S., Wei, Z., & Bai, W. (2019). Planning and overall economic evaluation of photovoltaic-energy storage
station based on game theory and analytic hierarchy process. IEEE Access, 7 , 110972–110981. doi:10.1109/ACCESS.
2019.2934510.

Hegde, J., & Rokseth, B. (2020). Applications of machine learning methods for engineering risk assessment–a review.
Safety science, 122 , 104492. doi:https://doi.org/10.1016/j.ssci.2019.09.015.

Hervás-Peralta, M., Poveda-Reyes, S., Santarremigia, F. E., & Molero, G. D. (2020). Designing the layout of terminals
with dangerous goods for safer and more secure ports and hinterlands. Case Studies on Transport Policy, 8 , 300 – 310.
doi:https://doi.org/10.1016/j.cstp.2020.01.006.

Hossain, K. A., Zakaria, N., & Sarkar, M. (2017). Swot analysis of china shipbuilding industry by third eyes. Procedia
engineering, 194 , 241–246. doi:https://doi.org/10.1016/j.proeng.2017.08.141.

Ishizaka, A., & Labib, A. (2011). Review of the main developments in the analytic hierarchy process. Expert systems
with applications, 38 , 14336–14345. doi:https://doi.org/10.1016/j.eswa.2011.04.143.

Iwańkowicz, R. R., & Rosochacki, W. (2014). Clustering risk assessment method for shipbuilding industry. Industrial
Management & Data Systems, 114(9), 1499–1518. doi:10.1108/IMDS-06-2014-0193.

Jiang, L., Bastiansen, E., & Strandenes, S. P. (2013). The international competitiveness of china’s shipbuilding industry.
Transportation Research Part E: Logistics and Transportation Review, 60 , 39–48. doi:https://doi.org/10.1016/j.
tre.2013.10.001.

Kang, Y., & Xue, L.-q. (2008). Application of improved fuzzy ahp method in comprehensive water price determination.
Water Saving Irrigation, 1 .

Kavussanos, M. G., & Tsouknidis, D. A. (2016). Default risk drivers in shipping bank loans. Transportation Research
Part E: Logistics and Transportation Review, 94 , 71–94. doi:https://doi.org/10.1016/j.tre.2016.07.008.

Kheybari, S., Rezaie, F. M., & Farazmand, H. (2020). Analytic network process: An overview of applications. Applied
Mathematics and Computation, 367 , 124780. doi:https://doi.org/10.1016/j.amc.2019.124780.

Kuzu, A. C., Akyuz, E., & Arslan, O. (2019). Application of fuzzy fault tree analysis (ffta) to maritime industry: a risk
analysing of ship mooring operation. Ocean Engineering, 179 , 128–134. doi:https://doi.org/10.1016/j.oceaneng.
2019.03.029.

Lai, X., Tao, Y., Wang, F., & Zou, Z. (2019). Sustainability investment in maritime supply chain with risk behavior and
information sharing. International Journal of Production Economics, 218 , 16–29. doi:https://doi.org/10.1016/j.
ijpe.2019.02.021.

Lau, H., Shum, P. K., Nakandala, D., Fan, Y., & Lee, C. (2020). A game theoretic decision model for organic food
supplier evaluation in the global supply chains. Journal of Cleaner Production, 242 , 118536. doi:https://doi.org/
10.1016/j.jclepro.2019.118536.

Lee, C. B., Wan, J., Shi, W., & Li, K. (2014). A cross-country study of competitiveness of the shipping industry. Transport
Policy, 35 , 366–376. doi:https://doi.org/10.1016/j.tranpol.2014.04.010.

18

http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2020.107188
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2018.07.058
http://dx.doi.org/https://doi.org/10.1016/j.tre.2015.02.018
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2017.05.071
http://dx.doi.org/10.17265/2159-5879/2015.02.003
http://dx.doi.org/https://doi.org/10.1016/j.chemosphere.2019.125014
http://dx.doi.org/10.1109/ACCESS.2019.2934510
http://dx.doi.org/10.1109/ACCESS.2019.2934510
http://dx.doi.org/10.1109/ACCESS.2019.2934510
http://dx.doi.org/https://doi.org/10.1016/j.ssci.2019.09.015
http://dx.doi.org/https://doi.org/10.1016/j.cstp.2020.01.006
http://dx.doi.org/https://doi.org/10.1016/j.proeng.2017.08.141
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2011.04.143
http://dx.doi.org/10.1108/IMDS-06-2014-0193
http://dx.doi.org/https://doi.org/10.1016/j.tre.2013.10.001
http://dx.doi.org/https://doi.org/10.1016/j.tre.2013.10.001
http://dx.doi.org/https://doi.org/10.1016/j.tre.2013.10.001
http://dx.doi.org/https://doi.org/10.1016/j.tre.2016.07.008
http://dx.doi.org/https://doi.org/10.1016/j.amc.2019.124780
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.03.029
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.03.029
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.03.029
http://dx.doi.org/https://doi.org/10.1016/j.ijpe.2019.02.021
http://dx.doi.org/https://doi.org/10.1016/j.ijpe.2019.02.021
http://dx.doi.org/https://doi.org/10.1016/j.ijpe.2019.02.021
http://dx.doi.org/https://doi.org/10.1016/j.jclepro.2019.118536
http://dx.doi.org/https://doi.org/10.1016/j.jclepro.2019.118536
http://dx.doi.org/https://doi.org/10.1016/j.jclepro.2019.118536
http://dx.doi.org/https://doi.org/10.1016/j.tranpol.2014.04.010


Li, J., Sun, M., Han, D., Wu, X., Yang, B., Mao, X., & Zhou, Q. (2018). Semantic multi-agent system to assist
business integration: An application on supplier selection for shipbuilding yards. Computers in Industry, 96 , 10–26.
doi:https://doi.org/10.1016/j.compind.2018.01.001.

Li, Y. (2006). The pros and cons of leasing in ship financing. WMU Journal of Maritime Affairs, 5 , 61–74. doi:https:
//doi.org/10.1007/BF03195081.

Li, Y., Hu, X.-h., & Qiao, J. (2005). An improved fuzzy ahp method [j]. Journal of Northwest University (Natural Science
Edition), 1 .

Liu, B., Huang, J. J., McBean, E., & Li, Y. (2020). Risk assessment of hybrid rain harvesting system and other small
drinking water supply systems by game theory and fuzzy logic modeling. Science of The Total Environment, 708 ,
134436. doi:https://doi.org/10.1016/j.scitotenv.2019.134436.

Liu, Y., Frangopol, D. M., & Cheng, M. (2019a). Risk-informed structural repair decision making for service life extension
of aging naval ships. Marine Structures, 64 , 305–321. doi:https://doi.org/10.1016/j.marstruc.2018.10.008.

Liu, Z., Luong, N. C., Wang, W., Niyato, D., Wang, P., Liang, Y.-C., & Kim, D. I. (2019b). A survey on blockchain: a
game theoretical perspective. IEEE Access, 7 , 47615–47643. doi:10.1109/ACCESS.2019.2909924.

Luo, M., & Fan, L. (2010). Determinants of container ship investment decision and ship choice. In International Forum
on Shipping, Ports and Airports (IFSPA) (p. 449). volume 2011.

Luo, M., & Kou, Y. (2018). Market driven ship investment decision using the real option approach. Transportation
Research Part A: Policy and Practice, 118 , 714–729. doi:https://doi.org/10.1016/j.tra.2018.10.016.

Madani, K., & Lund, J. R. (2011). A monte-carlo game theoretic approach for multi-criteria decision making under
uncertainty. Advances in water resources, 34 , 607–616. doi:https://doi.org/10.1016/j.advwatres.2011.02.009.

McLean, T. (2013). Cost engineering and costing in hawthorn leslie shipbuilders, 1886–1915. The British Accounting
Review, 45 , 284–296. doi:https://doi.org/10.1016/j.bar.2013.06.010.

Myerson, R. B. (1999). Nash equilibrium and the history of economic theory. Journal of Economic Literature, 37 ,
1067–1082. doi:10.1257/jel.37.3.1067.

Niese, N. D., Kana, A. A., & Singer, D. J. (2015). Ship design evaluation subject to carbon emission policymaking using a
markov decision process framework. Ocean Engineering, 106 , 371 – 385. doi:https://doi.org/10.1016/j.oceaneng.
2015.06.042.

Nikkhah, M., Ghasvareh, M., & Farzaneh Bahalgardi, N. (2019). Risk management in urban tunnels using methods of
game theory and multi-criteria decision-making. Journal of Mining and Environment, 10 , 597–611. doi:10.22044/
jme.2019.7136.1559.

Ozturk, U., & Cicek, K. (2019). Individual collision risk assessment in ship navigation: A systematic literature review.
Ocean Engineering, 180 , 130–143. doi:https://doi.org/10.1016/j.oceaneng.2019.03.042.

Paltrinieri, N., Comfort, L., & Reniers, G. (2019). Learning about risk: Machine learning for risk assessment. Safety
science, 118 , 475–486. doi:https://doi.org/10.1016/j.ssci.2019.06.001.

Park, S.-i., Wang, Y., Yeo, G.-t., & Ng, A. K. (2014). System dynamics modeling for determining optimal ship sizes
and types in coastal liner services. The Asian Journal of Shipping and Logistics, 30 , 31–50. doi:https://doi.org/10.
1016/j.ajsl.2014.04.002.

Patterson, L. (2016). Financial analysis and the modeling of ship investment. In The International Handbook of Shipping
Finance (pp. 315–335). Springer. doi:https://doi.org/10.1057/978-1-137-46546-7_14.

Pires, F. C., Assis, L. F., & Fiho, M. R. (2012). A real options approach to ship investment appraisal. African Journal
of Business Management, 6 , 7397. doi:10.5897/AJBM11.2794.

Portillo, S., & Humphrey, N. (2018). Institutionalism and assumptions: Institutionalizing race and gender in public
administration scholarship. In Handbook of American public administration. Edward Elgar Publishing.

Praharsi, Y., Jami’in, M. A., Suhardjito, G., & Wee, H.-M. (2020). Barriers and enablers for developing sustainable supply
chain at traditional shipyards in east java, indonesia. In The Nineteenth International Offshore and Polar Engineering
Conference. Proceedings of the International Conference on Industrial Engineering and Operations Management,
Dubai, UAE pp.1372-1380.

Ramos-Miras, J. J., Gil, C., Martín, J. A. R., Bech, J., & Boluda, R. (2020). Ecological risk assessment of mercury and
chromium in greenhouse soils. Environmental Geochemistry and Health, 42 , 313–324. doi:https://doi.org/10.1007/
s10653-019-00354-y.

Rausand, M. (2013). Risk assessment: theory, methods, and applications volume 115. John Wiley & Sons.
19

http://dx.doi.org/https://doi.org/10.1016/j.compind.2018.01.001
http://dx.doi.org/https://doi.org/10.1007/BF03195081
http://dx.doi.org/https://doi.org/10.1007/BF03195081
http://dx.doi.org/https://doi.org/10.1007/BF03195081
http://dx.doi.org/https://doi.org/10.1016/j.scitotenv.2019.134436
http://dx.doi.org/https://doi.org/10.1016/j.marstruc.2018.10.008
http://dx.doi.org/10.1109/ACCESS.2019.2909924
http://dx.doi.org/https://doi.org/10.1016/j.tra.2018.10.016
http://dx.doi.org/https://doi.org/10.1016/j.advwatres.2011.02.009
http://dx.doi.org/https://doi.org/10.1016/j.bar.2013.06.010
http://dx.doi.org/10.1257/jel.37.3.1067
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2015.06.042
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2015.06.042
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2015.06.042
http://dx.doi.org/10.22044/jme.2019.7136.1559
http://dx.doi.org/10.22044/jme.2019.7136.1559
http://dx.doi.org/10.22044/jme.2019.7136.1559
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.03.042
http://dx.doi.org/https://doi.org/10.1016/j.ssci.2019.06.001
http://dx.doi.org/https://doi.org/10.1016/j.ajsl.2014.04.002
http://dx.doi.org/https://doi.org/10.1016/j.ajsl.2014.04.002
http://dx.doi.org/https://doi.org/10.1016/j.ajsl.2014.04.002
http://dx.doi.org/https://doi.org/10.1057/978-1-137-46546-7_14
http://dx.doi.org/10.5897/AJBM11.2794
http://dx.doi.org/https://doi.org/10.1007/s10653-019-00354-y
http://dx.doi.org/https://doi.org/10.1007/s10653-019-00354-y
http://dx.doi.org/https://doi.org/10.1007/s10653-019-00354-y


Ren, Z., Xu, Z., & Wang, H. (2019). The strategy selection problem on artificial intelligence with an integrated vikor
and ahp method under probabilistic dual hesitant fuzzy information. IEEE Access, 7 , 103979–103999. doi:10.1109/
ACCESS.2019.2931405.

Rençber, B. A. (2012). Karar vermede oyun teorisi tekniği ve bir uygulama. Uşak Üniversitesi Sosyal Bilimler Dergisi,
2012 , 97–108.

Ross, H. H., & Schinas, O. (2019). Empirical evidence of the interplay of energy performance and the value of ships.
Ocean Engineering, 190 , 106403. doi:https://doi.org/10.1016/j.oceaneng.2019.106403.

Rousos, E.-P., & Lee, B. S. (2012). Multicriteria analysis in shipping investment evaluation. Maritime Policy &
Management, 39 , 423–442. doi:https://doi.org/10.1080/03088839.2012.690080.

Şahin, B., & Chan, Y. (2018). Risk assessment of the istanbul strait by using ports and waterways safety assessment
(pawsa) method. Pamukkale Üniversitesi Mühendislik Bilimleri Dergisi, 24 , 730–738. doi:10.5505/pajes.2017.45762.

Sahin, B., & Kum, S. (2015). Risk assessment of arctic navigation by using improved fuzzy-ahp approach. International
Journal of Maritime Engineering, 157 , 241. doi:10.3940/rina.ijme.2015.a4.337.

Sahin, B., Senol, Y. E., Bulut, E., & Duru, O. (2015). Optimizing technology selection in maritime logistics. Research in
Logistics & Production, 5 .

Sahin, B., & Soylu, A. (2020a). Intuitionistic fuzzy analytical network process models for maritime supply chain. Applied
Soft Computing, (p. 106614). doi:https://doi.org/10.1016/j.asoc.2020.106614.

Sahin, B., & Soylu, A. (2020b). Multi-layer, multi-segment iterative optimization for maritime supply chain operations
in a dynamic fuzzy environment. IEEE Access, 8 , 144993–145005. doi:http://dx.doi.org/10.1109/ACCESS.2020.
3014968.

Şahin, B., & Yazır, D. (2019). An analysis for the effects of different approaches used to determine expertise coefficients
on improved fuzzy analytical hierarchy process method. Journal of the Faculty of Engineering and Architecture of Gazi
University, 34 , 89–102. doi:10.17341/gazimmfd.416466.

Sahin, B., & Yip, T. L. (2017). Shipping technology selection for dynamic capability based on improved gaussian fuzzy
ahp model. Ocean Engineering, 136 , 233–242. doi:https://doi.org/10.1016/j.oceaneng.2017.03.032.

Sahin, B., Yip, T. L., Tseng, P.-H., Kabak, M., & Soylu, A. (2020). An application of a fuzzy topsis multi-criteria decision
analysis algorithm for dry bulk carrier selection. Information, 11 , 251. doi:https://doi.org/10.3390/info11050251.

Sciarrillo, R., Zuzolo, D., Cicchella, D., Iannone, F., Cammino, G., & Guarino, C. (2020). Contamination and ecological
risk assessment of the seaport of naples (italy): Insights from marine sediments. Journal of Geochemical Exploration,
210 , 106449. doi:https://doi.org/10.1016/j.gexplo.2019.106449.

Senol, Y. E., Aydogdu, Y. V., Sahin, B., & Kilic, I. (2015). Fault tree analysis of chemical cargo contamination by using
fuzzy approach. Expert Systems with Applications, 42 , 5232–5244. doi:https://doi.org/10.1016/j.eswa.2015.02.
027.

Sharma, S., & Gandhi, P. J. (2017). Scope and impact of implementing lean principles & practices in shipbuilding.
Procedia engineering, 194 , 232–240. doi:https://doi.org/10.1016/j.proeng.2017.08.140.

Shu, Y., Daamen, W., Ligteringen, H., Wang, M., & Hoogendoorn, S. (2018). Calibration and validation for the vessel
maneuvering prediction (vmp) model using ais data of vessel encounters. Ocean Engineering, 169 , 529 – 538. doi:10.
1016/j.oceaneng.2018.09.022.

Sohrabi, M. K., & Azgomi, H. (2020). A survey on the combined use of optimization methods and game theory. Archives
of Computational Methods in Engineering, 27 , 59–80. doi:https://doi.org/10.1007/s11831-018-9300-5.

Tey, D. J. Y., Gan, Y. F., Selvachandran, G., Quek, S. G., Smarandache, F., Abdel-Basset, M., Long, H. V. et al. (2019).
A novel neutrosophic data analytic hierarchy process for multi-criteria decision making method: A case study in kuala
lumpur stock exchange. IEEE Access, 7 , 53687–53697. doi:10.1109/ACCESS.2019.2912913.

Tian, L., Jin, C., & Ba, C. (2013). Application of improved fuzzy ahp to safety evaluation of seawall engineering.
Engineering Journal of Wuhan University, 46 , 317–320.

Ünver, B., Gürgen, S., Sahin, B., & Altın, İ. (2019). Crankcase explosion for two-stroke marine diesel engine by using fault
tree analysis method in fuzzy environment. Engineering Failure Analysis, 97 , 288–299. doi:10.1016/j.engfailanal.
2019.01.007.

Vasudeva, K., Dikmese, S., Güven, İ., Mehbodniya, A., Saad, W., & Adachi, F. (2017). Fuzzy-based game theoretic
mobility management for energy efficient operation in hetnets. IEEE Access, 5 , 7542–7552. doi:10.1109/ACCESS.
2017.2689061.

20

http://dx.doi.org/10.1109/ACCESS.2019.2931405
http://dx.doi.org/10.1109/ACCESS.2019.2931405
http://dx.doi.org/10.1109/ACCESS.2019.2931405
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.106403
http://dx.doi.org/https://doi.org/10.1080/03088839.2012.690080
http://dx.doi.org/10.5505/pajes.2017.45762
http://dx.doi.org/10.3940/rina.ijme.2015.a4.337
http://dx.doi.org/https://doi.org/10.1016/j.asoc.2020.106614
http://dx.doi.org/http://dx.doi.org/10.1109/ACCESS.2020.3014968
http://dx.doi.org/http://dx.doi.org/10.1109/ACCESS.2020.3014968
http://dx.doi.org/http://dx.doi.org/10.1109/ACCESS.2020.3014968
http://dx.doi.org/10.17341/gazimmfd.416466
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2017.03.032
http://dx.doi.org/https://doi.org/10.3390/info11050251
http://dx.doi.org/https://doi.org/10.1016/j.gexplo.2019.106449
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2015.02.027
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2015.02.027
http://dx.doi.org/https://doi.org/10.1016/j.eswa.2015.02.027
http://dx.doi.org/https://doi.org/10.1016/j.proeng.2017.08.140
http://dx.doi.org/10.1016/j.oceaneng.2018.09.022
http://dx.doi.org/10.1016/j.oceaneng.2018.09.022
http://dx.doi.org/10.1016/j.oceaneng.2018.09.022
http://dx.doi.org/https://doi.org/10.1007/s11831-018-9300-5
http://dx.doi.org/10.1109/ACCESS.2019.2912913
http://dx.doi.org/10.1016/j.engfailanal.2019.01.007
http://dx.doi.org/10.1016/j.engfailanal.2019.01.007
http://dx.doi.org/10.1016/j.engfailanal.2019.01.007
http://dx.doi.org/10.1109/ACCESS.2017.2689061
http://dx.doi.org/10.1109/ACCESS.2017.2689061
http://dx.doi.org/10.1109/ACCESS.2017.2689061


Vishnevskiy, K., Karasev, O., Meissner, D., Razheva, A., & Klubova, M. (2017). Technology foresight in asset intensive
industries: The case of russian shipbuilding. Technological Forecasting and Social Change, 119 , 194–204. doi:https:
//doi.org/10.1016/j.techfore.2016.05.001.

Wang, S., Li, S., Zhou, J., Li, Q., & Kang, L. (2012). Reliability allocation for cnc machine based on improved fuzzy
analytic hierarchy process. Advances in Information Sciences and Service Sciences, 4 , 320–327. doi:10.4156/AISS.
vol4.issue1.41.

Wee, H. M., Yu, J., Jeng, S., & Daryanto, Y. (2020). Two-stage game-theoretic approach to supplier evaluation, selection
and order assignment. Scientia Iranica, . doi:https://doi.org/10.24200/SCI.2020.52276.2644.

Wu, B., Yip, T. L., Yan, X., & Mao, Z. (2020). A mutual information-based bayesian network model for consequence
estimation of navigational accidents in the yangtze river. The Journal of Navigation, 73 , 559–580. doi:https://doi.
org/10.1017/S037346331900081X.

Wu, B., Yip, T. L., Yan, X., & Soares, C. G. (2019). Fuzzy logic based approach for ship-bridge collision alert system.
Ocean Engineering, 187 , 106152. doi:https://doi.org/10.1016/j.oceaneng.2019.106152.

Wu, X., Fu, Y., & Wang, J. (2009). Information systems security risk assessment on improved fuzzy ahp. In 2009 ISECS
international colloquium on computing, communication, control, and management (pp. 365–369). IEEE volume 4.

Xing, J., Meng, H., & Meng, X. (2020). An urban pipeline accident model based on system engineering and game theory.
Journal of Loss Prevention in the Process Industries, 64 , 104062. doi:https://doi.org/10.1016/j.jlp.2020.104062.

Xu, J. J., & Yip, T. L. (2012). Ship investment at a standstill? an analysis of shipbuilding activities and policies. Applied
economics letters, 19 , 269–275. doi:https://doi.org/10.1080/13504851.2011.572842.

Yercan, F. (1998). Maritime transport policy of turkey. Transport Policy, 5 , 259–266. doi:https://doi.org/10.1016/
S0967-070X(98)00020-1.

Yin, H., Chen, Z., & Xiao, Y. (2019). Risk perception affecting the performance of shipping companies: the moderating
effect of china and korea. Maritime Policy & Management, 46 , 295–308. doi:https://doi.org/10.1080/03088839.
2018.1540890.

Yu, C. K., Yip, T. L., & Choy, S. K. (2019). Optimal portfolio choice for ship leasing investments. Maritime Policy &
Management, 46 , 884–900. doi:https://doi.org/10.1080/03088839.2019.1647361.

Yu, S. R., & Liu, X. (2014). Risk analysis of marine riser based on improved fuzzy ahp method. In Applied Mechanics
and Materials (pp. 2779–2783). Trans Tech Publ volume 496. doi:10.4028/www.scientific.net/AMM.496-500.2779.

Zhang, L., & Meng, Q. (2019). Probabilistic ship domain with applications to ship collision risk assessment. Ocean
Engineering, 186 , 106130. doi:https://doi.org/10.1016/j.oceaneng.2019.106130.

Zhang, S., Jing, Z., Li, W., Wang, L., Liu, D., & Wang, T. (2019). Navigation risk assessment method based on flow
conditions: A case study of the river reach between the three gorges dam and the gezhouba dam. Ocean Engineering,
175 , 71–79. doi:https://doi.org/10.1016/j.oceaneng.2019.02.016.

Zheng, K., Chen, Y., Jiang, Y., & Qiao, S. (2020). A svm based ship collision risk assessment algorithm. Ocean
Engineering, 202 , 107062. doi:https://doi.org/10.1016/j.oceaneng.2020.107062.

Zheng, S., & Chen, S. (2018). Fleet replacement decisions under demand and fuel price uncertainties. Transportation
Research Part D: Transport and Environment, 60 , 153–173. doi:https://doi.org/10.1016/j.trd.2016.09.001.

Zhu, Y., & Chen, Y. (2014). Risk forewarning mechanism of ship investment: model and numerical analysis. Computer
Modelling New Technologies, 18 , 462–465.

21

http://dx.doi.org/https://doi.org/10.1016/j.techfore.2016.05.001
http://dx.doi.org/https://doi.org/10.1016/j.techfore.2016.05.001
http://dx.doi.org/https://doi.org/10.1016/j.techfore.2016.05.001
http://dx.doi.org/10.4156/AISS.vol4.issue1.41
http://dx.doi.org/10.4156/AISS.vol4.issue1.41
http://dx.doi.org/10.4156/AISS.vol4.issue1.41
http://dx.doi.org/https://doi.org/10.24200/SCI.2020.52276.2644
http://dx.doi.org/https://doi.org/10.1017/S037346331900081X
http://dx.doi.org/https://doi.org/10.1017/S037346331900081X
http://dx.doi.org/https://doi.org/10.1017/S037346331900081X
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.106152
http://dx.doi.org/https://doi.org/10.1016/j.jlp.2020.104062
http://dx.doi.org/https://doi.org/10.1080/13504851.2011.572842
http://dx.doi.org/https://doi.org/10.1016/S0967-070X(98)00020-1
http://dx.doi.org/https://doi.org/10.1016/S0967-070X(98)00020-1
http://dx.doi.org/https://doi.org/10.1016/S0967-070X(98)00020-1
http://dx.doi.org/https://doi.org/10.1080/03088839.2018.1540890
http://dx.doi.org/https://doi.org/10.1080/03088839.2018.1540890
http://dx.doi.org/https://doi.org/10.1080/03088839.2018.1540890
http://dx.doi.org/https://doi.org/10.1080/03088839.2019.1647361
http://dx.doi.org/10.4028/www.scientific.net/AMM.496-500.2779
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.106130
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2019.02.016
http://dx.doi.org/https://doi.org/10.1016/j.oceaneng.2020.107062
http://dx.doi.org/https://doi.org/10.1016/j.trd.2016.09.001

	Introduction
	Literature Review
	Risk assessment of ship investment
	Applications of MCDM methods in risk assessment

	Methodology
	Improved fuzzy analytical hierarchy process method
	Game theory
	Proposed Model

	Application
	Case study
	Sensitivity analysis
	Validation

	Discussion
	Performance evaluation of the developed model
	Academic and managerial implications

	Conclusions



