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ARTICLE INFO ABSTRACT

Keywords: This work tries to discuss and evaluate the advantages and superiorities of the extended Efficiency Analysis
Type-2 Neutrosophic Fuzzy Sets Technique with Input and Output Satisficing (EATWIOS) method based on Type-2 Neutrosophic Fuzzy Numbers
EATWIOS

(T2NFNs). The suggested model is maximally stable and robust by considering sensitivity analysis results which
demonstrates a new performance analysis approach based on T2NFN sets. The proposed model deals with the
input and output criteria and considers existing uncertainties arising from insufficient information and the dy-
namic structure of the industries. The model’s basic algorithm has a unique structure compared to the previous
performance analysis technique, and it does not require applying additional weighting techniques to identify the
criteria weights. To the best of our knowledge, the extended version of the EATWIOS technique based on the
T2NFN set is presented for the first time. The developed model provides reasonable and logical results to
practitioners because it deals with satisfactory outputs instead of optimal outputs. This model is an immensely
strengthened version of the EATWIOS technique, as the T2NFN sets treat predictable and unpredictable un-
certainties. The suggested T2NFN-EATWIOS is then applied to a real-world assessment problem in the container
shipping industry. The obtained results are pretty reasonable and logical. Moreover, the results of a compre-
hensive sensitivity analysis with three stages approve the robustness of the suggested model.

Performance analysis
Container shipping industry

1. Introduction

Decision-making environments are vulnerable to uncertainties
existing in evaluation processes. When a decision-maker must produce a
reliable solution concerning a highly complicated multi-attribute deci-
sion problem, the practitioner needs extensive information and data to
handle this evaluation problem. As a classical approach, decision-
makers try to collect the right and updated information and data from
official databases. Moreover, the relative significance of the information
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and data is increased when decision-makers make a performance anal-
ysis since the performance, or efficiency analysis requires updated and
actual data. However, collecting reliable and correct data may not al-
ways be possible, and practitioners may have to decide with imperfect
information and insufficient data. In this circumstance, the significance
of the implemented decision-making tool is increased because it is
essential to apply an efficient and practical mathematical model that can
handle many complicated uncertainties to reach more reliable, accept-
able, and rational results. In addition, in many industries and fields,
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encountered uncertainties may be more complicated because it consists
of unpredictable ambiguities arising from the industry’s highly dynamic
structure, and these uncertainties make it difficult to produce a
reasonable solution. Hence, a mathematical tool that can capture and
process these ambiguities is required to produce reasonable and logical
results.

1.1. Motivations

As a consequence of an extensive literature review, we could find
only 31 studies dealing with the performance of maritime shipping
companies directly or indirectly. When these studies were examined in
detail, we noted that most of them focused on the financial efficiency of
shipping companies. Most of the remaining studies dealt with the
operational or environmental performance of maritime shipping firms.
However, in the relevant literature, there is no study evaluating the
financial and operational performance of shipping companies together
by associating them. Hence, the former studies could not present a
robust and practical framework that can deal with uncertainties to
evaluate both performance sets. As a critical research gap, almost all
studies in the literature did not consider the relationship and in-
teractions between financial and operational performance.

In addition, most of the studies dealing with the financial efficiency
of maritime shipping companies used Data Envelopment Analysis (DEA)
model to examine the financial performance of shipping firms. However,
the DEA cannot be used as a methodological frame for analyzing ship-
ping firms’ performances due to its critical drawbacks and structural
problems. First, it is susceptible to the determination of the criteria;
when the criteria are changed, acquired overall results may change
dramatically, so added or eliminated criteria may cause severe changes
in the overall results. It confirms that the DEA technique suffers from the
rank reversal problem. As a result, it may not be a sufficiently trust-
worthy methodological frame for practitioners in the maritime industry
grappling with severe volatilities and tremendously complicated un-
certainties. Also, the DEA technique is only used to evaluate the effi-
ciency and can evaluate an alternative as efficient or inefficient. Hence,
the approach’s ability to compare the alternatives is not satisfactory.
Besides, it has a complicated procedure, and implementation of the DEA
is laborious and complicated for decision-makers (Fare et al., 2015;
Alirezaee & Afsharian, 2007; Johns et al., 1997).

Apart from the DEA technique, various decision-making tools were
used to analyze the shipping companies’ financial performance and ef-
ficiency in the literature. While the Grey Relational Analysis (GRA)
approach was employed by Wang (2009) to analyze the financial effi-
ciency of Taiwan container shipping companies, Wang and Lee (2009)
applied the TOPSIS technique for a similar study. To evaluate maritime
shipping firms’ financial efficiency, the researchers also used various
ranking approaches, such as Analytic Hierarchy Process (AHP), Elimi-
nation and Choice Translating Reality (ELECTRE), and the Weighted
Product Model (WPM). However, these approaches are the ranking
methods and do not present comprehensive and detailed information
about the financial performance of the companies except for the ranking
of the alternatives. In addition, notably AHP and TOPSIS, most of the
applied frameworks to analyze the financial efficiency of shipping firms
suffer from the rank reversal problem and cannot make a sufficiently
trustworthy decision-making environment to the practitioners who are
in the maritime industry. Furthermore, the previous research works
have not provided any satisfactory and sufficient implication, evalua-
tion, and discussion on ranking results acquired in the earlier studies.
Addedly, most of the author(s) preferred to use classical objective and
subjective decision-making methods and made performance or effi-
ciency analyzes based on crisp and definite numerical values. Therefore,
most studies assessing maritime shipping companies’ efficiencies have
not considered highly significant and complicated uncertainties. Few
authors preferred to use classical fuzzy sets (Zadeh, 1965) to assess the
financial performance of shipping companies. However, the fuzzy set
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theory cannot capture and process ambiguities in the maritime industry
having excessively complicated uncertainties, as it considers member-
ship function only and overlooks unpredictable ambiguities, such as
inconsistency, vagueness, and imprecision.

Being not adequately investigated the determinants for shipping
firms’ operational and financial performances is another research gap.
In general, it is not clear how the criteria and factors were determined in
most studies. Also, the studies focusing on financial efficiency used a
range of financial variables and data derived from financial statements
and balance sheets. Besides, it is also unclear why some companies were
included in the scope of the assessment or left out of the assessment.
While Wang (2008, 2009), Wang and Lee (2009), and Lu et al. (2009)
evaluated Taiwan’s container shipping companies’ financial perfor-
mance, Lee and Lin (2013) and Lee et al. (2012, 2018) comparatively
examined assessed the financial efficiencies of Taiwan’s and South
Korea’ liner shipping firms. However, these studies’ acquired outcomes
and findings cannot be generalized for the whole of the container
shipping industry, an international and global sector, as these studies
only focused on a country’s maritime shipping companies.

Furthermore, as the previous studies focusing on shipping com-
panies’ financial efficiency could only make evaluations based on
financial data collected from international stock exchanges, it cannot
include the companies which are not operand in stock exchanges even
though their capacities and scales are tremendously large, in the scope of
the evaluation. It may cause to raising doubts concerning the acquired
outcomes’ reliability, rationality, and suitability for real-life conditions.
Similarly, these studies are entirely dependent on the data declaration of
maritime shipping companies which are operand in the stock exchanges
concerning their financial positions and operations. Moreover, these
data must be correct, accurate and trustworthy to acquire reasonable
and logical results at the end of the financial analyzes. Most of the
studies used short-term financial data and information about the com-
panies, and these short-term data may not be sufficient to obtain
comprehensive outcomes and findings which can be generalized to all
maritime shipping companies. Even if the container shipping companies
are operands in the stock market, their structure and features can change
due to mergers, alliances, and partnerships among the companies;
monitoring these companies’ financial positions can be pretty difficult,
particularly for mid and long terms. For example, a large-scale container
shipping firm that is an operand in the stock exchange for ten years and
declared financial data and information about its financial position may
merge with different container firm(s), while the first company may
disappear abruptly, financial position and data of the second shipping
company can change that cannot be comparable with the financial data
of the company for the previous year. From this perspective, we noticed
that the prior studies still have not found logical and reasonable solu-
tions to overcome these complexities and ambiguities. As a critical and
significant gap in the literature, the earlier studies made financial ana-
lyzes based on tremendously volatile short-term financial data collected
from stock exchanges’ databases (i.e., mostly Thomson Reuters and
Bloomberg). Hence, the acquired results are untrustworthy and cannot
be generalized. In addition, not considering the judgments, experiences,
and knowledge of the decision-makers, which are precious in evaluation
processes, is the next research gap noted in the current paper. However,
professionals’ experiences and knowledge play critical and vital roles in
the maritime industry, having highly complicated uncertainties and
severe fluctuations.

1.2. Manuscript structure

The remaining sections are structured as follows. Section 2 describes
the background of the study in detail. In Section 3, the suggested model
and its implementation steps are described. In Section 4, T2NFN-
EATWIOS, the recommended model is applied to analyze the financial
and operational efficiencies of the CSCs. Moreover, in the last phase of
Section 4, an extensive sensitivity analysis with three stages is
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performed to test the model’s validity, stability, and robustness. In
Section 5, the obtained results are represented. Section 6 finalizes the
study with a discussion of the practical implications, and eventually, the
challenges and suggestions for future work are pointed out in this last
section.

2. Background

The EATWIOS approach developed by Peters and Zelewski (2006) is
an entirely consistent, robust, and practical performance analysis tech-
nique. Thus, it is a very popular decision-making tool in comparison
with the other efficiency analysis approaches, and the number of studies
using this approach in the literature is increasing (Altintas, 2022; Arslan
et al., 2019; Aytekin, 2020, 2021; Aytekin et al., 2022; Bansal et al.,
2014; Canakgioglu, 2019; Gorc¢iin,2019a, 2019b, 2019c; Ilikkan et al.,
2021; Ozbek, 2015a; Ozbek, 2015; Ozbek, 2015b; Ozdagoglu, 2019;
Soni et al., 2016; Yiiksekyildiz, 2022). These papers used crisp values
obtained from statistical databases or actual data collected by per-
forming fieldwork. However, it may not be possible to obtain crisp
values and actual data in real life; and decision-makers may evaluate
with imperfect information and a lack of data.

The maritime industry is vague and volatile by its nature (Notteboom
& Siu Lee Lam, 2014). Aside from external factors, such as wars, terror,
and global financial crises, shipping industry uncertainties arise from
the industry’s dynamic and volatile structure (Lam et al., 2021). As the
entry into force of these regulations is a lengthy process requiring the
member states’ ratification (Haehl & Spinler, 2018), regulations made
by the International Maritime Organization (IMO), such as sustainabil-
ity, protection of the environment, financial and economic regulations
for the industry, and protection of competition, cause severe un-
certainties in the maritime industry. Hence, these uncertainties sub-
stantially influence the industry’s strategic decisions and make it
challenging to take investment decisions for maritime shipping com-
panies. In addition, the most significant reason for the uncertainty is
volatility and variability in demand for maritime shipping services. It
also causes volatility and vagueness in freight charges, shipping costs,
and the overall performance of the maritime shipping industry. Another
factor causing uncertainty in the maritime industry is the extraordinary
fluctuations in bunker prices (i.e., fuel prices) (Albertijn et al., 2011; Kuo
et al., 2017). Volatile bunker prices influence maritime shipping com-
panies’ costs, profits, and overall performance, making it difficult to
manage them. Apart from economic and financial uncertainties, making
strategic decisions in the maritime industry becomes difficult due to
operational uncertainties, as they tangle the decision-making processes.
Notably, uncertain waiting times in ports, being excessively dependent
on climate conditions, and ship travel times, which are pretty variable,
increase the uncertainties and their complexity degrees in the maritime
shipping industry (Jia et al., 2020).

Container shipping is one of the most affected industries by un-
certainties because it has to produce regular shipping services with
multiple networks, lines, and routes. Those can be accepted as the
container shipping industry’s idiosyncrasy as they differ from other
shipping types, such as tanker, bulk carrier, and Ro-Ro shipping. These
unique features increase risks in the container shipping industry in an
uncertain environment and make designing and conducting container
shipping operations challenging for liner shipping companies (Mohd
Salleh et al., 2015). In addition, uncertainties based on the industry’s
characteristics can affect the liner shipping firms’ investment and other
managerial and strategic decisions. Aside from these ambiguities, con-
ditions and situations can change quickly and abruptly in the liner
shipping industry. For instance, business combinations, mergers, stra-
tegic or tactical alliances and partnerships are common in the current
industry (Lam et al., 2021). Thus, acquiring real-time information and
data to evaluate the container shipping companies’ financial and oper-
ational performance is excessively difficult. Although some financial
data of companies which operand on the stock exchange can be collected
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from various databases, such as Thomson Reuters, collecting informa-
tion and data concerning the shipping operations of the liner companies
is pretty difficult. The main reason is that information and data trans-
parency in the container shipping industry is severely low (Nguyen
et al., 2019; Panayides et al., 2011). Consequently, notably in the
container shipping sector, the maritime industry tries to overcome these
excessively complicated uncertainties to solve highly complicated
decision-making problems faced in shipping (Lam et al., 2021).

Thus, many complicated uncertainties affect the evaluation pro-
cesses, and these uncertainties must be considered to obtain reasonable
and logical results when performing a performance analysis in various
industries including the maritime shipping industry. In the relevant
literature, we could only find one paper proposing a fuzzy performance
analysis tool based on classical fuzzy sets by considering uncertainties
(Gorclin et al., 2022). This research is the first and most successful
example presenting the extended version of the EATWIOS method, and
it provided satisfactory and reasonable results to make performance
analysis for the global retail chains. However, the suggested fuzzy
approach in this study may not produce a satisfactory solution con-
cerning overcoming extraordinarily complex and unpredictable ambi-
guities, such as inconsistency, vagueness and imprecision encountered
in the maritime industry (Cho, 2014; Good, 2018; Salokannel et al.,
2018; Wang & Vogt, 2019) due to the classical fuzzy sets’ disadvantages
and structural problems.

2.1. Contributions

Considering the above-mentioned research gaps, the current study
introduces an extension of the EATWIOS approach with the help of the
Type-2 Neutrosophic Fuzzy Numbers (T2NFNs) as a robust, effective,
and reliable performance analysis model that can handle extraordinarily
complex uncertainties. The model associates the advantages of the
EATWIOS and T2NFNs. The proposed model’ theoretical contributions
are summarised as follows:

i. The EATWIOS approach can show whether the obtained outputs
are satisfactory for decision-makers (Kundakei, 2019). Hence, it
considers satisfactory outputs instead of optimal outputs, which
cannot be reached, making it a more realistic approach (Bansal
et al., 2014). Besides, the technique has a basic practical algo-
rithm and can easily be implemented by decision-makers without
requiring advanced mathematical knowledge (Gorciin, 2019a,
2020; Gorciin et al., 2022). Also, it can provide logical results
with fewer calculations. The EATWIOS has relatively few
implementation steps compared to the existing efficiency analysis
approaches.

ii. The T2NFN sets provide more effective, practical, and powerful
approaches to capturing and processing unpredictable un-
certainties, aside from predictable ambiguities, than classical
fuzzy sets. Some limitations affecting the Type-1 fuzzy sets (T1Fs)
are out of the question for the Type-2 fuzzy sets (T2Fs), and T2Fs
have many more valuable advantages over T1Fs (Karasan &
Kahraman, 2018). T1Fs consider membership functions for the
elements, and an element can be a member of a set only, or it is
not a member of the set (Mapari & Naidu, 2016). Thus, T1Fs
cannot provide satisfactory results concerning capturing and
processing all uncertainties such as inconsistency, inexactness,
and impreciseness (Deveci et al., 2022; Radwan et al., 2016).
T2Fs are highly effective in overcoming these uncertainties.

iii. Neutrosophic numbers (NNs) have significant advantages in
capturing and processing imprecise, incomplete, vague and
inconsistent information (Das et al., 2020). Besides, the NNs
consider both predictable and unpredictable uncertainties
(Nagarajan et al., 2019). Also, it does not require an additional
weighting technique to calculate the criteria weights, as it can



S.H. Zolfani et al.

Expert Systems With Applications 218 (2023) 119596

[ T2NFN EATWIOS Approach ]
[ Phase 1: Preparation ] Phase 2: Calculation of Weights of Step 7. Calculating the score measures ,[ Phase 4: Validation ]
Process Criteria alternatives using equation (6) Test
¥ ¥
Definite the problems St(.'p I - Calculate the ralfztilie imp()rrar?ce o N Examining the changing of
of the input & output criteria concerning Step 8. Generating input & output the input & output criteria
DMs’ evaluations matrices weights in the ranking
¢~ Construct the teams as the ™\ ¥ _ J | L results
N 4 N
member of board of experts - . ]
— — —ry Step 2. Compute the input & output s (" Comparison hetween the )
v=p |¥= « ::h. criteria’ score measures Step 9. Standardization of the input & results of proposed model
o § B § wa output matrices elements and implemenied
1" o 2 )|\ J J | qppm*ac/w.s
1 ¥ ] -
4 ) Step 10. Determining the mini Testing the resistance of
4 N Step 3-4. Additive normalization of the SHgP o o<z mm'mg ¢ '.nm.tmum the proposed model (o
Definite the input and output score measures of the input & output qu(lnlftlesf @7 eac’kllnp ut criterion and rank reversal problem
Gt el altarries H criteria maximum quantities for each output
~ T AN criterion J Evaluation of the
- / — L] Overall Results
Phase 3: Determination of the Step 11. Calculating distance measures
Preferences of the Alternatives Jor inputs & outputs
L
Step 5. Construct the initial input & (
output decision matrices for each Step 12. Weighting inputs & outputs
expert
h )
e 6 C'a/culqle eeiepicanesy aclto Step 13. Calculating the productivity
of each option based on the DMs " .
‘ ) score of each alternative
evaluations

Fig. 1. Proposed T2NFN-EATWIOS model and its implementation steps.

compute those by implementing the basic algorithm of the
developed model.

In addition to conceptual contributions, the current research has
several beneficial executive implications for the maritime industry and
other fields, such as various branches of engineering, management, and
transportation. These executive implications are highlighted as follows:

I. Our findings may be a roadmap for self-evaluating Container
Shipping Companies’ (CSCs) financial, operational, and overall
performances. Practitioners in the current industry can analyze
their performance by comparing it with their competitors and
strategic partners. Thus, it may be possible that the maritime
industry and the global container shipping system can have a
more resilient and robust structure. Also, the obtained findings
and the proposed decision-making frame can guide them in
identifying strategies to improve their operations.

Stockholders and investors can assess CSCs concerning making
investments using the proposed model and make more rational
and reasonable decisions. Furthermore, this approach can pro-
vide an opportunity to be more reputable in the stock market for
the CSCs.

The Global Supply Chains (GSCs) can identify the options that are
optimal, reasonable, and logical by assessing the financial and
operational performances of the CSCs with the aid of the pro-
posed performance analysis approach in our research. Hence,
they can make a more rational and optimal selection. Depending
on that, the GSCs can be re-structured as more resilient and
robust.

II.

III.

Consequently, the contributions of the manuscript can be summa-
rized as follows. When the earlier studies are evaluated, there are two
main trends dealing with performance analysis of the maritime shipping
companies in the relevant literature. The first is to evaluate the financial
performance and efficiency of the maritime shipping companies which
are operand in the international stock exchanges using their historical
financial data collected from stock exchanges’ databases. Hence, while
the authors preferred efficiency analysis techniques, such as DEA, ana-
lyzes were generally performed using crisp and definite financial data.

Though these studies are relatively scarce compared to the studies
dealing with the financial performance of maritime shipping firms, these
studies represent the second crucial trend in the relevant literature.
However, according to the authors’ information, there is no study
examining maritime shipping companies’ financial and operational
performances with a holistic approach in the literature.

By considering these research gaps, the current study presents a
holistic approach to analyze the overall performance of container
shipping companies by merging financial and operational performance
analyzes for the first time in the literature. Another contribution of the
study is to take benefit from Type-2 Neutrosophic fuzzy sets to capture
and process the highly complicated predictable and unpredictable un-
certainties, existing in the maritime industry by the industry’s nature.
Furthermore, it has strengthened the EATWIOS technique that is a very
practical and robust performance analysis tool, as the EATWIOS
approach can successfully overcome extraordinary ambiguities existing
in the maritime shipping industry by extending with the help of T2NFN
sets. Consequently, this work is the first study presenting a robust and
practical mathematical tool that can handle excessively complicated
uncertainties to carry out performance analyzes for various industries
aside from the maritime shipping industry.

In addition, the researchers preferred to construct a board of experts
involving professionals to benefit from experts’ experiences and
knowledge in the earlier studies in the literature related to decision-
making problems faced in various fields. However, decision-making
processes may also require evaluations of specialists in different fields.
For instance, a decision-maker who is an expert in maritime shipping
management may not have sufficient technical information on the
financial management of shipping companies. By noticing this research
gap, this study designed each board of experts’ membership as a sub-
working group instead of identifying a professional for each member-
ship. The researchers formed each sub-working group involving one
senior executive, a finance and accounting department manager, and an
operation manager. This approach, as another precious contribution of
the current study, eliminates or minimizes misevaluation and mistake
risks due to imperfect and insufficient information of experts, as each
sub-working group makes evaluations by carrying out negotiation
processes.
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3. Proposed methodology

This section demonstrates the proposed T2NFN-EATWIOS model
where its implementation steps are demonstrated in Fig. 1. Accordingly,
there are four main phases in order to apply the model and evaluate the
final results. It should be noted that the significance levels or weights of
different criteria as well as the ordering of specific criteria are denoted
with the help of linguistic terms, which is based on the T2NN linguistic
scale represented in Table 3.

3.1. Preliminaries on the neutrosophic sets

This section reviews certain concepts about Type-2 Neutrosophic
Numbers (T2NNs) to build up a base for the integrated technique. The
preliminary information about T2NNs is given in Appendix A.

3.2. Computing the criteria weights

Here, the weights coefficients of the criteria are computed by
following the basic algorithm of the suggested model. For this purpose,
the implementation steps given below are followed.

Step 1. Compute the relative importance of the input and output
factors concerning experts’ assessments: In this step, e number of teams
& ={&,&,,...,& (e, each team consists of three experts) evaluate the
input I= {I1, I, ..., I,} and output O ={o1, 02, ..., 0y} criteria using the
T2NN linguistic scale. Thus, T2NFN matrices consisting of expert as-
sessments are formed.

In this phase, the weight coefficients of the criteria are computed.
Here,

& = [ij} ,G=1,,mb=12,.,) and3° = {yjbr ,G=1,.,m;b

nxe

1
nxe
= 1,2,...,e) are the initial matrices for the input and output factors,

respectively; where y;b represents the elements of the input matrix;yj‘:b =
o T\ i al
[(yj;, Vi yﬂf> , (y)lg, Vihs ;/J'g) , (y].FbT, ViV ) i}, represents the elements

of the output matrix;yj‘}) = [(y;f, y].Tb’,yEF)o7 (yJIg, y]';J jg)o7 (ij,;, yfb’,yfb‘”y } .

Step 2. Compute the input and output criteria’ score measures: Af-
terwards, the significance factor of each criterion is determined by
considering the experts’ evaluations. It is determined for each degree of
the T2NFN; thus, a T2NFN is generated for each criterion. It is calculated
by applying Egs. (8) and (9):

- i
<EZ171€T - Hi:l}'{]’r Ei:lylg - Hi:m{} EZ:[?’IZ’F - HZ;V{[)

e e ’ e
I I I\ ¢
SFi — Hf;:lyk? Hle(:lykj' Hi:ﬂ’k[/
j P ) ¢ s P 5 )
e F e F e Fp\!
[T i [T Vi [T 7
L e ' e | e ]
(8)
r T, T, 7 7 Tr 7o\ ©
Zi:]yij - Hi:l}’/\;/r zi:]}/k/{ - H;:ka_/{ ZZ:]ykjF - Hi:l}/kf
e ’ e ’ e ’
Ir I Ir\ ©
SFo — <HZ[Y}(]" HZ:l?’k} Hzﬁﬁ;)
j - b b b
e e e
F; e F Fr\
[T ijT [T }’kj’ [T ijF
e ' e 1 e
9

. i
Here, e is the number of experts and = {(}/f’,yf',yf"),
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i i
(y}ﬂyj’.’,y}?) ,<ijT,ij',yfF> } symbolizes the value attributed by the

. o
decision-makers to input criterion j and y? = [(ijT,ij’ ,yJ.TF),

o o
(yj?ﬂy]’.',yf) , (y]F T,yf’,y?) ] output criterion j°.

Steps 3-4. Additive normalization of the input and output criteria
scores measures: The score measures are computed using Eq. (2). Thus, a
vector of order 1 x n is further normalized using Eq. (10) to identify the
input (WJI:) and output factors (w;-’) weights:

sem) o s(sm)
w, = owd =
Tons(se) T ss(sry)

(=1,2,3,...n), (10)

where S (SF;) and S (SP}’ ) represent the score measure given in Eq. (6), n
is the criteria number. Thus, we acquire the input and output factors

weight coefficients vector w; = (w1, wo, ..., wp)" employed in the next
step to compute the weighted sequence of alternatives.

3.3. Calculation of the performance values of alternatives

Step 5. Generate the initial decision matrices (X?): In this stage, ex-
perts make linguistic assessments by taking into account the linguistic
scale for the alternatives. Next, these assessments are converted to the
T2NNs matching with the scale. Afterwards, each expert is denoted

I

through the basic decision matrices for inputsl® = [ i

Tr(b) (Ti(b) ;Tr(b) Ir(b) hi(b) lr(b) Fr(b) (Fi(b) Fr(b) . g
(@50 ®) (). (5 ) b =

1,2,...,m; j = 1,2,...n. Each pair 13 takes a value from the predefined

] s whereIl? =
mxn g

T2NN scale for input factors. Moreover, for outputso® = [Eli;] s
mxn

whereﬁg =

Ka;r(b>75§r(b)7agﬁ(b))7 (63(1’),5{-}@),53@)), (5?(’3)75;1(17)’5?@)) ],1<b<e; i

=1,..,m;j=1,...n. Each pair 63- takes a value from the predefined T2NN
scale for output factors.

Step 6. Determine the significance factor of each alternative by
considering experts’ assessments: Then, the alternatives’ relative sig-
nificances are determined with respect to members’ assessments con-
cerning input factors. In this respect, Eq. (11) is implemented:

r e plr e plr e plt e plt e plF e plF qi
(Ekleki/' - Hk:leki/' Zk:lew - Hk:lgk[/' Zk:lgk[j - Hklgkij>
s ) )

e e e

SF __
Iij

e e e

e it el e p[lr
<Hk| Hklj 1_-[1(:1 9/(!] Hk:] eki/‘)
bl b b

e e e

1D

e pfr e i e pfF
(Hkl ek[j Hk:lek[/' Hk:lek[j >
s s

where e shows the number of experts. Thus, the T2NN matrix of options
in regard to input factors is formed with the help of Eq. (12):

SF JSF ISF SF
Ly Iy Iy o L
SF JSF JSF SF
121 122 123 Izn
_ | ySF gSF gSF SF
R= 131 132 133 I3n ’ 12)
SF JSF 7SF SF
Iml Im2 Im3 o Imn

whereIiSjF = { (01.? , 05’

=12,...,n

o.TF), (a’.f ol 9’?), (0“ Hf’,agF)T;i: 1,2,..,m; j

Oy i %2 O i Y
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Next, similar computations are performed for output factors using
Eq. (13):

r e 1 e plr e I e pl e plF e AlF\ 1
<Zk19kij - Hk:]ekij Zk:lekij - Hk:lgkij Zk:lgkij - Hklgkij)
b b k)

e e e

v e e e

— —, —I,
(Hzlei,’-, 11,0 Hzle;,)

e e e

13)

e T e b e pfF
(Hklekij Hk:]akij Hklekij)
b} I

where e represents the number of decision-makers. Consequently, the
T2NN matrix of alternatives concerning output factors is constructed
based on Eq. (14):

SF SF S SF

oy Op hLz ot O

SF SF S SF

031 Op Ly 0 Oy

| sF sFsF SF
N=10}] o5 in - o5, (14)

SF - SFSF SF

Oml 0m2 0m3 o Omn

whereo] = {(0;7,495’,95”), (93,93,93), (9;’,6‘;’,9?) ]o; i=12,.,m
j=12,..,n).

Step 7. Determining the score measure of options using Eq. (6):
Hence, we provide the input factors’ score measures matrix, which is

represented by Eq. (15):

Ny Ry Ry Ry,

_ Ny Ry Nyz o0 Wy,

N= [ N3 Ny Ny o0 Ny, |, (15)
le NMZ NmS o Nmn

whereX; =

T T, T, .
(8+ (6 + 200 + ) — (oh + 26 + 0l ) — (o + 260 +0%7) ) /12;
i=12.,m j=1,2,..,n Furthermore, the score measures matrix of
output factors is generated as follows:

R R RNy - Ny,
Nat Ry Ny - Ny,

N=| Ny Ry Rz -~ N |, (16)

Rt Mz My - N

wherety; =
(8+ (05 + 20 +65r) — (oh +205 + ) — (of + 207 +68 ) ) /125
i=12,..,mj=12.,n
Step 8. Standardization of the elements given in the input and output
matrices: elements of both matrices are standardized using Eqgs. (17) and
(18). The input and output matrices are standardized as done in TOPSIS
to acquire normalized matrices (Bansal et al., 2014).

N,
L (i=1,2,.,L k=1,2,...K), a7
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R,

!
SR

i=1

8 = (i=1,2,..., k=1,2,..K). 1s)

Step 9. Identify the minimum quantities for each input factor and
maximum quantities for each output factor: for inputs, minimum and
maximum quantities for output factors are computed using Egs. (19) and
(20):

pp=min{p;}  (k=1,2,..,K), a9
o =max{9} (=127 (20)

Step 10. Calculating distance measures for inputs and outputs: In this
step, distance measures of input and output factors are calculated by
implementing Eqgs. (21) and (22). While Eq. (21) is used for input factors,
Eq. (22) is applied for output factors:

Qe =1+8:— 8 (k=1,2,....5; k=1,2,....K), 21)

o =1+ (p; — 9) (k=1,2,....5; k=1,2,....K). 22)

Step 11. Weighting inputs and outputs: The obtained values in the
previous step are weighted with the help of criteria weights computed in
the first-four implementation steps. For this purpose, Egs. (23) and (24)
are implemented:

J
fio= ZW; Xig (i=1,2,.0 k=12, k=1,2,...K), (23)
j=1
K
fos = ZW;’ o (i=1,2,.,0 k=12, k=1,2,...K). 29
k=1

Step 12. Calculating the productivity score of each option: Next, the
final performance score of each option is computed by applying Eq. (25).
For this purpose, the final input score of each option is segregated into
the final output score of the alternative.

Jis
‘/;75‘

Then, the alternatives are ranked in descending order with respect to
their relative performance scores.

Jos = (i=1,2,..10). (25)

4. Evaluation of the financial and operational performances of
the CSCs

Here, the EATWIOS technique based on T2NFNs is implemented to
assess the financial and operational performance of global CSCs. This
work is concentrated on a real-life evaluation problem encountered by a
large-scale freight forwarder company in Turkey. This company is
required to select a CSC to carry raw materials supplied from the far east
on behalf of its major client (i.e., a large-scale automotive manufacturer
in Turkey). However, the company’s senior executives were undecided
about selecting an appropriate CSC as a strategic partner in the supply
chain. Furthermore, they were unsure which factors and criteria should
be considered in this evaluation process. They requested our research
team to help solve the current problem. We attended a preliminary
meeting organized by senior company executives to get more informa-
tion about the multi-attribute decision problem.

At the end of the meeting, we were sure that it is a highly compli-
cated assessment problem and could only be solved by applying a robust,
powerful and practical decision-making model. In addition, a traditional
subjective or objective decision-making frame may not work because the
maritime industry has a very dynamic structure. Finally, we decided to
conduct a research process to provide a logical solution for the selection
problem with the senior executives effectively. Besides, researchers had
insufficient information about the maritime industry to evaluate the
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Table 1

Previous works in the existing literature as well as the used criteria.

Input factors

Code  Criteria Definition References
I-1 The Number of The vessel fleet Bang et al. (2012)
Ships employed by a shipping
company
-2 Countries The number of countries Hausman et al (2013)
giving shipping services
1-3 The Number of The number of branches Kawasaki et al. (2011),
Branches around the world Caramia et al. (2007)
1-4 The Number of The number of Contador et al. (2017),
Owned containers owned by a Dong and Song (2012),
Containers shipping company Hoffmann et al. (2020)
I-5 The Number of The number of lines Martinez-Zarzoso and
Lanes operated by a shipping Nowak-Lehmann (2007),
company Wang and Meng (2012)
1-6 Connected Ports ~ The number of ports Wu et al. (2019), Kang and
given shipping service Woo (2017)
1.7 The Number of The number of Chao et al. (2018)
Employees employees: blue and
white collars
1-8 The Number of The number of staff Chao et al. (2018)
Ship Crews responsible for sailing
-9 Total Container The carriage capacity of =~ Chao et al. (2018)
Carriage the fleet in terms of TEU
Capacity
1-10 Average Age of The average age of the Bang et al. (2012)
Ships vessels that are in the

I-11 Total Current
Liabilities /
Total Assets

1-12 Total Liabilities
/ Total Assets

113 Cost of Revenue
/ Net Sales

1-14 Operating
Expenses / Net
Sales

I-15 Assets/Equity

1-16 Avg. A/R Days

fleet

The ratio of current
assets to current
liabilities

The proportion of a
company’s assets which
are financed through
debt

The ratio of the
incurring costs for
revenues to the net sales

This ratio is computed
by dividing total
operating expenses by
net sales

The relationship of the
firm’ total assets to the
part owned by
shareholders

The number of days that
a customer invoice is

Wang (2014)

Chou and Liang (2001), Lu
et al. (2009), Lee et al.
(2018), Lee et al. (2014),
Lee et al. (2012), Wang
and Lee (2010), Wang and
Kao (2011)

Lee et al. (2018), (Lee

et al., 2014), Lee et al.
(2012), Wang and Lee
(2010), Wang and Kao
(2011),Wang (2014)
Decision of the experts

Decision of the experts

Chou and Liang (2001),
Wang and Lee (2010), (

Table 1 (continued)

Expert Systems With Applications 218 (2023) 119596

Input factors

Code  Criteria

Definition

References

0-5 Asset Turnover

0-6 Operating
Margin

0-7 EBITDA Margin

0-8 Pretax ROA

Asset turnover is the
ratio of total sales or
revenue to average
assets

It is equal to operating
income divided by
revenue

A measure of a firm’s
operating profit as a
percentage of its
revenue.

The ability of the
company to utilize its
assets to create profit.

(2014), Lee et al. (2012),
Wang and Lee (2010),
Wang and Kao (2011),
Wang (2014)

Lu et al. (2009), Kang et al.
(2016), Pang and Lu
(2018), Lee et al. (2018),
Lee et al. (2014), Lee et al.
(2014), Lee et al. (2012),
Wang and Lee (2010),
Wang and Kao (2011),
Wang (2014)

Chou and Liang (2001),
Wang et al. (2014), Wang
and Kao (2011)
Alexandrou et al. (2021),
Lu et al. (2009)

Chou and Liang (2001), Lu
et al. (2009), Lim and Lim
(2020), Lee et al. (2018),

outstanding Wang and Kao (2011),
Wang (2014)
Outputs factors
Code  Criteria Definition References

0O-1 Total Carriage
TEU

0-2 Average TEU
per Ship

0-3 Market Share

0-4 Current Ratio

The actual carriage
containers in terms of
TEU

The average number of
containers per container
vessel

It refers to the market
share of a shipping
company

Measures a firm’s ability
to pay short-term
obligations

Bang et al. (2012)

Dragovic¢ et al. (2009),
McKenna et al. (2012)

Lim & Lim (2020), Lirn
et al. (2014)

Wang et al. (2014), Lee
and Lin (2011), Kang et al.
(2016), Chou and Liang
(2001), Lu et al. (2009),
Lim and Lim (2020), Lee
et al. (2018), Lee et al.

Lee et al. (2014), Wang
(2014)

Lu et al. (2009), Kang et al.
(2016), Lim and Lim
(2020), Lee et al. (2018),
Lee et al. (2014), Lee et al.
(2012)

The rate of return on the
investment by the
stockholders

0-9 Pretax ROE

alternatives and criteria. Hence, we decided to form a board of experts
consisting of working teams. Each team consists of three highly expe-
rienced professionals with extensive knowledge of their fields, such as
finance and accounting, operation management, and top management,
and each team’s captain was a senior executive in a freight forwarder
company.

4.1. Preparation process

We identified some criteria to be a team captain: (i) having experi-
ence in the current field for at least 15 years as top managers or firm
owners; (ii) being a member of a professional association. Secondly, we
determined some criteria to be a member of teams for finance and ac-
counting managers and operation managers: (i) having experience in the
related fields for at least 15 years as a department manager; (ii) being a
graduate from a related department (i.e., logistics, business manage-
ment, finance and accounting) of a reputable university.

At the end of the first meeting, we demanded time to conduct a
preliminary investigation of the multi-attribute decision problem and
collect more data until the next meeting. During this process, we
executed a detailed literature review on this issue and tried to identify
the candidates who would be members of the board of experts. In the
next meeting, we proposed evaluating the candidates with the firm’s top
managers. During the second meeting, we evaluated 74 candidates who
are managers in different companies in the current industry and elimi-
nated some because they are incompatible with being a member of the
board of experts regarding the identified criteria. Finally, we decided to
work with 33 professionals with sufficient qualifications to be board
members. The details of the professionals are presented in Appendix B
(Table A). In the next meeting, we collected the lists prepared by the
teams and made the final list by removing the repetitive criteria. Be-
sides, we requested them to give a relative significance score to each
criterion from each team captain by conferring with the other team
members. After we collected the lists evaluated by experts, we computed
each criterion’s relative significance score by applying the geometric
mean of given scores for each criterion. Finally, we identified the final
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Table 2

Identified CSCs as alternatives.
Code Alternatives Code Alternatives
Ay AP Moeller - Maersk A; Matson Inc
Ay COSCO Shipping Ag Orient Overseas
Az Evergreen Marine Ay Pacific Basin
Ay Hapag Lloyd AG Ao SITC International
As Hyundai Merchant A Wan Hai Lines 1td

Ag ONE Ao Yang Ming Marine

Table 3
T2FNN linguistic scale to identify the significance of criteria.

Linguistic variables T2FNN

Low (L) [(0.20,0.30,0.20), (0.60,0.70,0.80), (0.45,0.75,0.75)]
Medium Low (ML) [(0.40,0.30,0.25), (0.45,0.55,0.40), (0.45,0.60,0.55)]
Medium (M) [(0.50,0.55,0.55), (0.40,0.45,0.55), (0.35,0.40,0.35)]
High (H) [(0.80,0.75,0.70), (0.20,0.15,0.30), (0.15,0.10,0.20)]

Very High (VH) [(0.90,0.85,0.95), (0.10,0.15,0.10), (0.05,0.05,0.10)]

criteria by eliminating some criteria with importance scores under three
by coming to a consensus among the members. The last input and output
criteria are presented in Table 1.

We also determined the alternatives with the corporates’ top man-
agers, and the determined alternatives are illustrated in Table 2.

Next, each team executes linguistic assessments for both factors and
options by taking into account the linguistic scale demonstrated in Ta-
bles 3 and 6. The aggregated linguistic evaluations for the criteria and
alternatives are presented in Appendix B (Table B).

Table 4
Aggregated expert evaluations of criteria and input criteria weights.
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4.2. Calculation of the criteria weights

In this phase, we identify the criteria weights by following the basic
algorithm of the suggested model.

Step 1. Next, each team executes linguistic assessments for both
criteria and alternatives with the help of the T2NFN linguistic evaluation
scale given in Table 3.

Then, the linguistic evaluations made by teams for input and output
factors are aggregated. The aggregated evaluations are presented in
Appendix B (Table C).

Step 2. In this step, we fuse decision-makers’ evaluations using Eq.
(8). Hence, we compute the relative significances of the criteria con-
cerning the experts’ linguistic assessments. Aggregated experts’ assess-
ments for the factors and the T2NFN significance factor for criterion j are
given in Appendix B (Table B).

Steps 3-4. The T2NFN weights for the factors are employed to
calculate the score measures of the criteria. Eq. (6) is employed to
calculate these values. Next, the computed criteria weights are

Table 6
T2FNN scale to assess the alternatives.

Linguistic variables T2FNN

Very Bad (VB) [(0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70)]

Bad (B) [(0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65)]
Medium Bad (MB) [(0.50,0.30,0.50), (0.50,0.35,0.45), (0.45,0.30,0.60)]
Medium (M) [(0.40,0.45,0.50), (0.40,0.45,0.50), (0.35,0.40,0.45)]
Medium Good (MG) [(0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15)]
Good (G) [(0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20)]

Very Good (VG) [(0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05)]

Aggregated Value for Input Factors

T 1 F

Criteria T 1 F T 1 F T 1 F Sc VL. Nr. VL.
-1 0.859 0.820 0.876 0.118 0.150 0.136 0.068 0.059 0.118 0.859 0.820

12 0.871 0.835 0.898 0.100 0.150 0.100 0.050 0.050 0.100 0.871 0.835

-3 0.582 0.541 0.518 0.336 0.377 0.386 0.305 0.359 0.359 0.582 0.541

-4 0.536 0.491 0.455 0.368 0.414 0.414 0.341 0.409 0.400 0.536 0.491

-5 0.866 0.827 0.889 0.109 0.150 0.118 0.059 0.055 0.109 0.866 0.827

16 0.681 0.676 0.676 0.273 0.286 0.377 0.223 0.227 0.250 0.681 0.676

i 0.734 0.699 0.699 0.232 0.241 0.300 0.186 0.186 0.232 0.734 0.699

-8 0.582 0.527 0.514 0.332 0.386 0.355 0.305 0.373 0.368 0.582 0.527

19 0.582 0.541 0.518 0.336 0.377 0.386 0.305 0.359 0.359 0.582 0.541

I-10 0.846 0.804 0.844 0.136 0.150 0.173 0.086 0.068 0.136 0.846 0.804

-11 0.801 0.764 0.772 0.182 0.177 0.250 0.132 0.109 0.177 0.801 0.764

112 0.859 0.820 0.876 0.118 0.150 0.136 0.068 0.059 0.118 0.859 0.820

-13 0.853 0.812 0.861 0.127 0.150 0.155 0.077 0.064 0.127 0.853 0.812

114 0.866 0.827 0.889 0.109 0.150 0.118 0.059 0.055 0.109 0.866 0.827

15 0.734 0.699 0.699 0.232 0.241 0.300 0.186 0.186 0.232 0.734 0.699

-16 0.866 0.827 0.889 0.109 0.150 0.118 0.059 0.055 0.109 0.866 0.827

Table 5
Aggregated expert evaluations of output criteria and criteria weights.
Aggregated Value for Input Factors
T I F

Criteria T I F T 1 F T 1 F Sc VL. Nr. VL.
O-1 0.809 0.772 0.793 0.173 0.177 0.232 0.123 0.105 0.168 0.8240 0.1243
0-2 0.518 0.482 0.464 0.377 0.441 0.418 0.350 0.432 0.405 0.5542 0.0836
0-3 0.636 0.591 0.550 0.305 0.314 0.373 0.268 0.291 0.323 0.6575 0.0992
0-4 0.681 0.641 0.613 0.273 0.277 0.345 0.232 0.241 0.282 0.7006 0.1057
0-5 0.545 0.500 0.477 0.359 0.414 0.395 0.332 0.405 0.391 0.5757 0.0868
0-6 0.831 0.788 0.805 0.155 0.150 0.209 0.105 0.077 0.155 0.8447 0.1274
0-7 0.742 0.712 0.672 0.236 0.205 0.345 0.186 0.155 0.227 0.7603 0.1147
0-8 0.839 0.796 0.825 0.145 0.150 0.191 0.095 0.073 0.145 0.8528 0.1286
0-9 0.846 0.804 0.844 0.136 0.150 0.173 0.086 0.068 0.136 0.8609 0.1298
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Table 7

Normalized input matrix.

-1 -2 -3 -4 -5 -6 -7 1-8 1-9 I-10 -11 -12 -13 -14 15 I-16

A 0130  0.154 0138 0122 0248 0309 0192 0128 0133 0317 0299 0400 0719 0122 0337  0.137
As 0.147 0264 0260 0258  0.397 0331 0129 0364 0229 0247 0324 0313 0221 0319 0309  0.156
As 0.280  0.348 0269 0258  0.397  0.154 0342 0315 0224 0323  0.231 0.189  0.252  0.324 0269  0.277
Ay 0216  0.165  0.157 0214 0137 0259 0206 0228 0232 0244 0226 0307 0221 0.208 0292  0.151
As 0.304 0253  0.231 0.341 0232 0250 0336 0306 0323 0247 0219 0170 0215 0314 0237  0.260
As 0.307  0.154  0.263  0.209  0.143 0326 0266 0218 0224 0314 0229 0152 0221 0285  0.123  0.271
A; 0.351 0.413 0417 0335 0380 0408 0336 0352 0359 0154 0362 0155 0182 0255  0.275  0.260
Ag 0322 0256  0.136  0.301 0.196 0243 029 0315  0.288  0.314  0.374 0290  0.182  0.281 0.337  0.256
Ao 0.304 0436 0430  0.346  0.401 0.414 0342 0210  0.321 0.404 0374 0289 0182 0324 0337  0.429
A 0.351 0252  0.430  0.346 0312 0131 0342 0315 0370 0241 0344 0500 0182 0324  0.337  0.443
A 0309 0331 0256 033 0235 0240 0287 0306  0.367  0.237  0.234 0307 0230  0.321 0.337  0.268
Az 0335 0267 0256  0.301 0.18 0253 0294 0313  0.291 0.340 0127 0155 0203 0314  0.181  0.362

Table 8

Normalized output matrix.

0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9

Ay 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Ao 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
As 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Aq 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
As 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
As 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Az 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Ag 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Ao 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Ao 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
An 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202
Arz 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202 0.202

determined by performing a standardization operation. The input and The remaining score measures factors are identified similarly. Thus,

output factors’ weights and score values are presented in Tables 4 and 5. we calculate the criteria weights using Eq. (9) by applying an additive

For example, the T2NN significance factor for the I1 factor is standardization approach.

computed as follows:

SFer = [(SF&, SFE,, SF(), (SF&y, SFL, SFE), (SFey, SFE SFE) | =

SFglz

Flc’l_{

SFTT = {(0.90 + 0.90 + 0.90 + ...
SF& = {(0.85 +0.85 +0.80 + ...
SFZ = {(0.95+0.95 +0.20 + ...
SFZ = {(0.10 +0.10 +0.10 + ...
(0.1540.15+0.15 + ...
(0.10+0.10 +0.10 + ... +

SF = {(0.05 4 0.05 +0.05 + ...
SF& = {(0.05 +0.05 +0.05 + ...
SFfr = {(0.10 + 0.10 +0.10 + ...

+0.90) —
+0.85) —
+0.95) —
+0.10) —
+0.15) —

0.10) —
+0.05) —
+0.05) —
+0.10) —

(0.90-0.90-0.90-....-
(0.85-0.85-0.80-..
(0.95-0.95-0.20-....-
(0.10-0.10-0.10-....-
(0.15-0.15-0.15-....
(0.10-0.10-0.10-....-
(0.05-0.05-0.05-...
(0.05-0.05-0.05-...-
(0.10-0.10-0.10-...

0.90) }/11 = 0.859;
+0.85) }/11 = 0.820;
0.95) }/11 = 0.876;
0.10) }/11 = 0.118;
0.15)}/11 = 0.150;
0.10) }/11 = 0.136;
10.05) }/11 = 0.068;
0.05) }/11 = 0.059;
:0.10) }/11 = 0.118;

= [(0.854,0.820,0.876), (0.118,0.150,0.136), (0.068,0.059,0.118) ].

4.3. Analysis of the financial and operational performance of the

The following section demonstrates the computation of the score alternatives
measure of criterion C1 using Eq. (6):

SCI

B (8 + (0.859 +2:0.820 + 0.876) —

= 0.876.

—(0.068 + 2-0.059 + 0.118)

In this phase, we compute the performance score of each alternative

(0.118 4+ 2:0.150 + 0.136) ) / 12 by following the remaining execution steps of the developed model. The

implementation of the remaining sections is described as follows:
Step 5. Experts & = {£,&,,...,&1} appraise the options using the
T2FNN scale given in Table 6 to implement the recommended T2FNN
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Table 9
Input distance measures matrix.
I-1 1-2 I-3 I-4 I-5 1-6 1-7 1-8 19 I-10 I-11 I-12 1-13 I-14 I-15 1-16
Ay 1.000 1.024 1.008 0.992 1.117 1.178 1.062 0.998 1.003 1.187 1.169 1.270 1.589 0.992 1.206 1.007
Ay 1.017 1.134 1.130 1.128 1.267 1.201 0.999 1.233 1.098 1.117 1.194 1.183 1.090 1.189 1.179 1.026

A3 1.150 1.218 1.139 1.128 1.267 1.024 1.211 1.185 1.094 1.192 1.101 1.059 1.122 1.194 1.139 1.147
Ay 1.086 1.034 1.027 1.084 1.006 1.129 1.076 1.097 1.102 1.114 1.096 1.176 1.090 1.077 1.162 1.021
As 1.174 1.123 1.100 1.211 1.102 1.120 1.206 1.176 1.193 1.117 1.089 1.040 1.084 1.183 1.107 1.129
Ag 1.176 1.023 1.133 1.079 1.013 1.195 1.135 1.087 1.094 1.184 1.099 1.022 1.090 1.155 0.993 1.141
Ay 1.220 1.282 1.286 1.205 1.249 1.278 1.206 1.222 1.229 1.024 1.232 1.025 1.052 1.125 1.145 1.130
Ag 1.192 1.126 1.006 1.170 1.065 1.113 1.166 1.185 1.158 1.184 1.244 1.160 1.052 1.151 1.206 1.126
Ag 1.174 1.306 1.300 1.216 1.271 1.284 1.211 1.080 1.191 1.273 1.244 1.159 1.052 1.194 1.206 1.298
Ajo 1.220 1.122 1.300 1.216 1.182 1.001 1.211 1.185 1.240 1.110 1.213 1.370 1.052 1.194 1.206 1.313
Ay 1.178 1.201 1.126 1.205 1.105 1.109 1.157 1.176 1.236 1.106 1.104 1.176 1.099 1.190 1.206 1.137
A 1.205 1.137 1.126 1.170 1.056 1.123 1.163 1.182 1.161 1.209 0.997 1.024 1.073 1.184 1.051 1.232

Table 10
Output distance measures matrix.
O-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9

Ay 1.000 0.825 0.974 0.866 0.778 0.759 0.840 0.823 0.807
Ay 0.815 0.867 0.913 0.664 0.640 0.831 0.927 0.823 0.846
As 0.815 0.825 0.793 0.839 0.769 0.764 0.773 0.823 0.846
Ay 0.815 0.867 0.835 0.654 0.775 0.831 0.843 0.818 0.843
As 0.813 0.820 0.725 0.856 0.920 0.629 0.633 0.624 0.609
Ag 0.815 0.863 0.799 0.764 0.766 0.663 0.689 0.657 0.654
A, 0.681 0.649 0.672 0.753 0.811 0.854 0.832 0.849 0.839
Ag 0.801 0.867 0.785 0.919 0.778 0.837 0.757 0.815 0.846
Ay 0.801 0.723 0.785 0.839 0.762 0.864 0.840 0.849 0.835
Ay 0.670 0.605 0.662 0.919 0.841 0.916 0.877 0.900 0.846
A 0.681 0.729 0.785 0.766 0.867 0.836 0.773 0.823 0.843
Aqz 0.813 0.867 0.793 0.644 0.868 0.752 0.760 0.742 0.720

Table 11
Weighted input distance measures matrix.
I-1 1-2 I-3 -4 I-5 I-6 1.7 I-8 I-9 I-10 I-11 1-12 I-13 I-14 I-15 I-16
Ay 0.070 0.073 0.049 0.045 0.079 0.067 0.064 0.049 0.049 0.082 0.077 0.089 0.111 0.070 0.073 0.071

As 0.072 0.081 0.055 0.051 0.090 0.069 0.060 0.060 0.054 0.077 0.078 0.083 0.076 0.084 0.071 0.073
Az 0.081 0.087 0.056 0.051 0.090 0.059 0.073 0.058 0.054 0.082 0.072 0.075 0.078 0.085 0.069 0.081
Ay 0.076 0.074 0.050 0.049 0.071 0.065 0.065 0.053 0.054 0.077 0.072 0.083 0.076 0.076 0.070 0.072
As 0.083 0.080 0.054 0.055 0.078 0.064 0.073 0.057 0.058 0.077 0.071 0.073 0.076 0.084 0.067 0.080
Ag 0.083 0.073 0.056 0.049 0.072 0.068 0.069 0.053 0.054 0.082 0.072 0.072 0.076 0.082 0.060 0.081
Ay 0.086 0.092 0.063 0.055 0.089 0.073 0.073 0.059 0.060 0.071 0.081 0.072 0.073 0.080 0.069 0.080
Ag 0.084 0.081 0.049 0.053 0.076 0.064 0.070 0.058 0.057 0.082 0.081 0.082 0.073 0.082 0.073 0.080
Ag 0.083 0.093 0.064 0.055 0.090 0.074 0.073 0.053 0.058 0.088 0.081 0.082 0.073 0.085 0.073 0.092
Ao 0.086 0.080 0.064 0.055 0.084 0.057 0.073 0.058 0.061 0.077 0.079 0.096 0.073 0.085 0.073 0.093
Ay 0.083 0.086 0.055 0.055 0.078 0.064 0.070 0.057 0.061 0.076 0.072 0.083 0.077 0.084 0.073 0.081
Aqa 0.085 0.081 0.055 0.053 0.075 0.064 0.070 0.058 0.057 0.084 0.065 0.072 0.075 0.084 0.063 0.087

Table 12
Weighted output distance measures matrix.
O-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9

Ay 0.124 0.069 0.097 0.092 0.068 0.097 0.096 0.106 0.105
Ay 0.101 0.072 0.091 0.070 0.056 0.106 0.106 0.106 0.110
As 0.101 0.069 0.079 0.089 0.067 0.097 0.089 0.106 0.110
Ay 0.101 0.072 0.083 0.069 0.067 0.106 0.097 0.105 0.109
Ag 0.101 0.069 0.072 0.090 0.080 0.080 0.073 0.080 0.079
Ag 0.101 0.072 0.079 0.081 0.066 0.084 0.079 0.085 0.085
Ay 0.085 0.054 0.067 0.080 0.070 0.109 0.095 0.109 0.109
Ag 0.100 0.072 0.078 0.097 0.068 0.107 0.087 0.105 0.110
Aq 0.100 0.060 0.078 0.089 0.066 0.110 0.096 0.109 0.108
Aqo 0.083 0.051 0.066 0.097 0.073 0.117 0.101 0.116 0.110
A 0.085 0.061 0.078 0.081 0.075 0.107 0.089 0.106 0.109
Aqp 0.101 0.072 0.079 0.068 0.075 0.096 0.087 0.095 0.093

10
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Table 13
Final inputs, outputs, performance scores and ranking of the alternatives.
Inputs Outputs Performance score Rank

Ay 1.121 0.852 0.7607 1
A,y 1.136 0.818 0.7204 3
Ag 1.151 0.806 0.7006 5
Ay 1.085 0.810 0.7464 2
As 1.131 0.724 0.6398 12
Ag 1.101 0.733 0.6656 10
Ay 1.176 0.778 0.6615 11
Ag 1.144 0.823 0.7191 4
Aq 1.217 0.817 0.6708 9
Ay 1.195 0.813 0.6800 7
A 1.155 0.790 0.6840 6
Aqs 1.129 0.767 0.6794 8

EATWIOS model for assessing the optionsA;(i=1,2,...,12). Experts’
linguistic assessments are demonstrated in Table C.

Step 6. We identify the T2FNN significance of the alternatives con-
cerning the input and output factors with the help of Eq. (8). The T2FN
matrix representing the significant factors of the options is presented in
Table B. Moreover, the computation of the T2NN significance of Option
Al in regard to input criterion I1 is shown as follows:

O3 = (01, 011,617), (0, 011, 011), (011, 011, 017 |
077 = {(0.35 +0.20 + 0.20 + ... + 0.95) — (0.35-0.20-0.20-...-0.95)
07 = {(0.35 +0.20 + 0.20 + .. + 0.90) — (0.35-:0.20-0.20-...-0.90)
017 = {(0.10 +0.10 + 0.10 + .. -+ 0.95) — (0.10-0.10-0.10-...-0.95)
0 = {(0.75 +0.80 + 0.80 + ... +- 0.10) — (0.75-0.80-0.80-...-0.10)
=3 &% ={(0.75 +0.80 + 0.80 + ... + 0.10) — (0.75-0.80-0.80-...-0.10)
07, = {(0.80 +0.85 + 0.85 + ... + 0.05) — (0.80-0.85:0.85...-0.05)
077 = {(0.50 + 0.45 + 0.45 + ... + 0.05) — (0.50-0.45-0.45-...-0.05)
HIF; = {(0.75+40.80 + 0.80 + ... +- 0.05) — (0.75-0.80-0.80-.... )
017 = {(0.65 +0.70 + 0.70 + ... + 0.05) — (0.65-:0.70-0.70-...-0.05)

= [(0.350,0.324,0.214), (0.677,0.677,0.722), (0.432,0.668,0.614) ].

Identically, we identify the remaining values of the T2NN signifi-
cance factor of the alternatives.

Steps 7-8. The score measure of options is determined using Eq. (6),
and an aggregated basic T2NN decision matrix is built up (cf. Table 8).
The computation of the score measure of alternative Al based on I1 is

displayed as follows:
) / 12

SAI—I] = <
=0.340.

Step 9. Here, the initial T2NFN input and output matrices are
generated, and the elements of both matrices are standardized by
implementing Egs. (17) and (18). The normalized input and output
matrices are presented in Tables 7 and 8.

Step 10. We identify the input factors’ minimum values and output
factors’ maximum values using Egs. (19) and (20).

Step 11. Next, we employ the mathematical expressions of Egs. (21)

8+ (0.350+2-0.324 +0.214) — (0.677 +2-0.677 4 0.722)
—(0.4324-2-0.668 +0.614)
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and (22) to compute distance measures of the inputs and outputs. The
values are presented in Tables 9 and 10.

Step 12. In this step, we weight the distance scores of inputs and
outputs using Egs. (22) and (23). The weighted input and output
matrices are given in Tables 11 and 12.

Step 13. By applying Eq. (23), we identify the overall performance
score of each option. For this purpose, we divide the sum of inputs into
the sum of outputs of each option.

As shown in Table 13, A1 AP Moeller — Maersk is the most efficient
CSC with higher financial and operational performance than others.
When we examine the crisp data about the shipping company, AP
Moeller — Maersk is the most dominant CSC in the global shipping
market with a market share of 17 % despite its reasonable number of
containers and lines (i.e., less than many competitors of this company).
Hence, it proves that the company can carry out its shipping activities
with a higher performance and productivity compared to the others.
However, the company excessively uses intensive human force as white-
collar staff and ship crews. The number of employees of this company is
higher than other companies by 13.12 % on average. It may be a critical
factor in reducing the company’s productivity, and practitioners in the
company should consider it.

In addition, the input values of the company are not minimum
compared to the others, but it has reached higher output values than

0.95)}/11 = 0.350;
10.90) }/11 = 0.327;
0.95)}/11 = 0.214;
:0.10) }/11 = 0.677;
}/11 = 0.677;
:0.05) }/11 = 0.722;
:0.05) }/11 = 0.432;
10.05) }/11 = 0.668;
0.05) }/11 = 0.614;

others. Hence, it shows that focusing on the outputs instead of inputs can
provide higher efficiency and can help to increase the overall perfor-
mance of CSCs. The next section executes a sensitivity analysis consist-
ing of three phases to assess the proposed model’s validity, effectiveness,
and practicability.

4.4. Validation test

Here, we test the validity and applicability of the T2NFN EATWIOS
approach by performing a robustness test consisting of three stages. In
the first stage, we examine the consistency and stability of the model by
making excessive changes on the criteria weights. In the second phase,
we compare the developed model results with the results of different
performance analysis frameworks. Moreover, we check the resistance of
the model to the rank reversal. The implementations of these phases are
presented as follows.

a. Check the impacts of changing input and output criteria weights on the
ranking results: In this phase, we change all criteria weights by following
the algorithm introduced by Gorciin et al. (2021). We decided to
implement this approach as it considers all possible effects of changes in
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c. Re-ranking of alternatives for changing the input and output criteria weights

Fig. 2. Re-ranking of alternatives and options.

criteria weights on the overall ranking results. In this respect, 250 sce- terms of percentage (i.e., 10 %, 20 %,...,100 %). Moreover, w2, denotes
narios are generated, and both input and output criteria weights are new values of remaining factors, n is the factors number, w?, is the
changed, respectively. remaining criteria’ previous value.

. . . The obtained results are elaborately presented in Fig. 2a and b. When

Wi = W T (WI’V x mv) (26) Fig. 2a and b are evaluated in detail, changing the output criteria im-

pacts the ranking results more than modifications of the input criteria.

R (1 - Wflv) , While A1, as the best alternative, remains in the same rank for 85 out of

Wi =71 +w,, 27) 90 scenarios formed by modifying the output criteria, its ranking posi-

tion has never changed in all 160 scenarios concerning input criteria

W}% + Zwiv -1 (28) changes. In addition, the ranking positions of A3, A4, and A5 alterna-
tives had not changed when the input criteria weights are changed.

Here, w}, demonstrates the modified weight of the j™ factor” new Here, the similarity coefficient between the original ranking result

value, w}, is the criterion’s initial value, m, is the modification degree in and the acquired re-ranking result in each scenario is computed, and the

12
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Fig. 3. Ranking of the alternatives related to the implemented T2NFN MCDM methods.

Table 14
Correlation coefficients of all T2NFN MCDM methods.
T2NFN
EATWIOS OCRA CRITIC-EATWIOS ENTROPY-EATWIOS CRITIC-OCRA ENTROPY-OCRA
T2NFN EATWIOS 1.000 0.986 0.776 0.895 0.755 0.909
OCRA 0.986 1.000 0.839 0.930 0.825 0.944
CRITIC EATWIOS 0.776 0.839 1.000 0.916 0.986 0.909
ENTROPY EATWIOS 0.895 0.930 0.916 1.000 0.895 0.993
CRITIC OCRA 0.755 0.825 0.986 0.895 1.000 0.902
ENTROPY OCRA 0.909 0.944 0.909 0.993 0.902 1.000
Average correlation coefficient value 0.915

Fig. 4. Resistance of the suggested T2NFN model to rank reversal problem.

average similarity coefficient value is computed by employing the
arithmetic mean of these similarity coefficients. While the average
similarity coefficient is computed as 0.866 concerning the first 160
scenarios formed by changing the input criteria, this value is calculated
as 0.677 for the scenarios generated by modifying the weights of the
output criteria. Furthermore, when the 16 input factor’s weight is
reduced by over 60 % and others’ weights are reduced by over 90 %, the
ranking performances of some alternatives are changed. These

13

modifications can be accepted as excessive, and the possibility of oc-
currences of these changes is extremely low in real-life conditions.
Moreover, when the weight of 09, the most influential output criteria, is
changed by over 40 %, and others’ weights are changed by over 70 %,
some deviations in the ranking results are observed. Therefore, the
output factors are more sensitive to the changing criteria weights than
the input criteria. However, they are slight modifications, which cannot
influence the overall results in spite of excessive changes. As understood
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Table A
Details of the members of the experts board.
Team DMs Role Graduate Duty EXP. Country
T-1 DM-1.1 Team captain Industrial Eng. Board Chairman 21 Turkey
DM-1.2 Operation Manager Maritime Trans. Eng. Vessel Operation Man. 16 Turkey
DM-1.3 Finance Manager Finance Management Finance and Accounting Man. 17 Turkey
T-2 DM-2.1 Team captain Maritime Trans. Eng. Vice-Board Chairman 23 Turkey
DM-2.2 Operation Manager Managing Director Vessel Operation Man. 19 Turkey
DM-2.3 Finance Manager Business Management Finance and Accounting Man. 15 Turkey
T-3 DM-3.1 Team captain Business Management CEO 17 Germany
DM-3.2 Operation Manager Logistics Management Container Shipping Man. 18 Germany
DM-3.3 Finance Manager Economics Finance Man. 16 Germany
T-4 DM-4.1 Team captain Transport Management Company Owner 24 Turkey
DM-4.2 Operation Manager Maritime Transportation Line Man. 16 Turkey
DM-4.3 Finance Manager Finance Management Accounting Man. 17 Turkey
T-5 DM-5.1 Team captain Economics Member of board 19 Turkey
DM-5.2 Operation Manager Transport Management Operation Man. 21 Turkey
DM-5.3 Finance Manager Business Management Accounting Man. 17 Turkey
T-6 DM-6.1 Team captain Business Management Member of board 16 Belgium
DM-6.2 Operation Manager Transport Management Operation Man. 15 Belgium
DM-6.3 Finance Manager Business Management Finance Man. 19 Belgium
T-7 DM-7.1 Team captain Management Vice-Board Chairman 27 Italy
DM-7.2 Operation Manager Logistics Management Branch Man. 16 Italy
DM-7.3 Finance Manager Accounting Accounting Man. 21 Italy
T-8 DM-8.1 Team captain Industrial Eng. Member of board 19 Russia
DM-8.2 Operation Manager Transport Management Operation Man. 21 Russia
DM-8.3 Finance Manager Accounting Finance Man. 16 Russia
T-9 DM-9.1 Team captain Transport Management Member of board 18 Turkey
DM-9.2 Operation Manager Transport Management Head of Operations 16 Turkey
DM-9.3 Finance Manager Accounting Finance and Accounting Man. 17 Turkey
T-10 DM-10.1 Team captain Industrial Eng. Vice-Board Chairman 20 Turkey
DM-10.2 Operation Manager Transport Management Operation and Port Man. 19 Turkey
DM-10.3 Finance Manager Business Management Accounting Man. 18 Turkey
T-11 DM-11.1 Team captain Industrial Eng. Vice-Board Chairman 17 Israel
DM-11.2 Operation Manager Transport Management Container Fleet Coordinator 19 Israel
DM-11.3 Finance Manager Economics Finance and Accounting Man. 20 Israel
Table B
Selection criteria and their relative significance scores.
Teams
Code Criteria 1 2 3 4 5 6 7 8 9 10 11
Input factors
I-1 The Number of Ships VH VH L M VH M L M VH VH VH
I-2 Countries M VH VH VH VH H VH H VH VH VH
1-3 The Number of Branches H VH VH H VH M VH H L L M
1-4 The Number of Owned Containers VH VH VH VH VH M H H ML M VH
I-5 The Number of Lanes M VH VH M VH M VH H ML ML VH
I-6 Connected Ports M H VH VH VH VH VH VH VH VH VH
1.7 The Number of Employees VH H VH VH M M VH M VH VH VH
1-8 The Number of Ship Crews VH H VH H H H H H M M M
I-9 Total Container Carriage Capacity H H VH VH M H VH H L L VH
1-10 Average Age of Ships VH VH VH VH VH H H H H H VH
I-11 Total Current Liabilities / Total Assets H M VH VH VH VH VH H VH VH VH
I-12 Total Liabilities / Total Assets H M L VH M VH L VH VH VH M
I-13 Cost Of Revenue / Net Sales M ML M M VH ML ML ML VH VH VH
1-14 Operating Expenses / Net Sales H ML ML M M M ML ML VH VH VH
I-15 Assets/Equity H ML L M M ML ML ML VH VH VH
I-16 Avg. A/R Days M L ML M M ML ML ML VH VH VH
Output factors
0O-1 Total Carriage TEU VH L M VH VH M M M ML ML M
0-2 Average TEU per Ship H L M VH VH H M H H H M
0-3 Market Share H L VH VH M VH VH VH H H VH
0-4 Current Ratio M L VH VH M VH VH VH VH VH VH
0O-5 Asset Turnover VH L VH VH L M VH M M M VH
0-6 Operating Margin H L VH VH M M VH M VH VH M
0-7 EBITDA Margin M L VH ML M H VH H L L VH
0-8 Pretax ROA VH L M ML M M M M L L VH
0-9 Pretax ROE VH L VH H VH VH VH VH VH VH VH

from Fig. 3c, when the results obtained for both inputs and outputs are
combined, the average similarity ratio is identified as 0.798, which is a
high value.

The results obtained in the first stage of the validation test show that
the stability and consistency of the suggested model are substantially
satisfactory. Accordingly, it is realized that the suggested model gives a

14
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trustworthy assessment environment for practitioners.

b. Comparison between the results of proposed model and implemented
approaches: In this stage, the results of the T2NFN-EATWIOS approach
are compared with the results of the T2NFN-based Operational
Competitiveness Rating (OCRA) approach called T2NFN-OCRA (Parkan,
1994), which is another performance analysis technique. Moreover, we
combine both T2NFN approaches with some objective weighting tech-
niques such as Criteria Importance through Intercriteria Correlation
(CRITIC) (Diakoulaki et al., 1995) and Entropy (Shannon, 1948). In
addition to the proposed model, five T2NFN combinations are imple-
mented. The comparison results are demonstrated in Fig. 3.

As shown in Fig. 3, the obtained ranking results are closer on a vast
scale except for some integrated T2NFN models by combining with the
entropy technique. Next, we compute the correlation coefficient be-
tween each pair of the T2NFN model. The obtained results and average
correlation coefficient value are presented in Table 14.

As seen in Table 14, the results of T2NFNOCRA are compatible with
the proposed model, and there are no severe and significant differences
among the results of the implemented models and combinations. It
proves that the recommended T2NFN model provides accurate, reliable,
and reasonable results.

c. Test the resistance of the proposed model to the rank reversal problem:
In the third stage, we check the resistance of the suggested T2NFN model
to the rank reversal problem. In these circumstances, we form 11 sce-
narios and remove the worst alternative in each scenario. Then, we
repeat the computations for the remaining alternatives. The obtained
results are given in Fig. 4.

When the obtained results are evaluated, only a slight change in the
ranking positions of Options A2 and A8 is observed, where no change is
observed in the ranking performances of the remaining alternatives.
Moreover, Al remains in the same rank for all scenarios as the best
option. These results prove that the offered T2NFN model is a maximally
consistent and stable decision-making method, as it is resistant to the
rank reversal problem. Even excessively changing the number of alter-
natives does not significantly affect the suggested model’s ranking
results.

In conclusion, the results of all phases of the sensitivity analysis
demonstrate the validity, robustness, and practicability of the developed
T2NFN-EATWIOS method. Thus, the recommended T2NFN model re-
veals a trustworthy and applicable decision-making environment to the
practitioners and can be implemented to solve highly complicated multi-
attribute decision problems in numerous fields such as business, engi-
neering, logistics, and transportation aside from the maritime industry.

5. Discussion and outlook

The developed model combines the superiorities of NN, T2Fs, and
the EATWIOS approach. Hence, the T2NFN-EATWIOS approach can
help make more rational, reasonable, and logical performance analyzes
for practitioners in various industries. Besides, it captures and processes
many complicated uncertainties that are predictable and unpredictable.
Thus, it can easily overcome many ambiguities. When the dynamic
structure of the maritime industry that causes many complex un-
certainties is considered, the proposed model presents a more unfixed
and realistic evaluation environment to the practitioners and executives
who are in the maritime industry. Furthermore, the T2NFN model can be
implemented to solve many complicated multi-attribute decision prob-
lems encountered in the container shipping industry. Furthermore, our
findings can be considered by decision-makers as a roadmap to improve
their competitiveness and abilities.

Even though the current research has many conceptual contributions
and managerial decision aids, there are some constraints in the current
study. First, it only deals with CSCs’ performance and does not consider
the performance of other shipping industries such as dry bulk, Ro-Ro
shipping, and tanker shipping. Secondly, it evaluates large-scale global
container shippers and does not consider small and regional shipping
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companies. In addition, some macroeconomic criteria have been
descoped, as it only evaluates the financial and operational performance
of the CSCs. Hence, some macroeconomic factors (i.e., GNP, GDP, na-
tional income) can be included in future studies to examine their im-
pacts on container shippers’ performances.

It is not possible to find data about some shipping companies, such as
Mediterranean Shipping Company (MSC), Evergreen Line, Mitsui O.S.K
Lines (MOL), and Nippon Yusen Kabushiki Kaisha (NYK), as they do not
publish their financial data and activity reports. Hence, these companies
have not been included in the scope of the current study because experts
do not have sufficient information on these shipping companies’ finan-
cial and operational performances. In addition, this research focuses on
the financial and operational performances of the CSCs only, and it does
not consider the sustainability and environmental performance of these
companies. However, these factors can influence the overall perfor-
mance of CSCs. Therefore, these factors can be incorporated into the
scope of the evaluation by authors carrying out future studies on this
issue.

Although the evaluated CSC owns more than 70 % of the container
shipping market, authors and researchers may consider adding some
shipping companies into the scope of evaluation in future studies.
Furthermore, even though the T2NFN-EATWIOS approach, which is the
proposed model in this work, is a robust, reliable, and applicable per-
formance analysis technique, authors carrying out future research and
studies may try combinations between EATWIOS and different fuzzy sets
such as spherical, picture, intuitionistic, q-Rung Orthopair, and Py-
thagorean fuzzy sets. Eventually, a user-oriented software can be uti-
lized to possess the modules with less computational complexity.

6. Conclusion

Developing new decision-making approaches can help to overcome
existing drawbacks, constructional problems, and deficiencies of the
decision-making techniques previously presented by various authors.
Therefore, each reasonable and logical suggestion adds advantages and
value to the literature. In addition, it can be accepted as continuous
improvement and development by the Multi-Criteria Decision-Making
(MCDM) community. It also helps practitioners in various fields to make
rational, logical, and reasonable decisions. Thus, making appropriate
decisions can contribute to increasing the sustainability, productivity
and effectiveness of the industries and institutions.

This study tried to present a novel efficiency analysis approach that
can deal with highly complicated uncertainties aside from its many
valuable advantages and contributions. A new algorithm was offered to
evaluate the organizations’ performance, i.e., companies, institutions,
and so on. Following the proposed algorithm of the model, the criteria
weights were calculated without requiring additional weighting tech-
niques. After the normalized criteria values were computed, distance
measures of each input and output factor were identified, and these
values helped to calculate the overall efficiency of each option. A real-
life selection problem faced by a large-scale Turkish freight forwarder
company concerning the selection of a CSC as a strategic partner was
handled to analyze the overall efficiency of the proposed T2NFN
approach. After implementing the developed model, a comprehensive
sensitivity analysis with three phases was performed to examine the
validity and robustness of the model. The results of the sensitivity
analysis revealed the consistency, stability, and robustness of the
T2NFN-EATWIOS model because significant and severe changes have
not been found in the ranking performance and productivity scores of
the alternatives even with excessive modifications. Although the clas-
sical version of the algorithm is already powerful and practical and
provides more realistic and efficient results in comparison with the other
efficiency analysis approaches, it cannot apprehend and process the
existing ambiguities; hence, this can be accepted as a great disadvantage
of the technique. This work proposed to extend the EATWIOS approach
with the help of the T2NFN set to improve and strengthen the EATWIOS
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Appendix A. The preliminary information about T2NNs

Definition 1. (Abdel-Basset et al., 2019): X is a limited universe of discourse and F[0, 1] is a collection of all triangular NNs. The T2NN s set of NN is denoted
as:

NN = (x, Tyy (x), Iyy (x), Fn (x)|x € X) (A1)

where Tyy(x) defines the truth degree, Inn(x) denotes the indeterminacy degree, and Fyn(x) is the degree of falsity.

Here, the 2nd abstraction level by taking into account the grades as T2NNS and thus, Twn(x) = (Tnn(r) (%), Innr) (), Faner) (%) ); Inn(x) =
(T (), Inngry (%), Fangry (%) ); and Fan (x) = (Tane) (X), Innge) (X), Fangr) (x) ). The unit interval involves all these grades.

Remark 1: For convenience, NN; = (Tj, I;, F;) is named the T2NN and collection of such numbers for T2NNs.

Definition 2. (Abdel-Basset et al., 2019): Let NN; and NN, be as before. Some operations with T2NN are defined as:
(1) Addition “@”

NNt & NN> = (((Tiry + Ty = Ty Tamy ) (T + Ty = Ty Ty ) (Taery + T
= Tur) Do) ) ) (L oy, iy Doy s ey Loy ) s (Fry-Fays Fiy-Fays Fiey -Far) ) )- (A2)
(2) Multiplication “®”
NN, ® NN, = ((Tur)-szv Tiy-Toys Taiey - Tor) ) ((llm + by = LpyLory ) (11<1> + Lay — Ly ) (11<F> + Lry = hyr) Do) ) ) ((F wr) + Far
~ Fun-Fan ), (Fn + Fa = FiaFay ) (Fiy + Fany = Fue-Famy ) ) ) (A3)
(3) Scalar multiplication, where A > 0
ANN, = (((1 - (- T1<T>)A>r (1 - (1= T1<1))*>, <1 - (1= Tl(f‘))j) )v (Fry Ty By ) s (Figrys Fiy Figr) ) (a4)

(4) Power, where A > 0

NN = (T Ty Tie) ) (1= 0 =)’ ). (1= 0= n0) ) (1= 0= 00)) ). (1= (1= Ry ) (1= (0= Fa)? ). (1= (1= Fi)' ) ) ).

(A5)
Definition 3. (Abdel-Basset et al., 2019): NNj is as before. Measures of score and accuracy can be computed as:
1
SINN1) = 35 8+ (Tury + 2Thy + Ty ) = (hery + 20y + Ty ) = (Finy + 2F10) + Fi) ) (A6)
1
AWNNY = 7 (T + 2T + Tur) = (Fiy + 2F10) + Fup) ), (A7)

where S(NN; ) and A(NN; ) are score and accuracy measures. These measures are useful to find the superior alternative. In other words, the convergent
classification values of each alternative are ordered with the help of score and accuracy values.

It should be noted that if S(NN; ))S(NN3), then NN; > NN, which means that NN is superior to NN,. If S(NN;) = S(NN;) and A(NN;))A(NNy), then
NN; > NN, which shows that NN; is superior to NN». Finally, if S(NN;) = S(NN) and A(NN;) = A(NN>), then NN; > NN,, denoting that there is no
difference between NN; and NN,.

Appendix B. Supplementary tables
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