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Abstract: Considering constantly increasing global competition in the market and developing tech-
nologies, information systems (ISs) have become an important component of the business world and
a vital component of intelligent systems. An IS provides support for planning, controlling, analyzing
activities, and support in decisions by managing data throughout the organization to assist executives
in their decisions. The main function of an IS is to collect data spread between various parts of the
organization and business partners and to process these collected data to form reliable information,
which is required for decision making. Another critical function of an IS is to transfer the necessary
information to the point-of-need in a timely manner. ISs assist in the conversion of data and informa-
tion into meaningful outcomes. An IS is a combination of software, data storage hardware, related
infrastructure, and people in the organization that use the system. Many business organizations rely
on management information systems (MISs), and they conduct their critical operations based on
these systems. The existence of an efficient MIS is a requirement for the sustainability of any business.
However, MIS’s efficiency depends on the business’s requirements and nature. The compatibility
of MIS with business in the company is vital for the successful implementation of these systems.
The current study analyzes differences in expectations of manufacturing and service industries from
MISs. For this aim, a fuzzy multi-criteria group decision-making (F-MCGDM) model is proposed to
determine the differentiating success factors of MIS in both manufacturing and service industries.
Findings indicate that there are considerable differences in the needs of both industries from MIS.

Keywords: fuzzy multi-criteria group decision-making; management information systems; success
factors; industrial differences

1. Introduction

The availability of processed data is critical for any type of business, especially in a
highly competitive environment, because real-time access to correct information provides
executives of an organization to achieve an advantage against their competitors by taking
efficient, effective, timely, and strategically reliable decisions. Collecting the required
data, processing to convert it into information, and storing this information are the main
functions of an IS. These systems are defined as the combination of people, hardware,
software, data, procedures, and policies [1]. People in the system are called end users or
clients, who use, develop and operate the system. IS design is made toward end users’
requirements by system analysts. Hardware includes computers and other equipment
related to the process, storage, and transfer of data. Additionally, this hardware is a physical
interface between the IS software and the end user. All these components interact with
each other to handle information that flows inside the organization, and in many cases
between peers in the supply chain.

Most organizations require an information technology (IT) infrastructure. IT is con-
cerned with modern enterprise management functions such as manufacturing, marketing,
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banking, and financing [2]. A well-designed IT infrastructure is a necessity for a well-
performing IS. If IS is thought of as a production process in a manufacturing facility,
information can be assumed as the final product. If the final product (information) cannot
be delivered under a certain lead time and if it does not meet the customers’ (clients’)
requirements, customers will not be satisfied with the product, and the company will lose
its customers and future revenues [3]. IT contributes to innovation efforts by supplying in-
creased communication and coordination between different departments and helps reduce
the cost of transactions in an organization [4]. A successfully implemented IS, supported
by a sufficient IT infrastructure, increases the performance of the whole supply chain of the
organization via increased flexibility achieved in all operations between the peers in the
chain [5].

Information is one of the vital resources for an organization and the community. The
management efficiency of all modern business organizations is closely related to the per-
formance of the MIS used in the organization. As an important part of IS, MIS includes
data processing, database design, information system analysis, and design. The perfor-
mance of MIS can be evaluated with capabilities such as reporting accuracy, and delivery
of timely and correct information to different levels of the management hierarchy [6]. MIS
is defined as an integrated human–machine system for providing information to support
the operations, managerial activities, and decision-making functions of an organization [7].
However, ensuring the compatibility of MIS with the specific needs and business nature
of the organization is vital for the performance of the management. Hence, determining
the needs of the company and selecting the best MIS that satisfies these requirements is a
crucial process.

From the development viewpoint, IS is responsible for covering three main activities
to support the management of organizations, which are the business context, business
processes, and strategic content [8]. The business context covers all competitive variables
identified in the environment of the company. Business processes include analysis of
all business activities and their support systems, whereas strategic content supports the
implementation planning of the owner’s vision for the company. These activities promote
feedback, monitoring, recommendation, and opportunities for management [9]. One of
the most important benefits of an IS, especially an MIS, is that it allows many time-saving
opportunities in business processes. Therefore, in today’s highly competitive market
conditions, the ability to compensate for lost time caused by changes in business processes
by adopting proactive measures in the system is crucial. Hence, the importance of selecting
the right MIS system for the organization is one of the most important strategic decisions
companies face.

There are three key points of IS for business management applications: support of busi-
ness processes and operations, support of decision making by employees and managers,
and support of strategies for competitive advantage [10]. Therefore, the amount of accessi-
ble high-quality information is obtaining an increasing amount of importance for today’s
business organizations. ISs provide managers with easy and quick access to the available
information. ISs also include the ability to interact with other decision support systems,
external information sources, and data mining tools [11], which are all important resources
that assist executives of enterprises in their strategic and operational-level decisions.

Organizational strategy is identified with long-term goals and short-term practical
decisions that are taken accordingly to achieve the missions of the organization. An orga-
nization’s view of decisions made can be shaped by different cross-functional enterprise
systems with the help of available information resources [12]. Using enterprise systems is
a strategic way to improve the efficiency and effectiveness of business processes. There-
fore, companies being managed with reliable information develop strong relationships
with their customers, suppliers, and business partners for much longer terms. Therefore,
information flowing through MIS should also be visible and available for business partners
when needed.
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MIS provides managers with quick access to necessary information. External infor-
mation and potential data mining techniques are being used for information inquiries in
MISs, which may include interactions with other decision support systems [11]. By using
these systems, managers can compare the strategic goals of their company with practical
decisions they are making to control how their decisions would fit with the organizational
strategy. For these reasons, implementing an IS with the correct combination of software
and hardware infrastructure, including fault detection and automatic correction functions,
is important to ensure maintaining the high availability of the system whenever needed
throughout the enterprise [13].

The high visibility of information feature assists the process of sharing critical data
within the organization by providing a constant connection with the management. By do-
ing so, all components of the business processes, such as the flow of products, services,
and information, can be shared by the IS in real time between all business partners and
users [14]. Currently, IT and virtual supply chain management and protracted enterprises
attract increasing attention in supply chain management (SCM) literature and specific
issues within IS regarding inter-organizational information sharing [15]. Therefore, ISs
are responsible for making information visible to other organizations and business peers.
Consequently, the definition of the organizational link is redefined, and this new structure
forces the companies’ value chains to include all business partners. A reliable IS infras-
tructure with an effective MIS and real-time data-sharing capability are some of the main
requirements of using Internet of Things (IoT)-related technologies. Especially considering
the latest requirements of Industry 4.0, a well-implemented and effective MIS is a must for
organizations that want to keep their competitive advantage in the market.

Rapidly changing market conditions and the structure of an increasing number of
globally distributed organizations increase the dependence of managerial activities on
high-quality information availability, and MISs attracts more attention. According to the
Chief Information Officers’ survey, “Improving the IT quality” is one of the most important
issues for executives currently [16]. IT and software are the main components of any IS. IT is
a significant resource that should be deployed to foster enterprise-wide quality efforts [17].
Based on Dray’s traditional software quality measures, ISs are composed of features such
as correctness, reliability, usability, and maintainability [18]. Since quality is described as a
proportion to specifications, coming up to customers’ expectations, value, and excellence
by Reves and Bednar [19], all of these components contribute to creating high-quality
information by the ISs in the same way. Information quality is highly correlated with the
reliability of the information and business outputs considering that all data in the system
are wields used by business users of MIS. Thus, an MIS consisting only of relevant data will
help executives in making better decisions by providing easy-to-understand information to
its users. Therefore, any type of IS should provide reliable and high-quality information to
system users [20].

In many business sectors, IT infrastructure is constantly being upgraded so that it
can be developed and improved to assist in maintaining the quality of the IS. According
to the well-known IS success model developed by DeLone and McLean [21], information
quality has to be at an acceptable level in an IS to deliver reliable outputs to its users, which
can be tracked with reports or online screens [22]. Data quality is also a vital part of an
MIS since the usage of poor data results in poor-quality decisions. Furthermore, poor data
and ineffective IS performance negatively affect business organizations’ strategies [23].
Another important issue for ISs is that software used in the system must be determined by
considering all the components of the system, and it should be consistent with the overall
IS structure, since all components affect the overall performance of the system. Providing
an easy-to-use system certainly assists in efficiency increases throughout the company.
Consequently, the ease of use is influenced by the capabilities of users and the efficiency
of the IS [24], which can be acquired by ensuring a good fit between them. Therefore,
the selection of the correct IS system according to the structure and actual needs of the
organization is crucial for the success of the system and the organization.
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Many organizations are investing in new MISs to improve the quality and reliability
of their business processes. However, sometimes MISs encounter unexpected results such
as vague and redundant data because of incompatibility issues that affect the performance
of MIS application areas throughout the organization. For this reason, most ISs provide a
usability analysis framework for users that can help classification, identification, and pri-
oritization of potential errors [25]. In most of the current MISs, the classification of errors
includes usability and functional misfit issues. The most common cause of functional misfit
is due to system design, while usability misfit issues are caused by the system users’ faults
and their actions in the system [26]. All these issues can be easily reduced by selecting
the right system by considering the profile of the users in the company and planning the
implementation process before actual implementation by considering the type and needs
of the users.

IS provides increased performance and competitiveness for organizations and reduces
costs, lost time in nonvalue-added processes, and communication problems. Sarnikar and
Murphy [25] propose that an IS should be designed carefully so that it can be integrated into
the organizational actions by detailed analysis of each process. It is concluded that correctly
selected and implemented MISs support the flow of accurate and timely information in
business organizations and by doing so help managers maintain easy control of operations
to take effective decisions.

The main purpose of this study is to compare manufacturing and service industries
by considering different MIS success factors to determine the differences between these
two industries. Even though there are many studies inspecting success factors of MISs
and sector-specific analyses in the literature, it is difficult to find any studies that compare
manufacturing and service industries from the aspect of MIS performance criteria. The
main novelty of this study is to differentiate the success factors of MISs according to the
industry they will be used in. These differences will provide precious information for
both software developers and managers to design or select the best system for their needs.
Especially considering the high investment cost of these systems and their direct effect
on the performance of organizations, differentiating industry-specific expectations and
success factors for MISs is crucial for selecting the best system for organizations to achieve a
competitive advantage in the market, which depends on the improvement in the efficiency
of every single source in the organization from the strategic management point of view.
Another novelty of this study is the application of group-based fuzzy logic on an industrial
comparison of success factors of MISs.

The remainder of this study is organized as follows: In Section 2.1, an overview
of multi-criteria decision-making (MCDM) methodologies is presented, followed by a
discussion of using a fuzzy group decision-making methodology. Then, explanations of
the evaluation criteria used in the model are given in Section 2.2; next, the general structure
of the proposed framework of the study is presented. In Section 2.3, the steps of the
fuzzy MCDM method used in the study are explained. After that, the application of the
fuzzy decision-making model is demonstrated for the determination of criteria weights for
both manufacturing and service industries separately in Section 2.4. Finally, in Section 3,
differentiating factors are determined according to weight differences of criteria among
manufacturing and service industries.

2. Methodology
2.1. Multi-Criteria Decision-Making Methods

Determining the factors affecting the success of MIS requires the evaluation of dif-
ferent performance indicators. Different statistical analyses can be used to measure the
achievement rates of each indicator for each company for different industries. Correla-
tions between these indicators and their effect on the success of the company can also be
measured with statistical methods. However, these analyses require extensive real-world
data collection from a high number of companies to achieve reliable results. Even then, the
findings of these analyses will be limited to reflect the current situation in these companies
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rather than comparing the factors that affect the intended success levels, which can only
be expressed by the experts according to their experiences. To make a comparison of the
effects of different criteria and to use them together to evaluate the fitment of an MIS to
a specific business a framework that both weights the criteria and scores each to calcu-
late the overall success level is needed. Hence, personal preferences are the main type
of data to be used in the analysis; the need for fuzzy logic also arises to compensate for
human misjudgment in the aforementioned framework. Therefore, to design the intended
framework, a fuzzy MCDM approach is needed. Furthermore, consideration of different
industries requires different experts with different experiences; thus, implementation of
group decision-making rules is also necessary to develop the framework to strategically
align MIS functions for different industries.

Evaluations should be made by different experts from different industries to make a
comparison of different weights assigned to evaluation criteria according to the priorities
of different industries. An evaluation study as such requires the usage of MCDM methods.
All types of MCDM methods embody a series of iterative numerical procedures to weight
evaluation criteria and rank alternatives under these criteria by using the determined
weights to select the best [27]. Numerous different MCDM methods are applied to various
fields in the literature [28] since the structure of these methods allows researchers to apply
them in any area that requires a comparison of different notions. Although most of these
methods can be used alone, they can also be combined in a hybrid fashion to be used
together if necessary.

Among the wide range of methodologies developed throughout the years, the Analyt-
ical Hierarchy Process (AHP) is still preferred in recent studies because of its accuracy [29].
AHP has a more than 65% preference rate among authors in the literature [30]. AHP forms
the decision problem as a hierarchical structure that gives a chance to decision makers
(DMs) to make a more accurate and efficient decision by understanding the individual
effect of each criterion in the model [31]. As a powerful tool to assist DMs in complex
problems, AHP gives opportunities to synthesize the outputs to aid the decision-making
process [32]. However, in real life, not all evaluations can be made with certain expressions,
and not all criteria can be distinguished from each other with clear precision. Hence, the
availability of a fuzzy evaluation scale should include human ambiguity and uncertainty in
some cases when required by the model structure for more accurate and efficient decisions.
Therefore, the Fuzzy Analytical Hierarchy Processes (FAHP) can be applied to large-scale
problems by subjective consideration of different criteria by using pairwise comparison
matrices and then converting these decision matrices by applying fuzzy logic [33].

2.2. Industrial Difference Determination Framework for MIS Success

MISs are the backbone of any organization today. The importance of a well-performing
MIS cannot be neglected regardless of the industry; especially considering the requirements
of Industry 4.0, MIS systems have gained more importance. However, companies in the
service industry have differently structured organizational processes and requirements
than the ones in the manufacturing industry. Therefore, to differentiate the factors affecting
the success and performance of MISs in different types of organizations, a common set of
evaluation metrics should be used so that all these metrics can be applied to both industries
without any compatibility issues.

As an environmental factor, the industrial difference is an accepted factor in the
literature that affects the success of ISs [34]. However, it is difficult to come across any
studies focused on the analysis of industrial differences in the literature. The most related
study for industrial comparisons is by Ruivo et al. [35], who compared the manufacturing
and service industries from the aspect of assessed ERP value in companies, instead of
focusing on the industrial expectations from the MISs. An important portion of studies
in the literature is evaluating MIS success in specific sectors such as health care [36] or
construction [37] to define sectoral specifications and needs instead of conducting sectoral
or industrial comparison studies. Among these studies, the most popular research field is
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related to the confirmation and interrelation of IS success factors suggested by DeLone and
McLean [21] in different organizational populations [38] or specific sectoral applications
such as eGovernment IS success evaluation [39].

Most studies in the literature focus on the determination of success factors in compa-
nies being studied regardless of the industrial differences. A study by Rezaei et al. [40]
evaluated MIS success by using similar criteria in this study such as systems quality, in-
formation quality, and perceived ease of use by using multiple regression analyses and
confirmed the effects of these variables on MIS success. Lee and Kim [41] focused on
organization-specific contingencies such as top management support, size of the organiza-
tion, size of the MIS department, age of the MIS department, and level of structure of the
task to be replaced or supported by IS to evaluate the success of MIS during development
life cycle phases. A similar study focused on evaluating system success over different
MIS growth stages by considering relationships between management styles and user
participation [42]. Another study found that consultant effectiveness, the level of vendor
support, the length of the small business’s CBIS experience, the sufficiency of financial
resources, the level of CEO support, and the level of user participation are the factors
affecting the success of ISs in small businesses [43].

Some groups of studies focused on the business administration aspects of companies
while evaluating the MIS success factors. Agourram [44] suggests that culture affects the
perceived success of ISs. Another study conducted a cross-cultural analysis and found
that factors determining the success of ISs are also affected by the value orientations of
the culture [45]. While some other studies focused on the effects of user-specific factors
such as user training [46] and perception differences of different user groups [47], others
focused on the organizational theory and inspected the effects of organizational citizenship
behaviors [48] and transformational leadership [49] on the IS success.

Raymond [50] suggests that user satisfaction provides the most useful assessment
of MIS success in small organizations, and it is impossible to evaluate the effects of MISs
on company performance. However, the introduction of MCDM methods conducted
assessment studies to be applied using a wider range of evaluation metrics in analytic
applications. Thus, a study determining the success factors of executive ISs by using
the AHP method revealed that technical elements are less critical than information and
human factors and that adequate knowledge of the information requirements of users is
the most important critical success factor [51]. Therefore, matching the information needs
of an organization with the features presented by the IS emerges as an important aspect
of success.

Although reviewed studies in the literature contributed to the understanding of IS
success factors, a gap remained in the literature for studies focusing on industrial differ-
ences that affect these factors. However, understanding the industrial differences will assist
developers of MISs to customize their systems for the needs of service or manufacturing
companies in many general means and with ease. In addition, knowing the industrial
requirements would help executives select a better-performing MIS for their organizations.
The fitment of MIS to the organization is accepted as a success factor for an IS in the
literature [52]. In addition, understanding the specific requirements of different industries
will assist in uncertainty reduction and equivocality resolution during the MIS implemen-
tation stages to increase the success of the system in the organization [53]. Therefore, this
study fills the gap in the literature by determining differentiating factors of MIS success in
manufacturing and service industries. Results of the proposed F-MCGDM model state the
main differences between the manufacturing and service industries from the aspect of their
expectations from MISs, and these differences give an insight into the general nature of
these industries. Unlike similar studies in the literature, the findings of this study consider
industrial differences and results can be used for selecting a more promising MIS for a
specific type of industry.

The aforementioned specifications of MIS were merged to form fundamental suc-
cess components for these systems. Overall, MIS should include some components for
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better-managed organizations. The most important components of MISs were determined
by thirteen experts by consensus in this study, who were selected from different industries
and sectors. These criteria can be listed and summarized as follows:

• Support for the business processes (C1): Compatibility of MIS’s functions with the
actual processes and other systems in the organization.

• The visibility of information (C2): Ability to access all the information in the system by
all departments in the organization.

• The availability of information (C3): Existence and variety of data in the system.
• Quality and reliability of information (C4): Overall quality, real-time access possibility,

and validity of information processed by the system.
• Usability and functionality (C5): Ergonomics perspective of the user interface of

the system.

As can be seen, by the criteria definitions, they are all in subjective nature. Using an
MCDM method for comparisons and importance rating of such criteria is preferred over
using actual measurement approaches such as statistical methods. Moreover, the main
purpose of this study is to compare the importance of different criteria weights in different
industries instead of measuring the real-world data related to these metrics or comparing
different MISs. Hence, no quantitative evaluation scale is needed for this study, and the
pairwise comparison approach is preferred by using a 1–9 scale that is given in Table 1.

Evaluation of MISs’ success requires the evaluation of the aforementioned subjective
criteria. The subjective nature of these criteria and the lack of an exact measurement
scale for each complicate the evaluation phase of such criteria. Because of the structure
of MIS systems, as in all IS systems, the main success determination metrics depend on
the experience of users; this situation brings the need for consideration of the inexplicit
relative preferences of different persons. Hence, these criteria are difficult to measure
with objective measurement tools and methods, use of fuzzy logic in the evaluation of the
MIS success model is necessary to ensure the accuracy of the comparisons. Using crisp
comparison scales is difficult to evaluate subjective criteria accurately, and this structure of
the criteria provides suitable conditions for the FAHP application. The application of the
FAHP method requires pairwise comparison matrices filled by experts in the field. Hence,
the purpose of this study is to differentiate industrial differences, two groups of expert
comparison matrices have been collected from manufacturing and service industries. The
integration of group decision-making rules into MCDM methods improves the quality of
the results of these methods. However, most studies rely on a single DM in their analysis
by sacrificing the accuracy of findings for the ease of application procedures. In this study,
a fuzzy multi-criteria group decision-making (F-MCGDM) framework is proposed with the
use of triangular fuzzy numbers (TFN). For this purpose, six experts were selected from the
manufacturing industry, and seven experts were selected from the service industry to form
two groups of DMs. Evaluation of MIS success criteria is performed separately by these two
groups of DMs according to group decision-making rules by aggregating the individual
expert evaluations together by calculating the geometric mean for each group [54].

The proposed framework to evaluate the success of MISs and differentiate the man-
ufacturing and service industries according to weights assigned to each criterion can be
summarized as shown in Figure 1. The aforementioned evaluation criteria (C1–C5), which
are determined by the consensus of thirteen experts and literature reviews, are first com-
pared with each other by each DM, and the resulting pairwise comparison matrices are
grouped into two categories according to DMs’ industrial expertise. All DMs are selected
among executives of well-known companies in Turkey and were asked to evaluate specific
branches of their business. Six DMs from the manufacturing industry evaluated sectors
from automotive, plastics manufacturing, bedding and furniture manufacturing, food
manufacturing, and metal manufacturing. Seven DMs from the service industry evaluated
their business branches, which are a hospital, a bank, a restaurant chain, an insurance
company, an investment consulting company, a hotel chain, and a shopping mall.
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For the pairwise comparisons, a nine-point scale was used as suggested by Saaty, which
is given in Table 1. This pairwise comparison scale rates the strength of the relationship
between items (where 1: represents equal importance, 9: represents absolute importance,
and reciprocals can also be used to represent less important choices) [55].
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Table 1. Saaty’s 1–9 scale for AHP comparisons [56].

Importance
Intensity Definition Explanation

1 Equal importance Two activities contribute equally to
the objective

3 Moderate importance of one
over another

Experience and judgment slightly favor one
over another

5 Essential or strong importance
of one over another

Experience and judgment strongly favor one
over another

7 Compelling importance of one
over another

Activity is strongly favored and its
dominance demonstrated in practice

9 The extreme importance of
one over another

The importance of one over another affirmed
in the highest possible order

2, 4, 6, 8 Intermediate values Used to represent a compromise between the
priorities listed above

All collected individual evaluation matrices are checked for consistency by using the
AHP method, and after ensuring that no issues are related to consistencies, all individual
matrices are converted into fuzzy individual decision matrices with the use of TFN. After
that, to form group decision matrices, all individual matrices in each group are aggregated
with the use of geometric mean calculation. Finally, criteria weights in the resulting two
groups of decision matrices, for the manufacturing and service sectors, are then calculated
using the FAHP method.

2.3. Fuzzy Multi-Criteria Group Decision-Making (F-MCGDM) Framework

The fuzzy set theory was first introduced by Zadeh in 1965. Fuzzy set theory may
represent indistinguishable data [57]. The most popular fuzzy numbers in the literature
are triangular and trapezoidal fuzzy numbers, which are special types of fuzzy numbers
that are used to capture the uncertainty of the parameters [58]. Fuzzy decision making was
first used for the problems faced in the military services. In this study, weapon systems
were evaluated with fuzzy theory by considering technological levels, resistance times, the
capability of high mobility, and maintainability aspects. Fuzzy AHP was developed in the
following years to improve the accuracy of decision-making problems. Chang developed
a new method of the application of FAHP in 1999 using TFN for comparison, which uses
extent analysis to achieve each goal realized in the decision model [59].

Generally, fuzzy numbers are the natural generalizations of ordinary numbers. The
membership function (µ) of an ordinary number such as

..
a can be shown with

µ ..
a(x) =

{
1; x = a,
0; x 6= a.

(1)

Therefore, any real number can be stated as a fuzzy number [60]. Each TFN has a
linear representation on its right and left side, and the membership function of a fuzzy set
(M̃) can be described as [61]:

µ
(

x
∣∣∣M̃) =


0; x ≤ l,

(x−l)
(m−l) ; l ≤ x ≤ m,
(u−x)
(u−m)

; m ≤ x ≤ u,
0; x > u.

(2)

Three real number parameters, l, m, and u, describing a fuzzy event, indicate the
smallest probable value, the most promising value, and the largest possible value, respec-
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tively [62]. A fuzzy number should always be given by its corresponding right and left
representation of each degree of membership [61]:

M̃ =
(

Ml(y), Mr(y)
)
= (l + (m− l)y, u + (m− u)y); y ∈ [0, 1] (3)

In Equation (3), l(y) and r(y) denote the left-side representation and the right-side
representation of a fuzzy number. M̃ is a fuzzy number if only M̃ is a normal and convex
fuzzy set of x [63]. Fuzzy numbers indicate the membership grade ranging between 0 and
1 as illustrated in Figure 2.
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There are special operations regarding the TFNs. Assuming that M̃1 M̃2 are two posi-
tive TFNs, then various operations on TFNs can be demonstrated with Equations (4)–(8).

M̃1 ⊕ M̃2 = (l1, m1, u1)⊕ (l2, m2, u2) = (l1 + l2, m1 + m2, u1 + u2) (4)

M̃1 	 M̃2 = (l1, m1, u1)	 (l2, m2, u2) = (l1 − u2, m1 −m2, u1 − l2) (5)

M̃1 ⊗ M̃2 = (l1, m1, u1)⊗ (l2, m2, u2) ≈ (l1 × l2, m1 ×m2, u1 × u2) (6)

M̃1

M̃2
=

(l1, m1, u1)

(l2, m2, u2)
≈
(

l1
u2

,
m1

m2
,

u1

l2

)
(7)

M̃1
−1 = (l1, m1, u1)

−1 ≈
(

1
u1

, 1/m1,
1
l1

)
(8)

The above-mentioned functions and operations can be used during the application of
the FAHP method.

However, there are no consistency control or group decision aggregation steps embod-
ied in the FAHP algorithm. Hence, in the framework of this study, AHP consistency ratio
calculation steps were implemented first to ensure that the consistencies of all individual
DM evaluations are satisfied [29,56,65]. Second, calculation steps of the aggregated group
decision matrix are added to the FAHP algorithm to propose the F-MCGDM framework
that uses TFN and FAHP as the evaluation model of the study. The steps of the proposed
framework are as follows:

Step 1: Structure the hierarchy of the decision model.
Step 2: Collect all l DM evaluations to form the individual pairwise comparison matrices
for n criteria in the following matrix form:
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Ak =
[

ak
ij

]
=


1 ak

12 · · · ak
1n

1/ak
12 1 · · · ak

2n
...

...
. . .

...
1/ak

1n 1/ak
2n · · · 1

, k = 1, . . . , l; i = 1, . . . , n; j = 1, . . . , n (9)

aij represents the relative importance of the ith criterion to the jth criterion assigned by DM
k [54]. This matrix is used to calculate the eigenvalues and eigenvectors [66].

Step 3: To control the consistency of each l individual pairwise comparison matrix Ak,
computation of each maximum eigenvalue (λk

max) by using Equation (10) is needed. To be
used in these calculations, eigenvectors (Wk

i ) and Wk′ matrices can be calculated using
Equations (11) and (12), respectively.

λk
max =

(
1
n

)(
Wk′

1

Wk
1
+ · · ·+ Wk′

n
Wk

n

)
, ∀k (10)

Wk
i =

[
∏n

j=1 ak
ij

] 1
n

∑n
i=1

[
∏n

j=1 ak
ij

] 1
n

, ∀k (11)

Wk′ = Ak ×Wk =


1 ak

12 · · · ak
1n

1/ak
12 1 · · · ak

2n
...

...
. . .

...
1/ak

1n 1/ak
2n · · · 1

×


Wk
1

Wk
2

...
Wk

n

 =


Wk′

1
Wk′

2
...

Wk′
n

, ∀k (12)

λk
max should be appropriate to the eigenvector, so that they become the relative weight

values in the evaluation criteria [67]. Next, the consistency of each DM is checked in
terms of the consistency index (CI) and consistency ratio (CR), which are calculated using
Equations (13) and (14), respectively. CR values that are calculated as less than 0.10 are
acceptable as consistent comparisons [68].

CI =
λk

max − n
n− 1

(13)

CR =
CI
RI

(14)

The random consistency index (RI) value used in Equation (14) is the result of a large
number of simulations. It differentiates according to the order of the matrix, as seen in
Table 2.

Table 2. Random consistency index (RI) values [56].

N 1 2 3 4 5 6 7 8 9 10 11 12

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48

If a crisp pairwise comparison matrix (Ak) is found to be consistent, this implies that
the related fuzzy pairwise comparison matrix (Ãk) is also consistent for the kth DM [69].

Step 4: Individual pair-wise comparisons of each DM (Ak) should be converted into fuzzy
pairwise comparison matrices (Ãk) according to the linguistic scale presented in Table 3.
The membership function of the linguistic variables is also given in Figure 3.
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Table 3. The fuzzy scale of preferences [70].

Linguistic Variables Crisp Scale
Fuzzy Scale

TFN Reciprocal TFN

Equally Preferred (EqP) 1 (1, 1, 1) (1, 1, 1)
Equally to Moderately Preferred (Eq-MP) 2 (1, 2, 3) (1/3, 1/2, 1)

Moderately Preferred (MP) 3 (2, 3, 4) (1/4, 1/3, 1/2)

Moderately to Strongly Preferred (M-SP) 4 (3, 4, 5) (1/5, 1/4, 1/3)
Strongly Preferred (SP) 5 (4, 5, 6) (1/6, 1/5, 1/4)

Strongly to Very Strongly Preferred (S-VSP) 6 (5, 6, 7) (1/7, 1/6, 1/5)

Very Strongly Preferred (VSP) 7 (6, 7, 8) (1/8, 1/7, 1/6)
Very Strongly to Extremely Preferred (VS-ExP) 8 (7, 8, 9) (1/9, 1/8, 1/7)

Extremely Preferred (ExP) 9 (8, 9, 9) (1/9, 1/9, 1/8)
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Therefore, the fuzzy pairwise comparison matrix for kth DM (Ãk) is represented
as follows:

Ãk =



1
(

lk
12, mk

12, uk
12

)
· · ·

(
lk
1n, mk

1n, uk
1n

)(
1

uk
12

, 1
mk

12
, 1

lk
12

)
1 · · ·

(
lk
2n, mk

2n, uk
2n

)
...

...
. . .

...(
1

uk
1n

, 1
mk

1n
, 1

lk
1n

) (
1

uk
2n

, 1
mk

2n
, 1

lk
2n

)
· · · 1


, ∀k (15)

Step 5: According to group decision-making rules, l number of individual DM evaluations
should be aggregated using geometric means to form the initial group decision matrix
before proceeding to MCDM analysis [29]. The inclusion of this operation converts the
model into the MCGDM model. However, for TFN, geometric mean should be calculated
for each parameter separately in the TFN to calculate each member (ãG

ij ) of the aggregated

fuzzy decision matrix (ÃG). Computation of geometric mean on fuzzy numbers can be
performed using Equation (16) [71]. ÃG matrix constructed can be used in the remaining
steps of Chang’s extent analysis [58,59].
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ãG
ij =

 l

√√√√ l

∏
k=1

lk
ij,

l

√√√√ l

∏
k=1

mk
ij,

l

√√√√ l

∏
k=1

uk
ij

, ∀i; ∀j (16)

Step 6: Calculate the fuzzy synthetic extent values (Si) of the ith object for m goals by using
Equation (17) [61].

Si ≈
m

∑
j=1

M̃j
gi ⊗

[
n

∑
i=1

m

∑
j=1

M̃j
gi

]−1

(17)

To calculate Equation (17), perform the fuzzy addition operation of m extent analysis
values for a special matrix as shown below.

m

∑
j=1

M̃j
gi =

(
m

∑
j=1

lj,
m

∑
j=1

mj,
m

∑
j=1

uj

)
(18)

The inverse of the vector is calculated as follows:[
n

∑
i=1

m

∑
j=1

M̃j
gi

]−1

=

(
1

∑n
i=1 ui

,
1

∑n
i=1 mi

,
1

∑n
i=1 li

)
(19)

Step 7: The level of probability of M̃2 = (l2, m2, u2) ≥ M̃1 = (l1, m1, u1) is described as
given in Equation (20), and calculation of the degree of possibilities can be performed as
described in Equation (21) [72].

V
(

M̃2 ≥ M̃1

)
= sup

[
min

(
µM̃1

(x), µM̃2
(x)
)]

(20)

(
M̃2 ≥ M̃1

)
= hgt

(
M̃1 ∩ M̃2

)
= M̃2(d) =


1; m2 ≥ m1,
0; l1 ≥ u2,

l1−u2
(m2−u2)−(m1−l1)

; otherwise.
(21)

In Equation (21), d is the ordinate of the highest intersection point (D) between µM̃1
and µM̃2

as shown in Figure 4.
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for the
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Step 8: Calculate the weight vector by taking the minimum of the vectors for each crite-
rion [63]. The level of probability for a convex fuzzy number that is greater than k convex
fuzzy numbers M̃i (i = 1, 2, . . . , k) can be described as:

V
(

M̃ ≥ M̃1, M̃2, . . . , M̃k

)
= V

[(
M̃ ≥ M̃1

)
and

(
M̃ ≥ M̃2

)
and . . .

(
M̃ ≥ M̃k

)]
= minV

(
M̃ ≥ M̃i

)
; i = 1, . . . , k.

(22)

Step 9: Assuming that d(Ai) = minV(Si ≥ Sk) for k = 1, 2, . . . , n; k 6= i, calculate the
normalized weights using Equation (23) where W is a non-fuzzy number.

W = (d(A1), d(A2), . . . , d(An))
T (23)

where Ai = (i = 1, 2, . . . , n).

2.4. Application of F-MCGDM Model in Manufacturing and Service Industries

The evaluation framework of differentiating success factors of MISs for manufacturing
and service sectors is previously given in Figure 1, and evaluation criteria (C1–C5) are
explained in Section 2.2. For the application of the proposed F-MCGDM model, six experts
from manufacturing and seven experts from service industries evaluated the criteria as
DMs according to the scale in Table 1. Individual decision matrices (Ak) filled by all thirteen
DMs are given in Appendix A with their corresponding weights calculated using the
AHP method. λmax CI, and CR values are calculated using Equations (10), (13) and (14)
respectively, and they are presented in Table 4.

Table 4. Consistency calculations for crisp individual pairwise comparison matrices of DMs.

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10 DM11 DM12 DM13

λmax 5.29 5.33 5.40 5.41 5.26 5.25 5.25 5.34 5.42 5.30 5.25 5.25 5.18
CI 0.07 0.08 0.10 0.10 0.06 0.06 0.06 0.08 0.11 0.07 0.06 0.06 0.05
CR 0.06 0.07 0.09 0.09 0.06 0.06 0.05 0.08 0.09 0.07 0.06 0.06 0.04

As can be seen from Table 4, all consistency ratios are less than 0.10, which means that
all comparisons made by the DMs are consistent. In the next step of the F-MCGDM frame-
work, by using the linguistic scale given in Table 3, all Ak matrices given in
Appendix A in Tables A1–A13 are converted into fuzzy pairwise comparison matrices (Ãk)
as described in Equation (15). To demonstrate the conversion of a crisp evaluation matrix
into a fuzzy linguistic comparison matrix, the converted version of A13 is given in the fuzzy
form (Ã13) in Table A14, in Appendix B. Following the fuzzification of comparison matrices,
according to group decision-making rules, each group of Ãk matrices under each industry
are aggregated with the use of Equation (16) to form ÃG matrix for each industry. The
resulting aggregated fuzzy decision matrices for manufacturing and service industries are
given in Tables 5 and 6, respectively.

Table 5. Aggregated fuzzy decision matrix for the manufacturing industry.

C1 C2 C3 C4 C5

C1 (1.00, 1.00, 1.00) (2.00, 3.05, 4.08) (1.59, 2.12, 2.57) (0.63, 0.93, 1.35) (0.89, 1.35, 1.91)
C2 (0.25, 0.33, 0.50) (1.00, 1.00, 1.00) (0.63, 0.78, 0.95) (0.35, 0.47, 0.71) (0.35, 0.47, 0.71)
C3 (0.39, 0.47, 0.63) (1.05, 1.29, 1.59) (1.00, 1.00, 1.00) (0.31, 0.41, 0.56) (0.42, 0.53, 0.71)
C4 (0.74, 1.07, 1.59) (1.41, 2.12, 2.87) (1.41, 2.12, 2.88) (1.00, 1.00, 1.00) (1.12, 1.20, 1.26)
C5 (0.52, 0.74, 1.12) (1.41, 2.12, 2.88) (1.41, 1.89, 2.40) (0.79, 0.83, 0.89) (1.00, 1.00, 1.00)
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Table 6. Aggregated fuzzy decision matrix for the service industry.

C1 C2 C3 C4 C5

C1 (1.00, 1.00, 1.00) (1.22, 1.60, 2.00) (0.77, 1.06, 1.49) (0.28, 0.34, 0.47) (0.29, 0.36, 0.50)
C2 (0.50, 0.62, 0.82) (1.00, 1.00, 1.00) (0.70, 1.04, 1.45) (0.30, 0.39, 0.67) (0.33, 0.48, 0.79)
C3 (0.67, 0.94, 1.29) (0.69, 0.96, 1.43) (1.00, 1.00, 1.00) (0.35, 0.42, 0.55) (0.30, 0.39, 0.55)
C4 (2.12, 2.90, 3.62) (1.49, 2.53, 3.34) (1.27, 2.08, 3.02) (1.00, 1.00, 1.00) (1.22, 1.37, 1.49)
C5 (2.00, 2.77, 3.48) (1.27, 2.08, 3.02) (1.81, 2.58, 3.28) (0.67, 0.73, 0.82) (1.00, 1.00, 1.00)

Synthetic extent values (Si) for all criteria are calculated with Equation (17) for each
industry separately by using the data in Tables 5 and 6, and the results are given in
Tables 7 and 8.

Table 7. Synthetic extent values for the manufacturing industry.

li mi ui

S1 0.1644 0.2886 0.4807
S2 0.0691 0.1041 0.1705
S3 0.0851 0.1262 0.1978
S4 0.1532 0.2564 0.4236
S5 0.1385 0.2246 0.3659

Table 8. Synthetic extent values for the service industry.

li mi ui

S1 0.0910 0.1424 0.2347
S2 0.0725 0.1155 0.2034
S3 0.0772 0.1211 0.2073
S4 0.1815 0.3223 0.5362
S5 0.1728 0.2987 0.4989

For all synthetic extent values in Tables 7 and 8, the degrees of possibility of superiority
are determined using Equation (21) and are presented in Tables 9 and 10 for manufacturing
and service industries, respectively.

Table 9. Degree of possibilities for the manufacturing industry.

s(1 > 2) s(1 > 3) s(1 > 4) s(1 > 5) s(2 > 1) s(2 > 3) s(2 > 4) s(2 > 5) s(3 > 1) s(3 > 2)

M̃i(d) 1.0000 1.0000 1.0000 1.0000 0.0323 0.7947 0.1022 0.2100 0.1706 1.0000

s(3 > 4) s(3 > 5) s(4 > 1) s(4 > 2) s(4 > 3) s(4 > 5) s(5 > 1) s(5 > 2) s(5 > 3) s(5 > 4)

M̃i(d) 0.2552 0.3759 0.8893 1.0000 1.0000 1.0000 0.7590 1.0000 1.0000 0.8702

Table 10. Degree of possibilities for the service industry.

s(1 > 2) s(1 > 3) s(1 > 4) s(1 > 5) s(2 > 1) s(2 > 3) s(2 > 4) s(2 > 5) s(3 > 1) s(3 > 2)

M̃i(d) 1.0000 1.0000 0.2281 0.2836 0.8071 0.9579 0.0958 0.1432 0.8451 1.0000

s(3 > 4) s(3 > 5) s(4 > 1) s(4 > 2) s(4 > 3) s(4 > 5) s(5 > 1) s(5 > 2) s(5 > 3) s(5 > 4)

M̃i(d) 0.1137 0.1137 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9308

The weight vector for each criterion is calculated by finding the minimum degree
of possibility of the superiority of each criterion over another with Equation (22). Fuzzy
weight vectors calculated for each industry are then used for defuzzification to calculate
the normalized weight vector by using Equation (23). Weight vectors and normalized final
weights for manufacturing and service industries are given in Tables 11 and 12, respectively.
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Table 11. Weight vector for the manufacturing industry.

C1 C2 C3 C4 C5 MinV Wi

C1 1.00 1.00 1.00 1.00 1.00 1.00 0.35073
C2 0.03 1.00 0.79 0.10 0.21 0.03 0.01132
C3 0.17 1.00 1.00 0.26 0.38 0.17 0.05984
C4 0.89 1.00 1.00 1.00 1.00 0.89 0.31191
C5 0.76 1.00 1.00 0.87 1.00 0.76 0.26621

Total: 2.85

Table 12. Weight vector for the service industry.

C1 C2 C3 C4 C5 MinV Wi

C1 1.00 1.00 1.00 0.23 0.28 0.23 0.09632
C2 0.81 1.00 0.96 0.10 0.14 0.10 0.04045
C3 0.85 1.00 1.00 0.11 0.11 0.11 0.04802
C4 1.00 1.00 1.00 1.00 1.00 1.00 0.42222
C5 1.00 1.00 1.00 0.93 1.00 0.93 0.39299

Total: 2.37

In certain situations, some criteria weights can be calculated as zero in the FAHP
method, which cause inefficiencies during comparisons. When fuzzy weight vectors for
each industry are inspected, it can be seen that none of the elements resulted in zero value.
These results verify the effective use of FAHP in the proposed F-MCGDM framework, and
the findings confirm that the results can be used for the comparison and evaluation of MIS
success factors in manufacturing and service industries.

3. Results and Discussion

Calculation results of the proposed F-MCGDM model are ranked according to criteria
weights for each industry and are summarized in Table 13 for comparison. The weights
of each criterion are rounded up with two decimals and are converted into percentages
for ease of comparison. Initial findings indicate that there is a considerable difference in
the rankings of MIS success factors for each industry, especially in the most important
three criteria.

Table 13. Comparative weights and criteria rankings for manufacturing and service industries.

Manufacturing Industry Service Industry

MIS Success Factor Weight (in %) MIS Success Factor Weight (in %)

Support for the business processes (C1) 35.07 Quality and reliability of information (C4) 42.22
Quality and reliability of information (C4) 31.19 Usability and functionality (C5) 39.30

Usability and functionality (C5) 26.62 Support for the business processes (C1) 9.63
Availability of information (C3) 5.99 Availability of information (C3) 4.80

Visibility of information (C2) 1.13 Visibility of information (C2) 4.05

Considering the weight totals of each criterion, the quality and reliability of informa-
tion (C4) factor was found to be the most important success factor of MISs in the service
industry with a weight of 42.22%. C4 is also the second most important criterion for the
manufacturing industry with 31.19% weight. The difference in the ranking can be under-
standable when service business is considered. In the service industry, products (services)
are consumed at the point of production, which means that service companies have much
closer relations with their customers compared with manufacturing companies. This ser-
vice business property requires much faster and more reliable information available to
maintain service quality. Toleration buffer customers are much lower in the service industry
compared with the manufacturing industry, which results in a considerable difference in
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the weights of quality and reliability of information factors for both industries. In service
companies, any time lost during accessing information directly reflects on the customer-
waiting times in the system. In addition, there is much less chance of compensation and
errors made because of faulty information in the service business. Hence, quality and
reliability of information found are the most important requirements of an MIS in the
service industry.

According to total criteria weights, it can be said that the usability and functionality
(C5) factor was found as the second most important criterion in the service industry with
39.30% weight, whereas C5 ranked the third most important criterion for the manufacturing
industry with a weight of 26.62%, which makes it another differentiating factor. The reason
behind this can be explained by the higher usage frequency of these systems in service
companies and that prolonged usage times of MISs resulted in more weight to be assigned
to this factor. The main factor affecting the importance of C5 is the time-sensitivity of
service businesses since all nonvalue-added times to the processes to deliver services are
directly affecting the total waiting times of customers in the system. In manufacturing
companies, adjusting the following operations to compensate for the lost time can be an
option. In addition, the total time lost because of usability issues has a lower share in
the total cycle time of production compared to the service industry. Therefore, usability
and functionality factors are found to be considerably more important factors in service
companies compared with companies in the manufacturing industry.

Support for the business processes (C1) is found as the third most important MIS
success factor in total weights, and the third-ranking criterion for the service industry with
a weight of 9.63%, whereas C1 is the most important success factor in the manufacturing
industry with 35.07% weight. Considering the difference in weights, this criterion is the
most important differentiating factor in the manufacturing and service industries. The
dependence of manufacturing companies on their supply chains enforces these compa-
nies to rely on their enterprise resource planning (ERP) infrastructure more than service
companies. Considering the complexity of business processes in manufacturing compa-
nies, especially if the company plays a role as a peer in a global supply chain, real-time
information-sharing capabilities among the peers to coordinate activities play the most
crucial role in the manufacturing industry. Therefore, full support of all business processes
including the activities related to the tiers in the supply chain and integration with other
business software in the company is the most important factor that should be satisfied
by a successful MIS in manufacturing companies. Compared with manufacturing com-
panies, the relatively simpler business structure of service companies gives this industry
an advantage of finding more MIS vendors for their business, which are suitable for their
companies. However, the vendor of fitting MIS for the business structure is more limited for
the manufacturing companies; hence, support for the business processes criterion ranked
first in the manufacturing industry as the most important MIS success factor according
to findings.

The availability of information (C3) MIS success factor ranked fourth in both man-
ufacturing and service industries with weights of 5.99% and 4.80% for manufacturing
and service companies, respectively. Since C3 has the same rank and close weight values,
it cannot be said that this factor is a differentiating factor. However, manufacturing compa-
nies give slightly more importance to this criterion than service companies. Low weight
values for this factor can be explained by the purchasing and implementation phase of MIS
systems. Currently, most vendors of MIS systems offer the possibility of customization
of the systems during the implementation phase according to the needs of the company.
Therefore, when an MIS has been purchased, all the data and information expected to be
saved in the system are predefined by the company, and these requirements are imple-
mented by the vendors according to agreed conditions to satisfy the needs of the customer.
This procedure ensures the existence and expected variety of data in the system.
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Finally, the visibility of information (C2) criterion to evaluate MIS success ranked
last for both manufacturing and service industries. However, weights associated with
this success factor are different from each other to a degree. C2 has a weight of only
1.13% in the manufacturing industry, whereas it has a 4.05% weight in the service industry.
It can be said that service companies give more importance to the ability to access all the
information in the system by all departments in the organization by a small difference
than the manufacturing companies. The reasons behind the last place ranking of visibility
of information can be explained by the preference of executives to restrict the data and
information that can be accessed by some groups of users. In most companies, accessing all
the information in the system by all users is not a requirement. However, defining user
access permissions granted by the system administrator defines the information and data
accessible by each user in most MISs.

4. Conclusions

Requirements of today’s businesses increased the importance of ISs. Rapidly changing
market conditions and customer needs force companies to react quickly to these changes.
Adapting to constantly developing technological trends requires the existence of an effective
MIS in organizations to aid executives in their decisions to acquire a sustainable business.
However, ensuring the successful implementation of MIS requires a good fit of these
systems with the organization’s business. Understanding the differences in business
needs and differentiating factors related to MIS’s success must be determined for different
industries. Therefore, an F-MCGDM framework is proposed in this study to fill the gap in
the literature by determining the differences in expectations of manufacturing and service
industries from MIS.

The application of the proposed F-MCGDM framework to manufacturing and ser-
vice industries to evaluate the success factors of MISs revealed a considerable difference
between the expectations and requirements of companies in these industries from the
MISs. Selecting the right MIS according to the most important factors of the company by
considering the differentiating factors is important for the actual performance of MISs after
the implementation.

4.1. Implications of the Study

Differentiating factors of MIS success according to industries to which organizations
belong directly affect the selection criteria of these systems. The right selection of MIS,
which is suitable for the business that the company performs, has a positive effect on
the managerial performance of the organization. Results of the proposed F-MCGDM
framework clearly state the differences in priorities of manufacturing and service industries.
Weights associated with each success factor can be used by related companies during the
evaluation phase of MISs. By doing so, the efficiency and effectiveness acquired from the
MIS can be increased.

Industrial differences are emphasized because this study can also be used by system
developers to offer better and different customizations to manufacturing and service
companies. Understanding the need of these industries will aid developers in making the
required customizations with less effort and with more accuracy.

From the academic perspective, the application of a fuzzy group decision-making-
based MCDM model on the comparison problem of industries for the success factors of
MIS is a novel approach. The use of fuzzy logic in this area proved to give successful
results to reflect the different needs of different industries. It is expected that the findings
of this study will encourage researchers to conduct studies on similar applications in the
same field.

4.2. Limitations and Future Work

Nevertheless, this study has some limitations. Success criteria selected to evaluate
the success of MISs were deliberately limited for the application compatibility to both
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manufacturing and service sectors. The number and variety of these criteria can be in-
creased in future studies to evaluate differences between different business sectors by
defining additional sector-specific criteria. Finally, different MCDM methods can be used
to determine the differences in MIS success factors in various industries and sectors.
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Appendix A

Table A1. Individual pairwise comparison matrix of DM1 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 1.00 0.33 0.33 0.1304
C2 0.33 1.00 1.00 0.33 0.33 0.0675
C3 1.00 1.00 1.00 0.20 0.20 0.1063
C4 3.00 3.00 5.00 1.00 1.00 0.3479
C5 3.00 3.00 5.00 1.00 1.00 0.3479

Table A2. Individual pairwise comparison matrix of DM2 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 3.00 3.00 3.00 0.4101
C2 0.33 1.00 0.33 0.50 0.50 0.0707
C3 0.33 3.00 1.00 0.33 1.00 0.1367
C4 0.33 2.00 3.00 1.00 1.00 0.2121
C5 0.33 2.00 1.00 1.00 1.00 0.1703

Table A3. Individual pairwise comparison matrix of DM3 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 5.00 5.00 0.33 3.00 0.2947
C2 0.20 1.00 0.33 0.20 0.20 0.0414
C3 0.20 3.00 1.00 0.20 0.33 0.0760
C4 3.00 5.00 5.00 1.00 3.00 0.4276
C5 0.33 5.00 3.00 0.33 1.00 0.1603

Table A4. Individual pairwise comparison matrix of DM4 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 2.00 2.00 2.00 0.4317
C2 0.33 1.00 1.00 0.33 0.33 0.0607
C3 0.50 1.00 1.00 0.33 0.33 0.1043
C4 0.50 3.00 3.00 1.00 1.00 0.2016
C5 0.50 3.00 3.00 1.00 1.00 0.2016
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Table A5. Individual pairwise comparison matrix of DM5 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 2.00 3.00 3.00 3.00 0.4058
C2 0.50 1.00 2.00 3.00 3.00 0.2099
C3 0.33 0.50 1.00 3.00 3.00 0.2099
C4 0.33 0.33 0.33 1.00 1.00 0.0872
C5 0.33 0.33 0.33 1.00 1.00 0.0872

Table A6. Individual pairwise comparison matrix of DM6 for the manufacturing industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 1.00 0.33 0.33 0.1355
C2 0.33 1.00 1.00 0.33 0.33 0.0873
C3 1.00 1.00 1.00 0.33 0.33 0.1088
C4 3.00 3.00 3.00 1.00 1.00 0.2619
C5 3.00 3.00 3.00 1.00 1.00 0.4065

Table A7. Individual pairwise comparison matrix of DM7 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 0.33 0.33 0.33 0.1095
C2 0.33 1.00 0.33 0.20 0.20 0.0637
C3 3.00 3.00 1.00 1.00 0.33 0.2345
C4 3.00 5.00 1.00 1.00 1.00 0.2637
C5 3.00 5.00 3.00 1.00 1.00 0.3285

Table A8. Individual pairwise comparison matrix of DM8 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 3.00 0.33 0.33 0.1695
C2 0.33 1.00 1.00 0.50 0.50 0.0877
C3 0.33 1.00 1.00 0.33 0.33 0.0877
C4 3.00 2.00 3.00 1.00 1.00 0.3276
C5 3.00 2.00 3.00 1.00 1.00 0.3276

Table A9. Individual pairwise comparison matrix of DM9 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 1.00 0.50 0.33 1.00 0.1531
C2 1.00 1.00 0.50 0.50 2.00 0.1229
C3 2.00 3.00 1.00 1.00 1.00 0.2375
C4 3.00 2.00 1.00 1.00 1.00 0.2959
C5 1.00 0.50 1.00 1.00 1.00 0.1907
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Table A10. Individual pairwise comparison matrix of DM10 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 3.00 0.33 0.33 0.1695
C2 0.33 1.00 2.00 0.33 0.33 0.0877
C3 0.33 0.50 1.00 0.33 0.33 0.0877
C4 3.00 3.00 3.00 1.00 1.00 0.3276
C5 3.00 3.00 3.00 1.00 1.00 0.3276

Table A11. Individual pairwise comparison matrix of DM11 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 3.00 3.00 1.00 0.33 0.2151
C2 0.33 1.00 1.00 0.33 0.33 0.0717
C3 0.33 1.00 1.00 0.33 0.33 0.1113
C4 1.00 3.00 3.00 1.00 1.00 0.2680
C5 3.00 3.00 3.00 1.00 1.00 0.3339

Table A12. Individual pairwise comparison matrix of DM12 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 1.00 1.00 0.33 0.33 0.1093
C2 1.00 1.00 2.00 0.33 0.33 0.1093
C3 1.00 0.50 1.00 0.33 0.33 0.1093
C4 3.00 3.00 3.00 1.00 3.00 0.4086
C5 3.00 3.00 3.00 0.33 1.00 0.2633

Table A13. Individual pairwise comparison matrix of DM13 for the service industry.

Evaluation Criteria C1 C2 C3 C4 C5
AHP

Weight

C1 1.00 0.33 0.33 0.14 0.20 0.0466
C2 3.00 1.00 2.00 0.33 0.33 0.1191
C3 3.00 0.50 1.00 0.20 0.33 0.1075
C4 7.00 3.00 5.00 1.00 3.00 0.4707
C5 5.00 3.00 3.00 0.33 1.00 0.2560

Appendix B

Table A14. The fuzzy linguistic converted decision matrix of DM13.

C1 C2 C3 C4 C5

C1 (1.00, 1.00, 1.00) (0.25, 0.33, 0.50) (0.25, 0.33, 0.50) (0.13, 0.14, 0.17) (0.17, 0.20, 0.25)
C2 (2.00, 3.00, 4.00) (1.00, 1.00, 1.00) (1.00, 2.00, 3.00) (0.25, 0.33, 0.50) (0.25, 0.33, 0.50)
C3 (2.00, 3.00, 4.00) (0.33, 0.50, 1.00) (1.00, 1.00, 1.00) (0.17, 0.20, 0.25) (0.25, 0.33, 0.50)
C4 (6.00, 7.00, 8.00) (2.00, 3.00, 4.00) (2.00, 3.00, 4.00) (1.00, 1.00, 1.00) (2.00, 3.00, 4.00)
C5 (4.00, 5.00, 6.00) (2.00, 3.00, 4.00) (2.00, 3.00, 4.00) (0.25, 0.33, 0.50) (1.00, 1.00, 1.00)
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