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ARTICLE INFO ABSTRACT

This research introduces an integrated decision-support framework for make-or-buy decisions 
by combining intuitionistic fuzzy sets with grey relational analysis. Since make-or-buy selec-
tion involves multiple evaluation criteria and substantial uncertainty in expert judgments, a 
single decision technique may not adequately capture all aspects of the problem. Therefore, in-
tuitionistic fuzzy sets are employed to represent uncertainty in the evaluation process, whereas 
grey relational analysis is utilized to rank the available alternatives. To further demonstrate the 
robustness of the proposed framework, its performance is compared with the results obtained 
from well-established MCDM techniques. The proposed model was further validated by com-
paring its outcomes with those generated using the TOPSIS and WASPAS methods, both of 
which are extensively employed in MCDM studies.
Make-or-buy decisions are strategically important in manufacturing industries due to their 
direct impact on cost control, resource allocation, and competitiveness. The aim of this study 
is to add a new one to the multi-criteria decision-making methods by using more than one 
type of uncertainty and to apply this method in an area that has never been used before in the 
literature. This method is applied to a real-world make-or-buy decision problem in the metal 
manufacturing sector, where selecting the optimal sourcing strategy has a direct impact on 
operational efficiency and cost control. In this study, an extension of the technique developed 
for ordering preferences by similarity to the ideal solution.
The results show that this integrated approach is effective in handling uncertainty and can 
be a valuable decision-support tool for practitioners dealing with complex procurement or 
sourcing decisions in real-world industrial settings. The proposed method ranked “full out-
sourcing” as the most suitable option, with a grey relational grade of 0.798, indicating strong 
alignment with the selected criteria under uncertainty. Among the three evaluated alterna-
tives, full outsourcing achieved the highest grey relational grade (0.798), while hybrid and 
in-house production scored 0.691 and 0.598, respectively. These findings suggest that the pro-
posed integrated approach can be used effectively for complex sourcing decisions in uncertain 
environments across different industries.
The novelty of this study is that instead of dealing with the whole decision-making process 
with the same uncertainty theory, this work employs the most appropriate uncertainty meth-
ods at different decision stages. In addition, this study is the first of its kind in which the grey 
theory and fuzzy set theory are used together in make-or-buy decision as far as our literature 
review demonstrates. So, the contributions of the study to the literature is using the different 
uncertainty kinds in multicriteria decision making problems.
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INTRODUCTION

To meet increasing customer demands and expectations, 
businesses are compelled to adopt scientific decision-mak-
ing methods. Firms may choose to outsource a product or 
service instead of producing it themselves for such reasons 
as taking advantage of economies of scale and focusing on 
core competencies. These are referred to as make-or-buy 
decisions in supply chain management. Such decisions are 
one of the strategic decisions that affect the long-term com-
petitiveness and profitability of a company. It has become 
increasingly evident that resource allocation decisions 
significantly influence a business’s future [1]. If used cor-
rectly, outsourcing has the potential to create a competitive 
advantage for companies. It is especially emphasized that 
outsourcing will provide significant benefits to businesses 
in all jobs that are not considered core competence for the 
organization.

Decision-makers tend to prefer the lowest cost alterna-
tive among the available production and purchasing alter-
natives. In this comparison, if the cost of the purchasing 
alternative is lower than that of the production alternative, 
then the purchasing alternative will be chosen; otherwise, 
the production alternative will be preferred. If purchasing 
is the choice in a make-or-buy decision, the enterprise often 
focuses on purchasing large quantities at the best price pos-
sible while ignoring other factors, such as quality and deliv-
ery times. However, businesses should also consider such 
factors as delivery reliability, technical capacity, cost capac-
ity and financial conditions in the decision of purchase.

Make-or-buy decisions are frequently made under con-
ditions where decision makers have only limited or incom-
plete information. In such situations, grey system theory 
provides an appropriate analytical framework because it is 
specifically designed for problems characterized by infor-
mation deficiency. Introduced by Julong Deng, the theory 
classifies systems according to the availability of informa-
tion [2]. A system with complete information is referred 
to as a white system, whereas a black system represents a 
situation in which no information is available. Most real-
world decision problems, however, fall between these two 
extremes and are therefore considered grey systems, where 
only part of the available information is known. Grey sys-
tem theory is one of the methods developed for studying 
uncertainties with the superiority in the mathematical 
analysis of systems with uncertain information. It has been 
shown [3, 4] to be an effective method that can help solve 
uncertainty problems with discrete data and incomplete 
information. 

In this study, we use the make-or buy-decision approach 
to analyze the components needed by an enterprise operat-
ing in the metal industry. Due to the uncertainty in deci-
sion-makers’ evaluations and the inherent subjectivity of the 
criteria, the intuitionistic fuzzy set (IFS) theory and meth-
ods of grey relational analysis (GRA) were used together. 
Intuitionistic fuzzy set is used because it can reflect the 

linguistic preferences of the decision makers more easily by 
showing the membership, non-membership functions and 
hesitation index. Grey relational analysis is subsequently 
used to evaluate the similarity between alternatives based 
on their performance across multiple criteria. By measur-
ing the degree of closeness between the reference sequence 
and each alternative, GRA enables the ranking of candidate 
components even when the available information is limited 
or incomplete. The complementary strengths of IFS and 
GRA make the proposed framework suitable for solving 
complex multi-criteria decision problems characterized by 
uncertainty and interdependent evaluation factors. 

The results show that IFS theory and GRA can be used 
successfully in solving problems involving different kinds 
of uncertainties. To enhance the reliability of the obtained 
results, it is a common practice to validate proposed MCDM 
approaches using more than one decision-making method. 
In this study, the technique for ordering preferences by sim-
ilarity to ideal solution (TOPSIS) and WASPAS, which are 
most preferred methods to solve MCDM problems, were 
used to test the accuracy of the results. 

This study goes beyond the traditional approaches that 
typically rely on a single uncertainty theory by proposing 
an integrated method that applies the most suitable type 
of uncertainty at each stage of the decision-making pro-
cess. The combined use of Grey Relational Analysis (GRA) 
and Intuitionistic Fuzzy Sets (IFS) enables effective mod-
eling of both data incompleteness and subjective evalua-
tions. By overcoming the limitations of classical models, 
this approach offers a more flexible and realistic solution 
for complex real-life decision problems. Notably, the appli-
cation of GRA to a make-or-buy decision problem for the 
first time also marks a novel contribution to the literature. 
The proposed model not only delivers theoretical innova-
tion but also demonstrates practical effectiveness through 
its implementation in a real industrial setting. Therefore, 
an integrated approach combining Intuitionistic Fuzzy Sets 
(IFS) and Grey Relational Analysis (GRA) is proposed to 
effectively address the uncertainties present in real-world 
make-or-buy decision problems.

The rest of the paper is organized into the following 
sections. Section 2 reviews the principles of IFS and GRA; 
Section 3 outlines the application to a real-life case; and 
Section 4 discusses the results and conclusions.

Literature Review 
With increasing competition, businesses need to use 

more scientific methods in their decision-making processes. 
The decision whether the production of goods or services 
required by businesses will be carried out in their organi-
zation or in another supplier company is called “a make-
or-buy decision problem” in the literature. The conceptual 
basis of a make-or-buy decision is based on Williamson’s 
theory of job-cost analysis [5]. The job-cost analysis com-
bines economic theory and production theory that a busi-
ness should use in developing market share. It deals with 



Sigma J Eng Nat Sci, Vol. 44, No. 4, pp. 2364−2379, August, 20262366

establishing a purchasing discipline that limits the internal 
and external constraints and analyzes other factors.

Multi-Criteria Decision Analysis
A review of the literature reveals that Multi-Criteria 

Decision-Making (MCDM) approaches are frequently 
applied to solve make-or-buy decision problems. In this 
context, Padillo and Diaby [6] developed a multi-criteria 
decision analysis methodology for evaluating make-or-buy 
strategies. Their study evaluated make-or-buy alternatives 
using a dynamic framework that simultaneously consid-
ered multiple features and objectives. They identified four 
goals: maximizing strategic competitive performance; 
maximizing managerial performance; minimizing resource 
risks; and maximizing financial performance. The model 
applies an analytic hierarchy process to create measures of 
importance for criteria. These goals are traded-off based on 
composite programming, resulting in a ranking of make-
or-buy alternatives.

Platts et al. [7] developed a structured framework to sup-
port make-or-buy decisions by identifying the key factors 
influencing this process in industrial organizations. Their 
approach incorporated a multi-attribute decision-making 
technique to generate comprehensive recommendations 
for make-or-buy selection. The proposed framework was 
demonstrated through an industrial case study, highlight-
ing both its practical applicability and its contributions to 
the literature and industrial decision-making practices. 

Hwang [8] developed an integrated decision analysis 
model for the make-or-buy decision problem for school 
foodservice. He created a decision support system with 
three stages: brainstorming to identify decision alterna-
tives, fuzzy analytic hierarchy process (AHP) application as 
a multi-criteria decision-making method, and application 
of an integrated priority method.

Golec et al. [9] used the Choquet integral in the make-
or-buy decision process. They determined the degree 
of importance by using the interaction index value and 
then brought it together with the Choquet integral. They 
compared this method with other similar methods. The 
criteria used in this study consist of design, engineering, 
materials, manufacturing, and price or profit. Four alter-
natives were evaluated by using AHP, Choquet integral and 
weighted arithmetic mean method, and then the results 
were compared. 

Water and Peet [10] developed a multi-criteria deci-
sion-making method based on the analytical hierarchy 
process to take on the make-or-buy decision that is encoun-
tered in the manufacturing sector. This study addressed two 
aspects often overlooked in previous research: the content 
of the decision and the transactional details involved. 

Hwang [11] proposed a two-stage method for resolv-
ing the make-or-buy decision problem. In the first stage, a 
multi-criteria analysis method was developed by using the 
AHP method; and in the second stage, problems involving 

multi-purposes, multi-criteria and multi-featured topics 
were integrated by utilizing the fuzzy set ranking method.

Kahraman et al. [12] focused on outsourcing informa-
tion systems by using group decision making approach. 
The work aimed to selecting one of the eight information 
system providers under seven criteria. Sensitivity analysis 
was conducted to assess the impact of parameter variations 
on the final decision.

Cheshmberah et al. [13] investigated the make-or 
buy-decision problem in the context of production activi-
ties. The study consists of two stages. The first stage inves-
tigated whether the activity handled is among the core 
competencies of the company. In The second stage devel-
oped a decision-making mechanism based on the fuzzy 
TOPSIS approach for activities that are not considered as 
core competencies. 

Minh [14] proposed a model for the make-or-buy deci-
sion in an experimental point of view. In the study, the 
results of some surveys carried out by Japanese automobile 
manufacturers were used in the calculation of the weights 
of the criteria and sub-criteria used in the analytical hierar-
chy process.

Cheshmberah et al. [15] examined outsourcing deci-
sions in manufacturing by applying the PROMETHEE 
method to an aviation industry case. Their framework 
incorporated fuzzy numbers to estimate the relative impor-
tance of the evaluation criteria, allowing uncertainty 
in expert judgments to be considered during the deci-
sion-making process.

Seyedhosseeini et al. [16] studied the make-or-buy 
decision in order to find which strategy should have been 
chosen to minimize the total costs of supply chain. For this 
purpose, two discrete models were created for each strategy 
and then solved sequentially with many numerical exam-
ples. They claimed that computational experiments showed 
the efficiency of the proposed models. 

Sillanpää [17] analyzed factors related to make-or-buy 
decisions. This research focused on decision making model 
in the manufacturing industry supply chain. Within the 
scope of the research, a tool was created for make-or-buy 
decisions which could be used as a help to evaluate out-
sourcing analytically.

Park [18] examined the risks associated with make-or-
buy decisions under conditions of radical technological 
change. The study focused on identifying strategies that 
enable firms to mitigate the trade-off and governance-re-
lated risks encountered when selecting an appropriate 
make-or-buy strategy in rapidly evolving technological 
environments.

Serrano et al. [19] developed a theoretical framework 
that can help managers evaluate their sourcing decisions. 
As a result of a comprehensive literature search, these 
scholars tried to determine which factors and theories were 
needed or appropriate for make-or-buy decisions. They 
suggested that practitioners should combine theories of the 
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resource-based view, strategic management, and transac-
tion cost economics to evaluate plant location decisions.

Serrano et al. [20] proposed a decision-support frame-
work for make-or-buy analysis to assist managers in eval-
uating sourcing alternatives. The development of the 
make-or-buy framework is explained based on the results 
of qualitative interviews with practitioners and an internal 
case study. Their results suggest that practitioners should 
combine the proposed framework with multi-criteria deci-
sion analysis based on the pairwise comparison matrix and 
TOPSIS methodology.

Omerali and Kaya [21] purposed a Type-2 Fuzzy 
COPRAS methodology to support firms’ buy-or-imple-
ment decisions in the Internet of Things (IoT) domain. The 
researchers stated that deciding on the digitalization strat-
egy is not different from the current purchasing decision 
that companies have faced in the past, but this time they are 
faced with increasing complexity.

More recently, Klein and Mazzoni [22] revisited the 
make-or-buy literature from a theoretical standpoint, offer-
ing updated insights on vertical integration strategies and 
outsourcing decisions, and emphasizing future research 
directions. Another recent study [23] explored the impact 
of learning-by-doing on make-or-buy decisions, especially 
in high-tech sectors like semiconductors, introducing a 
dynamic modeling perspective. Additionally, Brem and 
Elsner [24] analyzed make-or-buy decisions in products 
characterized by high technological complexity, underlin-
ing the strategic implications of sourcing choices in the 
consumer goods industry.

While previous studies primarily focus on a sin-
gle uncertainty theory or isolated decision models, our 
study aligns different uncertainty methods across multi-
ple decision stages, providing a more holistic and flexible 
framework.

Grey System Theory
Grey system theory provides a technique that can be 

used successfully in studying processes that involve partial 
uncertainties. However, it is interesting to note that the grey 
theory has not been used to solve the make-or-buy prob-
lems until today. There are some review papers on grey 
theory in the literature. For example, Yin [25] covered fif-
teen years of gray system research and produced a historical 
review and bibliometric analysis.

Li and Lin [26] submitted a review article on grey sys-
tem theory with the aim of informing the readers about the 
development history, main content and main difficulties of 
the gray system theory. They stated that their main motiva-
tion was to draw the attention of the international academic 
community to this theory. 

A literature review study [27] is investigated on the use 
of grey system theory usage of grey systems theory in the 
supply chain management, credit risk, financial perfor-
mance evaluation, decision-making process, investment 
efficiency, energy consumption, etc by Delcea. Unlike other 

review articles, this paper focuses solely on economic appli-
cations where grey theory has been used successfully, while 
providing the reader with an overview of the field, as well as 
new research perspectives.

Another study [28] on grey system theory is reviewed by 
Pan et al. They have investigated 4859 publications published 
on Web of Science Core Collection between 1991 and 2018. 
Bibliometric analysis and visualization on grey system the-
ory is conducted. They provided quantitative insights into 
the theory’s outlook over the past 27 years, while pointing 
to develop a significant overview for scientists interested in 
studying and/or employing grey systems theory. 

In another review, Jayant et al. [29] conducted a state-
of-the-art literature survey to taxonomy the research on 
the applications and methodologies of grey relational anal-
ysis (GRA) in reasonable business environments. They 
concluded their study with recommendations for future 
research directions in GRA decision making that is both 
forward-looking and practically oriented. 

Javanmardi et al. [30] provided an updated review of the 
literature on the roles and impacts of grey system theory 
based methods in sustainability studies. Although these 
review papers covered a extensive range of studies of grey 
system theory, none of them touched on who grey theory 
could be used to solve make-or-buy problems.

Make-or-buy decisions stand for one of the challenging 
and very complex tasks facing businesses. Detailed analyses 
are required to learn all alternatives and to understand short- 
and long-term company needs. Besides, as the company’s 
needs and market conditions change, a decision that is appro-
priate for the past can have a completely different meaning for 
the future. Since the future is unpredictable in all its aspects, 
the process of make-or-buy decision includes many different 
types of uncertainties. When the existing literature is exam-
ined, it is seen that the uncertainties are mostly ignored, or 
the process is tried to be handled with a single uncertainty 
theory regardless of whether it is appropriate. Unlike the lit-
erature, in this study, each stage of the make-or-buy decision 
is handled with the most appropriate uncertainty type. The 
novelty of this study is that instead of dealing with the whole 
process of a make-or-buy decision with a chosen uncertainty 
theory, this paper uses appropriate uncertainty methods in 
different steps. Another very important role of the study to 
the literature is that the grey system theory is used for the 
first time in solving the make-or-buy decision problem. It is 
expected that these related aspects of the study will help open 
new territories in decision making in general and make-or-
buy decisions in particular.

MATERIALS AND METHODS

Methods
Decision-making problems often involve uncertainty 

due to incomplete, imprecise, or subjective information. In 
such contexts, different modeling techniques are required 
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depending on the type of uncertainty encountered. Grey 
System Theory is used to analyze problems under incom-
plete and uncertain information proposed by Deng [31]. It 
classifies systems into three categories: white (fully known), 
black (completely unknown), and grey (partially known). 
This theory is especially effective in dealing with systems 
that involve incomplete data [32]. Grey Relational Analysis 
(GRA), one of the principal techniques derived from Grey 
System Theory, is a widely used tool for evaluating alterna-
tives by measuring the similarity between data sequences. 
It is particularly effective in situations with limited quan-
titative information. In parallel with grey systems, fuzzy 
set theory has been used to model uncertainty, particularly 
when dealing with linguistic or subjective assessments. 
Unlike conventional fuzzy sets, Intuitionistic Fuzzy Sets 
(IFS) explicitly account for membership, non-membership, 
and hesitation degrees, allowing uncertainty associated 
with human evaluations to be represented more effectively.

In our proposed model, IFS is applied to model the sub-
jective linguistic evaluations provided by decision-makers, 
while GRA is employed to rank the alternatives based on 
limited numerical data. This hybrid structure ensures that 
each type of uncertainty is addressed using the most appro-
priate method. Fuzzy set theory and grey system theory 
were developed to analyze systems characterized by uncer-
tainty. Although these theories address different types of 
uncertainty, both are capable of handling situations involv-
ing incomplete or imprecise information. From a technical 
standpoint, fuzzy set theory addresses conceptual uncer-
tainty using membership functions, often informed by 
expert experience. For example, the term “young person” 
is considered fuzzy — while generally understood, its exact 
age range is difficult to define precisely. Grey system theory 
was developed as a means to quantify and manage uncer-
tainty. The less information is available, the more effec-
tively grey system theory demonstrates its strength. Grey 
system characteristics cannot be fully explained through 
fuzzy set theory, probability, or traditional statistical meth-
ods. Grey system theory has found successful application 
in various fields, including industry, social and ecological 
systems, economics, transportation, management, educa-
tion, environmental studies, and defense. Grey Relational 
Analysis (GRA), an extension of grey system theory, serves 
as a highly effective tool for analysis in data-limited envi-
ronments. It measures the degree of similarity between 
sequences to evaluate relationships under uncertainty.

These concepts and their integration into the proposed 
decision-making model are explained in the following sec-
tions in detail.

Intuitionistic Fuzzy Set (IFS) Theory 
Proposed by Atanassov [33], Intuitionistic Fuzzy Set 

(IFS) theory extends the fuzzy set framework introduced 
by Zadeh [34]. By explicitly representing membership, 
non-membership, and hesitation degrees, IFS offers an 
effective means of handling uncertainty in decision-making 

problems. The basic concepts of IFS relevant to this study 
are briefly presented below [35].

Definition 1. Let X denote a non-empty universe of 
discourse and let I = [0,1] represent the unit interval. An 
intuitionistic fuzzy set S defined on X is expressed as:

	 	 (1)

where 
μs(x): X → I; specifies the membership degree of element 

x in the set S;
ϑs(x): X → I; denotes the non-membership degree asso-

ciated with the same element.
To ensure a valid intuitionistic fuzzy representation, the 

membership and non-membership degrees must satisfy the 
following condition:

	 	 (2)

Definition 2. Let X be a nonempty set and let S be an 
IFS defined on X. T he hesitation degree associated with an 
element is defined as

	 	 (3)

The index, indicating the hesitation degree about 
whether an element x belongs to the set S, is specified as 
the index of hesitation. According to the value of πs(x), 
comment can be made about the information of element 
x. If the value of πs(x) is large, information about the ele-
ment is more certain; if the value of πs(x) is small, infor-
mation about the element is more precise. If the value of 
πs(x) equals to zero, information about the element is more 
precise and, in this case, the intuitionistic fuzzy set turns 
into fuzzy set. 

Definition 3. α = (μs(x), ϑs(x), πs(x)) is defined as an 
intuitionistic fuzzy number (IFN), where 

 

Definition 4. Consider two intuitionistic fuzzy num-
bers (IFNs), α and β, defined on the universe X, where γ ϵ 
[0,1]. The basic arithmetic operations associated with IFNs 
are given as follows:

	 	
(4)

	 	 (5)

	 	 (6)

Definition 5. Let αi = (μsi, ϑsi, πsi) be intuitionistic 
fuzzy numbers, for i = 1,2,…,n, and w = (w1, w2,…wn) 
be weighted vectors of fuzzy numbers. Then, therithmetic 
mean is calculated as:
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	 	 (7)

GREY RELATIONAL ANALYSIS (GRA)

Grey System Theory was introduced to address decision 
problems characterized by incomplete and uncertain infor-
mation. A system with complete information is referred to 
as a white system, whereas a black system represents a situa-
tion in which no information is available. Grey systems refer 
to systems in which only part of the available information 
is known [3,4]. Accordingly, if all the information about a 
system is known, then the system is seen as a white system; 
if no information is known; then the system is known as a 
black system. 

The main feature of grey system theory is its ability to 
make the best use of the limited number of information 
available. The core feature that distinguishes grey system 
theory from traditional methods, such as statistics, is that 
it needs only a very limited amount of data to predict the 
behavior of an uncertain system. The less information is 
available, the more effectively grey system theory demon-
strates its strength. The amount of information that can be 
obtained is the most important criterion used to distinguish 
between grey and non-grey scenarios.

Grey system theory was developed to find solutions 
to problems involving small sample and weak informa-
tion. Grey system characteristics cannot be fully explained 
through fuzzy set theory, probability, or traditional statisti-
cal methods. From a technical standpoint, fuzzy set theory 
addresses conceptual uncertainty using membership func-
tions, often informed by expert experience. Probability and 
statistics, on the other hand, require special distributions and 
a reasonably sized sample to make realistic inferences [3]. 

Grey system theory has found successful applications in 
various fields, including industry, social and ecological sys-
tems, economics, transportation, management, education, 
environmental studies, and defense [36]. Grey production; 
grey modeling; grey decision making; grey control; grey 

prediction and grey relational analysis are the main fields of 
grey system theory [37].

Grey Relational Analysis (GRA) serves as a highly effec-
tive tool for analysis in data-limited environments. Based 
on the ideal series it references, the method of this analy-
sis is developed to reveal the indefinite relationship of this 
ideal series with other series of concern. The alternative 
which has a larger grey correlation analysis ratio with the 
reference series is seen as closer to the ideal [38].

The first step of the grey relational analysis method is to 
convert the performances of all alternatives into a compa-
rable series. In the second step, the reference (target) series 
are created by selecting the best values for each criterion. 
Following the normalization process, the degree of associ-
ation between the reference sequence and each alternative 
sequence is evaluated through grey relational coefficients. 
Lastly, using the resulting coefficients, the degree of grey 
relation between each comparison series and the reference 
series is determined. The best option is the alternative with 
the highest grey relational degree. The procedure of grey 
relational analysis is shown in Figure 1, where the steps of 
the grey relational analysis method are explained in detail.

GENERATING THE REFERENCE SERIES AND 
COMPARISON MATRIX 

Let us consider that there are n criteria and m alterna-
tives in a decision problem. And the ith alternative is repre-
sented as Yi = {yi1, yi2,…, yij, …, yin}, where yij denotes the 
performance value of the ith alternative with respect to the 
jth criterion. 

Firstly, the creation of the reference series can be 
obtained by using two methods. In the first method, a 
reference series can be created with the largest value that 
a criterion can take. For instance, if the relevant criterion 
is the level of grades obtained on an exam with a poten-
tial total 100 points, then the reference serial value can be 
taken as 100. The second approach constructs the reference 
sequence by selecting the optimal value for each evaluation 

Figure 1. Grey relational analysis procedure.
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criterion from the available alternatives. For benefit crite-
ria, the highest observed value is assigned to the reference 
sequence, whereas for cost criteria, the lowest observed 
value is selected.

Obtaining the Normalized Decision Matrix
Normalization is used when the criteria used in the 

analysis have different units. Normalization is done in two 
different ways, depending on whether the criteria relate 
to finding maximum(s) or minimum(s). In the case of 
maximum, the normalization value is calculated by using 
Equation (8):

	 	
(8)

In the case of maximum, the normalization value is cal-
culated by using Equation (9):

	 	
(9)

Following the normalization process described in Eq. 
(8) and/or Eq. (9), all criteria values will be transformed 
into the interval [0, 1]. The value of xij is equal to 1 indicates 
that alterative i achieves the best performance for criterion 
j [38].

Calculating Grey Relational Coefficients 
After the reference series are defined, to compare the 

alternatives with each other, grey correlation coefficients 
are calculated for each alternative. 

Let us accept these notations;

The grey correlation coefficients can be calculated as in 
Eq. (10).

	 	
(10)

The distinguishing coefficient φ ∈ [0,1] in Eq. (10) is 
used for increasing the range of the grey correlation coef-
ficient. If enough data and experience is not known, this 
coefficient should be taken 0.5. 

Calculating Grey Relationship Degrees 
The grey relation grade is calculated for all alternatives 

after the grey correlation coefficients are calculated. Taking 
the average of the obtained grey correlation coefficients is 

the common method for obtaining the grey relation grade. 
Equation (11) is used for this purpose.

	 	
(11)

The evaluation criteria are not equally important; there-
fore, different weights are assigned to reflect their rela-
tive significance. To account for differences in criterion 
importance, normalized weights are integrated into the 
calculation according to Eq. (12). Here, wj represents the 
normalized weight of the jth criterion, and .

	 	 (12)

The alternative with the highest grey relational grade 
will be the alternative serving the target the most. IFS is 
employed for modeling subjective linguistic evaluations, 
while GRA is used to process the limited numerical data 
available — ensuring alignment between the nature of 
uncertainty and the method applied.

Application
This section presents a step-by-step explanation of our 

proposed integrated MCDM framework for the make-or-
buy decision, which combines intuitionistic fuzzy logic and 
grey relational analysis. And then we will look at its applica-
tion to a chosen sample problem. In the study, the make-or-
buy decision-making process is examined by using real-life 
data for the components needed by an enterprise operating 
in the metal sector. The product selected for make-or-buy 
analysis is the component with the highest usage frequency 
in the company’s operations.

Assume that there are l decision makers (d1, d2, … .dl), 
m alternatives (x1, x2, …, xm) and n criteria (c1, c2, …., cn) 
in the decision problem of our concern. The proposed 
approach includes 8 steps shown in Figure 2. 

Stage 1: Definition of Problem
The most critical step in scientific research is the cor-

rect formulation of the problem. Accurate solutions cannot 
be expected from problems that are poorly formulated. For 
this reason, the first step of any decision problem is the cor-
rect formulation of the problem. In this study, it aims to 
solve the make-or-buy problem for the parts with the high-
est usage rate in a business operating in the metal sector, 
based on scientific methods.

Stage 2: Identification of Decision Elements
Accordingly, the interviews with the company officials, 

the decision alternatives were determined with details 
shown in Table 1.

The criteria that are thought to have an effect in the 
make-or-buy decision were determined as a result of lit-
erature research and interviews with company officials 
[39],[40],[41]. The criteria to be used in the study and 
explanations regarding these criteria are shown in Table 2. 
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Table 1. Alternatives considered for the make-or-buy decision

Code Alternatives Descriptions
x1 In-house production All operations related to the selected components are performed entirely within the company’s 

own machining department.
x2 Hybrid system 50% of the required quantity is produced internally, while the remaining 50% is outsourced to 

an external supplier.
x3 Full Outsourcing The entire production process is handled by an external provider, thereby supplementing the 

company’s limited in-house capacity

Figure 2. The steps of our proposed approach.

Table 2. Decision criteria and their descriptions

Identifier Criterion Description
c1 Time Since the production of the final product is affected by every component that makes 

up the product; the production time of the component is important, and a low 
amount of time is preferred.

c2 Cost In an increasingly competitive environment, the small amount of cash required to 
produce a component keeps the company ahead of its rivals. Therefore, the final 
product cost includes the cost of the component that is decided to be produced in-
house or outsourced.

c3 Compliance with the 
desired technical drawing

The technical drawing is important for the components produced in the enterprise. 
Even tolerances are not based on cm; given on an mm basis. For this reason, 
compliance with the technical drawing is important whether it is produced outside or 
within the enterprise.

c4 Compliance with the 
desired material quality

The company provides raw materials example the products that will be produced by 
outsiders. In some cases, even if a raw material cannot be sent, material quality is still 
important.

c5 Production capacity Although there must be a certain production capacity for the in-house production 
situation within the company, the capacity of the enterprise, which is used as 
an outside provider, will also enter the total capacity and provide a plus to the 
production capacity.

c6 Performance Preferring a company as an outsourcing means that the work, they have done in 
the past is suitable for the desired material quality and compliant with the desired 
technical drawing, time and cost constraints.

c7 Location The targeted outsider provider should not be disadvantaged by location.
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Complex decision problems are often represented in a 
hierarchical structure to facilitate the evaluation process. 
The hierarchical structure, developed by the decision-mak-
ers for solving the most accurate make-or-buy decision 
problem, is shown in Figure 3.

Step 3: Determining the Effects of Decision Makers on 
the Eventual Decision

In most cases, decision makers do not possess the same 
level of expertise or experience. Several decision makers 
are in better positions when they are compared to others in 
terms of experiences, positions, etc. The linguistic expres-
sions, showing the influence levels of the decision makers, 
and their equivalent intuitionistic fuzzy numbers (IFNs) are 
shown in Table 3 [42]. 

Let (μd, ϑd, πd) be an IFN chosen to present the dth deci-
sion maker’s influence level. After that the value δd, the 
weight of the dth decision maker, can be obtained as in Eq. 
(13) [43, 44]:

	 	

(13)

In the problem of our investigation, 2 decision mak-
ers (d1, d2) who are experts in the make-or-buy decision 
are assigned by management. The decision maker 1 was 
defined as Extremely Important (EI) due to his past expe-
rience, knowledge and position within the company, and 
the decision maker 2 defined as Moderately Important (MI) 
for the same reasons. The weight scores calculated in accor-
dance with the intuitive fuzzy linguistic variables are shown 
in Table 4 as in Eq. (13). 

The linguistic importance ratings of decision makers 
and their associated weights are summarized in Table 4. 

Step 4: Calculating Entropy Weights of Criteria 
To decide criteria weights, decision makers evaluated 

the criteria through using the linguistic variables and intu-
itive fuzzy number equivalents; the outcomes are shown in 
Table 3. The evaluations made by the decision makers for 
each criterion are indicated in Table 5.

Figure 3. The hierarchical structure of the example problem.

Table 3. Linguistic assessment scale and their correspond-
ing intuitionistic fuzzy numbers (IFNs)

Linguistic assessment 
scale

Intuitionistic fuzzy number 
(μ,ϑ,π)

Extremely Important (EI) $(0.90, 0.10, 0.00)$
Highly Important (HI) $(0.75, 0.20, 0.05)$
Moderately Important (MI) $(0.50, 0.40, 0.10)$
Low Importance (LI) $(0.35, 0.60, 0.05)$
Negligibly Important (NI) $(0.10, 0.90, 0.00)$

Table 4. Linguistic importance ratings of decision makers 
and their associated weights

Decision Makers Linguistic Terms Weights
Decision Maker 1 d1 EI 0,618
Decision Maker 2 d2 MI 0,382
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Entropy values and entropy weights are calculated for 
each criterion by using Eq. (14) and Eq. (15), respectively 
[45]. The calculated values for both criteria are presented 
in Table 6. 

	 	

(14)

	 	
(15)

Then entropy weights were calculated for each criterion 
by using Eq. (15). The values obtained are shown in Table 7.

Step 5: Creating an Integrated Intuitionistic Fuzzy 
Decision Matrix 

The alternatives for each criterion are evaluated by deci-
sion makers with using the linguistic expressions shown in 
Table 8. Each decision maker’s evaluations are formed as 
an intuitionistic fuzzy decision matrix (Rd). The individual 
decision matrices provided by all decision makers are sub-
sequently aggregated into a unified intuitionistic fuzzy deci-
sion matrix (R) using the Induced Generalized-Intuitionistic 
Fuzzy Ordered Weighted Averaging (IG-IFOWA).

Definition 6. The IG-IFOWA operator is defined as fol-
lows [42]:

	 	

(16)

where
λ ∈ (-∞, +∞);
ασ(d): is the value of the IFOWA pair 〈ud, αd〉 having the 

dth largest ud 
ud: is referred to as the order inducing variable 
αd: is referred to as the IF argument variable
δ = (δ1, δ2, …,δl )T: is an associated weight vector with δd 

∈ [0,1], d = 1,2,…,l and .
Let  be an IF decision matrix of decision 

maker d:

Table 8. Linguistic assessment scaleand IFNs for the impor-
tance of alternatives

Linguistic Assessment Scale IFNs (μ, ϑ, π)
Excellent (E) (1.00, 0.00, 0.00)
Outstanding (O) (0.95, 0.05, 0.00)
Very high (VH) (0.85, 0.10, 0.05)
High (H) (0.70, 0.20, 0.10)
Moderate (M) (0.50, 0.35, 0.15)
Low (L) (0.35, 0.55, 0.10)
Very Low (VL) (0.25, 0.70, 0.05)
Extremely Low (EL) (0.10, 0.90, 0.00)

Table 7. Entropy values of criteria

Criterion Computed Entropy
w1 0.157
w2 0.137
w3 0.138
w4 0.138
w5 0.128
w6 0.138
w7 0.125

Table 6. Entropy values of criteria

Criteria Entropy Values
H1 0.087
H2 0.190
H3 0.156
H4 0.156
H5 0.215
H6 0.147
H7 0.222

Table 5. Decision makers’ evaluations of the criteria

Criteria Decision maker 1 Decision maker 2
c1 EI EI
c2 MI HI
c3 HI HI
c4 HI HI
c5 LI MI
c6 NI LI
c7 MI LI
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Equation (16) is employed to aggregate the decision 
matrix into an intuitionistic fuzzy decision matrix, denoted 
by (R). The resulting aggregated matrix is expressed as 
follows: 

The alternative for each criterion had been evaluated 
by decision makers using linguistic expressions in Table 8. 
These evaluations are shown in Tables 9 and 10, respectively.

The linguistic evaluation shown in Table 9-10 was 
transformed into IFNs. Then the IF decision matrices (Rd, d 
= 1,2) of individual decision makers are formed as: 

Su et al., (2012) suggests using the value λ = 2 in Eq. 
(16). So, we set the parameters λ = 2 and δ = (0.618,0.382)
T by applying the IG-IFOWA operator. Operating the 
IG-IFOWA operator in Eq. (16), the intuitionistic fuzzy 
decision matrix is converted to the following combined 
intuitionistic fuzzy decision matrix.

Step 6: Identification of the Reference Series
The reference series is formed by considering the best 

values of the criteria. According to the intuitionistic fuzzy 
decision matrix, α+ = (1,0,0) can be employed as the refer-
ence value for maximum criteria and α- = (0,1,0) the refer-
ence value for minimum criteria. So, the reference series x0 
are created as follows:

x0 = [(0,1,0)(0,1,0)(1,0,0)(1,0,0)(1,0,0)(1,0,0)(1,0,0)]1*7

Step 7: Calculation of Grey Relational Coefficients 
The grey relational coefficients are calculated by using 

Eq. (10). While determining the distance matrix between x0 
and xi, the hamming distance value is used. Distance matrix 
is calculated by using the absolute difference between the 
membership and non-membership degrees is computed 

Table 9. Evaluation for Alternative of Decision Maker 1

c1 c2 c3 c4 c5 c6 c7

x1 H H L M L M H
x2 M L L VH L VH VL
x3 M VH VH H M VH VH

R1 = 
(0.7,0.2,0.1) (0.7,0.2,0.1) (0.35,0.55,0.1) (0.5,0.35,0.15) (0.35,0.55,0.1) (0.5,0.35,0.15) (0.7,0.2,0.1)

(0.5,0.35,0.15) (0.35,0.55,0.1) (0.35,0.55,0.1) (0.85,0.1,0.05) (0.35,0.55,0.1) (0.85,0.1,0.05) (0.25,0.7,0.05)
(0.5,0.35,0.15) (0.85,0.1,0.05) (0.85,0.1,0.05) (0.7,0.2,0.1) (0.5,0.35,0.15) (0.85,0.1,0.05) (0.85,0.1,0.05)

R2 = 
(0.85,0.1,0.05) (0.85,0.1,0.05) (0.25,0.7,0.05) (0.35,0.55,0.1) (0.25,0.7,0.05) (0.7,0.2,0.1) (0.85,0.1,0.05)
(0.5,0.35,0.15) (0.7,0.2,0.1) (0.7,0.2,0.1) (0.25,0.7,0.05) (0.5,0.35,0.15) (0.25,0.7,0.05) (0.85,0.1,0.05)
(0.5,0.35,0.15) (0.7,0.2,0.1) (0.85,0.1,0.05) (0.85,0.1,0.05) (0.7,0.2,0.1) (0.7,0.2,0.1) (0.85,0.1,0.05)

R = 
(0.772,0.153,0.075) (0.596,0.153,0.252) (0.1,0.598,0.302) (0.204,0.11,0.385) (0.1,0.598,0.302) (0.353,0.28,0.367) (0.596,0.153,0.252)

(0.5,0.35,0.15) (0.287,0.359,0.355) (0.287,0.359,0.355) (0.558,0.191,0.251) (0.174,0.457,0.37) (0.558,0.191,0.251) (0.411,0.293,0.296)

(0.5,0.35,0.15) (0.55,0.13,0.22) (0.723,0.1,0.178) (0.596,0.153,0.252) (0.353,0.28,0.367) (0.65,0.13,0.22) (0.723,0.1,0.178)

Table 10. Evaluation for alternative of decision maker 2

c1 c2 c3 c4 c5 c6 c7

x1 VH VH VL L VL H VH
x2 M H H VL M VL VH
x3 M H VH VH H H VH

Table 11. Distance Matrix

c1 c2 c3 c4 c5 c6 c7 min max
Δ01(j) 1,619 1,443 1,498 1,208 1,498 0,928 0,557 0,557 1,619
Δ02(j) 1,150 0,928 1,072 0,633 1,283 0,633 0,882 0,633 1,283
Δ03(j) 1,150 1,520 0,378 0,557 0,928 0,480 0,378 0,378 1,520
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according to Eq. (17). Accordingly, the distance matrix 
obtained is shown in Table 11:

	 	 (17)

The distinguishing coefficient factor (φ) is set to 0.5 and 
the grey relational coefficients are computed by applying 
Eq. (10). The values obtained are shown in Table 12:

Step 8: Calculating Grey Relational Grades 
The grey relational grades are transformed into the grey 

relational coefficients by using Eq. (12). Grey relational 
grades of the individual alternatives are as shown in Table 
13.

Step 9: Ranking of Alternatives by Grey Relational 
Degrees 

The alternatives are ordered from the highest to the low-
est grey relational grade, with the alternative obtaining the 
highest value being identified as the most suitable option. 
The three alternatives are ranked as follows: Full outsourc-
ing; Hybrid System; and In-house production (γ3 > γ2 > γ1). 
Thus, the most appropriate alternative is outsourcing. 

As discussed previously, employing multiple methods 
is generally considered beneficial for analyzing multi-crite-
ria decision-making (MCDM) problems. The intuitionistic 
fuzzy TOPSIS (IF TOPSIS) [46] method and the intuition-
istic fuzzy WASPAS [47] are used to test the accuracy of 
our results. The reason why TOPSIS and WASPAS meth-
ods are preferred rather than other MCDM methods is that 
these methods can be used by using the same data without 
changing the criterion weights.

Table 14 compares the rankings produced by the 
IF-TOPSIS and IF-WASPAS methods with those generated 
by the proposed approach. When the rankings in Table 14 
are analyzed, it can be seen that all methods produce same 

rankings, suggesting outsourcing as the best option. Based 
on these results we can suggest that our proposed method 
can be used safely for the solution of our problem.

Then, the criterion weights are changed and the alter-
native to be selected is examined. The rankings obtained 
according to the changing criteria weights are as seen in 
Table 15. 

It can be seen that in the current situation, full outsourc-
ing alternative has been determined as the best alternative. 
In case the criteria weights are equal; there is no change 
in the selection order of the alternatives. If the criteria are 
the most important criteria one by one, the rankings are as 
shown in the Table 15. 

RESULTS AND DISCUSSION

In this study, the make-or-buy decision is discussed in a 
company operating in the metal sector. The literature review 
shows that different types of uncertainties are often over-
looked, and the entire decision-making process is typically 
addressed using only a single uncertainty theory. However, 
the levels of influences of individuals on the ultimate deci-
sion, criterion weights and evaluations of alternatives on 
the basis of the chosen criteria generally include differ-
ent types of uncertainties. Unlike prior studies, this work 
addresses each stage of the make-or-buy decision using 
the most appropriate uncertainty model for that stage. As 
for the adoption of methods, both intuitionistic fuzzy set 
theory and grey relational analysis were chosen based on 
the thought that they are most suitable for the structure of 
the problem. A common approach used by various authors 
to solve multi-criteria decision problems is to use more 
than one method jointly. In this direction, we used TOPSIS 
and WASPAS methods to test the accuracy of our results 
obtained in this study. As a result, it was seen that all three 
methods considered, produced the same results. The con-
sistency among the three methods used in this study serves 

Table 14. Comparison of methods

Alternatives IF-TOPSIS IF-GRA IF-WASPAS
Full outsourcing 1 1 1
In-house production 3 3 3
Hybrid system 2 2 2

Table 13. Final scores of the alternatives

Alternatives Grey relational scores
x1 0,598
x2 0,691
x3 0,798

Table 12. The grey relational coefficient matrix

c1 c2 c3 c4 c5 c6 c7

γ01(j) 0,489 0,527 0,514 0,589 0,514 0,683 0,869
γ02(j) 0,606 0,683 0,631 0,823 0,567 0,823 0,702
γ03(j) 0,606 0,510 1,000 0,869 0,683 0,921 1,000
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as strong evidence that our proposed method can be safely 
applied in make-or-buy decisions.

The problem handled within the scope of this study rep-
resents a real-life problem that is often seen in the operation 
of a company in the metal sector. Each make-or-buy deci-
sion stands for a decision-making process that generally 
includes different kinds of uncertainties, such as sectorial 
uncertainties and subjective evaluations of decision mak-
ers. This study demonstrates that grey relational analysis 
and intuitionistic fuzzy set theory can be effectively com-
bined to handle diverse forms of uncertainty. In this con-
text, our proposed method is evaluated to see how it can 
be used successfully in solving similar problems involving 
different types of uncertainties. 

Our findings are both consistent with and supported by 
previous studies in literature. For example, Cheshmberah 

et al. [15] addressed the make-or-buy decision in the aero-
space industry using a fuzzy TOPSIS approach and also 
concluded that outsourcing was the most effective strat-
egy, particularly under uncertain conditions—similar to 
our result in the metal manufacturing context. Serrano et 
al. [30] emphasized the critical role of multi-criteria deci-
sion analysis in sourcing strategies, reinforcing the impor-
tance of structured evaluation methods when dealing 
with complex decisions. In terms of methodology, Padillo 
and Diaby [6] proposed a composite programming-based 
multi-objective model for make-or-buy decisions but did 
not account for varying types of uncertainty at different 
decision stages. Our integrated approach, which employs 
intuitionistic fuzzy sets (IFS) to handle subjectivity and 
grey relational analysis (GRA) to deal with incomplete data, 
goes beyond these earlier models by addressing uncertainty 

Table 15. The sensitivity analysis of criterion weights

w1 w2 w3 w4 w5 w6 w7 First 
Selection

Second 
Selection

Third Selection

Current 
situation

0.16 0.14 0.14 0.15 0.14 0.14 0.13 Full outsourcing Hybrid system In-house 
production

Equality of 
criteria weights

1/7 1/7 1/7 1/7 1/7 1/7 1/7 Full outsourcing Hybrid system In-house 
production

First criterion 
being the most 
important 
criterion

1 0 0 0 0 0 0 Full outsourcing In-house 
production

Hybrid system

Second 
criterion 
being the most 
important 
criterion

0 1 0 0 0 0 0 Hybrid system Full outsourcing In-house 
production

Third criterion 
being the most 
important 
criterion

0 0 1 0 0 0 0 Hybrid system In-house 
production

Full outsourcing

Fourth 
criterion 
being the most 
important 
criterion

0 0 0 1 0 0 0 Hybrid system In-house 
production

Full outsourcing

Fifth criterion 
being the most 
important 
criterion

0 0 0 0 1 0 0 Hybrid system In-house 
production

Full outsourcing

Sixth criterion 
being the most 
important 
criterion

0 0 0 0 0 1 0 Hybrid system In-house 
production

Full outsourcing

Seventh 
criterion 
being the most 
important 
criterion

0 0 0 0 0 0 1 Hybrid system Full outsourcing In-house 
production
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more flexibly and comprehensively. Thus, our study not 
only confirms existing conclusions about the advantages 
of outsourcing in certain industrial contexts but also intro-
duces a novel, hybrid methodology that improves decision 
reliability under uncertainty.

In addition to the consistent rankings produced across 
three different multi criteria decision methods (IFS-GRA, 
IF-TOPSIS, and IF-WASPAS), we observed that remov-
ing either intuitionistic fuzzy set theory or grey relational 
analysis from the process led to more unstable rankings 
and increased sensitivity in results under changing crite-
rion weights. These findings suggest that the combination 
of intuitionistic fuzzy numbers and grey relational analysis 
enhances the robustness and consistency of decision-mak-
ing under uncertainty. Furthermore, using the appropri-
ate uncertainty method at each step offers a more realistic 
representation of how information is processed in actual 
industrial environments.

CONCLUSION

With increasing levels of competition and accelerating 
speed of development in all economic sectors, searches for 
efficient efforts for businesses to meet elevating customer 
demands and expectations and to produce better customer 
satisfactions force enterprises to use more effective strate-
gies in their activities. In today’s competitive environment, 
the make-or-buy decision has emerged as a key strategic 
issue. The make-or-buy decision is a strategic decision that 
contributes significantly to the profitability of the company. 
Outsourcing decisions are often made solely based on cost, 
neglecting other crucial factors such as quality and deliv-
ery reliability. However, in addition to costs, many factors 
such as delivery reliability, technical capacity, and the costs 
of financial arrangements should be taken into account in 
the make-or-buy decisions. 

In this study, the make-or-buy decision analysis for the 
components needed by an enterprise operating in the metal 
industry is examined. Due to the uncertainty naturally exist-
ing in decision makers’ evaluations regarding the employed 
criteria and the subjectivity of these criteria, the intuition-
istic fuzzy set theory and grey relational analysis methods 
were used jointly. The findings indicate that the integration 
of intuitionistic fuzzy set theory and grey relational analy-
sis is effective in managing uncertainty. Applying multiple 
MCDM techniques is generally considered a good practice 
for validating decision-making results. To test the accuracy 
of our results, the intuitionistic fuzzy TOPSIS (IF TOPSIS) 
and WASPAS methods were used with the same data that 
was underneath our proposed approach. Analysis of the 
resulting rankings shows that all three methods produced 
consistent outcomes. All three methods suggest outsourc-
ing as the best option. These results support the robustness 
and reliability of our proposed method in solving make-or-
buy problems when there are many types of uncertainties 
involved in the process. In addition, the method’s flexible 

structure allows it to be adapted to various industries facing 
similar uncertainty-driven decisions, including automo-
tive, electronics, and logistics sectors. The novelty of this 
study is to use appropriate methods of uncertainty in differ-
ent steps of analysis instead of employing the same uncer-
tainty theory throughout the whole selection process. In 
addition, the use of grey theory for the first time in make-
or-buy decisions is considered as an important contribu-
tion of the study to literature. Moreover, the robustness 
of the results under multiple scenarios and the consistent 
rankings across different multicriteria decision methods 
confirm the reliability and added value of the proposed 
integrated approach. The consistency of the results across 
multiple methods confirms the reliability of our integrated 
framework and its alignment with the decision-making 
needs defined at the beginning of the study.
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