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Abstract 

Selecting sustainable investment projects is a complex decision-making problem because 

economic, environmental, and social criteria must be considered simultaneously under 

uncertainty. This study develops a two-stage multi-criteria decision-making (MCDM) 

framework for sustainable investment project selection in the manufacturing sector, with 

uncertainty explicitly modelled using interval type-2 fuzzy sets. In the first stage, the In-

terval Type-2 Fuzzy Analytic Hierarchy Process (IT2FAHP) is applied to determine the 

weights of the sustainability dimensions based on the assessments of multiple decision-

makers, while the criteria within each dimension are assumed to be equally important. In 

the second stage, investment projects are ranked using the Interval Type-2 Fuzzy Multi-

Objective Optimization by Ratio Analysis (IT2FMOORA) and Interval Type-2 Fuzzy 

TODIM (IT2FTODIM) methods. Uncertain assessments are represented using interval 

type-2 triangular fuzzy numbers (IT2TFNs), and the proposed framework is tested 

through a real-world case study based on data and expert assessments obtained from a 

manufacturing company in central Serbia. The results show that both ranking methods 

identify the same project as the best alternative for forthcoming implementation. Overall, 

the proposed framework provides a structured decision-support approach for sustainable 

investment project selection by jointly considering economic, environmental, and social 

dimensions while explicitly addressing uncertainty in the decision-making process. 

Keywords: sustainable investment project selection; multi-criteria decision-making;  

uncertainty modelling; IT2TFNs; IT2FAHP; IT2FMOORA; IT2FTODIM 

 

1. Introduction 

Successful investment decision-making involves several stages, including the identi-

fication, development, evaluation, selection, and implementation of investment projects. 

An investment project represents an essential element of the investment process and is 

aimed at achieving predefined objectives within specific time and resource constraints. 

According to the Project Management Institute [1], a project is a temporary endeavor un-

dertaken to create a unique product, service, or result. Due to the increasing complexity 

of investment environments and the numerous factors influencing project success, 
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selecting the most appropriate investment project represents a complex decision-making 

problem. 

The evaluation and selection of investment projects require the consideration of mul-

tiple factors, including financial, technical, strategic, and risk-related aspects. Since inves-

tors often face uncertainty and conflicting criteria when making investment decisions, se-

lecting the optimal project represents a challenging managerial task that requires the ap-

plication of appropriate decision-support methods [2,3]. Investment projects can be se-

lected using either subjective or objective methods. The application of systematic meth-

ods, such as multi-criteria decision-making (MCDM) models, can provide more reliable 

and structured results by reducing the influence of subjective judgments of decision-mak-

ers (DMs). The determination of criteria weights represents an important step in the ap-

plication of MCDM models [4–11]. 

Traditionally, investment project selection has been primarily based on economic and 

financial indicators [12–15]. However, contemporary approaches emphasize the need to 

incorporate broader sustainability-related aspects into the evaluation process. Sustaina-

bility considerations enable organizations to assess investment alternatives from multiple 

perspectives, including economic viability, environmental impact, and social responsibil-

ity. Therefore, sustainability dimensions have become increasingly important in invest-

ment project selection, as they provide a more comprehensive assessment of project per-

formance [16]. The sustainability dimensions considered in this research are adopted from 

the framework proposed by [17]. 

When it comes to the evaluation and selection of investment and other types of pro-

jects, the relevant literature includes approaches based on different methodological and 

conceptual foundations. This diversity stems from the very nature of project selection and 

its multidimensional character. A common feature of these approaches is the use of 

MCDM models for project evaluation and selection. Researchers have addressed different 

aspects of project evaluation and selection. Jurík et al. [18] focused on project selection in 

accordance with sustainable development goals, while Awasthi et al. [19] analyzed urban 

mobility projects based on multiple criteria related to their impact on sustainability. A 

similar sustainability-oriented perspective was adopted by Bhattu et al. [20], who devel-

oped an approach for project selection based on socio-technical and environmental con-

sequences. In addition, MCDM models have also been applied to the selection of construc-

tion projects [21]. Nevertheless, the evaluation, selection, and ranking of investment pro-

jects in the manufacturing sector, particularly when economic, environmental, and social 

dimensions are considered simultaneously, remain insufficiently explored. 

Since sustainability dimensions and criteria are often evaluated using expert judg-

ments, uncertainty and subjectivity are unavoidable in the decision-making process. 

Fuzzy set theory provides an effective framework for representing imprecise and uncer-

tain information [5,22]. In general, the relative importance of sustainability dimensions, 

as well as uncertain criterion values, can be more easily expressed using linguistic terms 

than precise numerical values. The development of fuzzy set theory [23] has made it pos-

sible to quantitatively represent linguistic variables. Numerous studies have therefore ex-

tended MCDM approaches by incorporating different types of fuzzy sets [24–26]. This 

research focuses on MCDM methods enhanced with interval type-2 fuzzy sets (IT2FSs), 

which provide an effective framework for handling uncertainty in decision-making pro-

cesses [27,28]. 

Conventional fuzzy sets are capable of handling incomplete information but may not 

adequately represent the additional uncertainty that can arise in decision-making pro-

cesses. Type-2 fuzzy sets extend the concept of conventional fuzzy sets by allowing un-

certainty to be represented in the membership function itself. In addition to the member-

ship function, the granularity and domain of fuzzy sets represent important aspects of 
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their definition and application. The granularity is typically determined according to the 

assessments of DMs and the complexity of the considered problem [22,29–31]. 

In the first stage of the proposed model, the assessment of the relative importance of 

sustainability dimensions is formulated as a fuzzy group decision-making problem. The 

determination of the weights of sustainability dimensions is based on the Analytic Hier-

archy Process (AHP) [32], extended by incorporating interval type-2 fuzzy triangular 

numbers (IT2TFNs), resulting in the Interval Type-2 Fuzzy Analytic Hierarchy Process 

(IT2FAHP) approach. Previous studies have applied AHP integrated with type-2 fuzzy 

set theory to different decision-making problems [33–37]. These studies demonstrate dif-

ferent approaches to representing uncertain information in terms of both linguistic gran-

ularity and the domains of the corresponding type-2 fuzzy numbers. For example, in [37], 

the authors employed a nine-point linguistic scale, whereas [33] used three linguistic ex-

pressions and [34–36] applied five-point linguistic scales. Different domains have also 

been adopted, including (1–10) by [34], (1–5) by [33], and (1–9) by [35–37]. 

The analyzed IT2FAHP approaches also differ in the procedures used to process 

fuzzy assessments. The transformation of fuzzy pairwise comparison matrices containing 

type-2 fuzzy numbers into crisp pairwise comparison matrices can be performed using 

the defuzzification procedure proposed by [38]. The consistency of relative importance 

assessments can subsequently be evaluated according to the principles of conventional 

AHP. In addition, the fuzzy geometric mean operator combined with fuzzy arithmetic 

operations can be used to determine the fuzzy weight vector. The application of the fuzzy 

geometric mean enables the resulting type-2 fuzzy numbers to preserve the required 

properties of fuzzy sets. 

In the second stage of the proposed model, investment projects are ranked using 

MCDM methods integrated with IT2TFNs. Previous studies have combined Multi-Objec-

tive Optimization by Ratio Analysis (MOORA) [39] with IT2FSs, including [40–42], while 

interval type-2 fuzzy extensions of Interactive and Multicriteria Decision Making method 

(in Portuguese: Tomada de Decisão Interativa Multicritério; TODIM) [43] have been in-

vestigated by [44–47]. The analyzed studies differ in the representation of uncertain alter-

native values, the number of linguistic expressions, the domains of fuzzy numbers, the 

aggregation procedures, normalization procedures, and the transformation of fuzzy in-

formation into crisp values. 

Seven linguistic expressions were used to represent uncertain criterion values in sev-

eral studies [40,44,45], whereas nine-point scales were applied by [41,46,47], and a five-

point scale was used by [42]. Since the investment projects considered in this research are 

evaluated according to a large number of criteria, a nine-point scale is adopted to enable 

finer differentiation among their assessed values. Different domains have also been used 

to model uncertain criterion values. Several studies employed the interval (0,1) [40–

42,44,45], while [46,47] used a common measurement scale, as adopted in this research. 

The determination of the elements of the fuzzy decision matrix has frequently been 

formulated as a fuzzy group decision-making problem [40,41,44,45,48]. Different aggre-

gation procedures have been applied, including fuzzy arithmetic operators, the fuzzy ge-

ometric mean, and the Fuzzy Ordered Aggregation Operator. In other studies, the as-

sessed values of the fuzzy decision matrix were determined based on the consensus of the 

DMs [42,46,47], as is the case in the present research. Since decision-making problems 

generally include both benefit-type and cost-type criteria, appropriate normalization pro-

cedures are also required. For example, in papers [42,46], authors applied the normaliza-

tion procedure presented in [49,50]. 

In many previous studies, the fuzzy decision matrix was transformed into a crisp 

decision matrix [40–42,44,46]. Although this approach reduces computational complexity, 

the transformation may result in a loss of information contained in the original fuzzy 
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representation. Different defuzzification procedures have therefore been proposed, in-

cluding the procedure developed by [51] and the approaches proposed by [27,28]. 

Regarding the ranking procedure, conventional MOORA has been applied in previ-

ous studies, while modified variants have also been proposed. In this research, MOORA 

with a reference point is employed, representing an important distinction from the ap-

proaches considered in the analyzed studies. In the case of TODIM, previous studies have 

applied conventional TODIM or determined preference values using distances between 

type-2 fuzzy numbers. Different distance measures have been proposed for this purpose. 

In [45], the authors applied the distance measure developed by [52], whereas in [47] au-

thors employed the distance measure proposed by [53]. In the present research, the Ham-

ming distance is applied. 

The motivation for selecting these two methods, MOORA and TODIM, lies in their 

fundamentally different mathematical foundations and ranking principles. The proposed 

model therefore incorporates two complementary approaches, providing a basis for com-

paring the obtained results. 

The MOORA method is known for enabling the evaluation of alternatives based on 

the ratio of criterion values and incorporates a reference-point approach, whereas TODIM 

determines the relative dominance of alternatives based on preference relations between 

them. 

Therefore, the combined application of these two methods enables decision-makers, 

particularly in the context of investment project evaluation, to examine the problem and 

make decisions from two complementary perspectives. 

Based on the reviewed literature, the motivation for this research arises from the lim-

ited attention given to the ranking of investment projects in the manufacturing sector 

while simultaneously considering all three sustainability dimensions in an interval type-

2 fuzzy environment. Although IT2FAHP has been widely used to determine criteria 

weights, its application to determining the weights of sustainability dimensions in invest-

ment project selection remains insufficiently explored. Furthermore, the prioritization of 

manufacturing investment projects through the combined application of MCDM methods 

and type-2 fuzzy set theory has received limited attention. 

Accordingly, the main contribution of this research is the development of a two-stage 

fuzzy decision-making model for evaluating and ranking investment projects in the man-

ufacturing sector. The broader objective is achieved through: (a) modeling existing uncer-

tainties using IT2TFNs; (b) formulating the assessment of the relative importance of sus-

tainability dimensions as a fuzzy group decision-making problem and determining their 

weights using the proposed IT2FAHP; (c) determining the ranking of investment projects 

in the manufacturing sector using the proposed Interval Type-2 Fuzzy Multi-Objective 

Optimization by Ratio Analysis (IT2FMOORA) and Interval Type-2 Fuzzy TODIM 

(IT2FTODIM); and (d) identifying the most appropriate investment project while simul-

taneously considering all sustainability dimensions, the associated criteria, and their val-

ues. The application of the proposed model to real-world data demonstrates that both 

ranking approaches identify the same investment project as the best alternative for imple-

mentation. 

2. Materials and Methods 

2.1. Proposed Methodology 

In this section, the methodology used to solve the considered problem is presented. 

A two-stage fuzzy model is proposed, in which IT2TFNs are used to model uncertainty, 

while the algebraic operations required for their manipulation follow [27,28,38]. In the 

first stage, the determination of the weights of the sustainability dimensions is formulated 

as a fuzzy group decision-making problem. The weight vector of the sustainability 
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dimensions is determined using the proposed IT2FAHP. In the second stage, the invest-

ment projects are ranked using MOORA and TODIM extended with IT2TFNs. The pro-

posed methodology is presented in Figure 1. 

 

Figure 1. The proposed methodology. 

2.1.1. Defining the Set of Decision-Makers 

The assessment of the relative importance of the sustainability dimensions used in 

the evaluation of the considered investment projects is performed by multiple decision-

makers. 

The decision-makers are formally represented by the corresponding set of indices. 

The total number of decision-makers is denoted by 𝐸, while 𝑒 denotes the index of an 

individual decision-maker. 

The selection of DMs may itself be regarded as an important decision-making task. 

The Faculty of Engineering organizes and implements cooperation programs with repre-

sentatives of companies from the region. In this research, a panel discussion was orga-

nized to select the DMs. The panel included experts from different departments of the 

considered company, including management, quality control, production, and finance. 

Professors and PhD students whose research focuses on project management and who 

have participated or are currently participating in numerous projects also took part in the 

panel discussion. 

Based on the panel discussion, three DMs were selected based on their professional 

expertise and involvement in areas relevant to the economic, social, and managerial as-

pects of investment project evaluation: the Head of Project Management, the Head of Fi-

nancial Controlling, and the Human Resources Manager. 

The selected expert group was formed in accordance with the established practice 

within the company, meaning that the DMs who normally participate, together with the 

CEO, in this type of decision-making were included. At the same time, the three DMs 

considered cover functional areas that are essential for the evaluation of investment pro-

jects. This made it possible to consider the decision-making problem from multiple per-

spectives. The first perspective concerns project management, the second focuses on the 

financial aspect, and the third relates to the organization and employees. 
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2.1.2. Defining the Set of Sustainability Criteria 

Numerous studies in the literature evaluate projects according to multiple sustaina-

bility dimensions [16–21,54]. Some authors emphasize economic feasibility as the primary 

consideration in project evaluation, while environmental and social dimensions may re-

ceive less attention [20]. Analyses of the relevant literature have also shown that economic, 

social, and environmental dimensions are frequently examined separately rather than in 

an integrated manner [54]. Other studies combine two sustainability dimensions when 

defining the criteria set [19,21]. However, several studies incorporate all three dimensions 

and develop comprehensive sustainability frameworks for project selection [17,20]. 

Investment projects in the manufacturing sector represent a specific decision-making 

problem, as they can affect different aspects of business operations, primarily the produc-

tion process, but also costs and resource utilization, as well as the environment and em-

ployees. 

One of the most common and relevant examples in this context is the procurement 

of new production equipment, installation of a new production line, or process automa-

tion, where the decision on project selection is not based solely on economic benefits, but 

also considers a range of consequences that such a project may have on energy and mate-

rial consumption, waste generation, and, in general, the social environment. 

For this reason, in this research, the idea was to consider the problem holistically 

from three different but interdependent perspectives, i.e., sustainability dimensions: eco-

nomic, environmental, and social. The existing set of criteria, i.e., the criteria used for pro-

ject selection, is defined within these three groups and encompasses different aspects and 

consequences that an investment decision may have. The sustainability criteria used in 

this research for evaluating projects in the manufacturing sector are adopted and modified 

from [17] to reflect the context of manufacturing investment project evaluation (see Table 

1). 

Table 1. Sustainability criteria. 

Economic (𝒌 = 𝟏) Environmental (𝒌 = 𝟐) Social (𝒌 = 𝟑) 

Initial cost (𝑗 = 1) Fossil fuel consumption (𝑗 = 1) Territory management (𝑗 = 1) 

Revenues (𝑗 = 2) Noise (𝑗 = 2) Resource utilization (𝑗 = 2) 

Return on investment (𝑗 = 3) Air quality (𝑗 = 3) Service provision (𝑗 = 3) 

Duration of project (𝑗 = 4) Water resources quality (𝑗 = 4) Occupation of public space (𝑗 = 4) 

Production (𝑗 = 5) 
Climate and climate 

change (𝑗 = 5) 

Land use and 

transportation (𝑗 = 5) 

Management commitment (𝑗 = 6) 
Environmental 

management (𝑗 = 6) 
Representation (𝑗 = 6) 

Balance of payment (𝑗 = 7) Government regulations (𝑗 = 7) Community participation (𝑗 = 7) 

Resource consumption (𝑗 = 8) Energy management (𝑗 = 8) Household food security (𝑗 = 8) 

Project feasibility (𝑗 = 9) Water cycle management (𝑗 = 9) 
Employment 

opportunities (𝑗 = 9) 

Life cycle costs (𝑗 = 10) 
Materials and waste 

management (𝑗 = 10) 
Incentives and rewards (𝑗 = 10) 

Willingness to pay (𝑗 = 11)  Housing (𝑗 = 11) 

Affordability (𝑗 = 12)  Culture (𝑗 = 12) 

Operational cost (𝑗 = 13)  Security (𝑗 = 13) 

Financial risk (𝑗 = 14)  Work pressure (𝑗 = 14) 

Cost-effectiveness (𝑗 = 15)  Accessibility (𝑗 = 15) 

  Education and training (𝑗 = 16) 

  Healthcare facilities (𝑗 = 17) 

  Demography (𝑗 = 18) 
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  Risk to human health (𝑗 = 19) 

  Public awareness (𝑗 = 20) 

The considered criteria are classified as benefit-type or cost-type criteria according to 

the direction of preference. For benefit-type criteria, higher values indicate more desirable 

performance, whereas for cost-type criteria, lower values are preferred. For the economic 

sustainability dimension ( 𝑘 = 1 ), the benefit-type criteria are 𝑗 =

2, 3, 5, 6, 7, 9, 11, 12, and 15 , while the cost-type criteria are 𝑗 = 1, 4, 8, 10, 13, and 14 . For 

the environmental sustainability dimension ( 𝑘 = 2 ), the benefit-type criteria are 𝑗 =

3, 4, 6, 7, 8, 9, and 10, whereas 𝑗 =  1, 2, and 5 are classified as cost-type criteria. For the so-

cial sustainability dimension (𝑘 = 3), all criteria are classified as benefit-type criteria ex-

cept 𝑗 = 5, 14, and 19, which are classified as cost-type criteria. 

2.1.3. Defining the Set of Investment Projects 

In the general case, DMs may consider different investment projects. The set of in-

vestment projects is represented by the corresponding index set. The total number of in-

vestment projects is denoted by 𝐼, while 𝑖 denotes the index of an individual investment 

project. 

In this study, five investment projects identified by the analyzed company during the 

previous year for potential future implementation are evaluated: the procurement and 

installation of a new railcar floor production line for the Desiro HC platform (𝑖 = 1); the 

procurement and installation of a new Computer Numerical Control (CNC) machine with 

a working travel of 30 m for machining railcar floor components (𝑖 = 2); the procurement 

and installation of a robot for the automatic welding of railcar floor components (𝑖 = 3); 

the procurement and installation of a new railcar floor production line for the Desiro ML 

platform (𝑖 = 4); and the procurement and installation of a new railcar floor production 

line for the Mireo platform (𝑖 = 5). 

2.1.4. Choice of Appropriate Linguistic Variables for Describing the Uncertain Data 

It is assumed that the sustainability dimensions do not have equal importance and 

that their relative importance is assessed by the DMs. The relative importance of the sus-

tainability dimensions can be more appropriately expressed using linguistic terms than 

precise numerical values. The number and type of linguistic terms were selected for the 

considered problem by taking into account the complexity of the decision-making process 

and the ability of the DMs to distinguish between different assessment levels. 

In this study, the criteria within each sustainability dimension are considered to have 

equal importance. The main reason for this assumption is the large number of criteria 

included in the model. Determining separate weights for all 45 criteria would require a 

considerable number of pairwise comparisons and would place an additional burden on 

the decision-makers. There is also another issue related to the different numbers of criteria 

within the three dimensions. The economic dimension includes 15 criteria, the environ-

mental dimension includes 10 criteria, whereas the social dimension includes 20 criteria. 

If the weights of all criteria were determined directly, the number of criteria within a di-

mension would affect the individual weight assigned to each criterion. Under an equal-

weight assumption, for example, the average weight of a criterion would be 1/15 in the 

economic dimension, 1/10 in the environmental dimension, and 1/20 in the social dimen-

sion. Thus, a criterion from the environmental dimension would have a higher individual 

weight simply because fewer criteria are included in that dimension. To avoid such an 

effect, the model first determines the weights of the three sustainability dimensions and 

then distributes the weight of each dimension equally among its criteria. This allows the 
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relative importance of the dimensions to be determined independently of the number of 

criteria included in each dimension. 

Different measurement scales are used to define the domains of IT2TFNs used to 

model the predefined linguistic expressions. 

In this research, the DMs assess the relative importance of the sustainability dimen-

sions using the following five linguistic variables: 

• low importance (A1): ((1,2,3; 1), (1.5,2,2.5; 0.8)) 

• medium low importance (A2): ((2,3.5,5; 1), (2.5,3.5,4.5; 0.8)) 

• medium importance (A3):((4,5.5,7; 1), (4.5,5.5,6.5; 0.8)) 

• medium high importance (A4): ((5,7.5,9; 1), (5.5,7.5,8.5; 0.8)) 

• high importance (A5):((7,9,9; 1), (7.5,9,9; 0.8)) 

The values of the sustainability criteria are described using nine linguistic variables 

modeled by IT2TFNs: 

• extremely low value (V1): ((1,1,2.5; 1), (1,1,2; 0.75)) 

• low value (V2): ((1,2,3; 1), (1.5,2,2.5; 0.75)) 

• fairly low value (V3): ((1.5,3,4.5; 1), (2,3,4; 0.75)) 

• medium low value (V4): ((2.5,4,5.5; 1), (2,4,5; 0.75)) 

• medium value (V5): ((3.5,5,6.5; 1), (4,5,6; 0.75)) 

• fairly high value (V6): ((4.5,6,7.5; 1), (5,6,7; 0.75)) 

• medium high value (V7): ((5.5,7,8.5; 1), (6,7,8; 0.75)) 

• high value (V8): ((7,8,9; 1), (7.5,8,8.5; 0.75)) 

• extremely high value (V9): ((7.5,9,9; 1), (7,9,9; 0.75)) 

The domain values of these IT2TFNs are defined on the real line in the interval (1–9). 

Values of 1 and 9 represent the lowest and highest levels, respectively. 

2.1.5. The Proposed IT2FAHP for the Determination of the Weight Vector of  

Sustainability Dimensions 

The proposed IT2FAHP is implemented through the following steps: 

Step 1. Each DM assesses the relative importance of the sustainability dimensions 

using the predefined linguistic expressions modeled by IT2TFNs. 

[𝐴̃̃𝑘𝑘′
𝑒 ]

𝐾𝑥𝐾
 (1) 

Step 2. The fuzzy pairwise comparison matrix is transformed into a crisp pairwise 

comparison matrix using the defuzzification procedure proposed by [38]. The consistency 

ratio (CR) is then calculated for the resulting crisp matrix using the standard Saaty proce-

dure of the conventional AHP. 

[𝐴𝑘𝑘′]𝐾𝑥𝐾 (2) 

Step 3. The weight vector of the sustainability dimensions is determined at the level 

of each DM. 

[𝑊̃̃𝑘
𝑒]
1𝑥𝐾

 (3) 

Step 4. The aggregated weight vector of the sustainability dimensions is determined 

using the fuzzy geometric operator. 

[𝑊̃̃𝑘]
1𝑥𝐾

 (4) 

where: 
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𝑊̃̃𝑘 = √∏ 𝑊̃̃𝑘
𝑒

𝑒=1,..,𝐸

𝐸
 (5) 

Step 5. The normalized fuzzy weight vector of the sustainability dimensions is deter-

mined. 

[𝜔̃̃𝑘]1𝑥𝐾 (6) 

where: 

𝜔̃̃𝑘 =
𝑊̃̃𝑘

∑ 𝑊̃̃𝑘𝑘=1,…,𝐾

 (7) 

2.1.6. The Proposed IT2FMOORA for Determining the Rank of Investment Projects 

The proposed IT2FMOORA extends the MOORA method by incorporating IT2TFNs 

and is implemented through the following steps: 

Step 1. The fuzzy decision matrix at the level of each sustainability criterion is defined 

as: 

[𝑥̃̃𝑖𝑗]𝐼𝑥𝐽𝑘
 (8) 

The values of the sustainability criteria may be represented either as crisp numerical 

data, when objective measurements are available, or as uncertain values expressed using 

IT2TFNs when the assessment is based on linguistic evaluations. 

The elements of the fuzzy decision matrix are defined as criteria values, 𝑗, 𝑗 =

1,… , 𝐽𝑘 , 𝑘 = 1,… , 𝐾 for each investment project 𝑖, 𝑖 = 1, … , 𝐼. 

Step 2. The normalized fuzzy decision matrix is obtained using the linear normaliza-

tion procedure [27,28,55]: 

[𝑟̃̃𝑖𝑗]𝐼𝑥𝐽𝑘
 (9) 

• For benefit-type criteria: 

𝑟̃̃𝑖𝑗 =
𝑥̃̃𝑖𝑗

𝑥̃̃𝑚𝑎𝑥
 (10) 

𝑥̃̃𝑚𝑎𝑥 = max
𝑖=1,…,𝐼

𝑥̃̃𝑖𝑗  (11) 

• For cost-type criteria 

𝑟̃̃𝑖𝑗 =
𝑥̃̃𝑚𝑖𝑛

𝑥𝑖𝑗
 (12) 

𝑥̃̃𝑚𝑖𝑛 = min
𝑖=1,…,𝐼

𝑥̃̃𝑖𝑗  (13) 

Step 3. The aggregated fuzzy decision matrix is determined at the level of each sus-

tainability dimension: 

[𝑦̃̃𝑖𝑘]𝐼𝑥𝐽 (14) 

where: 

𝑦̃̃𝑖𝑘 = √∏ 𝑟̃̃𝑖𝑗
𝑗=1,…,𝐽𝑘

𝐽𝑘
 (15) 

Step 4. The weighted fuzzy decision matrix is determined as follows: 
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[𝑧̃̃𝑖𝑘]𝐼𝑥𝐾 (16) 

where: 

𝑧̃̃𝑖𝑘 = 𝜔̃̃𝑘 ∙ 𝑦̃̃𝑖𝑘 (17) 

The values of 𝑧̃̃𝑖𝑘, 𝑖 = 1,… , 𝐼;  𝑘 = 1,… , 𝐾 are presented by IT2TFNs according to the 

fuzzy algebra rules [27,28]. 

Step 5. The reference point is determined at the level of each sustainability dimen-

sion:, 𝑓𝑗
∗: 

𝑓𝑘
∗ = max

𝑖=1,…,𝐼
𝑧̃̃𝑖𝑘 (18) 

The comparison of IT2TFNs is performed using the corresponding procedure [56]. 

Step 6. The following matrix is constructed: 

[𝑚𝑖𝑘]𝐼𝑥𝐾  (19) 

𝑚𝑖𝑘 =
1

𝐾
∙ 𝑑 (𝑓𝑘

∗, 𝑧̃̃𝑖𝑘) (20) 

where: 

𝑑 (𝑓𝑘
∗, 𝑧̃̃𝑖𝑘)  where the Hamming distance represents the distance between two 

IT2TFNs. 

Step 7. The coefficient for each investment project is determined as follows: 

𝛿𝑖 = max
𝑘=1,…,𝐾

𝑚𝑖 (21) 

Step 8. The obtained coefficient values are arranged in ascending order. The invest-

ment project with the lowest coefficient value is ranked first and represents the best alter-

native. 

2.1.7. The Proposed IT2FTODIM for Determining the Rank of Investment Projects 

The first four steps of the proposed IT2FTODIM are identical to those of 

IT2FMOORA presented in the previous subsection. 

Step 5. The preference values of each considered investment project within each sus-

tainability dimension are determined as follows: 

𝑑𝑖𝑖′
𝑘 =

{
 
 

 
 √𝑑(𝑧̃̃𝑖𝑘, 𝑧̃̃𝑖′𝑘) 𝑧̃̃𝑖𝑘 > 𝑧̃̃𝑖′𝑘

0 𝑧̃̃𝑖𝑘 = 𝑧̃̃𝑖′𝑘

−√(𝑧̃̃𝑖𝑘 , 𝑧̃̃𝑖′𝑘) 𝑧̃̃𝑖𝑘 < 𝑧̃̃𝑖′𝑘

 (22) 

Step 6. The dominance degree of each considered investment project is determined 

as follows: 

𝛿𝑖 =∑ 𝑑𝑖𝑖′
𝑘

𝑘=1,…,𝐾
 (23) 

Step 7. The overall dominance degree for each investment project is determined as 

follows: 

𝜉𝑖 =
𝛿𝑖 − 𝛿

𝑚𝑖𝑛

𝛿𝑚𝑎𝑥 − 𝛿𝑚𝑖𝑛
 (24) 

where: 

𝛿𝑚𝑖𝑛 = min
𝑖=1,…,𝐼

𝛿𝑖 (25) 
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𝛿𝑚𝑎𝑥 = max
𝑖=1,…,𝐼

𝛿𝑖 (26) 

Step 8. The overall dominance values are arranged in descending order. The invest-

ment project with the highest overall dominance value is ranked first and represents the 

best alternative. 

2.2. Case Study 

The proposed model was tested using data obtained from a manufacturing company 

operating in central Serbia. The company produces aluminum components for railcars 

used in urban and regional trains. Due to the expected increase in demand for its products 

in the coming years, the company’s management is evaluating investment projects aimed 

at increasing its production capacity. 

The considered alternatives, i.e., investment projects, include the introduction or up-

grading of production lines, acquisition of new CNC equipment, and automation of the 

welding process. However, these alternatives may also differ in terms of resource utiliza-

tion, environmental impact, and consequences for employees, rather than solely from the 

perspective of economic benefits. 

For this reason, the problem considered in this case study was evaluated through the 

aforementioned dimensions, namely economic, environmental, and social, which fully 

corresponds to the structure of the proposed model. 

The required data were collected using two questionnaires developed for this study. 

The first questionnaire consisted of five predefined linguistic expressions used by the DMs 

to perform pairwise comparisons and assess the relative importance of the sustainability 

dimensions. The second questionnaire consisted of nine predefined linguistic expressions 

used to assess uncertain criterion values. Both questionnaires were distributed to the se-

lected DMs by e-mail. Unlike the assessment of the relative importance of the sustainabil-

ity dimensions, which was performed individually by each DM, the criterion values were 

determined through a joint assessment and expressed as a single consensus-based linguis-

tic evaluation for each investment project and criterion. The DMs discussed their assess-

ments together and, whenever possible, agreed on a common linguistic evaluation. When 

they could not reach an agreement, each DM gave an individual assessment, and the final 

evaluation was obtained by averaging these assessments. 

The DMs received clear information about the purpose of the study, their role in the 

process, and clear instructions for providing their assessments. The selection of the DMs 

was carried out through a panel discussion, while the questionnaires used to collect their 

assessments were distributed by e-mail. Their participation was voluntary, and oral con-

sent was obtained from all DMs. For ethical reasons, the names of the DMs and the com-

pany name are not reported in the study. In addition, the research did not involve exper-

iments with human participants or the processing of personal or sensitive data; therefore, 

the authors considered that formal approval from an ethics committee was not required. 

As the company does not have an established decision-support tool, the company 

representatives who participated in this research expressed interest in applying the pro-

posed model to the evaluation of future investment projects, as well as to other problems, 

such as supplier and raw material selection. As a practical advantage of the model, they 

highlighted the simultaneous consideration of economic, environmental, and social as-

pects, while, with certain modifications, the model could also be applied to other decision-

making problems within the company. 
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3. Results 

3.1. Application of the Proposed IT2FAHP for Determining the Weights of  

Sustainability Dimensions 

The assessments of the relative importance of the sustainability dimensions provided 

by the selected DMs are presented below. Based on these assessments, the corresponding 

fuzzy pairwise comparison matrices were constructed, and the individual weight vectors 

were determined according to Steps 1–3 of the proposed algorithm. 

Head of Project Management: 

[
 
 
 
 
 (
(1,1,1; 1)
(1,1,1; 1)

) 𝐴2 𝐴1

(
(1,1,1; 1)

(1,1,1; 1)
) 1/𝐴1

(
(1,1,1; 1)
(1,1,1; 1)

)
]
 
 
 
 
 

 [
1 3.40 1.95

1 0.55
1
] , 𝐶𝑅 = 0  

𝑊̃̃𝑘
1 = [(

(4,6.500,9; 1),
(5,6.5,8; 0.8)

) (
(1.533,1.786,2.500; 1),
(1.622,1.786,2.067; 0.8)

) (
(2.333,3.500,5; 1),

(2.900,3.500,4.167; 0.8)
)]  

The fuzzy pairwise comparison matrices of the relative importance of the sustaina-

bility dimensions for the other DMs, namely the Head of Financial Controlling and the 

Human Resources Manager, are presented below. 

Head of Financial Controlling: 

[
 
 
 
 
 (
(1,1,1; 1)
(1,1,1; 1)

) 𝐴3 𝐴5

(
(1,1,1; 1)

(1,1,1; 1)
) 𝐴1

(
(1,1,1; 1)
(1,1,1; 1)

)
]
 
 
 
 
 

, 𝐶𝑅 = 0.01  

Human Resources Manager: 

[
 
 
 
 
 (
(1,1,1; 1)
(1,1,1; 1)

) 1/𝐴4 1/𝐴5

(
(1,1,1; 1)

(1,1,1; 1)
) 1/𝐴1

(
(1,1,1; 1)
(1,1,1; 1)

)
]
 
 
 
 
 

, 𝐶𝑅 = 0.03  

The individual weight vectors of the sustainability dimensions for the Head of Finan-

cial Controlling and the Human Resources Manager were calculated as follows: 

𝑊̃̃𝑘
2 = [(

(12,15.500,17; 1),
(13,15.500,16.500; 0.8)

) (
(2.143,3.182,4.250; 1),
(2.654,3.182,3.722; 0.8)

) (
(1.444,1.611,2.143; 1),
(1.511,1.611,1.800; 0.8)

)]  

𝑊̃̃𝑘
3 = [(

(1.222,1.244,1.343; 1),
(1.229,1.244,1.315; 0.8)

) (
(6.333,9,11; 1),

(6.900,9,10.167; 0.8)
) (

(9,12,13; 1),
(10,12,12.500; 0.8)

)]  

The aggregated weight vector of the sustainability dimensions was determined using 

the fuzzy geometric mean operator according to Step 4 of the proposed algorithm: 

𝑊̃̃ = [(
(3.885,5.004,5.901; 1),
(4.472,5.004,5.577; 0.8)

) (
(2.750,3.712,4.888; 1),
(3.097,3.712,4.276; 0.8)

) (
(3.118,4.074,5.183; 1),
(3.525,4.074,4.377; 0.8)

)]  

Finally, the normalized fuzzy weight vector of the sustainability dimensions was de-

termined according to Step 5 of the proposed algorithm: 

𝜔̃̃ = [(
(0.243,0.391,0.605; 1),
(0.314,0.391,0.503; 0.8)

) (
(0.172,0.290,0.501; 1),
(0.279,0.290,0.385; 0.8)

) (
(0.195,0.319,0.531; 1),
(0.248,0.319,0.395; 1)

)]  
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3.2. Application of the Proposed IT2FMOORA for Ranking Investment Projects 

The assessed criterion values for each considered investment project were deter-

mined according to Step 1 of the proposed algorithm. The assessed values under the eco-

nomic, environmental, and social sustainability dimensions are presented in Table 2, Ta-

ble 3 and Table 4, respectively. 

Table 2. Assessed criterion values under the economic dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 0.95 1.70 0.75 0.69 0.80 

𝑗 = 2 203% 114% 43% 134% 110% 

𝑗 = 3 4.92 13.11 4.46 7.48 9.09 

𝑗 = 4 V3 V4 V5 V6 V5 

𝑗 = 5 V2 V3 V4 V5 V6 

𝑗 = 6 V4 V3 V3 V5 V4 

𝑗 = 7 V6 V5 V5 V3 V2 

𝑗 = 8 V5 V3 V3 V2 V2 

𝑗 = 9 V7 V6 V4 V3 V2 

𝑗 = 10 V4 V3 V3 V3 V2 

𝑗 = 11 V7 V7 V6 V5 V5 

𝑗 = 12 V8 V7 V7 V5 V4 

𝑗 = 13 V3 V5 V6 V7 V8 

𝑗 = 14 V2 V3 V4 V5 V7 

𝑗 = 15 V6 V7 V8 V6 V5 

Table 3. Assessed criterion values under the environmental dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 V6 V3 V2 V6 V5 

𝑗 = 2 V3 V6 V2 V3 V3 

𝑗 = 3 V4 V6 V3 V4 V4 

𝑗 = 4 V2 V2 V2 V2 V2 

𝑗 = 5 V1 V1 V1 V1 V1 

𝑗 = 6 V2 V2 V2 V2 V2 

𝑗 = 7 V3 V3 V2 V3 V3 

𝑗 = 8 V3 V5 V2 V3 V3 

𝑗 = 9 V2 V2 V2 V2 V2 

𝑗 = 10 V4 V2 V5 V3 V4 

Table 4. Assessed criterion values under the social dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 V8 V5 V3 V7 V9 

𝑗 = 2 V4 V3 V6 V3 V3 

𝑗 = 3 V2 V2 V2 V2 V2 

𝑗 = 4 V3 V3 V3 V3 V3 

𝑗 = 5 V7 V6 V5 V7 V6 

𝑗 = 6 V6 V9 V5 V7 V9 

𝑗 = 7 V7 V5 V2 V6 V5 

𝑗 = 8 V2 V2 V2 V2 V2 

𝑗 = 9 V7 V6 V5 V6 V8 

𝑗 = 10 V5 V5 V6 V5 V4 

𝑗 = 11 V3 V2 V4 V3 V3 

𝑗 = 12 V3 V3 V3 V3 V3 
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𝑗 = 13 V3 V3 V7 V4 V4 

𝑗 = 14 V5 V2 V7 V4 V5 

𝑗 = 15 V4 V7 V2 V6 V5 

𝑗 = 16 V5 V2 V6 V4 V5 

𝑗 = 17 V2 V5 V4 V3 V4 

𝑗 = 18 V2 V3 V1 V2 V2 

𝑗 = 19 V4 V5 V3 V4 V4 

𝑗 = 20 V4 V5 V6 V3 V4 

By applying Step 2 of the proposed algorithm, the normalized fuzzy decision matri-

ces were constructed. The normalized criterion values under the economic, environmen-

tal, and social sustainability dimensions are presented in Table 5, Table 6 and Table 7, 

respectively. 

Table 5. Normalized criterion values under the economic dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 0.726 0.406 0.920 1 0.862 

𝑗 = 2 1 0.562 0.212 0.660 0.542 

𝑗 = 3 0.375 1 0.340 0.571 0.693 

𝑗 = 4 (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) 

𝑗 = 5 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) 

𝑗 = 6 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 7 (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 8 (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) 

𝑗 = 9 (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 10 (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) 

𝑗 = 11 (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) 

𝑗 = 12 (
(0.778,0.889,1.200; 1),
(0.833,0.889,1.214; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 13 (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.118,0.143,0.455; 1),
(0.125,0.143,0.333; 0.8)

) (
(0.111,0.125,0.357; 1),
(0.118,0.125,0.267; 0.8)

) 

𝑗 = 14 (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.118,0.143,0.455; 1),
(0.125,0.143,0.333; 0.8)

) 

𝑗 = 15 (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.778,0.889,1.200; 1),
(0.833,0.889,1.214; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) 

Table 6. Normalized criterion values under the environmental dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) 

𝑗 = 2 (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) 

𝑗 = 3 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 4 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 5 (
(0.400,1,2.500; 1),
(0.500,1,2; 0.8)

) (
(0.400,1,2.500; 1),
(0.500,1,2; 0.8)

) (
(0.400,1,2.500; 1),
(0.500,1,2; 0.8)

) (
(0.400,1,2.500; 1),
(0.500,1,2; 0.8)

) (
(0.400,1,2.500; 1),
(0.500,1,2; 0.8)

) 

𝑗 = 6 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 7 (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) 

𝑗 = 8 (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) 

𝑗 = 9 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 
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 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 10 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

Table 7. Normalized criterion values under the social dimension. 

 𝒊 = 𝟏 𝒊 = 𝟐 𝒊 = 𝟑 𝒊 = 𝟒 𝒊 = 𝟓 

𝑗 = 1 (
(0.778,0.889,1.200; 1),
(0.833,0.889,1.214; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.833,1,1.1200;1),
(0.778,1,1.287;0.8)

) 

𝑗 = 2 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) 

𝑗 = 3 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 4 (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) 

𝑗 = 5 (
(0.118,0.143,0.455; 1),
(0.125,0.143,0.333; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.118,0.143,0.455; 1),
(0.125,0.143,0.333; 0.8)

) (
(0.133,0.167,0.556; 1),
(0.143,0.167,0.400; 0.8)

) 

𝑗 = 6 (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.833,1,1.1200;1),
(0.778,1,1.287;0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.833,1,1.1200;1),
(0.778,1,1.287;0.8)

) 

𝑗 = 7 (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) 

𝑗 = 8 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 9 (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.778,0.889,1.200; 1),
(0.833,0.889,1.214; 0.8)

) 

𝑗 = 10 (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 11 (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) 

𝑗 = 12 (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) 

𝑗 = 13 (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 14 (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.333,0.500,2.500; 1),
(0.400,0.500,1.333; 0.8)

) (
(0.118,0.143,0.455; 1),
(0.125,0.143,0.333; 0.8)

) (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) 

𝑗 = 15 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.611,0.778,1.133; 1),
(0.667,0.778,1.143; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) 

𝑗 = 16 (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) 

𝑗 = 17 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

𝑗 = 18 (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.111,0.111,0.333; 1),
(0.111,0.111,0.286; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) (
(0.111,0.222,0.400; 1),
(0.167,0.222,0.357; 0.8)

) 

𝑗 = 19 (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.154,0.200,0.714; 1),
(0.167,0.200,0.444; 0.8)

) (
(0.222,0.333,1.667; 1),
(0.250,0.333,1; 0.8)

) (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) (
(0.182,0.250,1; 1),
(0.200,0.259,1; 0.8)

) 

𝑗 = 20 (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) (
(0.389,0.556,0.867; 1),
(0.444,0.556,0.857; 0.8)

) (
(0.500,0.667,1; 1),
(0.556,0.667,1; 0.8)

) (
(0.167,0.333,0.600; 1),
(0.222,0.333,0.571; 0.8)

) (
(0.278,0.444,0.733; 1),
(0.222,0.444,0.714; 0.8)

) 

According to Step 3 of the proposed algorithm, the aggregated fuzzy decision matrix 

was determined. The obtained matrix is presented in Table 8. 

Table 8. Aggregated fuzzy decision matrix. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 1 (
(0.366,0.448,0.968; 1),
(0.397,0.448, 0.834; 0.8)

) (
(0.179,0.325,0.705; 1),
(0.214,0.325, 0.600; 0.8)

) (
(0.249,0.368,0.719; 1),
(0.269,0.368, 0.641; 0.8)

) 

𝑖 = 2 (
(0.338,0.458,0.931; 1),
(0.376,0.458, 0.810; 0.8)

) (
(0.189,0.333,0.889; 1),
(0.244,0.333, 0.603; 0.8)

) (
(0.240,0.383,0.755; 1),
(0.293,0.383, 0.664; 0.8)

) 

𝑖 = 3 (
(0.300,0.398,0.788; 1),
(0.315,0.398, 0.693; 0.8)

) (
(0.186,0.347,0.780; 1),
(0.252,0.347, 0.631; 0.8)

) (
(0.288,0.424,0.739; 1),
(0.329,0.424, 0.670; 0.8)

) 

𝑖 = 4 (
(0.308,0.419,0.827; 1),
(0.346,0.419, 0.704; 0.8)

) (
(0.171,0.316,0.687; 1),
(0.214,0.316, 0.587; 0.8)

) (
(0.309,0.455,0.792; 1),
(0.311,0.455, 0.742; 0.8)

) 

𝑖 = 5 (
(0.280,0.384,0.756; 1),
(0.306,0.384, 0.634; 0.8)

) (
(0.182,0.331,0.719; 1),
(0.217,0.331, 0.606; 0.8)

) (
(0.325,0.469,0.795; 1),
(0.353,0.469, 0.732; 0.8)

) 

In Step 4 of the proposed algorithm, the weighted normalized fuzzy decision matrix 

was constructed using the previously determined weights of the sustainability dimen-

sions. The obtained weighted normalized fuzzy decision matrix is presented in Table 9. 
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Table 9. Weighted normalized fuzzy decision matrix. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 1 (
(0.089,0.175,0.586; 1),
(0.125,0.175, 0.419; 0.8)

) (
(0.031,0.094,0.353; 1),
(0.060,0.094, 0.231; 0.8)

) (
(0.049,0.117,0.382; 1),
(0.067,0.117, 0.253; 0.8)

) 

𝑖 = 2 (
(0.082,0.179,0.563; 1),
(0.118,0.179, 0.407; 0.8)

) (
(0.033,0.097,0.445; 1),
(0.068,0.097, 0.232; 0.8)

) (
(0.047,0.122,0.401; 1),
(0.073,0.122, 0.262; 0.8)

) 

𝑖 = 3 (
(0.073,0.156,0.477; 1),
(0.099,0.156, 0.349; 0.8)

) (
(0.032,0.101,0.391; 1),
(0.070,0.101, 0.243; 0.8)

) (
(0.056,0.135,0.392; 1),
(0.082,0.135, 0.265; 0.8)

) 

𝑖 = 4 (
(0.075,0.164,0.500; 1),
(0.109,0.164, 0.354; 0.8)

) (
(0.029,0.092,0.344; 1),
(0.060,0.092, 0.226; 0.8)

) (
(0.060,0.145,0.421; 1),
(0.077,0.145, 0.293; 0.8)

) 

𝑖 = 5 (
(0.068,0.150,0.457; 1),
(0.096,0.150, 0.319; 0.8)

) (
(0.031,0.096,0.360; 1),
(0.061,0.096, 0.233; 0.8)

) (
(0.063,0.150,0.422; 1),
(0.088,0.150, 0.289; 0.8)

) 

The reference point for each sustainability dimension was determined according to 

Step 5 of the proposed algorithm: 

𝑓1
∗ = (

(0.089,0.179,0.586; 1),
(0.125,0.179, 0.419; 0.8)

) , 𝑓2
∗ = (

(0.033,0.101,0.445; 1),
(0.070,0.101, 0.243; 0.8)

) ,

𝑓3
∗ = (

(0.063,0.150,0.422; 1),
(0.088,0.150, 0.293; 0.8)

) 
 

Finally, Steps 6–8 of the proposed algorithm were applied to calculate the ranking 

coefficients of the considered investment projects. The obtained coefficient values and the 

final ranking of the investment projects are presented in Table 10. 

Table 10. Ranking of the considered investment projects obtained using IT2FMOORA. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 𝜹𝒊 Rank 

𝑖 = 1 0.001 0.022 0.030 0.030 2 

𝑖 = 2 0.016 0.003 0.023 0.023 1 

𝑖 = 3 0.044 0.009 0.017 0.044 4 

𝑖 = 4 0.035 0.025 0.004 0.035 3 

𝑖 = 5 0.056 0.019 0.001 0.056 5 

3.3. Application of the Proposed IT2FTODIM for Ranking Investment Projects 

By applying Step 5 of the proposed IT2FTODIM algorithm, the preference matrices 

for the five considered investment projects were constructed. The obtained preference ma-

trices are presented in Tables 11–15. 

Table 11. Preference matrix for the first considered investment project. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 1 − 2 −0.289 −0.233 −0.152 

𝑖 = 1 − 3 0.129 −0.194 −0.200 

𝑖 = 1 − 4 0.319 0.095 −0.279 

𝑖 = 1 − 5 0.406 −0.084 −0.297 

 

𝛿1 = −0.779  

Table 12. Preference matrix for the second considered investment project. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 2 − 1 0.289 0.233 0.152 

𝑖 = 2 − 3 0.330 −0.195 −0.167 

𝑖 = 2 − 4 0.285 0.254 −0.239 

𝑖 = 2 − 5 0.379 0.220 −0.259 
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𝛿2 = 1.282  

Table 13. Preference matrix for the third considered investment project. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 3 − 1 −0.129 0.194 0.200 

𝑖 = 3 − 2 −0.330 0.195 0.167 

𝑖 = 3 − 4 −0.167 0.218 −0.239 

𝑖 = 3 − 5 0.187 0.175 −0.259 

 

𝛿3 = 0.212  

Table 14. Preference matrix for the fourth considered investment project. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 4 − 1 −0.319 −0.095 0.279 

𝑖 = 4 − 2 −0.285 −0.254 0.239 

𝑖 = 4 − 3 0.167 −0.218 0.207 

𝑖 = 4 − 5 0.251 −0.130 −0.120 

 

𝛿4 = −0.279  

Table 15. Preference matrix for the fifth considered investment project. 

 𝒌 = 𝟏 𝒌 = 𝟐 𝒌 = 𝟑 

𝑖 = 5 − 1 −0.406 0.084 0.297 

𝑖 = 5 − 2 −0.379 −0.220 0.259 

𝑖 = 5 − 3 −0.187 −0.175 0.220 

𝑖 = 5 − 4 −0.251 0.130 0.120 

 

𝛿5 = −0.508  

After applying the remaining steps of the proposed IT2FTODIM algorithm, the over-

all dominance values and the final ranking of the considered investment projects were 

determined. The obtained results are presented in Table 16. 

Table 16. Ranking of the considered investment projects obtained using IT2FTODIM. 

 𝝃𝒊 Rank 

𝑖 = 1 0 5 

𝑖 = 2 1 1 

𝑖 = 3 0.481 2 

𝑖 = 4 0.241 3 

𝑖 = 5 0.131 4 

3.4. Sensitivity Analysis 

To examine the stability of the ranking of the considered investment projects, and 

consequently the stability of the obtained solution, a sensitivity analysis was conducted. 

The analysis was performed by varying the relative importance of the considered sustain-

ability dimensions across four scenarios. In three scenarios, one of the three sustainability 
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dimensions is treated as dominant and assigned a weight of 0.6, while the other two di-

mensions are assigned weights of 0.2 each. The fourth scenario considers all three sustain-

ability dimensions to be equally important. The four considered scenarios are presented 

in Table 17. 

Table 17. Weighting scenarios considered in the sensitivity analysis. 

 Economic Environmental Social 

Baseline model Weights obtained by IT2FAHP 

Scenario 1 

Economic dominant 
0.60 0.20 0.20 

Scenario 2 

Environmental dominant 
0.20 0.60 0.20 

Scenario 3 

Social dominant 
0.20 0.20 0.60 

Scenario 4 

Equal dimensions 
1/3 1/3 1/3 

For each considered scenario, the proposed model remained completely unchanged, 

with the only changes being made to the weights of the sustainability dimensions. All 

other aspects of the ranking procedure remained unchanged for both applied methods. 

The obtained rankings for the considered scenarios are presented in Table 18 for 

IT2FMOORA and Table 19 for IT2FTODIM. 

Table 18. Sensitivity analysis of investment-project rankings using IT2FMOORA. 

 
Baseline 

Model 

Scenario 1 

Economic 

Dominant 

Scenario 2 

Environmental 

Dominant 

Scenario 3 

Social 

Dominant 

Equal 

Dimensions 

𝑖 = 1 2 4 4 3 3 

𝑖 = 2 1 1 1 1 1 

𝑖 = 3 4 3 2 4 4 

𝑖 = 4 3 2 3 2 2 

𝑖 = 5 5 5 5 5 5 

Table 19. Sensitivity analysis of investment-project rankings using IT2FTODIM. 

 
Baseline 

Model 

Scenario 1 

Economic 

Dominant 

Scenario 2 

Environmental 

Dominant 

Scenario 3 

Social 

Dominant 

Equal 

Dimensions 

𝑖 = 1 5 5 5 5 5 

𝑖 = 2 1 1 1 1 1 

𝑖 = 3 2 3 2 2 2 

𝑖 = 4 3 2 3 3 3 

𝑖 = 5 4 4 4 4 4 

The results of the conducted sensitivity analysis showed that the ranking of the in-

vestment projects is relatively stable and that there are no significant changes despite var-

iations in the weights of the sustainability dimensions. 

Specifically, it was shown that investment project (𝑖 = 2) remains the top-ranked al-

ternative in all four additional scenarios analyzed for both applied methods. For 

IT2FMOORA, the rankings of all other projects vary depending on the considered sce-

nario, to a greater or lesser extent, whereas IT2FTODIM produces more stable rankings of 

the considered investment projects. Overall, the sensitivity analysis indicates that 
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investment project (𝑖 = 2) remains the highest-priority alternative in all considered cases, 

demonstrating the stability of the obtained solution with respect to changes in the sustain-

ability-dimension weights. 

4. Discussion 

The results obtained using IT2FMOORA and IT2FTODIM show that investment pro-

ject (𝑖 = 2) is ranked first by both methods and can therefore be considered the most suit-

able alternative for implementation in the forthcoming period. This agreement is particu-

larly important because the two methods employ different ranking procedures. The re-

sults obtained using the two methodologically different ranking approaches are consistent 

with respect to the top-ranked alternative. Although the ranking positions of the remain-

ing investment projects differ between the two methods, both IT2FMOORA and 

IT2FTODIM identify the same project as the first-ranked alternative. For example, invest-

ment project (𝑖 = 3) was ranked fourth by IT2FMOORA and second by IT2FTODIM, rep-

resenting a difference of two ranking positions. This finding is also supported by the sen-

sitivity analysis, where the same project retained the first position under all considered 

weighting scenarios for both methods. 

Based on the obtained results, investment project (𝑖 = 5), which was ranked last by 

IT2FMOORA and fourth by IT2FTODIM, appears to be less suitable for implementation 

in the forthcoming period, while the remaining investment projects may continue to be 

considered by strategic management in subsequent planning periods. 

Previous studies have demonstrated the applicability of interval type-2 fuzzy exten-

sions of MOORA and TODIM in different MCDM problems. IT2FMOORA-based ap-

proaches have been applied by [40–42], while interval type-2 fuzzy TODIM approaches 

have been considered by [44–47]. The present study extends this body of research to sus-

tainable investment project selection in the manufacturing sector while simultaneously 

considering economic, environmental, and social dimensions. An additional methodolog-

ical distinction is that the considered criteria may be either crisp or uncertain, while un-

certain criterion values are represented using IT2TFNs. Furthermore, the proposed 

IT2FMOORA employs a reference-point-based ranking procedure, whereas the 

IT2FTODIM approach determines preference relations using the distance between 

IT2TFNs, with the Hamming distance applied in this study. 

Differences in the rankings obtained by IT2FMOORA and IT2FTODIM may poten-

tially, and indeed are even expected to, arise as a result of the different mathematical foun-

dations of the two methods [57]. IT2FMOORA evaluates and ranks alternatives according 

to their distance from a reference point, whereas IT2FTODIM is based on the direct com-

parison of alternatives and the preference relations between them. For this reason, 

changes in the weights of the sustainability dimensions, the introduction of criterion 

weights, or changes in the assessments provided by the decision-makers may be reflected 

differently in the results obtained using these two approaches. If the best alternative dif-

fers between the two approaches, decision-makers should examine the position of the top-

ranked alternative under the other approach and investigate the criteria and sustainability 

dimensions contributing to the divergence. In addition, sensitivity analysis through 

changes in the weights may contribute to the selection of an appropriate solution. It 

should be emphasized that the proposed model represents a decision-support tool rather 

than necessarily providing a strict solution to the problem. The decision-makers bear full 

responsibility for the final selection of the alternative. The proposed approach is based on 

a complementary analysis of the solutions from two different perspectives, which can fur-

ther support this process. 
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It should be emphasized that the methodological contribution of this study does not 

lie in introducing new MCDM methods, but in integrating existing approaches into a two-

stage framework for sustainable investment project selection. 

From a practical perspective, the proposed framework can support strategic manage-

ment in evaluating investment projects whose implementation may directly influence the 

future growth and development of a manufacturing company. By considering economic, 

environmental, and social dimensions simultaneously, the model provides a broader basis 

for investment decision-making than approaches focused primarily on financial indica-

tors. The resulting ranking enables decision-makers to identify the investment project that 

best reflects the combined sustainability considerations included in the evaluation pro-

cess. In this sense, the proposed framework can serve as a decision-support tool for select-

ing projects intended to contribute to the achievement of strategic objectives and the im-

provement of long-term business performance. 

The proposed framework is subject to several limitations. Only three experts partici-

pated in the case study. Although the experts were selected to represent business areas 

relevant to the evaluation of investment projects, involving a larger number of experts 

could provide a broader range of perspectives and reduce the influence of individual as-

sessments. Accordingly, future studies in the same domain could include additional ex-

perts to ensure a broader expert panel, such as specialists in environmental and sustaina-

bility issues, occupational safety, and other relevant aspects. 

A certain degree of subjectivity is also inherent in assessing the relative importance 

of the sustainability dimensions and the uncertain criterion values, as these assessments 

depend on the knowledge and experience of the selected DMs. The use of interval type-2 

fuzzy numbers also increases the computational complexity of the decision-making pro-

cedure compared with simpler decision-making approaches. 

An additional limitation is that the criteria within each sustainability dimension are 

assumed to have equal importance. Although this assumption was adopted to avoid the 

additional burden of determining the criterion weights and to prevent the number of cri-

teria within a dimension from affecting their relative weights, some alternative ap-

proaches to weight determination could lead to somewhat different results. Another lim-

itation is that the proposed framework was applied only to a single company. Therefore, 

the obtained results cannot be generalized. However, since the case study concerns a sin-

gle company and a specific decision-making problem, the study does not aim to generalize 

the obtained results and conclusions. 

Although operations with interval type-2 fuzzy numbers increase the computational 

complexity of the proposed approach, in practice, DMs would not be required to perform 

these operations manually, as the development of a user-friendly software solution could 

facilitate the practical implementation of the proposed two-stage fuzzy model. The pro-

posed model can also be extended to other industrial contexts, such as the process and 

automotive industries, in order to examine its applicability under different decision-mak-

ing conditions. Overall, the proposed framework provides a structured approach for sup-

porting sustainable investment project selection under uncertainty and can serve as a ba-

sis for strategic decision-making in manufacturing companies. 

5. Conclusions 

Investments represent an important prerequisite for development, both at the level 

of the overall economy and individual business entities, as they contribute to continuous 

growth and the improvement of future business performance. However, the selection of 

an appropriate investment project is a complex decision-making problem, particularly 

when economic, environmental, and social aspects must be simultaneously considered 
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under uncertainty. In this research, a hybrid two-stage fuzzy model was proposed for the 

ranking of investment projects under interval type-2 uncertainty. 

The proposed model was tested using real-world data obtained from a manufactur-

ing company operating in central Serbia. The assessments required for determining the 

relative importance of the sustainability dimensions were provided by selected decision-

makers based on their knowledge and professional experience. The application of both 

ranking methods resulted in the identification of the same investment project as the most 

preferable alternative for implementation in the forthcoming period. 

The main contributions of the presented research are as follows: (1) uncertainty in 

the decision-making process is modelled using IT2TFNs; (2) the determination of the rel-

ative importance of the sustainability dimensions is formulated as a fuzzy group decision-

making problem; (3) the weight vector of the sustainability dimensions is determined us-

ing the proposed IT2FAHP, enabling the subjective assessments of multiple decision-mak-

ers to be incorporated into the weighting process; (4) the individual fuzzy weight vectors 

are aggregated using a fuzzy geometric mean operator to obtain the overall weight vector 

of the sustainability dimensions; (5) the investment projects are ranked using two interval 

type-2 fuzzy multi-criteria decision-making approaches: (i) IT2FMOORA, based on the 

reference point approach, Hamming distance, and fuzzy algebraic operations, and (ii) 

IT2FTODIM, in which preference values are determined by applying the Hamming dis-

tance for type-2 fuzzy numbers within the conventional TODIM procedure. 

The practical implications of the proposed methodology are primarily related to stra-

tegic decision-making in manufacturing companies. The proposed framework enables in-

vestment projects to be evaluated and ranked by simultaneously considering economic, 

environmental, and social criteria and the relative importance of the corresponding sus-

tainability dimensions. The investment project ranked first represents the most preferable 

alternative and may therefore be considered for implementation in the forthcoming pe-

riod to support the achievement of the established strategic objectives. 

The main advantage of the proposed two-stage fuzzy model lies in the integration of 

fuzzy group decision-making, interval type-2 fuzzy modelling, and two complementary 

MCDM ranking methods within a unified framework. In this way, the obtained results 

can provide decision support to strategic management in selecting the most appropriate 

investment project. Although the proposed model was tested in the manufacturing sector, 

its application can be extended to other industries, such as the process and automotive 

industries. 

The proposed methodology is subject to certain limitations. First, the determination 

of the relative importance of the sustainability dimensions relies on the subjective assess-

ments of the decision-makers, while some criterion values are characterized by uncer-

tainty. Second, the use of interval type-2 fuzzy sets increases the complexity of the calcu-

lations compared with conventional decision-making approaches. 

Future research could address the development of a software solution for implement-

ing the proposed model. The model could also be applied to investment project selection 

problems in other industries, such as the process and automotive industries. 
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IT2FAHP Interval Type-2 Fuzzy Analytic Hierarchy Process 

IT2FMOORA Interval Type-2 Fuzzy Multi-Objective Optimization by Ratio Analysis 

IT2FSs Interval Type-2 Fuzzy Sets 

IT2FTODIM Interval Type-2 Fuzzy TODIM 
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MCDM Multi-Criteria Decision-Making 

MOORA Multi-Objective Optimization by Ratio Analysis 
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  j = 4


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 5


   (     ( 0 . 400 , 1 , 2 . 500 ; 1 ) ,    ( 0 . 500 , 1 , 2 ; 0 . 8 ) )


   (     ( 0 . 400 , 1 , 2 . 500 ; 1 ) ,    ( 0 . 500 , 1 , 2 ; 0 . 8 ) )


   (     ( 0 . 400 , 1 , 2 . 500 ; 1 ) ,    ( 0 . 500 , 1 , 2 ; 0 . 8 ) )


   (     ( 0 . 400 , 1 , 2 . 500 ; 1 ) ,    ( 0 . 500 , 1 , 2 ; 0 . 8 ) )


   (     ( 0 . 400 , 1 , 2 . 500 ; 1 ) ,    ( 0 . 500 , 1 , 2 ; 0 . 8 ) )


  j = 6


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 7


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


  j = 8


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


  j = 9


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 10


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )
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  𝒊 = 𝟒


  𝒊 = 𝟓


  j = 1


   (     ( 0 . 778 , 0 . 889 , 1 . 200 ; 1 ) ,    ( 0 . 833 , 0 . 889 , 1 . 214 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 833 , 1 , 1 . 1200 ; 1 ) ,    ( 0 . 778 , 1 , 1 . 287 ; 0 . 8 ) )


  j = 2


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


  j = 3


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 4


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


  j = 5


   (     ( 0 . 118 , 0 . 143 , 0 . 455 ; 1 ) ,    ( 0 . 125 , 0 . 143 , 0 . 333 ; 0 . 8 ) )


   (     ( 0 . 133 , 0 . 167 , 0 . 556 ; 1 ) ,    ( 0 . 143 , 0 . 167 , 0 . 400 ; 0 . 8 ) )


   (     ( 0 . 154 , 0 . 200 , 0 . 714 ; 1 ) ,    ( 0 . 167 , 0 . 200 , 0 . 444 ; 0 . 8 ) )


   (     ( 0 . 118 , 0 . 143 , 0 . 455 ; 1 ) ,    ( 0 . 125 , 0 . 143 , 0 . 333 ; 0 . 8 ) )


   (     ( 0 . 133 , 0 . 167 , 0 . 556 ; 1 ) ,    ( 0 . 143 , 0 . 167 , 0 . 400 ; 0 . 8 ) )


  j = 6


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 833 , 1 , 1 . 1200 ; 1 ) ,    ( 0 . 778 , 1 , 1 . 287 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 833 , 1 , 1 . 1200 ; 1 ) ,    ( 0 . 778 , 1 , 1 . 287 ; 0 . 8 ) )


  j = 7


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


  j = 8


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 9


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 778 , 0 . 889 , 1 . 200 ; 1 ) ,    ( 0 . 833 , 0 . 889 , 1 . 214 ; 0 . 8 ) )


  j = 10


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


  j = 11


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


  j = 12


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


  j = 13


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


  j = 14


   (     ( 0 . 154 , 0 . 200 , 0 . 714 ; 1 ) ,    ( 0 . 167 , 0 . 200 , 0 . 444 ; 0 . 8 ) )


   (     ( 0 . 333 , 0 . 500 , 2 . 500 ; 1 ) ,    ( 0 . 400 , 0 . 500 , 1 . 333 ; 0 . 8 ) )


   (     ( 0 . 118 , 0 . 143 , 0 . 455 ; 1 ) ,    ( 0 . 125 , 0 . 143 , 0 . 333 ; 0 . 8 ) )


   (     ( 0 . 182 , 0 . 250 , 1 ; 1 ) ,    ( 0 . 200 , 0 . 259 , 1 ; 0 . 8 ) )


   (     ( 0 . 154 , 0 . 200 , 0 . 714 ; 1 ) ,    ( 0 . 167 , 0 . 200 , 0 . 444 ; 0 . 8 ) )


  j = 15


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 611 , 0 . 778 , 1 . 133 ; 1 ) ,    ( 0 . 667 , 0 . 778 , 1 . 143 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


  j = 16


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


  j = 17


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


  j = 18


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 111 , 0 . 333 ; 1 ) ,    ( 0 . 111 , 0 . 111 , 0 . 286 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


   (     ( 0 . 111 , 0 . 222 , 0 . 400 ; 1 ) ,    ( 0 . 167 , 0 . 222 , 0 . 357 ; 0 . 8 ) )


  j = 19


   (     ( 0 . 182 , 0 . 250 , 1 ; 1 ) ,    ( 0 . 200 , 0 . 259 , 1 ; 0 . 8 ) )


   (     ( 0 . 154 , 0 . 200 , 0 . 714 ; 1 ) ,    ( 0 . 167 , 0 . 200 , 0 . 444 ; 0 . 8 ) )


   (     ( 0 . 222 , 0 . 333 , 1 . 667 ; 1 ) ,    ( 0 . 250 , 0 . 333 , 1 ; 0 . 8 ) )


   (     ( 0 . 182 , 0 . 250 , 1 ; 1 ) ,    ( 0 . 200 , 0 . 259 , 1 ; 0 . 8 ) )


   (     ( 0 . 182 , 0 . 250 , 1 ; 1 ) ,    ( 0 . 200 , 0 . 259 , 1 ; 0 . 8 ) )


  j = 20


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


   (     ( 0 . 389 , 0 . 556 , 0 . 867 ; 1 ) ,    ( 0 . 444 , 0 . 556 , 0 . 857 ; 0 . 8 ) )


   (     ( 0 . 500 , 0 . 667 , 1 ; 1 ) ,    ( 0 . 556 , 0 . 667 , 1 ; 0 . 8 ) )


   (     ( 0 . 167 , 0 . 333 , 0 . 600 ; 1 ) ,    ( 0 . 222 , 0 . 333 , 0 . 571 ; 0 . 8 ) )


   (     ( 0 . 278 , 0 . 444 , 0 . 733 ; 1 ) ,    ( 0 . 222 , 0 . 444 , 0 . 714 ; 0 . 8 ) )


  𝒌 = 𝟏


  𝒌 = 𝟐


  𝒌 = 𝟑


  i = 1


   (     ( 0 . 366 , 0 . 448 , 0 . 968 ; 1 ) ,    ( 0 . 397 , 0 . 448 ,   0 . 834 ; 0 . 8 ) )


   (     ( 0 . 179 , 0 . 325 , 0 . 705 ; 1 ) ,    ( 0 . 214 , 0 . 325 ,   0 . 600 ; 0 . 8 ) )


   (     ( 0 . 249 , 0 . 368 , 0 . 719 ; 1 ) ,    ( 0 . 269 , 0 . 368 ,   0 . 641 ; 0 . 8 ) )


  i = 2


   (     ( 0 . 338 , 0 . 458 , 0 . 931 ; 1 ) ,    ( 0 . 376 , 0 . 458 ,   0 . 810 ; 0 . 8 ) )


   (     ( 0 . 189 , 0 . 333 , 0 . 889 ; 1 ) ,    ( 0 . 244 , 0 . 333 ,   0 . 603 ; 0 . 8 ) )


   (     ( 0 . 240 , 0 . 383 , 0 . 755 ; 1 ) ,    ( 0 . 293 , 0 . 383 ,   0 . 664 ; 0 . 8 ) )


  i = 3


   (     ( 0 . 300 , 0 . 398 , 0 . 788 ; 1 ) ,    ( 0 . 315 , 0 . 398 ,   0 . 693 ; 0 . 8 ) )


   (     ( 0 . 186 , 0 . 347 , 0 . 780 ; 1 ) ,    ( 0 . 252 , 0 . 347 ,   0 . 631 ; 0 . 8 ) )


   (     ( 0 . 288 , 0 . 424 , 0 . 739 ; 1 ) ,    ( 0 . 329 , 0 . 424 ,   0 . 670 ; 0 . 8 ) )


  i = 4


   (     ( 0 . 308 , 0 . 419 , 0 . 827 ; 1 ) ,    ( 0 . 346 , 0 . 419 ,   0 . 704 ; 0 . 8 ) )


   (     ( 0 . 171 , 0 . 316 , 0 . 687 ; 1 ) ,    ( 0 . 214 , 0 . 316 ,   0 . 587 ; 0 . 8 ) )


   (     ( 0 . 309 , 0 . 455 , 0 . 792 ; 1 ) ,    ( 0 . 311 , 0 . 455 ,   0 . 742 ; 0 . 8 ) )


  i = 5


   (     ( 0 . 280 , 0 . 384 , 0 . 756 ; 1 ) ,    ( 0 . 306 , 0 . 384 ,   0 . 634 ; 0 . 8 ) )


   (     ( 0 . 182 , 0 . 331 , 0 . 719 ; 1 ) ,    ( 0 . 217 , 0 . 331 ,   0 . 606 ; 0 . 8 ) )


   (     ( 0 . 325 , 0 . 469 , 0 . 795 ; 1 ) ,    ( 0 . 353 , 0 . 469 ,   0 . 732 ; 0 . 8 ) )


  𝒌 = 𝟏


  𝒌 = 𝟐


  𝒌 = 𝟑


  i = 1


   (     ( 0 . 089 , 0 . 175 , 0 . 586 ; 1 ) ,    ( 0 . 125 , 0 . 175 ,   0 . 419 ; 0 . 8 ) )


   (     ( 0 . 031 , 0 . 094 , 0 . 353 ; 1 ) ,    ( 0 . 060 , 0 . 094 ,   0 . 231 ; 0 . 8 ) )


   (     ( 0 . 049 , 0 . 117 , 0 . 382 ; 1 ) ,    ( 0 . 067 , 0 . 117 ,   0 . 253 ; 0 . 8 ) )


  i = 2


   (     ( 0 . 082 , 0 . 179 , 0 . 563 ; 1 ) ,    ( 0 . 118 , 0 . 179 ,   0 . 407 ; 0 . 8 ) )


   (     ( 0 . 033 , 0 . 097 , 0 . 445 ; 1 ) ,    ( 0 . 068 , 0 . 097 ,   0 . 232 ; 0 . 8 ) )


   (     ( 0 . 047 , 0 . 122 , 0 . 401 ; 1 ) ,    ( 0 . 073 , 0 . 122 ,   0 . 262 ; 0 . 8 ) )


  i = 3


   (     ( 0 . 073 , 0 . 156 , 0 . 477 ; 1 ) ,    ( 0 . 099 , 0 . 156 ,   0 . 349 ; 0 . 8 ) )


   (     ( 0 . 032 , 0 . 101 , 0 . 391 ; 1 ) ,    ( 0 . 070 , 0 . 101 ,   0 . 243 ; 0 . 8 ) )


   (     ( 0 . 056 , 0 . 135 , 0 . 392 ; 1 ) ,    ( 0 . 082 , 0 . 135 ,   0 . 265 ; 0 . 8 ) )


  i = 4


   (     ( 0 . 075 , 0 . 164 , 0 . 500 ; 1 ) ,    ( 0 . 109 , 0 . 164 ,   0 . 354 ; 0 . 8 ) )


   (     ( 0 . 029 , 0 . 092 , 0 . 344 ; 1 ) ,    ( 0 . 060 , 0 . 092 ,   0 . 226 ; 0 . 8 ) )


   (     ( 0 . 060 , 0 . 145 , 0 . 421 ; 1 ) ,    ( 0 . 077 , 0 . 145 ,   0 . 293 ; 0 . 8 ) )


  i = 5


   (     ( 0 . 068 , 0 . 150 , 0 . 457 ; 1 ) ,    ( 0 . 096 , 0 . 150 ,   0 . 319 ; 0 . 8 ) )


   (     ( 0 . 031 , 0 . 096 , 0 . 360 ; 1 ) ,    ( 0 . 061 , 0 . 096 ,   0 . 233 ; 0 . 8 ) )


   (     ( 0 . 063 , 0 . 150 , 0 . 422 ; 1 ) ,    ( 0 . 088 , 0 . 150 ,   0 . 289 ; 0 . 8 ) )


        f ~ ~ 1 ∗ =  (     ( 0 . 089 , 0 . 179 , 0 . 586 ; 1 ) ,    ( 0 . 125 , 0 . 179 ,   0 . 419 ; 0 . 8 ) ) ,           f ~ ~ 2 ∗ =  (     ( 0 . 033 , 0 . 101 , 0 . 445 ; 1 ) ,    ( 0 . 070 , 0 . 101 ,   0 . 243 ; 0 . 8 ) ) ,           f ~ ~ 3 ∗ =  (     ( 0 . 063 , 0 . 150 , 0 . 422 ; 1 ) ,    ( 0 . 088 , 0 . 150 ,   0 . 293 ; 0 . 8 ) )
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