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     RESUMO

Objetivo: este estudo propõe um modelo hesitant fuzzy linguistic TOPSIS para 
segmentação de fornecedores baseado em critérios econômicos, ambientais 
e sociais. Proposta: o modelo classifica os fornecedores em uma matriz de 
segmentação considerando suas capacidades e a disposição para colaborar. Foi 
implementado usando Microsoft Excel© e aplicado em uma usina hidrelétrica. 
Dois funcionários da empresa escolheram um conjunto de critérios de 
segmentação, atribuíram pesos a estes critérios e avaliaram o desempenho 
de alguns fornecedores. A aplicação-piloto permitiu analisar o desempenho 
de seis fornecedores e classificá-los de acordo com 28 critérios. Os resultados 
da classificação foram endossados pelos decisores envolvidos. Conclusão: o 
modelo apresenta resultados consistentes e pode auxiliar gestores na elaboração 
de programas de desenvolvimento visando a melhorar o desempenho 
econômico, ambiental e social dos fornecedores. Também é capaz de apoiar 
decisões em grupo sob incerteza e hesitação, habilita o uso de expressões 
linguísticas e não limita a quantidade de critérios e alternativas. 

Palavras-chave: segmentação de fornecedores; hesitant fuzzy linguistic 
TOPSIS; decisão multicritério.

    ABSTRACT

Objective: this study proposes a hesitant fuzzy linguistic TOPSIS model 
for supplier segmentation based on economic, environmental, and 
social criteria. Proposal: the model classifies suppliers in a segmentation 
matrix considering their capabilities and willingness to collaborate. It was 
implemented using Microsoft Excel© and applied to a hydropower plant. 
Two employees of the company chose a set of segmentation criteria, assigned 
weights to these criteria, and evaluated the performance of suppliers. In 
the pilot application, the performance of six suppliers was analyzed and 
ranked according to 28 criteria. The classification results were endorsed by 
the decision-makers involved. Conclusion: the model provides consistent 
results and can assist managers in designing development programs aimed 
at improving the economic, environmental, and social performance of 
suppliers. Additionally, it can support group decisions under uncertainty 
and hesitation, allows the use of linguistic expressions, and does not limit 
the amounts of criteria or alternatives. 

Keywords: supplier segmentation, hesitant fuzzy linguistic TOPSIS, 
multicriteria decision-making.
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INTRODUCTIONINTRODUCTION

Demands from society, economic agents, and 
organizations increasingly encourage sustainable 
practices of energy and water efficiency, in addition to the 
control of carbon emissions (Jharkharia & Das, 2019). 
In this context, the concept of sustainable supply chain 
management (SSCM) has emerged, which considers 
that organizations must engage in activities that impact 
not only their economic development but also the 
environment and society (Osiro, Lima, & Carpinetti, 
2018).

According to Seuring and Muller (2008), the 
SSCM concept refers to the “management of material 
and information flows as well as cooperation between 
organizations along the supply chain, integrating 
the triple bottom line selection factors that include 
all three sustainable development dimensions under 
consideration” (Seuring & Muller, 2008, p. 346). Triple 
bottom line (TBL) was developed by Elkington (2000) 
as a method for sustainability performance measurement. 
It can be characterized as an approach for performance 
management and evaluation that emphasizes the 
importance of economic, environmental, and social 
performance. 

One of the main SSCM processes consists of 
supplier relationship management, which defines how 
a company interacts with its suppliers (Lambert & 
Schwieterman, 2012). Bemelmans, Voordijk, Vos e Buter 
(2012) explained that SSCM requires that suppliers are 
classified into categories to focus on the most important 
ones, set the correct priorities, and manage them 
according to their importance to the business. 

In this context, the practice of supplier 
segmentation has been widely adopted by companies. 
This practice is essential for the success of supplier 
development programs, because by grouping suppliers 
according to their characteristics, it is possible to create 
coordinated actions aimed at efficiency gains (Lambert 
& Schwieterman, 2012). Day, Magnan and Moeller 
(2010) defined supplier segmentation as “a process that 
involves the division of suppliers into distinct groups, 
with different needs, characteristics, or behavior, 
requiring different types of relationship structures 
between companies in order to obtain exchange value” 
(Day, Magnan, & Moeller, 2010, p. 626). A tool called 
the segmentation matrix is often used in this process. 
It is composed of axes that represent a performance 
dimension considered important for the buyer (Santos, 
Osiro, & Lima, 2017). To classify the suppliers in each 
dimension, it is necessary to adopt a decision method 

that considers the contributions of multiple performance 
criteria and their weights (Akman, 2015).

Recent years have seen a significant increase in the 
amount of applications of multicriteria decision-making 
(MCDM) methods in the processes of segmentation, 
selection, and development of suppliers, as indicated by 
several systematic review studies on these topics (Borges 
& Lima, 2020; Guarnieri, 2015; Pedroso, Tate, Silva, 
& Carpinetti, 2021; Rashidi, Noorizadeh, Kannan, & 
Cullinane, 2020). Guarnieri (2015) analyzed 39 articles 
that presented decision models for supplier selection and 
found that fuzzy logic was adopted in 48% of these studies. 
Rashidi, Noorizadeh, Kannan and Cullinane (2020) 
reviewed 66 systematic review studies on sustainable 
supplier selection and concluded that techniques based 
on fuzzy logic are widely used, highlighting fuzzy-
TOPSIS (technique for order preference by similarity 
to ideal solution) and fuzzy-AHP (analytic hierarchy 
process). In a systematic review study, Pedroso, Tate, Silva 
and Carpinetti (2021) mapped 88 articles and observed 
a significant growth in the number of publications on 
sustainable supplier development practices starting in 
2015. They also identified the predominance of fuzzy 
logic among the studies in which MCDM and artificial-
intelligence models were developed.

Borges and Lima (2020) conducted a systematic 
review that mapped 26 decision models for supplier 
segmentation and observed that the topic has been gaining 
attention in recent years, as 53.85% of the papers were 
published after 2016. These authors found that only the 
model proposed by Torres-Ruiz and Ravindran, which is 
based on the AHP technique, performs the segmentation 
based on economic, environmental, and social criteria. 
However, one of the limitations of this technique is 
related to the amount of input variables, which is limited 
by the human ability to perform the paired comparisons 
consistently (Lima, Osiro, & Carpinetti, 2014). 

According to the bibliographical review conducted, 
there is no supplier segmentation model in the literature 
that supports group decisions in situations of uncertainty 
and hesitation. Pelissari, Oliveira, Abackerli, Ben-Amor, 
and Assumpção (2018) reported that uncertainty may 
result from the decision-maker’s difficulty in expressing 
their knowledge about the problem, impacting the 
quality of the data resulting from their observations 
or measurements. The environment is also a source of 
uncertainty, in cases where data are difficult to obtain 
or verify. Although the models based on fuzzy logic 
are suitable for dealing with uncertainties, by allowing 
decision-makers to use linguistic terms (such as ‘low’ 
or ‘high’) to express their assessments, the fuzzy logic 
enables the decision-makers to choose only one linguistic 
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term for each score or criterion weight evaluated (Osiro et 
al., 2018). In cases where the decision-maker hesitates in 
deciding between two terms and does not feel comfortable 
choosing a single term owing to the high level of 
uncertainty, the traditional fuzzy logic proves inadequate. 
It is more appropriate to use techniques based on hesitant 
fuzzy linguistic term sets, which are extensions of fuzzy 
logic proposed by Rodríguez, Martinez and Herrera 
(2012) to deal with decisions under hesitation.

One of these techniques is hesitant fuzzy linguistic 
TOPSIS (HFL-TOPSIS), which deals with group 
decisions under hesitation by allowing the simultaneous 
use of multiple linguistic terms and the use of linguistic 
expressions (such as ‘between low and medium’), bringing 
greater flexibility to decision-makers (Beg & Rashid, 
2013). Despite its potential to circumvent the limitations 
of previous models regarding the support in situations of 
hesitation and the maximum number of alternatives and 
suppliers, no studies were found in which this technique 
was applied to the segmentation of suppliers.

Given the above background, the objective of this 
study was to propose an HFL-TOPSIS model for supplier 
segmentation based on economic, environmental, 
and social criteria. The model was applied to real data 
provided by employees of a hydroelectric power plant. 
This application involved the evaluation of six suppliers 
considering economic, environmental, and social criteria. 
The remainder of this article is organized as follows. The 
second section discusses the literature on models for 
supplier segmentation. The third section describes the 
methodological procedures. The fourth section presents 
and discusses the results of the application. The fifth 
section presents the results of the sensitivity analysis. The 
sixth section concludes the paper.

THEORETICAL FRAMEWORKTHEORETICAL FRAMEWORK

Decision models for supplier segmentation

Supplier segmentation is theoretically based on 
the established fundamentals of market segmentation 
practice. From the perspective of the supplier, the 
most popular tool for supplier categorization is called 
the portfolio matrix. These matrices are composed of 
segmentation dimensions, which are directly related to a 
set of criteria on which suppliers will be evaluated (Osiro, 
Lima, & Carpinetti, 2014; Park, Shin, Chang, & Park, 
2010).

Various decision support models for supplier 
segmentation are reported in the literature, such as those 
based on MCDM and artificial-intelligence techniques. 
The purposes of using these models include the definition of 
the type of relationship to be developed, the identification 
of suppliers that require development programs, and the 
analysis of similarities and inconsistencies within each 
group of suppliers (Bianchini, Benci, Pellgrini, & Rossi, 
2019; Rezaei, Kadzinski, Vana, & Tavasszy, 2017).

Through the literature survey conducted in this 
study, several supplier segmentation models and two 
systematic review studies were identified, which reinforces 
the relevance of this topic. Day et al. (2010) reviewed 
dozens of approaches to support the segmentation, 
classifying them and creating a relevant taxonomy. While 
Day et al. (2010) mainly analyzed conceptual models 
and focused on the mapping of structural elements of 
the studies, the review conducted by Borges and Lima 
(2020) presented a mapping of 26 quantitative models 
for supplier segmentation. 

Table 1 presents a list of models for supplier 
segmentation. This table was constructed by the authors 
of this study from information presented by Borges and 
Lima (2020). The model of Kaur and Sing (2021), which 
was identified during the survey conducted by the authors 
of this study, is included. Table 1 highlights the decision 
methods and dimensions employed in the segmentation 
matrices. The most widely used method was AHP, with 
eight applications, followed by fuzzy c-means, with four 
applications. Although a wide variety of segmentation 
dimensions can be adopted, the most widely used are 
‘supplier capabilities’ and ‘willingness to collaborate.’ 
Only the model proposed by Torres-Ruiz and Ravindran 
(2018) performs the segmentation of suppliers considering 
criteria associated with the three dimensions of TBL. 
While most models consider only economic criteria, such 
as the price and financial situation of the supplier, six 
models focus on environmental criteria (Akman, 2015; 
Bai, Rezaei, & Sarkis, 2017; Demir, Akpinar, Araz, & 
Ilgin, 2018; Jharkharia & Das, 2019; Rezaei et al., 2017), 
such as proper waste disposal and energy efficiency. In this 
regard, it is noted that social criteria, such as child labor 
and health programs for employees, have been neglected 
by previous models.
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Although the models presented in Table 1 have 
provided several theoretical and practical contributions 
in the supplier segmentation field, they have limitations 
arising from the characteristics of the decision techniques 
adopted. Although most are adequate for uncertainty 
scenarios and some of the fuzzy models allow the use of 
linguistic terms by decision-makers, none of the models 

found are adequate for hesitation situations, where 
decision-makers are uncertain in the choice of terms and 
therefore prefer to express their assessments in the form of 
linguistic expressions. The HFL-TOPSIS method, which 
until 2021 had not been applied to supplier segmentation, 
may help circumvent these limitations.

Table 1. Methods and dimensions used in supplier segmentation models.

Author(s)

Method(s)

AHP Bianchini, Benci, Pellgrini and Rossi (2019), Park, Shin, Chang 
and Park (2010), Torres-Ruiz and Ravindran (2018)

AHP and fuzzy 2-tuple Santos, Osiro and Lima (2017)

AHP and fuzzy relations Rezaei and Ortt (2013b)

AHP, fuzzy c-means and VIKOR Akman (2015)

AHP, K-means and simulated annealing algorithm Che (2011)

AHP, PROMETHÉE and MAUT Segura and Maroto (2017)

Best-worst method Rezaei and Lajimi (2019), Rezaei, Wang, and Tavasszy (2015)

DEA Restrepo and Villegas (2019)

DEMATEL Parkouhi, Ghadikolaei, and Lajimi (2019)

ELECTRE TRI Rezaei et al. (2017)

Fuzzy-AHP Lo and Sudjatmika (2015)

Fuzzy-AHP and fuzzy c-means Haghighi, Morad and Salahi (2014)

Fuzzy c-means and fuzzy formal concept analysis Jharkharia and Das (2019)

Fuzzy-TOPSIS Lima and Carpinetti (2016), Medeiros and Ferreira (2018)

Fuzzy inference Aloini, Dulmin, Mininno and Zerbino (2019), Osiro, Lima and 
Carpinetti (2014), Rezaei and Ortt (2013a)

PROMETHÉE Boujelben (2017)

RST, VIKOR and fuzzy c-means Bai, Rezaei and Sarkis (2017)

VIKORSORT Demir, Akpinar, Araz and Ilgin (2018)

Segmentation 
dimensions

Supplier attractiveness and strength of relationship Aloini et al. (2019)

Supplier capabilities and supplier willingness to collaborate

Bai et al. (2017), Boujelben (2017), Haghighi et al. (2014), Lo 
and Sudjatmika (2015), Rezaei and Ortt (2013a), Rezaei and Ortt 
(2013b), Rezaei, Kadzinski, Vana and Tavasszy (2017), Rezaei et al. 
(2015), Santos et al. (2017)

Cost and delivery performance Lima and Carpinetti (2016)

Supplier investment decisions and supplier collaboration decisions Jharkharia and Das (2019)

Critical and strategic Segura and Maroto (2017)

Diversity efficiency and cross efficiency Restrepo and Villegas (2019)

Strategic importance and relationship attractiveness Park, Shin, Chang and Park (2010)

Resiliency enhancer and resiliency reducer Parkouhi et al. (2019)

Country, supplier business performance, and supplier E&S Torres-Ruiz and Ravindran (2018)

Potential for partnership and delivery performance Osiro et al. (2014)

Supply risk and impact on profit Bianchini et al. (2019), Medeiros and Ferreira (2018)

Supply risk, profit impact, capabilities, and willingness to 
collaborate Rezaei and Lajimi (2019)

Note. Adapted from Borges and Lima (2020). 
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METHODOLOGICAL PROCEDURESMETHODOLOGICAL PROCEDURES

This study can be characterized as descriptive axiomatic 
quantitative research based on modeling and simulation, as 
a quantitative model is developed for supplier segmentation. 
The normative axiomatic research is characterized by 
obtaining solutions within the defined model and ensuring 
that these solutions provide insights into the structure of the 
problem (Bertrand & Fransoo, 2002). 

The research stages were as follows: bibliographic 
research, modeling, application, and sensitivity analysis. 
The bibliographical research involved the collection of 
articles in major databases on the topic (Science Direct; 
Springer; Scopus; Emerald Insight; IEEE Xplore®; Taylor 
& Francis; and Wiley), using combinations of the terms 
‘supplier segmentation,’ ‘decision models,’ ‘multicriteria 
decision-making,’ ‘supplier relationship management,’ and 
‘sustainable supply chain management,’ among others. This 
bibliographical research subsidized the delineation of the 
research gap and the development of the proposed model.

The modeling stage was initiated by developing 
a conceptual model for supplier segmentation based on 
the segmentation matrix proposed by Rezaei and Ortt 
(2013a) and the HFL-TOPSIS method (Beg & Rashid, 
2013; Magalhães, 2020). The HFL-TOPSIS method was 
developed by Beg and Rashid (2013) and uses hesitant fuzzy 
linguistic term sets (HFLTS) in combination with TOPSIS 
principles. The steps of HFL-TOPSIS are detailed as follows.

Let  be a fuzzy decision matrix; 
 is the set of involved decision-makers, 

 is the set of alternatives, and 
 is the set of criteria used to evaluate the 

alternatives. The performance of the alternative Ai in relation 
to the criterion Cj is denoted as xij. The aggregate decision 
matrix , with , is computed 
considering the different opinions of the decision-makers 

, according to equations 1 and 2 (Beg & 
Rashid, 2013).

Let Ωb be a collection of benefit criteria (i.e., higher 
score on Cj, corresponds to a higher overall score) and Ωc be 
a collection of cost criteria (lower score on Cj corresponds 
to a higher final score). The positive ideal solution (PIS) 
is represented as = ( …, ) , and the negative 
ideal solution (NIS) is represented as = ( …, ). 
Equations 3 and 4 guide the composition of PIS and NIS for 
benefit and cost criteria. In these equations,  
with  and (  (Beg & Rashid, 
2013).

(1)

(2)

(3)

(4)

After aggregating the matrices and obtaining the 
ideal solutions, a positive ideal separation matrix (D+) 
and a negative ideal separation matrix (D-) are obtained 
using equations 5 and 6. Each element of these matrices is 
calculated using equation 7, in which p and q represent the 
limits of the envelope of , and p' and q' are the boundaries 
of the envelope of  (Beg & Rashid, 2013).

Finally, we calculate the relative closeness 
(RC) of each alternative using equation 8, in which 

..

(5)

(6)

(7)
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A higher value of RC(Ai) corresponds to better overall 
performance Ai (Beg & Rashid, 2013).

The HFL-TOPSIS method was chosen because it does 
not restrict the quantity of input variables, offering support to 
group decisions and under hesitation. It was also chosen because 
it is a compensatory method, as the focus of the segmentation is 
to evaluate the overall performance considering the contribution 
of all criteria, instead of eliminating the suppliers that do not 
satisfy certain criteria, as occurs in the selection stage. However, 
the original version of this technique does not enable the 
decision-maker to assign weights to criteria, which is essential 
in segmentation for incorporating the strategic intentions 
of the buyer into the model, and generate results that reflect 
these preferences. For instance, by assigning different weights 
to the criteria, it is possible to define whether the buyer wishes 
to prioritize cost reduction or the improvement of reliability 
and agility in supplier deliveries, as well as to distinguish which 
criteria more significantly impacts the overall performance of 
the supplier. 

To enable the assignment of weights to criteria, an adapted 
version of HFL-TOPSIS was adopted, which was proposed by 
Magalhães (2020) and applies the algorithm of  Beg and Rashid 
(2013) with minor changes. When this approach is applied for 
the evaluation of weights, each row of the matrix represents a 
criterion, and each column represents a decision-maker. In the 
alternative evaluation step, the normalized values of the weights 
(CNi) are used to weight the scores of the alternatives during 
the calculation of the distances (Onar, Oztaysi, & Kahraman, 
2014), which is performed using equations 9 to 11, where  
and  represent the elements of the PIS and NIS, respectively. 
Equation 11 gives the distance between two hesitant fuzzy sets, 
considering each of the linguistic terms  that compose 
these sets, where  l represents the number of elements in the 
lager set  (Magalhães, 2020).

A computational model based on the equations 1 to 11 
was implemented using MS Excel© software. This tool was 
selected because it is widely used in business environments 
and provides a simple and transparent implementation. 
The model application was based on linguistic judgments 
provided by two employees of the purchasing department of 
a hydroelectric power plant (decision-maker 1 and decision-
maker 2). This company had a broad supply base, and the 
interviewed decision-makers had knowledge regarding the 
performance of the analyzed suppliers. The decision-makers 
selected the criteria, assigned their weights, evaluated the 
suppliers, and analyzed the results. Data were collected 
using a simple form, which contained the research objective, 
the possible criteria, and a space reserved for the evaluation 
of criteria and alternatives. The collection was conducted 
via videoconference, and the data were tabulated in an 
electronic spreadsheet. The criteria selection was based on 
a list extracted from the works of Rezaei and Ortt (2013a), 
Osiro et al. (2018) and Torres-Ruiz and Ravindran (2018).

Regarding the definition of the linguistic scales for 
performing the assessments, the decision-makers chose the 
scale proposed by Rodríguez et al. (2012), which is presented 
in Figure 1. The figure shows the label of each linguistic 
term (Si) and the vertices of the corresponding triangular 
sets. This scale was selected because it contains seven terms 
and provides a more thorough evaluation than a scale with 
fewer terms. The decision-makers selected a single scale for 
the evaluation of criteria and alternatives, as they considered 
that the scale shown in Figure 1 would be adequate for this 
purpose. Additionally, the use of a single scale simplified the 
application.

(8)

(9)

(10)

(11)

1.00
P

X
0.00

VHVLN HL M

1.000.830.170.00 0.670.33 0.50

𝜇𝜇𝜇𝜇 𝑥𝑥𝑥𝑥

Linguistic terms (Si) Vertices
N: Nothing (S0) (0; 0; 0.17)
VL: Very Low (S1) (0; 0.17; 0.33)
L: Low (S2) (0.17; 0.33; 0.50)
M: Medium (S3) (0.33; 0.50; 0.67)
H: High (S4) (0.50; 0.67; 0.83)
VH: Very High (S5) (0.67; 0.83; 1)
P: Perfect (S6) (0.83; 1; 1)

Figure 1. Linguistic scale defined for the evaluation of criteria and alternatives.
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The linguistic terms and linguistic expressions 
were converted to the HFLTS format, as described 
by Rodríguez et al. (2012). The conversion of the 
linguistic terms to HFLTS was based on the indices 
(i = 0, …, 6) of the linguistic terms shown in Figure 1, 
i.e., S0 = N, S1 = MB, S2 = B, S3 = M, S4 = H, S5 = VH, and 
S6 = AB. For example, by converting the weight of C2 
(‘between low and medium’) given by decision-maker 1, we 
obtain [L, M], which results in the envelope [2, 3]. In the 
HFLTS approach, only the values of the envelope boundaries 
are used in the calculations, in contrast to traditional fuzzy 
techniques that use the values of the degrees of pertinence or 
vertices of the fuzzy numbers. 

After the application, a sensitivity analysis was 
conducted to test the effect of the criteria weight variation 
on the supplier categorization considering three distinct 
scenarios, which are detailed in the Results and Discussion 
section.

RESULTS AND DISCUSSIONRESULTS AND DISCUSSION

The proposed model has three stages and was 
developed based on the works of Rodríguez et al. (2012), 
Beg and Rashid (2013), Rezaei and Ortt (2013a) and Osiro, 
Lima and Carpinetti (2018). This model aims to assist 

managers in the supplier segmentation process based on the 
TBL criteria, which are associated with the segmentation 
dimensions called ‘suppliers’ capabilities’ and ‘suppliers’ 
willingness to collaborate’ proposed by Rezaei and Ortt 
(2013a). This segmentation approach was chosen because 
of its easy adaptability in relating the sustainability criteria 
with the segmentation dimensions. It is the most widely 
used approach in applications aimed at the preparation 
of supplier development programs. Suppliers are grouped 
according to their performance, in contrast to other 
approaches, where suppliers are grouped according to the 
items that they supply (Medeiros & Ferreira, 2018; Park et 
al., 2010).

Figure 2 presents the steps of each stage of the 
proposed model. Stage 1 consists of the definition and 
evaluation of the criteria weights. This stage begins with 
the assembly of the team responsible for decision-making. 
It is recommended to select professionals who are involved 
with the purchasing process of the company, as well as 
other areas related to supply management, such as quality, 
environmental, and logistics management. Once the 
decision-makers are defined, they must choose the TBL 
criteria associated with the suppliers’ evaluation concerning 
the dimensions ‘capabilities’ and ‘willingness to collaborate.’ 
Next, they must define a linguistic scale to assess the 
importance of these criteria and perform the evaluations. 
Then, the criteria weights are calculated using the HFL-
TOPSIS technique (Beg & Rashid, 2013; Magalhães, 2020).

Assembly of the 
team responsible 

for decision-making 

Step 1: Evaluation of the criteria weights

Step 2: Supplier performance assessmentStep 3: Supplier categorization

Choice of the TBL criteria associated 
with the dimensions “capabilities” 

and “willingness to collaborate”

Definition of the linguistic 
scale for evaluating the 
weights of the criteria

Evaluation and calculation 
of the criteria weights 

using HFL-TOPSIS

Identification of the supplier 
groups and development of 

management policies

Positioning the 
suppliers in the 
categorization 

matrix

Calculation of the 
overall performance 

values using HFL-
TOPSIS

Collecting the 
suppliers’ 

scores

Definition of 
the suppliers to 

be evaluated

Figure 2. Proposed model for supplier segmentation.
Proposed by the authors.

Step 2 begins with defining which suppliers will be 
evaluated by the team of decision-makers. Subsequently, the 
language scale is defined for the evaluation of the suppliers’ 
scores, and the scores are collected for the criteria of both 
dimensions. The equations of Beg and Rashid (2013) are 
used to calculate the overall performance of the suppliers in 
each dimension. 

Finally, step 3 consists of categorizing suppliers. 
The suppliers are positioned in the categorization matrix 
according to the overall performance of each supplier 
for each segmentation dimension. To allow better data 
visualization, equation 12 is applied to perform a sigmoidal 
normalization, as described by Osiro et al. (2018). In this 
equation, vn represents the normalized value, and v represents 
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the original value.  represents the mean, and σv represents 
the standard deviation (referring to the original values).

Once the segmentation matrix is assembled, it is 
possible to identify the groups to which suppliers belong 
according to the quadrants in which they are positioned. 
This positioning of suppliers in the matrix is important 
because it provides the basis for supplier development 
programs. The programs formulated should provide the 
displacement of suppliers to the quadrant located in the 
upper part and to the right of the matrix (Rezaei & Ortt, 
2013a). The following section presents a real application of 
the proposed model to test it and demonstrate its use.

Application

The application was performed in a hydroelectric 
plant located in Rio Grande in the state of São Paulo. The 
plant has an installed capacity of 210 MW, provided by five 
bulb-type generator units. Its reservoir covers municipalities 
located in the states of São Paulo and Minas Gerais.

Step 1: definition and evaluation of 
criteria weights

Stage 1 began with the assembly of the team 
of decision-makers, which comprised two employees 
responsible for purchasing. The decision-makers jointly 
chose the criteria from a list extracted from the literature, 
covering the three TBL dimensions. The choice was based 
on the principles of the company: ‘dam safety, technology, 
and innovation.’ The criteria chosen for the ‘willingness 
to collaborate’ dimension are presented in Table 2. 
Among them, C7 and C9 as well as C11, C14 and C15 of the 
‘capabilities’ dimension, are related to safety (Table 4). C2, 
C4 and C5 as well as C5, C6, C7 and C18 of the ‘capabilities’ 
dimension, are related to technology and innovation. C1, 
C2 and C3 are aligned with the solid waste management 
and environmental education programs developed 
by the plant. Most of the other criteria are related to 
quality management practices and company operations. 
Only benefit criteria were selected; i.e., higher supplier 
performance in the criterion corresponds to higher overall 
performance.

(12)

Table 2. Linguistic judgments for the weights of the criteria of the ‘willingness to cooperate’ dimension.

Chosen criteria
Decision-maker 1 Decision-maker 2

Judgments Conversion Judgments Conversion

C1: Effort to reduce material waste Between very low and low [VL,L] Between medium and high [M,H]

C2: Ability to work in a team Between low and medium [L,M] Between medium and high [M,H]

C3: Commitment to quality Between medium and high [M,H] Between medium and high [M,H]

C4: Willingness to share information, ideas, technology, and 
cost savings Between very low and low [VL,L] Between medium and high [M,H]

C5: Long-term relationship Between low and medium [L,M] Between medium and high [M,H]

C6: Honesty Between medium and high [M,H] Between high and very high [H,VH]

C7: Safety auditorship Between medium and high [M,H] Perfect [P]

C8: Ease of communication Between very low and low [VL,L] Between medium and high [M,H]

C9: Compliance procedures Between medium and high [M,H] Perfect [P]

Note. Proposed by the authors.

Subsequently, the decision-makers individually 
evaluated the criteria weights using the scale of Figure 1. Table 
2 presents the linguistic terms and expressions assigned by each 
decision-maker, as well as the result of the conversion of these 
judgments into the HFLTS format. By utilizing the envelopes 
of these sets, which were defined according to the i-indexes 
of the linguistic terms, the computational model calculation 
sequence was conducted. First, the weights of the criteria of 

the ‘willingness to collaborate’ dimension were calculated. The 
HFLTS envelope values concerning the aggregate judgments 
of the decision-makers are presented in Table 3, which were 
produced using equations 1 and 2. Values are represented by 
Sp and Sq, where p and q represent the envelope lower limit 
index and upper limit index, respectively, which may vary 
from zero to six. The value zero corresponds to the judgment 
‘nothing,’ one corresponds to ‘very low,’ and so on.
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The NIS was obtained using equation 4, equating 
to = [1, 2]. . The PIS defined by equation 3 was 

= [6, 6]. . The distances between the scores of each 
alternative in relation to each value of NIS and PIS were 
obtained using equations 5 to 7, resulting in D- and D+. 
The relative proximity coefficients (CCi) were calculated 
using equation 8. Subsequently, they were normalized 
with the objective of ensuring that the sum of the weights 
was equal to one; all the values were divided by the largest 

value (0.778), to satisfy the premise of equations 9 and 10. 
The results are presented in Table 3.

Table 4 presents criteria selected by decision-makers 
for the ‘capabilities’ dimension, together with the judgments 
attributed to the weights and the conversion of these into 
HFLTS. The previously applied sequence of calculations 
(equations 1 to 8) was replicated for these judgments. The 
CCi and normalized CCi values for the criteria weights of 
the ‘capabilities’ dimension are presented in Table 5.

Table 3. Calculation of the weights of the criteria of the ‘willingness to collaborate’ dimension.

Criteria Sp Sq D+ D- CCi CCi normalized

C1 2 3 3 4 7 1 1 2 0.222 0.057

C2 3 3 3 3 6 1 2 3 0.333 0.086

C3 3 4 2 3 5 2 2 4 0.444 0.114

C4 2 3 3 4 7 1 1 2 0.222 0.057

C5 3 3 3 3 6 1 2 3 0.333 0.086

C6 4 4 2 2 4 2 3 5 0.556 0.143

C7 4 6 0 2 2 4 3 7 0.778 0.200

C8 2 3 3 4 7 1 1 2 0.222 0.057

C9 4 6 0 2 2 4 3 7 0.778 0.200

Note. Proposed by the authors.

Table 4. Linguistic judgments for the criteria of the ‘capabilities’ dimension.

Chosen criteria
Decision-maker 1 Decision-maker 2

Judgments Conversion Judgments Conversion

C1: Environmental certifications Between high and very high [M,H] Between medium and high [M,H]

C2: Proper waste disposal Between medium and high [P] Between medium and high [M,H]

C3: Disposal of hazardous materials Between medium and high [M,H] Between medium and high [M,H]

C4: On-time shipment Between medium and high [M,H] Between high and very high [H,VH]

C5: Technological capability Between high and very high [VL,L] Between high and very high [H,VH]

C6: Quick problem solving Between medium and high [L,M] Between high and very high [H,VH]

C7: Technical knowledge Perfect [M,H] Between high and very high [H,VH]

C8: Productivity and efficiency Between medium and high [M,H] Between high and very high [H,VH]

C9: Quality Between medium and high [H,VH] Between high and very high [H,VH]

C10: Average training time per employee Between very low and low [P] Between low and medium [L,M]

C11: Employees’ healthcare Between low and medium [M,H] Between medium and high [M,H]

C12: Child labor Between medium and high [H,VH] Between very low and low [VL,L]

C13: Work conditions Between medium and high [M,H] Between medium and high [M,H]

C14: Safety training Between high and very high [M,H] Perfect [P]

C15: Number of accidents Perfect [AB] Between high and very high [H,VH]

C16: Employee satisfaction Between medium and high [M,A] Between medium and high [M,H]

C17: Company reputation Between high and very high [A,MA] Between medium and high [M,H]

C18: Technical structure Between medium and high [M,A] Between medium and high [M,H]

C19: Financial situation Between medium and high [M,A] Between low and medium [L,M]

Note. Proposed by the authors.
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Step 2: assessment of supplier 
performance

This stage began with the choice of six suppliers to 
be evaluated by the decision-makers, from the supply base 
of the purchasing company. To maintain confidentiality 
of their identities, these suppliers were labeled as F1, F2, 

F3, F4, F5 and F6 . The evaluation of their performance in 
relation to the 28 criteria was based on the linguistic scale 
used in the previous step, which is presented in Figure 
1. Initially, the decision-makers assigned judgments for 
the suppliers’ performance regarding the criteria of the 
‘willingness to collaborate’ dimension using linguistic terms 
and expressions. Table 6 presents these judgments converted 
into the HFLTS format.

Table 5. Weights of the criteria for the ‘capabilities’ dimension.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

CCi 0.556 0.444 0.444 0.556 0.667 0.556 0.889 0.556 0.556 0.111

CCi normalized 0.056 0.045 0.045 0.056 0.067 0.056 0.09 0.056 0.056 0.011

C11 C12 C13 C14 C15 C16 C17 C18 C19

CCi 0.333 0.222 0.444 0.889 0.889 0.444 0.556 0.444 0.333

CCi normalized 0.034 0.022 0.045 0.09 0.09 0.045 0.056 0.045 0.034

Note. Proposed by the authors.

Table 6. Supplier evaluation regarding the criteria of the ‘willingness to collaborate’ dimension.

Ci

Decision-maker 1 Decision-maker 2

F1 F2 F3 F4 F5 F6 F1 F2 F3 F4 F5 F6

C1 [M,H] [H] [M,H] [M,H] [M,H] [L,M] [L] [H,VH] [L] [L,M,H] [M,H] [M,H]

C2 [M,H] [H] [M,H] [M,H] [M,H] [M,H] [L,M] [H,VH] [M] [M,H] [H,VH] [M,H]

C3 [M,H] [H,VH] [M,H] [M,H] [M,H] [L,M] [L] [H,VH] [L,M] [M,H] [M,H] [M,H]

C4 [L] [L,M] [VL,L] [L,M] [L,M] [VL,L] [M,H] [M,H] [L] [M,H] [M,H] [H,VH]

C5 [L,M] [H,VH] [M,H] [M,H] [H,VH] [M,H] [L,M] [P] [L,M] [H,VH] [H,VH] [P]

C6 [L,M] [H,VH] [L,M] [M,H] [M,H] [M,H] [H] [P] [H,VH] [H,VH] [P] [P]

C7 [M] [H,VH] [M,H] [M,H] [M,H] [M,H] [P] [P] [H,VH] [M,H] [M,H] [P]

C8 [L,M] [M,H] [M,H] [M,H] [M,H] [L,M] [L,M] [P] [L,M] [H,VH] [H,VH] [L,M]

C9 [M,H] [M,H] [M,H] [M,H] [M,H] [M,H] [P] [P] [P] [P] [P] [P]

Note. Proposed by the authors.

According to the data shown in Table 6, a spreadsheet 
containing the HFLTS envelopes [Sp, Sq] referring to the 
values of the judgments was assembled. These values were 
aggregated using equations 1 and 2, and the results are 
presented in Table 7. Next, the PIS and NIS were defined 
by applying equations 3 and 4, respectively. These equations 
returned the following results: A+ = ([4,5]; [4,5]; [4,5]; [4,5]; 
[6,6]; [6,6]; [6,6]; [6,6]; [6,6]) and A- = ([2,2]; [2,3]; [2,2]; 
[1,2]; [2,3]; [2,3]; [3,3]; [2,3]; [3,4]). The distances between 
the aggregate values of the judgments and the ideal solutions 
were calculated. For this, equations 9 to 11 were used, which 
allowed the scores to be weighted according to the weights 
calculated in the previous step (CNi). The results of the 
distance calculations are presented in Table 8.

The values of RCi were calculated using equation 8, 
followed by the application of equation 12 for sigmoidal 
normalization. The results are presented in Table 9. In this 
table, a higher score corresponds to better global performance 
of the supplier.

For the ‘capabilities’ dimension, the same procedures 
used to calculate the suppliers’ scores in the ‘willingness to 
collaborate’ dimension were employed. Table 10 presents 
the judgments collected from the decision-makers based on 
the scale presented in Figure 1, converted into the HFLTS 
format. Next, equations 1 to 4 and 9 to 12 were applied, 
yielding the values of the suppliers’ global performance 
(RCi) in the ‘capabilities’ dimension. The final results are 
presented in Table 11.
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Table 7. Aggregate values of the assessments for the ‘willingness to collaborate’ dimension.

Ci F1 F2 F3 F4 F5 F6

C1 [2, 3] [4, 4] [2, 3] [3, 4] [3, 4] [3, 3]

C2 [3, 3] [4, 4] [3, 3] [3, 4] [4, 4] [3, 4]

C3 [2, 3] [4, 5] [3, 3] [3, 4] [3, 4] [3, 3]

C4 [2, 3] [3, 3] [2, 2] [3, 3] [3, 3] [2, 4]

C5 [2, 3] [5, 6] [3, 3] [4, 4] [4, 5] [4, 6]

C6 [3, 4] [5, 6] [3, 4] [4, 4] [4, 6] [4, 6]

C7 [3, 6] [5, 6] [4, 4] [3, 4] [3, 4] [4, 6]

C8 [2, 3] [4, 6] [3, 3] [4, 4] [4, 4] [2, 3]

C9 [4, 6] [5, 6] [4, 6] [4, 6] [4, 6] [4, 6]

Note. Proposed by the authors.

Table 8. Distances of the values of the alternatives from the ideal solutions.

Ci

Distances from the PIS  
Ci

Distances from the NIS  

F1 F2 F3 F4 F5 F6 F1 F2 F3 F4 F5 F6

C1 0.114 0.029 0.114 0.057 0.057 0.086 C1 0.029 0.114 0.029 0.086 0.086 0.057

C2 0.129 0.043 0.129 0.086 0.043 0.086 C2 0.043 0.129 0.043 0.086 0.129 0.086

C3 0.229 0.000 0.171 0.114 0.114 0.171 C3 0.057 0.286 0.114 0.171 0.171 0.114

C4 0.114 0.086 0.143 0.086 0.086 0.086 C4 0.057 0.086 0.029 0.086 0.086 0.086

C5 0.300 0.043 0.257 0.171 0.129 0.086 C5 0.000 0.257 0.043 0.129 0.171 0.214

C6 0.357 0.071 0.357 0.286 0.143 0.143 C6 0.143 0.429 0.143 0.214 0.357 0.357

C7 0.300 0.100 0.400 0.500 0.500 0.200 C7 0.300 0.500 0.200 0.100 0.100 0.400

C8 0.200 0.057 0.171 0.114 0.114 0.200 C8 0.000 0.143 0.029 0.086 0.086 0.000

C9 0.200 0.100 0.200 0.200 0.200 0.200 C9 0.300 0.400 0.300 0.300 0.300 0.300

D+ 1.943 0.529 1.943 1.614 1.386 1.257 D- 0.929 2.343 0.929 1.257 1.486 1.614

Note. Proposed by the authors.

Table 9. Result of the RC calculation.

Supplier F1 F2 F3 F4 F5 F6

RCi 0.323 0.816 0.323 0.438 0.517 0.562

RCi normalized 0.281 0.849 0.281 0.421 0.528 0.588

Ranking 6th 1st 5th 4th 3rd 2nd

Note. Proposed by the authors.
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Table 10. Evaluation of suppliers with respect to the criteria of the ‘capabilities’ dimension.

Ci

Decision-maker 1 Decision-maker 2

F1 F2 F3 F4 F5 F6 F1 F2 F3 F4 F5 F6

C1 [VL] [VL] [VL] [VL] [VL] [VL] [M,H] [M,H] [M,H] [M,H] [M,H] [P]

C2 [L,M] [L,M] [L,M] [L,M] [L,M] [VL] [L,M] [P] [M,H] [L,M] [L,M] [VL,L,M]

C3 [M,H] [M,H] [L,M] [M,H] [M,H] [VL,L] [M,H] [P] [M,H] [M,H] [H,VH] [M,H,VH]

C4 [L,M] [M,H] [H,VH] [H,VH] [H,VH] [M,H] [L,M] [H,VH] [M,H] [M,H] [L,M] [L,M]

C5 [VL,L] [H,VH] [M,H] [M,H] [M,H] [M,H] [L,M,H] [L,M,H] [L,M] [L,M] [L,M,H] [H,VH]

C6 [M,H] [M,H] [M,H] [H,VH] [M,H] [H,VH] [L,M] [L,M] [VL,L] [L,M] [L,M] [L,M]

C7 [M,H] [M,H] [M,H] [H,VH] [M,H] [H,VH] [M,H] [M,H] [L,M] [M,H] [M,H] [H,VH]

C8 [L,M] [P] [M,H] [M,H] [M,H] [M,H] [L,M] [H,VH] [L,M] [M,H] [M,H] [M,H]

C9 [L,M] [P] [M,H] [M,H] [M,H] [M,H] [L,M] [M,H] [L,M] [M,H] [M,H] [M,H]

C10 [L,M] [M,H] [L,M] [VL,L] [VL,L] [H,VH] [M,H] [M,H] [VL,L] [L,M] [L,M] [H,VH]

C11 [M,H] [H,VH] [M,H] [M,H] [M,H] [M,H] [H,VH] [H,VH] [M,H] [M,H] [M,H] [P]

C12 [P] [P] [P] [P] [P] [P] [P] [P] [P] [P] [P] [P]

C13 [L,M] [H,VH] [L,M] [M,H] [M,H] [P] [L,M] [M,H] [L,M] [L,M] [L,M] [M,H]

C14 [L,M] [H,VH] [L,M] [L,M] [L,M] [P] [P] [P] [H,VH] [M,H] [M,H] [P]

C15 [VH] [VH] [VH] [VH] [VH] [VH] [P] [P] [P] [P] [P] [P]

C16 [VL] [H,VH] [M,H] [M,H] [M,H] [H,VH] [VL,L] [M,H] [L,M] [L,M] [M,H] [H,VH]

C17 [M,H] [H,VH] [M,H] [M,H] [M,H] [H,VH] [L,M] [H,VH] [L,M] [M,H] [M,H] [H,VH]

C18 [M,H] [H,VH] [M,H] [L,M] [L,M] [P] [M,H] [L,M] [VL,L] [L,M] [L,M] [H,VH]

C19 [M,H] [M,H] [M,H] [M,H] [M,H] [P] [L,M] [L,M] [L,M] [L,M] [L,M] [H,VH]

Note. Proposed by the authors.

Table 11. Standardized RC calculation results for the ‘capabilities’ dimension.

Supplier F1 F2 F3 F4 F5 F6

Normalized RCi 0.285 0.776 0.311 0.406 0.395 0.783

Ranking 6th 2nd 5th 3rd 4th 1st

Note. Proposed by the authors.

Step 3: categorization of suppliers

Step 3 began with the supplier positioning in the 
segmentation matrix. This positioning was based on the 
normalized values of RCi for the dimensions ‘willingness 
to collaborate’ and ‘capabilities,’ as shown in Tables 9 and 
11. As defined by Rezaei and Ortt (2013a), the y-axis of 
the matrix corresponds to the ‘willingness to collaborate’ 
dimension, and the x-axis corresponds to the ‘capabilities’ 

dimension. Figure 3 shows the supplier positioning. The 
last step of the application consisted of the identification 
of the groups into which each supplier was classified. This 
identification is important because it provides a basis for the 
development and implementation of programs and policies 
for supplier development. As shown in Figure 3, F1, F3, and 
F4 were positioned in group 1, F5 was in group 2, and F2 and 
F6 were in group 4. No supplier was positioned in group 3.
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The segmentation matrix serves as a tool in the 
development of suppliers. Actions may be formulated 
by the purchasing company managers with the aim of 
moving suppliers to group 4, which is characterized by 
suppliers with high degrees of capabilities and willingness 
to collaborate. These actions should be focused on the 
criteria in which these suppliers exhibited insufficient 
performance. For suppliers in group 1, policies and actions 
focused on increasing their capabilities and willingness 
to collaborate should be implemented. For suppliers in 
group 2, actions focused on improving their capacities 
may help them transfer to group 4. Another issue that 
must be considered is the development of actions aimed 
at the maintenance of suppliers who already belong to 
group 4, considering that there is the possibility of a 
‘relaxation’ of their performance and their regression to 
another group. 

Finally, these results were presented to the 
decision-makers, who stated that the criteria weights and 
the supplier classification reflected their preferences. In 
the ‘willingness to collaborate’ dimension, the criteria 
with the largest weights were safety auditorship (C7) and 
compliance procedures (C9), whereas in the ‘capabilities’ 
dimension, they were technical knowledge (C7), safety 
training (C14) and number of accidents (C15). These 
criteria directly influenced the segmentation results, as 
the best-positioned suppliers (F2 and F2) achieved high 
performance in the criteria of largest weight. In contrast F1 
and F3 had low performance in some of these criteria and 
did not reach high scores in several others, which led to 

their classification into group 4. In endorsing the results, 
the decision-makers affirmed that the criteria weighting 
reflected the hydroelectric plant’s focus on management 
of occupational safety and social aspects, as accidents 
in this context can have significant negative impacts 
in the economic, environmental, and social spheres. 
These results also reflect the need to meet compliance 
procedures, as the company is part of a consortium of 
plants and must satisfy several regulations and demands 
from various stakeholders.

Sensitivity analysis

In this study, a variation of the HFL-TOPSIS 
technique proposed by Magalhães (2020) on the basis of 
the work of Beg and Rashid (2013) was employed. In this 
approach, it is possible to assign weights to the criteria, 
which is impossible in the original version proposed by 
Beg and Rashid (2013). To analyze the consistency of 
the results obtained using this version of the technique, 
sensitivity analysis tests were conducted, which revealed 
the effects of the variations of input parameters on the 
model output results (Saltelli et al., 2019). 

The sensitivity analysis was conducted for three 
scenarios, whereby parameter variations occurred only in 
criteria weights so as to preserve supplier scores given by 
decision-makers. Scenario 1 considers the maximization 
of the environmental criteria weights; i.e., a higher level 
of importance was attributed to the weights of these 
criteria than to the others. This maximization occurred 

Figure 3. Positioning of suppliers in the segmentation matrix.
Proposed by the authors.
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through the assignment of the linguistic judgment 
‘AB’ (absolute) for environmental criteria, whereas the 
judgment ‘M’ (medium) was assigned for the other 
criteria (economic and social). The maximization 
was simultaneously performed for the ‘willingness to 
collaborate’ and ‘capabilities’ dimensions. In scenario 

2, the maximization of the weights occurred in the 
economic criteria and followed the same logic as scenario 
1. In scenario 3, the maximization of the weights of the 
social criteria was performed. Tables 12 and 13 present 
the judgments attributed to the weights in scenarios 1 
to 3.

Table 12. Judgments of the weights of the criteria of the ‘willingness to collaborate’ dimension.

Criteria
Scenario 1 Scenario 2 Scenario 3

Decision-
-maker 1

Decision-
-maker 2

Decision-
-maker 1

Decision-
-maker 2

Decision-
-maker 1

Decision-
-maker 2

C1: Effort to reduce material waste [P] [P] [M] [M] [M] [M]

C2: Ability to work in a team [M] [M] [P] [P] [M] [M]

C3: Commitment to quality [M] [M] [P] [P] [M] [M]

C4: Willingness to share information, ideas, technology, 
and cost savings [M] [M] [P] [P] [M] [M]

C5: Long-term relationship [M] [M] [P] [P] [M] [M]

C6: Honesty [M] [M] [M] [M] [P] [P]

C7: Safety auditorship [M] [M] [M] [M] [P] [P]

C8: Ease of communication [M] [M] [M] [M] [P] [P]

C9: Compliance procedures [M] [M] [M] [M] [P] [P]

Note. Proposed by the authors.

Table 13. Judgment of the weights of the criteria of the ‘capabilities’ dimension.

Criteria
Scenario 1 Scenario 2 Scenario 3

Decision-
-maker 1

Decision-
-maker 2

Decision-
-maker 1

Decision-
-maker 2

Decision-
-maker 1

Decision-
-maker 2

C1: Environmental certifications [P] [P] [M] [M] [M] [M]

C2: Proper waste disposal [P] [P] [M] [M] [M] [M]

C3: Disposal of hazardous materials [P] [P] [M] [M] [M] [M]

C4: On-time shipment [M] [M] [P] [P] [M] [M]

C5: Technological capability [M] [M] [P] [P] [M] [M]

C6: Quick problem solving [M] [M] [P] [P] [M] [M]

C7: Technical knowledge [M] [M] [P] [P] [M] [M]

C8: Productivity and efficiency [M] [M] [P] [P] [M] [M]

C9: Quality [M] [M] [P] [P] [M] [M]

C10: Average training time per employee [M] [M] [M] [M] [P] [P]

C11: Employees’ healthcare [M] [M] [M] [M] [P] [P]

C12: Child labor [M] [M] [M] [M] [P] [P]

C13: Work conditions [M] [M] [M] [M] [P] [P]

C14: Safety training [M] [M] [M] [M] [P] [P]

C15: Number of accidents [M] [M] [M] [M] [P] [P]

C16: Employee satisfaction [M] [M] [M] [M] [P] [P]

C17: Company reputation [M] [M] [M] [M] [P] [P]

C18: Technical structure [M] [M] [P] [P] [M] [M]

C19: Financial situation [M] [M] [P] [P] [M] [M]

Note. Proposed by the authors.
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After the scenarios were defined, the calculation sequence 
presented in steps 1 and 2 of the model was applied again, and 
the linguistic judgments concerning the suppliers’ evaluation 

were kept unchanged (Tables 6 and 10). Table 14 presents the 
results of the tests, highlighting the normalized values of RCi 
for the two dimensions of segmentation in the three scenarios.

Table 14. Normalized RC values for the three scenarios tested.

Fi

Proposed model Scenario 1 Scenario 2 Scenario 3

Willingness Capabilities Willingness Capabilities Willingness Capabilities Willingness Capabilities

F1 0.242 0.284 0.250 0.420 0.218 0.233 0.309 0.348

F2 0.821 0.793 0.798 0.874 0.793 0.734 0.834 0.715

F3 0.277 0.354 0.250 0.420 0.255 0.376 0.309 0.326

F4 0.449 0.363 0.634 0.420 0.534 0.409 0.309 0.348

F5 0.651 0.388 0.634 0.500 0.631 0.409 0.656 0.370

F6 0.539 0.769 0.432 0.275 0.583 0.806 0.540 0.832

Note. Proposed by the authors.

The groups into which the suppliers were classified 
in the application case and in the three sensitivity analysis 
scenarios are presented in Table 15. The values in bold 
indicate the suppliers that changed groups in relation to the 

application case. F1, F2, F3 and F5 had their scores changed 
in both segmentation dimensions in the three scenarios, 
but their grouping remained the same, indicating the 
stability of the model results.

Table 15. Grouping of suppliers for the three scenarios.

Supplier Application case Scenario 1 Scenario 2 Scenario 3

F1 1 1 1 1

F2 4 4 4 4

F3 1 1 1 1

F4 1 2 2 1

F5 2 2 2 2

F6 4 1 4 4
Note. Proposed by the authors.

With the exception of scenario 3, which prioritizes 
social criteria, one can observe variations in the groupings 
of F4 and F6 . The variations in the environmental and 
economic criteria weights impacted with greater intensity 
the supplier categorization. Although the decision-makers 
chose a relatively small amount of environmental criteria, 
the most significant variation was evidenced in scenario 1, 
where F6 moved from group 4 to group 1. Although the 
use of a smaller quantity of environmental criteria in the 
application case may imply a less thorough evaluation of the 
suppliers’ environmental performance, the results reinforce 
the significant impact of these environmental criteria on 
the grouping of suppliers. They also indicate the sensitivity 
of the model to variations in the values of the weights 
and demonstrate the importance of considering them in 
the supplier segmentation, as they can directly affect the 
grouping results.

In addition to the sensitivity analysis, for comparison, 
the model was applied while considering only the economic 
criteria and maintaining the same input scores. This caused 
changes in the scores of suppliers (RCi) and changes in 
categorization, as occurred with F4 , which was moved 
from group 1 to group 4. These results indicate that 
the use of environmental and social criteria can impact 
the categorization, so that suppliers with better socio-
environmental performance end up being better positioned 
in the segmentation matrix. Thus, the buying company starts 
to strengthen its relationships with suppliers that satisfy the 
economic, environmental, and social criteria in a balanced 
manner, rather than focusing on those with high economic 
performance and low environmental and social performance 
(for example, F4).
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CONCLUSIONCONCLUSION

A HFL-TOPSIS model was proposed for supplier 
segmentation based on the TBL criteria to support group 
decisions in scenarios of uncertainty and hesitation. In a pilot 
application conducted in a hydroelectric power plant, the 
performance of six suppliers was analyzed, and the suppliers 
were classified according to 28 criteria related to TBL. 
The classification results were endorsed by the decision-
makers involved. Sensitivity analysis tests reinforced the 
consistency of the obtained results. The model can subsidize 
the preparation of supplier development programs focused 
on the sustainability of operations. It can also be applied in 
situations where the main objective is not to improve the 
sustainability of the supply chain. In such cases, it is possible 
to resort to the literature in search of criteria related to more 
specific objectives for the context in question.

Compared with the previous models presented 
in Table 1, the proposed model has the advantage of 
using economic, environmental, and social criteria in the 
segmentation process and supporting decisions under 
hesitation. It also has advantages over Torres-Ruiz and 
Ravindran (2018) model, which is the only previous 
model for supplier segmentation that considers economic, 
environmental, and social criteria. In contrast to the model 
of Torres-Ruiz and Ravindran (2018), the proposed model 
allows the assignment of terms and linguistic expressions, 
has no limitation on the number of alternatives or criteria, 

and requires a smaller amount of judgments by not requiring 
the performance of paired comparisons between the criteria 
and alternatives. Therefore, some of the main limitations 
existing in the AHP technique, which was applied by Torres-
Ruiz and Ravindran (2018) and several other researchers 
(Akman, 2015; Bianchini et al., 2019; Che, 2011; Park 
et al., 2010; Rezaei & Ortt, 2013a; Santos et al., 2017; 
Segura & Maroto, 2017), can be circumvented by using the 
proposed model. This is also valid for models based on the 
fuzzy-AHP method (Haghighi, Morad, & Salahi, 2014; Lo 
& Sudjatmika, 2015).

As a suggestion for future research, the proposed 
model can be replicated by companies in different economic 
sectors, as this would allow a comparison of the importance 
that decision-makers attribute to certain criteria between 
different industries. The set and quantity of criteria selected 
depend on the needs of the buying company. Although 
the use of economic and social criteria predominates in 
the presented case, given the needs of the company in 
question, future applications may consider environmental, 
social, and economic criteria in a balanced manner. Another 
suggestion for future research is to conduct comparative 
studies between existing supplier segmentation models in 
the literature. Furthermore, the HFL-TOPSIS technique 
can be tested on other problems in the area of sustainable 
supply chain management, such as supplier selection using 
TBL criteria, evaluation of supplier development programs, 
and sustainable supply chain performance measurement.
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Magalhães, W.R. (2020). Proposição e aplicação de um modelo para 
priorização de risco baseado em FMEA e Hesitant Fuzzy-
TOPSIS (Dissertation). Universidade Tecnológica Federal 
do Paraná, Curitiba, PR, Brasil.

Medeiros, M., & Ferreira, L. (2018). Development of a purchasing 
portfolio model: An empirical study in a Brazilian hospital. 
Journal Production Planning & Control, 29(7), 571-585. 
https://doi.org/10.1080/09537287.2018.1434912

Onar, S. C., Oztaysi, B., Kahraman, C. (2014). Strategic decision 
selection using hesitant fuzzy TOPSIS and interval 
type-2 fuzzy AHP: A case study. International Journal 
of Computational Intelligence Systems, 7)5), 1002-1021. 
https://doi.org/10.1080/18756891.2014.964011

Osiro, L., Lima, F. R. Junior, & Carpinetti, L. C. R. (2014). A fuzzy 
logic approach to supplier evaluation for development. 
International Journal of Production Economics, 153(1), 95-
112. http://dx.doi.org/10.1016/j.ijpe.2014.02.009

Osiro, L., Lima, F. R. Junior, & Carpinetti, L. C. R. (2018). A group 
decision model based on quality function deployment and 
hesitant fuzzy for selecting supply chain sustainability 
metrics. Journal of Cleaner Production, 183(1), 964–978. 
https://doi.org/10.1016/j.jclepro.2018.02.197

Park, J., Shin, K., Chang, T., & Park, J. (2010). An integrative 
framework for supplier relationship management. 
Industrial Management & Data Systems, 110(4), 495-515. 
https://doi.org/10.1108/02635571011038990

Parkouhi, S. V., Ghadikolaei, A. S., & Lajimi, H. F. (2019). 
Resilient supplier selection and segmentation in grey 
environment. Journal of Cleaner Production, 207(1), 1123-
1137. https://doi.org/10.1016/j.jclepro.2018.10.007

Pedroso, C. B., Tate, W. L., Silva, A. L. da, & Carpinetti, 
L. C. R. (2021). Supplier development adoption: 
A conceptual model for triple bottom line (TBL) 
outcomes. Journal of Cleaner Production 314. 
https://doi.org/10.1016/j.jclepro.2021.127886

Pelissari, R., Oliveira, M. C., Abackerli, A. J., Ben-Amor, S., & 
Assumpção, M. R. P. (2018). Techniques to model 
uncertain input data of multi-criteria decision-making 
problems: A literature review. Intl. Trans. in Op. Res 00, 
1-37. https://doi.org/10.1111/itor.12598

Rashidi, K., Noorizadeh, A., Kannan, D., & Cullinane, 
K. (2020). Applying the triple bottom line in 
sustainable supplier selection: A meta-review of the 
state-of-the-art. Journal of Cleaner Production 269. 
https://doi.org/10.1016/j.jclepro.2020.122001

Restrepo, R., & Villegas, J. G. (2019). Supplier evaluation and 
classification in a Colombian motorcycle assembly 
company using data envelopment analysis. Academia 
Revista Latinoamericana de Administración, 32(2), 159-
180. https://doi.org/10.1108/ARLA-04-2017-0107

https://aprepro.org.br/conbrepro/2020/anais/arquivos/09252020_140959_5f6e2af7ae0a7.pdf
https://aprepro.org.br/conbrepro/2020/anais/arquivos/09252020_140959_5f6e2af7ae0a7.pdf
https://doi.org/10.1016/j.omega.2016.08.007
https://doi.org/10.1016/j.camwa.2011.11.014
https://doi.org/10.1016/j.indmarman.2009.06.001
https://doi.org/10.1016/j.eswa.2018.07.071
https://doi.org/10.1023/A:1006129603978
https://doi.org/10.1590/1982-7849rac20151109
https://doi.org/10.5815/IJISA.2014.05.08
https://doi.org/10.1108/BIJ-03-2018-0074
https://doi.org/10.1016/j.ijpe.2020.107830
https://doi.org/10.1108/13598541211227153
https://doi.org/10.1016/j.ijpe.2016.01.023
https://doi.org/10.1016/j.asoc.2014.03.014
https://doi.org/10.1007/s00500-015-1787-1
https://doi.org/10.1080/09537287.2018.1434912
https://doi.org/10.1080/18756891.2014.964011
http://dx.doi.org/10.1016/j.ijpe.2014.02.009
https://doi.org/10.1016/j.jclepro.2018.02.197
https://doi.org/10.1108/02635571011038990
https://doi.org/10.1016/j.jclepro.2018.10.007
https://doi.org/10.1016/j.jclepro.2021.127886
https://doi.org/10.1111/itor.12598
https://doi.org/10.1016/j.jclepro.2020.122001
https://doi.org/10.1108/ARLA-04-2017-0107


W. V. Borges, F. R. Lima Junior, J. Peinado, L. C. R. CarpinettiA hesitant fuzzy linguistic TOPSIS model to support supplier segmentation

18Revista de Administração Contemporânea, v. 26, n. 6, e-210133, 2022 | doi.org/10.1590/1982-7849rac2022210133.en| e-ISSN 1982-7849 | rac.anpad.org.br

Rezaei, J., & Lajimi, H. F. (2019). Segmenting supplies and 
suppliers: Bringing together the purchasing portfolio 
matrix and the supplier potential matrix. International 
Journal of Logistics Research and Applications, 22(4), 419-
436. https://doi.org/10.1080/13675567.2018.1535649

Rezaei, J., & Ortt, R. (2013a). Multi-criteria supplier segmentation 
using a fuzzy preference relations based AHP. European 
Journal of Operational Research, 225(1), 75-84. 
https://doi.org/10.1016/j.ejor.2012.09.037

Rezaei, J., & Ortt, R. (2013b). Supplier segmentation using fuzzy 
logic. Industrial Marketing Management, 42(4), 507-517. 
https://doi.org/10.1016/j.indmarman.2013.03.003

Rezaei, J., Kadzinski, M., Vana, C., & Tavasszy, L. A. 
(2017) Embedding carbon impact assessment 
in multi-criteria supplier segmentation using 
ELECTRE TRI-rC. Annals of Operations Research. 
https://doi.org/10.1007/s10479-017-2454-y

Rezaei, J., Wang, J., & Tavasszy, L. (2015). Linking supplier 
development to supplier segmentation using Best Worst 
Method. Expert Systems with Applications, 42(23), 9152-
9164. https://doi.org/10.1016/j.eswa.2015.07.073

Rodríguez, R. M., Martinez, L., & Herrera, F. (2012). Hesitant 
fuzzy linguistic term sets for decision making. IEEE 
Transactions on Fuzzy Systems, 20(1), 109-119. 
https://doi.org/10.1109/tfuzz.2011.2170076

Saltelli, A., Aleksankina, K., Becker, W., Fennell, P., Ferretti, F., Holst, 
N., & Wu, Q. (2019). Why so many published sensitivity 
analyses are false: A systematic review of sensitivity analysis 
practices. Environmental modelling & software, 114(1), 29-
39. https://doi.org/10.1016/j.envsoft.2019.01.012

Santos, L. F. O. M., Osiro, L., & Lima, R. H. P. (2017). A 
model based on 2-tuple fuzzy linguistic representation 
and Analytic Hierarchy Process for supplier 
segmentation using qualitative and quantitative 
criteria. Expert Systems with Applications, 79(1), 53-64. 
https://doi.org/10.1016/j.eswa.2017.02.032

Segura, M., & Maroto, C. (2017). A multiple criteria supplier 
segmentation using outranking and value function 
methods. Expert Systems with Applications, 69(1), 87-100. 
https://doi.org/10.1016/j.eswa.2016.10.031

Seuring, S., & Muller, M. (2008). From a literature review to a 
conceptual framework for sustainable supply chain 
management. Journal of Cleaner Production, 16(15), 1699-
1710. https://doi.org/10.1016/j.jclepro.2008.04.020

Torres-Ruiz, A., & Ravindran, R. (2018). Multiple criteria 
framework for the sustainability risk assessment of a supplier 
portfolio. Journal of Cleaner Production, 172(1), 4478-
4493. https://doi.org/10.1016/j.jclepro.2017.10.304

https://doi.org/10.1080/13675567.2018.1535649
https://doi.org/10.1016/j.ejor.2012.09.037
https://doi.org/10.1016/j.indmarman.2013.03.003
https://doi.org/10.1007/s10479-017-2454-y
https://doi.org/10.1016/j.eswa.2015.07.073
https://doi.org/10.1109/tfuzz.2011.2170076
https://doi.org/10.1016/j.envsoft.2019.01.012
https://doi.org/10.1016/j.eswa.2017.02.032
https://doi.org/10.1016/j.eswa.2016.10.031
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1016/j.jclepro.2017.10.304


W. V. Borges, F. R. Lima Junior, J. Peinado, L. C. R. CarpinettiA hesitant fuzzy linguistic TOPSIS model to support supplier segmentation

18 19Revista de Administração Contemporânea, v. 26, n. 6, e-210133, 2022 | doi.org/10.1590/1982-7849rac2022210133.en| e-ISSN 1982-7849 | rac.anpad.org.br

Authorship
William Viana Borges*
Universidade Tecnológica Federal do Paraná, Programa de Pós-
Graduação em Administração
Av. Sete de Setembro, n. 3165, Rebouças, 80230-010, Curitiba, 
PR, Brazil
E-mail: williamvianaborges@gmail.com

 https://orcid.org/0000-0001-5166-2846

Francisco Rodrigues Lima Junior
Universidade Tecnológica Federal do Paraná, Programa de Pós-
Graduação em Administração
Av. Sete de Setembro, n. 3165, Rebouças, 80230-010, Curitiba, 
PR, Brazil
E-mail: frjunior@utfpr.edu.br

 https://orcid.org/0000-0001-7053-5519

Jurandir Peinado
Universidade Tecnológica Federal do Paraná, Programa de Pós-
Graduação em Administração
Av. Sete de Setembro, n. 3165, Rebouças, 80230-010, Curitiba, 
PR, Brazil
E-mail: jurandirpeinado@utfpr.edu.br

 https://orcid.org/0000-0003-4777-6984

Luiz Cesar Ribeiro Carpinetti
Universidade de São Paulo, Escola de Engenharia de São Carlos, 
Departamento de Engenharia de Produção
Av. Trabalhador São-Carlense, n. 400, Parque Arnold Schimidt, 
13566-590, São Carlos, SP, Brazil
E-mail: carpinet@sc.usp.br

 https://orcid.org/0000-0002-8357-2607

* Corresponding Author

Funding
The author reported that there is no financial support for the 
research in this article.

Plagiarism Check
The RAC maintains the practice of submitting all documents 
approved for publication to the plagiarism check, using 
specific tools, e.g.: iThenticate.

Authors' Contributions
1st author: conceptualization (lead); formal analysis (lead); 
investigation (lead); methodology (lead); validation (lead); 
visualization (lead); writing – original draft (lead).
2nd author: conceptualization (equal); methodology (equal); 
project administration (lead); supervision (equal); validation 
(lead); writing – original draft (supporting).
3rd author: conceptualization (supporting); supervision 
(lead); validation (equal); writing – review & editing (equal).
4th author: conceptualization (equal); supervision (equal); 
validation (supporting); writing – review & editing (lead).

Copyrights
RAC owns the copyright to this content.

Conflict of Interests
The authors have stated that there is no conflict of interest.

Peer Review Method
This content was evaluated using the double-blind peer review 
process. The disclosure of the reviewers’ information on the 
first page, as well as the Peer Review Report, is made only after 
concluding the evaluation process, and with the voluntary 
consent of the respective reviewers and authors.

Data Availability
The authors claim that all data used in the research have 
been made publicly available through the Harvard Dataverse 
platform and can be accessed at:

Borges, William Viana; Lima Junior, Francisco 
Rodrigues; Peinado, Jurandir; Carpinetti, Luiz 
Cesar Ribeiro, 2021, "Replication Data for: "A 
Hesitant Fuzzy Linguistic TOPSIS model to 
support Supplier Segmentation" published by 
RAC - Revista de Administração Contemporânea", 
Harvard Dataverse, V1. 
https://doi.org/10.7910/DVN/B33ARK

RAC encourages data sharing but, in compliance with ethical 
principles, it does not demand the disclosure of any means of 
identifying research subjects, preserving the privacy of research 
subjects. The practice of open data is to enable the reproducibility 
of results, and to ensure the unrestricted transparency of the 
results of the published research, without requiring the identity 
of research subjects.

RAC is a member of, and subscribes to the principles of the Committee on Publication Ethics (COPE) for scholarly publication

https://orcid.org/0000-0001-5166-2846
https://orcid.org/0000-0001-7053-5519
https://orcid.org/0000-0003-4777-6984
https://orcid.org/0000-0002-8357-2607
https://doi.org/10.7910/DVN/B33ARK

