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Abstract
In project management, agility concept has emerged for overcoming the limitations of traditional methodologies that are

sequential and linear. An agile project contains planned processes as well as iterations. In global competitive areas,

achieving agility in outsourcing processes enables the companies to cope with changes and dynamic issues. This paper

introduces an integrated cognitive map-based intuitionistic fuzzy multiple criteria decision aid to rank agile outsourcing

provider alternatives and then determine the best performing one. Intuitionistic fuzzy sets are employed for dealing with

uncertain and vague data along with the loss of information that may be occurred in numerical operations with fuzzy

numbers. Intuitionistic fuzzy cognitive map tool is used to weight the evaluation criteria that are interrelated with each

other with causal links. The most appropriate agile outsourcing provider alternative is identified via intuitionistic fuzzy

complex proportional assessment technique, which aims to obtain a solution relative to the ideal solution. In order to

demonstrate the robustness of the proposed intuitionistic fuzzy decision aid, a case study is conducted in Turkish white

goods industry. As a comparative study, a scenario analysis is provided to understand the impacts of COVID-19 pandemic

on agile provider evaluation/selection decision. According to the results obtained from the scenario analysis, it is worth

noting that home office procedures are appropriate for maintaining agility in outsourcing processes of project management.

Keywords Intuitionistic fuzzy sets � Intuitionistic fuzzy cognitive map � Intuitionistic fuzzy complex proportional

assessment � Agile provider selection � Project management � COVID-19 pandemic

1 Introduction

Agile project management concept is introduced in 2001 to

handle ineffectiveness in defining the requirements of the

customers, managing the changes of the project needs, and

saving cost. It has been emerged from unpredictable char-

acteristics of customer needs, developing technology, and

unstability of business problems (Lei et al. 2017). Agile

concept was required in project management in order to

eliminate the shortcomings of Waterfall project manage-

ment methodology, which is linear and sequential. In an

agile project, processes are planned and then managed in

iterative manner. The representatives of stakeholders of the

project criticize and review each iteration of the agile

project. The outcomes achieved from an iteration lead to

construct the following project stage (Totten 2017).

In increasing competition of the markets, agility concept

has become more and more crucial in managerial issues.

Accordingly, agility in outsourcing processes has emerged

in order to deal with changes and dynamic environment

(Liu et al. 2008). Outsourcing provides disintegration of

the jobs by collaborating with a provider in lieu of

insourcing an activity (Tsai et al. 2010). In the recent past,

outsourcing is a component of strategic management as

well as a part of operations management, although it was

firstly employed in the early 1990s in information tech-

nologies (IT) to achieve cost savings and technical effi-

ciency (Tjader et al. 2014). For the employer, the selection

of the outsourcer has a major impact on the cost and quality

of the project. Selecting the wrong provider may lead to
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delayed completion and increased costs (Chen et al.

2021a).

The objective of this paper is to develop an integrated

intuitionistic fuzzy decision framework that identifies the

most suitable agile provider alternative. The presence of

uncertain, vague, and hesitative data led to utilize intu-

itionistic fuzzy numbers in order to express interrelation-

ships among the evaluation criteria and the ratings of the

alternatives with regard to the criteria. Intuitionistic fuzzy

cognitive map (IFCM) technique is employed to handle

cause-and-effect relationships among the criteria. Selection

procedure is completed using intuitionistic fuzzy complex

proportional assessment (IFCOPRAS) methodology that

obtains a solution relative to the ideal solution. To illustrate

the proposed integrated decision framework, a case study is

conducted in a white goods manufacturer that aims to

determine the most appropriate agile outsourcing provider

for an IT-oriented project. In order to understand whether

COVID-19 pandemic causes to a change in rank-order of

the alternatives or not, a scenario analysis is provided and

then a comparative analysis is demonstrated.

The contributions of the proposed method to the litera-

ture can be listed as follows. First, the proposed method

allows to utilize intuitionistic fuzzy numbers to express the

experts’ opinions. Uncertain and vague data can be easily

handled by fuzzy decision analyses representing the data

by linguistic terms. However, fuzzy decision making

approaches cannot incorporate hesitative data or lack of

information of the decision-makers. For that purpose,

intuitionistic fuzzy decision aid framework is proposed in

order to be able to cope with hesitation in data. Second,

IFCM methodology allows to transform the cause-and-ef-

fect relationships among the criteria into the intuitionistic

fuzzy numbers by considering hesitation. Third, the pre-

sented intuitionistic decision framework obtains the best

performing alternative using IFCOPRAS methodology that

finds a solution relative to the ideal solution. Fourth, this is

the paper that combines IFCM and IFCOPRAS throughout

the literature. Fifth, there is not another work that ranks

agile provider alternatives in white goods sector. Sixth, a

scenario-based comparative analysis is provided in order to

understand the impacts of COVID-19 pandemic on agile

provider evaluation/selection decision framework.

The remaining parts of the paper are organized as fol-

lows. Section 2 explains a detailed literature review on

outsourcing provider evaluation/selection problem. Sec-

tion 3 outlines materials and methods along with the pro-

posed decision aid. Conducted case study is given in the

subsequent section. Section 5 gives an evaluation of

COVID-19 effect by providing a scenario analysis. Man-

agerial implications and discussion are delineated in

Sect. 6. Concluding remarks as well as future research

directions are provided in the last section.

2 Literature review

In the recent past, researchers have contributed to the

‘‘provider evaluation/selection’’ literature by proposing

various approaches. In this section, providing a deep lit-

erature survey related to this field and demonstrating the

gap in the literature are aimed. For that reason, the online

databases namely ‘‘Science Direct’’, ‘‘Taylor & Francis’’,

‘‘Springer’’, and ‘‘Emerald’’ were examined, and the

research papers that were published from 2006 to 2020 and

related to ‘‘provider evaluation/selection’’ problem are

observed. ‘‘Provider evaluation’’, ‘‘provider selection’’ and

‘‘decision’’ are utilized as keywords while searching the

related papers in the literature. In order to give a detailed

and apparent structure while surveying the literature, cat-

egorization of the reviewed papers is provided. According

to the methods applied in the reviewed works, two main

categories named as ‘‘decision-making-based approaches’’

and ‘‘optimization-based approaches’’ are created.

In total, 63 research papers are reviewed, 73% of them

utilized decision making based approaches, whereas 27%

of them employed optimization-based techniques for

solving provider evaluation/selection problem. 45% of the

reviewed papers that used decision making based approa-

ches were published in the past 5 years, 55% of them were

published earlier. Besides, 35% of the reviewed papers that

used optimization-based approaches were published in the

past 5 years, and 65% of them were published earlier. 51%

of the reviewed papers that utilized decision-making-based

approaches introduced individual decision making

methodology, and 49% of them presented integrated

decision aid methods. On the other hand, 41% of the

reviewed papers that employed optimization-based

approaches introduced individual decision framework and

59% of them presented integrated decision support.

First, the studies that introduce decision-making-based

approaches for provider selection problem are reviewed,

and table format is given in Table 1. Bottani et al. (2006)

ranked third-party logistics (3PL) provider alternatives and

selected the most suitable one using fuzzy technique for

order preference by similarity to ideal solution (TOPSIS)

method. Likewise, Jharkharia et al. (2007) identified the

best performing 3PL provider alternative by employing

analytic network process (ANP) methodology. Wang et al.

(2007) combined analytic hierarchy process (AHP) and

preference ranking organization method for enrichment

evaluations (PROMETHEE) II techniques for selecting the

most suitable information systems project provider incor-

porating both quantitative and qualitative data into the

decision framework.

Efendigil et al. (2008) aimed to solve the most appro-

priate third-party reverse logistics (3PRL) provider
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alternative by combining fuzzy AHP and artificial neural

network (ANN). Hsu and Hsu (2008) evaluated informa-

tion systems provider selection criteria using Delphi

method, calculated criteria weights by Entropy technique,

and identified the best alternative employing TOPSIS

methodology. Büyüközkan et al. (2009) proposed a 2-ad-

ditive choquet integral method to fourth party logistics

service provider selection problem by conducting a case

study in a logistics firm that performs in Turkey. Chen et al.

(2009) introduced an efficient delivery approach and

evaluated possible providers employing fuzzy viekriteri-

jumsko kompromisno rangiranje (VIKOR) method for an

IT outsourcing project. Likewise, Kahraman et al. (2009)

identified the best performing IT service provider for a

furniture company located in Konya, Turkey, by utilizing

fuzzy TOPSIS methodology. Chen et al. (2010) integrated

fuzzy AHP and fuzzy TOPSIS methods for selecting the

most appropriate outsourcing manufacturing partner in

pharmaceutical research and development. Cheng et al.

(2010) employed ANP to rank 3PRL providers for high-

technology manufacturing firms by conducting a case study

in electronics sector in Taiwan. In a similar way, Lin et al.

(2010) used ANP to propose a hybrid multi-criteria deci-

sion making (MCDM) approach to deal with complicated

manufacturing outsourcing provider evaluation and selec-

tion by providing an application for a semiconductor

company in Taiwan. Likewise, Tjader et al. (2010) made

use of ANP method to decide the best off-shore policy

between client and vendor by using decision-makers,

influence groups and stakeholder’s perspective for roughly

50 factors.

Kahraman et al. (2010) determined the most appropriate

enterprise resource planning (ERP) project outsourcing

provider alternative by employing fuzzy AHP technique.

Liou et al. (2010) integrated DEMATEL, ANP, and

VIKOR methods to evaluate the criteria of outsourcing

providers and ranking the priorities of the alternatives in

airline industry. Chen et al. (2011) employed fuzzy PRO-

METHEE for evaluating the service providers in order to

provide a guideline to managers for being able to manage

outsourcing decisions efficiently. Kumar et al. (2012)

weighted the criteria of 3PL provider selection problem

through consistent fuzzy preference relation and ranked the

alternatives with VIKOR method. Cao et al. (2012) utilized

Dodgson function to identify potential providers, ANP to

weight selection criteria, and grey relation analysis to rank

the providers alternatives in finance sector. Erkayman et al.

(2012) combined fuzzy AHP and fuzzy TOPSIS methods

for ranking 3PL service providers. Likewise, Ho et al.

(2012) solved 3PL provider selection problem by inte-

grating quality function deployment (QFD) and fuzzy

AHP. Kaya (2012) assessed and selected the most appro-

priate waste electrical and electronic equipment (WEEE)

outsourcing firm in Turkey using fuzzy AHP. Low et al.

(2012) evaluated the criteria of cloud-based hospital

information technologies service provider by combining

fuzzy Delphi method and fuzzy AHP. Govindan et al.

(2013) ranked the priorities of 3PRL provider selection

criteria with AHP and evaluated the alternatives with ANP

methodology by conducting an illustrative case study in an

automobile company. Hsu and James (2013) identified the

most suitable provider in airline industry by integrating the

decision making trial and evaluation laboratory (DEMA-

TEL) and ANP. Similarly, Hsu et al. (2013) determined the

most suitable provider in airline industry combining

DEMATEL, ANP, and grey relation methods. Uygun et al.

(2015) combined DEMATEL and fuzzy ANP methods for

provider evaluation in telecommunication sector.

In the last 5 years, Alkhatib et al. (2015) proposed 3PL

provider selection framework in which fuzzy DEMATEL

is used to weight evaluation criteria, fuzzy TOPSIS is

employed to rank the alternatives, and fuzzy VIKOR is

utilized to test stability of the ranking results. Faisal and

Raza (2016) constructed a grey theory-based decision

framework for IT outsourcing provider selection for aca-

demic institutions. Govindan et al. (2016) revealed the

interrelationships among 3PL provider selection criteria

and then proposed a selection framework using grey

DEMATEL in automotive industry. Lin (2016) applied

fuzzy AHP technique for service provider selection in

Taiwanese tourism industry. Sen et al. (2017) solved 3PL

provider selection problem using grey-TOPSIS methodol-

ogy. Shahrasbi et al. (2017) ranked the alternatives of

security service providers using group decision making and

applied fuzzy TOPSIS, fuzzy VIKOR, and fuzzy elimina-

tion et choix traduisant la realité (ELECTRE) methods by

making use of Hamming, Chebyshev, Euclidean, and

Manhattan distances. In order to obtain a single final rank-

order, they employed an aggregation technique. Büyü-

közkan et al. (2017) combined intuitionistic fuzzy

DEMATEL and intuitionistic fuzzy ANP methodologies

for evaluating customer relationship management partners.

More recently, Ecer (2018) integrated fuzzy AHP and

evaluation-based on distance from average solution

(EDAS) for 3PL provider selection in marble industry. Ji

et al. (2018) combined multi-attribute border approxima-

tion area comparison (MABAC) and ELECTRE methods

for outsourcing provider selection in the presence of neu-

trosophic fuzzy numbers. Sremac et al. (2018) utilized

rough stepwise weight assessment ratio analysis (SWARA)

and rough weighted aggregated sum product assessment

(WASPAS) methods by integrating rough Dombi aggre-

gation operator into the 3PL provider evaluation frame-

work. Likewise, Singh et al. (2018) developed fuzzy AHP

and fuzzy TOPSIS combined approach for 3PL provider

selection for a cold supply chain in food industry. Li et al.
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Table 1 Reviewed papers that propose decision making-based approaches for outsourcing provider selection problem

Author(s) Year AHP ANP TOPSIS PROMETHEE VIKOR DEMATEL QFD ELECTRE Delphi

Bottani et al 2006 x

Jharkharia et al 2007 x

Wang et al 2007 x x

Efendigil et al 2008 x

Hsu and Hsu 2008 x x

Büyüközkan et al 2009

Chen et al 2009 x

Kahraman et al 2009 x

Chen et al 2010 x x

Cheng et al 2010 x

Lin et al 2010 x

Tjader et al 2010 x

Kahraman et al 2010 x

Liou et al 2010 x x x

Chen et al 2011 x

Kumar et al 2011 x

Cao et al 2012 x

Erkayman et al 2012 x x

Ho et al 2012 x x

Kaya 2012 x

Low et al 2012 x x

Govindan et al 2013 x x

Hsu and James 2013 x x

Hsu et al 2013 x x

Uygun et al 2014 x x

Alkhatib et al 2015 x x x

Faisal and Raza 2016

Govindan et al 2016 x

Lin 2016 x

Sen et al 2017 x

Shahrasbi et al 2017 x x x

Büyüközkan et al 2017 x x

Ecer 2018 x

Ji et al 2018 x

Sremac et al 2018

Singh et al 2018 x x

Li et al 2018 x

Chen 2018 x x

Percin 2019 x x

Govindan et al 2019 x

Ljubojevic et al 2019 x

Zarbakhshnia et al 2020 x

Rani et al 2020

Liu et al 2020 x

Gireesha et al 2020

Mishra et al 2020 x
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Table 1 continued

Author(s) Year EDAS ANN Entropy Choquet

integral

Grey relation

analysis

MABAC SWARA WASPAS AD BWM

Bottani et al 2006

Jharkharia et al 2007

Wang et al 2007

Efendigil et al 2008 x

Hsu and Hsu 2008 x

Büyüközkan et al 2009 x

Chen et al 2009

Kahraman et al 2009

Chen et al 2010

Cheng et al 2010

Lin et al 2010

Tjader et al 2010

Kahraman et al 2010

Liou et al 2010

Chen et al 2011

Kumar et al 2011

Cao et al 2012 x

Erkayman et al 2012

Ho et al 2012

Kaya 2012

Low et al 2012

Govindan et al 2013

Hsu and James 2013

Hsu et al 2013 x

Uygun et al 2014

Alkhatib et al 2015

Faisal and Raza 2016 x

Govindan et al 2016

Lin 2016

Sen et al 2017

Shahrasbi et al 2017

Büyüközkan et al 2017

Ecer 2018 x

Ji et al 2018 x

Sremac et al 2018 x x

Singh et al 2018

Li et al 2018

Chen 2018

Percin 2019 x x

Govindan et al 2019

Ljubojevic et al 2019

Zarbakhshnia

et al

2020

Rani et al 2020 x

Liu et al 2020 x x

Gireesha et al 2020 x

Mishra et al 2020
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(2018) solved 3PRL provider selection using cumulative

prospect theory and then provided a comparative analysis

employing fuzzy TOPSIS technique for an electronics

company. Chen (2018) solved sustainable supplier selec-

tion problem by employing QFD and TOPSIS methods in

the hesitative environment.

Recently, Percin (2019) identified the best performing

outsourcing provider in chemical industry combining fuzzy

SWARA and fuzzy axiomatic design (AD) methodologies

and then provided a sensitivity analysis in order to compare

the results with those of other decision making techniques

namely fuzzy TOPSIS and fuzzy VIKOR. Govindan et al.

(2019a, b) proposed ELECTRE-based stochastic multi-

criteria acceptability analysis for 3PRL provider selection

for an Indian manufacturer. Ljubojevic et al. (2019) pro-

posed two-stage decision framework for outsourcing pro-

vider selection in transportation sector. The hybrid two-

stage method combines DEMATEL with a novel

outranking methodology. In a similar manner, Zarbakhsh-

nia et al. (2020) identified the best 3PRL provider that

performs for car parts production company by integrating

fuzzy AHP and grey multi-objective optimization by ratio

analysis. Rani et al. (2020) evaluated mobile telephone

service providers incorporating intuitionistic fuzzy sets into

grey relation analysis. Likewise, Mishra et al. (2020) pro-

posed intuitionistic fuzzy ELECTRE technique for ranking

and selecting mobile phone service providers. Liu et al.

(2020) introduced best worst method (BWM) and Entropy

integrated TOPSIS methodology for blockchain service

provider selection problem in hesitative environment.

Gireesha et al. (2020) developed an improved interval-

valued intuitionistic fuzzy sets (IIVIFS) based WASPAS

technique for cloud outsourcing provider selection. Chen

et al. (2021b) employed hesitant fuzzy linguistic term set

into a MCDM methodology for 3PRL provider selection

problem. Moreover, they compared the ranking results of

the proposed approach with different MCDM techniques,

namely TOPSIS, VIKOR, COPRAS, and MULTIMOORA.

Throughout the literature, few researchers have focused

on optimization-based decision support for outsourcing

provider evaluation and selection framework, the tableau

format of the review is given in Table 2. Araz et al. (2007)

assessed the providers for a textile company and selected

the most appropriate vendor by integrating PROMETHEE

and fuzzy goal programming (GP) approaches. Cao et al.

(2007) optimize provider selection framework by propos-

ing two-stage combinatorial optimization model. Isiklar

et al. (2007) developed fuzzy compromise programming

(CP) model for 3PL provider selection for a big holding

company located in Turkey. Wu and Chien (2008) con-

structed a decision framework to evaluate outsourcing

providers and to solve order allocation problem by

proposing a mixed integer linear programming (MILP)

model. Wong (2012) proposed a fuzzy ANP integrated

preemptive fuzzy integer GP to 3PL provider selection.

Likewise, Azadi et al. (2011) ranked the efficiency of

3PRL providers by developing chance-constrained data

envelopment analysis (DEA) based model. Liou et al.

(2011) developed DEMATEL and ANP integrated fuzzy

preference programming model to service provider selec-

tion for airline industry in Taiwan. Ukor et al. (2012)

combined integer programming (IP) model, tree-search

heuristic, and genetic algorithm for provider selection

problem. Gonzalez-Gomez et al. (2013) compared water

services outsourcing companies’ (public, private, public–

private) efficiency using 80 water plants data performing in

Southern Spain. For that reason, they developed a DEA

model.

Percin and Min (2013) proposed QFD-integrated fuzzy

linear regression and zero–one goal programming models

to 3PL provider selection problem. Likewise, Li et al.

(2014) developed a fuzzy linear programming model for IT

outsourcing provider selection. Wan et al. (2015) intro-

duced a TOPSIS-integrated intuitionistic fuzzy linear pro-

gramming model for outsourcing provider evaluation.

Tavana et al. (2016) ranked the best 3PRL provider alter-

natives by incorporating strengths, weaknesses, opportu-

nities, and threats (SWOT) analysis into the intuitionistic

fuzzy AHP methodology employing an extension of intu-

itionistic fuzzy preference programming model. The pro-

posed model is illustrated via a case study that is conducted

in a pipe joint manufacturer. Hu and Yu (2016) proposed

AHP integrated goal programming model for solving

contract provider selection problem. Govindan et al.

(2019a, b) proposed a goal programming model-based

integrated fuzzy decision aid for evaluating 3PRL provi-

ders in Indian electronics industry. They combined fuzzy

AHP and fuzzy TOPSIS methodologies, and considered

environmental, economic, and social indicators for select-

ing the best performing alternative. Lately, Lai et al. (2020)

proposed a compromise programming model that obtains

the best performing cloud outsourcing service provider

alternative. Wang et al. (2020) introduced a nonlinear

mixed integer multi-objective programming model for 3PL

provider selection and order allocation decision problems

and then made use of genetic algorithm to convert multi-

objective programming model into a single-objective

model.

Although researchers have focused on outsourcing pro-

vider selection problem by proposing several decision

making approaches throughout the literature, there is no

work that considers cause-and-effect relationships among

evaluation criteria by taking into account vagueness,

uncertainty, and hesitation in interrelations. Moreover,

IFCOPRAS method, which determines a solution relative

to the ideal solution, has not been employed before for the
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selection process of the related problem. This paper aims to

fill these gaps in the provider selection literature.

3 Materials and methods

In this section, materials and methods that are utilized in

this paper are explained. Intuitionistic fuzzy sets are used

for handling uncertain and vague data along with the loss

of information that may be occurred in numerical

operations with fuzzy numbers. Intuitionistic fuzzy cogni-

tive map technique is employed to weight the evaluation

criteria that are interrelated with each other with causal

links. The most appropriate agile outsourcing provider

alternative is identified via intuitionistic fuzzy complex

proportional assessment technique, which aims to obtain a

solution relative to the ideal solution.

Table 2 Reviewed papers that propose optimization-based approaches for outsourcing provider selection problem

Author(s) Year GP CP IP MILP NLMIP Combinatorial

Optimization

DEA Fuzzy programming Heuristics

Araz et al 2007 x

Cao et al 2007 x

Isiklar et al 2007 x

Wu and Chien 2008 x

Wong 2010 x

Azadi et al 2011 x

Liou et al 2011 x

Ukor et al 2011 x x

Gonzalez-Gomez et al 2013 x

Percin and Min 2013 x

Li et al 2014 x

Wan et al 2015 x

Tavana et al 2016 x

Hu and Yu 2016 x

Govindan et al 2019 x

Lai et al 2020 x

Wang et al 2020 x

Author(s) Year Genetic algorithm Fuzzy regression AHP ANP Fuzzy

ANP

DEMATEL PROMETHEE TOPSIS QFD

Araz et al 2007 x

Cao et al 2007

Isiklar et al 2007

Wu and Chien 2008

Wong 2010 x

Azadi et al 2011

Liou et al 2011 x x

Ukor et al 2011 x

Gonzalez-Gomez et al 2013

Percin and Min 2013 x x

Li et al 2014

Wan et al 2015 x

Tavana et al 2016 x

Hu and Yu 2016 x

Govindan et al 2019 x

Lai et al 2020

Wang et al 2020 x
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3.1 Intuitionistic fuzzy sets

Fuzzy set theory was initially presented by Zadeh (1965) to

cope with the decision problems that contain uncertain and

vague data. Fuzzy set theory has been applied in various

research studies that provide applications in different sec-

tors. It assumes that the membership degree of an element

is a single value that is between zero and one. However, the

non-membership degree of an element may not always be

equal to one minus the membership degree due to the

hesitation degree (Otay et al. 2017). For that reason, Ata-

nassov (1986) proposed intuitionistic fuzzy sets (IFS),

which become the extension of fuzzy sets. IFS take into

account the degree of hesitation that is computed as one

minus the sum of membership and non-membership

degrees. On the other hand, apart from IFS, throughout the

literature, there are several different approaches that cope

with uncertainty and vagueness with the loss of informa-

tion in numerical operations named as pythagorean fuzzy

sets (Yang et al. 2018), q-rung orthopair fuzzy sets (Yang

et al. 2021), and proportional hesitant fuzzy linguistic term

sets (Chen et al. 2016).

The basic notions and some operations of IFS are given

as.

Definition 1 (Kahraman et al. 2017). Let E 6¼ ; be a given
set. An IFS in E is an object Y described in

eY ¼ x; l ~Y xð Þ; m
eY
xð Þ; x 2 E

n o

ð1Þ

where l
eY
: E ! 0; 1½ � and v

eY
: E ! 0; 1½ � satisfy the con-

dition 0� l
eY
xð Þ þ v

eY
xð Þ� 1 for every x 2 E: Hesitancy is

equal to one minus the sum of membership and non-

membership degrees as

p
eY
xð Þ ¼ 1� l

eY
xð Þ þ v

eY
xð Þ

� �

ð2Þ

Definition 2 (De et al. 2000). Let Y and Z be two IFSs in

the set E. Namely, eY ¼ x; l
eY
xð Þ; m

eY
xð Þ x 2 Egj

n

and

eZ ¼ x; l
eZ
xð Þ; m

eZ
xð Þ x 2 Egj

n

:

The operations of summation and multiplication

between eY and eZ are defined as

eY þ eZ ¼ x; l
eY
xð Þ þ l

eZ
xð Þ � l

eY
xð Þ:l

eZ
xð Þ; m

eY
xð Þ:m

eZ
xð Þjx 2 E

n o

ð3Þ
~Y : ~Z ¼ x; l ~Y xð Þ:l ~Z xð Þ; m ~Y xð Þ þ m ~Z xð Þ � m ~Y xð Þ:m ~Z xð Þjx 2 E

� �

ð4Þ

Definition 3 (De et al. 2000). For any positive integer

number k, k eY is defined as

k eY ¼ x; l
keY

xð Þ; v
keY

xð Þ : x 2 E
n o

; ð5Þ

where l
keY

xð Þ ¼ 1� 1� l
eY
xð Þ

� �k

and v
keY

xð Þ ¼ v
eY
xð Þ

h ik

.

Definition 4 (Xu 2007). Let hl ¼ ll; vl,8l; be an intu-

itionistic fuzzy number. The score of hl is defined as

follows:

S hlð Þ ¼ ll � vlð Þ ð6Þ

where S hlð Þ 2 �1; 1½ �.

Definition 5 ( Xu et al. 2015). Let hl ¼ ll; vl,8l; be an

intuitionistic fuzzy number. The normalized score of hl is
defined as

S� hlð Þ ¼ 1

2
S hlð Þ þ 1ð Þ ð7Þ

where S� hlð Þ 2 0; 1½ �.

3.2 Intuitionistic fuzzy cognitive maps

Axelrod (1976) initially proposed cognitive maps (CM) as

a modelling tool in political and social sciences. Directed

edges and causal links have been the main elements of

CMs, which may be employed as a modelling tool in

various departments of the companies namely forecasting,

planning, research & development.

Binary relations called as ‘‘increase’’ and ‘‘decrease’’ are

used in CMs. Moreover, experts are forced to utilize crisp

numbers while creating conventional CM. This situation

may lead insufficient information, like different data from

different experts or different data from the same expert on

different days (Dursun et al. 2020). For that reason, fuzzy

cognitive map (FCM) technique is developed in order to

express causal links rather than numerical terms (Ross

2010). FCM combines fuzzy logic and neural networks,

and enables to include fuzzy numbers or linguistic vari-

ables to determine the power of causal relations among the

concepts/factors (Kosko 1986).

C ¼ C1;C2; . . .;Cnf g is the set of concepts/factors,

edges Ci;Cj

� �

show how much factors Ci cause factor Cj.

The weight of each factor is computed, taking into account

the effect of the other factors on the evaluated factor, by

running the iterative formulation of FCM until the system

will be stable as

f pþ1ð Þ
i ¼ f f pð Þ

i þ
X

n

j 6¼ i
j ¼ 1

f pð Þ
j wji

0

B

B

B

B

@

1

C

C

C

C

A

ð8Þ
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where f pð Þ
i is the value of concept Ci at pth iteration, wji is

the weight of the connection from Cj to Ci, and f is a

threshold function, which is sigmoid function in this paper

(Goker and Dursun 2019).

In the recent past, intuitionistic extensions of FCM are

developed in order to handle the hesitation, and thus, IFSs

are incorporated into the cognitive map framework (Goker

et al. 2020). IFCM make use of intuitionistic fuzzy num-

bers for determining the power of causal links in a cogni-

tive map (Dogu and Albayrak, 2018). The application steps

of IFCM are listed as

Step 1 Define evaluation criteria and power of causalities

among them by reaching consensus between decision-

makers.

Step 2 Determine intuitionistic fuzzy scale and convert

the causalities among the factors into the intuitionistic

fuzzy numbers according to this scale.

Step 3 Identify membership, non-membership, and

hesitation values.

Step 4 Construct the weight matrix.

Step 5 Start the following iterative formulation and run it

until the system will be stabilized (Dursun and Gumus

2020).

Objective: Determine the best performing agile 
provider alternative for an IT-oriented project

Form a committee of experts, identify the alternatives, and the evaluation criteria

Obtain the data regarding the ratings of alternatives according to the criteria, and the causal relations 
among the criteria

Compute the importance weights of criteria by employing IFCM technique

Obtain weighted data and start the selection process using IFCOPRAS method

Calculate the degree of relative weights of alternatives 

Results and discussion

Determine the priority of the alternatives and rank them in descending order

Provide a scaenario analysis to observe COVID-19 impact on the decision problem

Fig. 1 The stepwise illustration

of the developed framework
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f pþ1ð Þ
i ¼ f f pð Þ

i þ
X

n

j 6¼ i
j ¼ 1

f pð Þ
j wl

ji � f pð Þ
j wp

jiÞ

0

B

B

B

B

@

1

C

C

C

C

A

ð9Þ

where wl
ji and wp

ji represent the weight matrices that refer

to membership values and hesitation values of causali-

ties, respectively.

3.3 Intuitionistic fuzzy complex proportional
assessment methodology

Decision problems in business life often require numerous

criteria, which are conflicted and related to each other.

Besides, crisp numbers may not always be available while

collecting the data. In such circumstances, fuzzy set theory

is suitable to cope with vagueness and imprecision in data.

On the other hand, fuzzy set theory fails to handle the

evaluation of membership and non-membership because of

the lack of information, and thus hesitancy occurs. IFS

theory is proposed to deal with hesitation in decision pro-

cesses. In this paper, an integrated intuitionistic fuzzy

decision aid framework is introduced. Weighting process is

completed via IFCM tool, whereas IFCOPRAS method is

employed for selection procedure. The complex propor-

tional assessment (COPRAS) technique, which was

initially presented by Zavadskas and Kaklauskas (1996), is

an MCDMmethod that determines a solution relative to the

ideal solution. The stepwise illustration of the developed

framework, which is represented in Fig. 1, is as

Step 1 Form a committee of experts, identify the alter-

natives (Ar = 1,2,…,m), and the evaluation criteria Ci

(i = 1,2,…,n).

Step 2 Obtain the data regarding the ratings of alterna-

tives according to the criteria, and the causal relations

among the criteria.

Step 3 Compute the importance weights of criteria by

following the steps of IFCM mentioned in Sect. 3.2.

Step 4 Normalize the importance weights employing

Eq. (10)

ui ¼
fi

Pn
i¼1 fi

; 8i ð10Þ

where ui represent the normalized weight of criterion i.

Step 5 Start the selection process using IFCOPRAS

method. Obtain weighted data using Eq. (11)

evri ¼ uietri; r ¼ 1; 2; . . .;m; i ¼ 1; 2; . . .; n ð11Þ

where etri represents the rating of the rth alternative

regarding ith criterion and ui is the weight of the ith

criterion, and
P

n

i¼1

ui ¼ 1:

Step 6 Sum the cost and benefit criteria values.

Let D ¼ 1; 2; . . .; hf g be a set of cost criteria, i.e. the

Table 3 Agile provider selection criteria

Label Criterion Definition

C1 Cost Refers to the cost paid to the provider

C2 Complexity

perception

Refers to how project provider team perceives the complexity of the project

C3 Lead time Refers to the time when the provider submits the outsourced project to the client

C4 Customer

participation

Refers to the participation of the client into the outsourcing process

C5 Communication Refers to the communication among project team members

C6 Ability to react to

change

Refers to the ability of project team for reacting in changes

C7 Self-organization Refers to the self-organizing ability of project team members

C8 Operational

efficiency

Refers to the operational efficiency of the provider while performing outsourced project processes

C9 Responsiveness Refers to the frequency of feedbacks of the outsourcing provider when the client requests something which is

related to the corresponding outsourced process

C10 Productivity Refers to the productivity as well as the overall performance of the project team

C11 Innovative skills Refers to the innovative capabilities of the provider in order to keep up with changing and improving technology,

and increasing innovation demands of the market in various business processes

C12 IT capability Refers to the innovative capabilities of the service provider in order to keep up with changing and improving

technology, and increasing innovation demands of the market in various business processes

C13 Reliability Refers to the reliability of the provider for keeping the private and confidential information of the client firm
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minimum values refer to superior option. Calculate ar
values for each alternative employing Eq. (12).

ar ¼
X

h

i¼1

etri; r ¼ 1; 2; . . .;m ð12Þ

Step 7 Let r ¼ hþ 1; hþ 2; . . .; nf g be a set of benefit

criteria, i.e. the maximum values represent superior

choice. Calculate br values for each alternative employ-

ing Eq. (13).

br ¼
X

n

i¼hþ1

etri; r ¼ 1; 2; . . .;m ð13Þ

Step 8 Calculate the degree of relative weights of

alternatives ðcrÞ using Eq. (14) (Kumari and Mishra

2020).

cr ¼ S� brð Þ þ
Pm

r¼1 S
� arð Þ

S� arð Þ
Pm

r¼1
1

S� arð Þ
; r ¼ 1; 2; . . .;m

ð14Þ

Step 9 Determine the priority of the alternatives (kr)
using Eq. (15) and rank the alternatives in descending

order.

kr ¼
cr
cmax

� 100%; r ¼ 1; 2; . . .;m ð15Þ

4 Case study

Agility concept becomes more and more important in white

goods sector in the recent past in order to manage the

projects in a more efficient manner and survive in com-

petitive environment. Agile project management is a cru-

cial managerial process that should be managed properly.

Agile provider selection is a decision problem that contains

numerous conflicting criteria and imprecision in data. For

that reason, it may be solved by proposing MCDM pro-

cedure that can be employed when data are imprecise. The

objective of this paper is to propose an integrated intu-

itionistic fuzzy decision aid to identify the most appropriate

agile project provider. The application of the developed

decision aid is illustrated by conducting a case study in

Turkish white goods industry. The case firm has five

potential providers and wants to identify the most appro-

priate alternative for an IT-oriented project that is supposed

to be managed with agile project management methodol-

ogy, and thus, a decision framework that determines the

most suitable agile provider alternative is required.

Initially, agile provider selection criteria, which are

listed in Table 3, are determined by conducting literature

review along with collecting decision-makers’ opinions

from project management department of the case firm. The

first three criteria are denoted as cost criteria while the

other are benefit criteria.

A committee of three decision-makers, i.e. two project

management managers and an agile management specialist

who have all been working for more than three years in

case firm, conducted the evaluation. A questionnaire,

Table 4 Linguistic scale

Linguistic variables IFS

Very High (VH) \ 0.95, 0.05[
High (H) \ 0.70, 0.25[
Medium (M) \ 0.50, 0.40[
Low (L) \ 0.25, 0.70[
Very Low (VL) \ 0.05, 0.95[

Table 5 Linguistic data for

interrelationships among criteria
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13

C1 – – – – – – – – – – – L L

C2 – – H L – H – VL VL L – – –

C3 – – – – – – – – – – – – –

C4 – – M – – VH – – VH – – – –

C5 – – H – – L – L – M VL – –

C6 – – M – – – – H VH – – – M

C7 – – M – – M – – M VL – – –

C8 – – H – – – – – – – – – –

C9 – – – H – H – – – – – – H

C10 – – – – – – – – – – – – –

C11 – – – – – – – – – – – – –

C12 – – VL – – VL – L – – VL – –

C13 – – – – – – – – – – – – –
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which contains the evaluation of outsourcing providers

with respect to criteria as well as interrelationships among

criteria, is prepared. The decision-makers expressed their

opinions by reaching a consensus, and they utilized the

linguistic scale given in Table 4.

First, the decision-makers identified whether there is a

causal link between pair of evaluation factors, or not.

Second, they determined the power of relationship

according to the linguistic scale mentioned in Table 4.

Linguistic data for interrelationships among criteria are

given in Table 5.

Linguistic data collecting from the decision-makers are

converted into intuitionistic fuzzy numbers associated with

intuitionistic fuzzy scale, and power of relationship matrix

is determined as follows (Table 6).

To apply IFCM method, Eq. (9) is activated with an

initial vector f0 ¼ 1; 1; . . .; 1½ �. Equation (9) is run until the

value of the updated vector will no longer change, in other

words, until the system will be stable. Sigmoid function is

employed as a threshold function of Eq. (9) since it is

suitable function restricting the values of fi in the interval

of [0, 1] (Goker and Dursun 2019). FCMapper software is

used for computational operations of IFCM. The weights of

the criteria are provided in Table 7.

The evaluations of the providers regarding the data

collected from the decision-makers are identified as in

Table 8. Criteria weights are normalized using Eq. (10),

and then evaluation data are weighted using Eq. (11).

In this step, selection process starts, and IFCOPRAS

steps are followed. The sum of cost and benefit criteria

values are calculated by employing Eqs. (11) and (12).

Degree of relative weights as well as the priorities of the

alternatives are computed using Eqs. (13) and (14), and the

alternatives are ranked in descending order according to

their priorities. Overall computational outcomes of IFCO-

PRAS methodology are given in Table 9.

The proposed integrated intuitionistic fuzzy decision aid

is applicable when the data are uncertain, vague, and

hesitative. The developed approach leads to employ intu-

itionistic fuzzy numbers in order to express interrelation-

ships among the evaluation criteria and the ratings of the

alternatives with regard to the criteria. IFCM tool is uti-

lized to cope with cause-and-effect relationships among the

criteria. Besides, selection process is completed using

IFCOPRAS method that obtains a solution relative to the

ideal solution. The proposed framework aims to solve the

decision problems that consist of multiple and conflicting

criteria with interrelationships among them.

The application of these two techniques, in other words,

combination of them provide solving decision problems in

a cost-effective manner due to computational efficiency.

The expert knowledge-based system enables the decision-
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makers to reach a consensus to express their opinions;

hence, an expert-friendly and easily applicable mathemat-

ical decision framework is constructed. IFCM technique

provides obtaining the importance degrees of evaluation

criteria in hesitative environment. The iterative formulation

of IFCM is run until the system reaches stability; in other

words, the weights of the factors will no longer change.

The stabilization of each criterion is obtained after different

number of iterations, approximately 20 iterations are

required for all the factor weights remain same, and this

process takes just few seconds. As an example, a graph,

which gives the change of the importance degrees of the

three most effective factors on agile provider selection

process named as ‘‘lead time’’, ‘‘ability to react to change’’,

and ‘‘responsiveness’’ according to the number of itera-

tions, is provided in Fig. 2.

5 Evaluation of COVID-19 effect
with scenario analysis

In order to observe the impacts of pandemic on the pre-

sented decision problem in this study, second reviewing

process with the experts is completed. A scenario analysis

Table 7 Weights of the criteria
Label Weight

C1 0.6590

C2 0.6590

C3 0.9676

C4 0.8290

C5 0.6590

C6 0.9618

C7 0.6590

C8 0.8566

C9 0.9502

C10 0.7679

C11 0.6784

C12 0.7046

C13 0.8863

Table 8 Evaluations of the

providers
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13

A1 H VH H M VH VL M VH L H L VL H

A2 H H M M M VH M H M H L H VL

A3 M H H VH VL M VH H L M M H M

A4 VH M H L M L M H VL M H VH H

A5 L VH VH L M L L M VH M M H M

Table 9 Overall computational

outcomes
ar S� arð Þ br S� brð Þ cr kr Rank

A1 \ 0.3189,0.6616[ 0.2413 \ 0.5474,0.4208[ 0.5633 0.6991 0.8107 3

A2 \ 0.1979,0.7672[ 0.1535 \ 0.5455,0.4057[ 0.5698 0.7834 0.9084 2

A3 \ 0.2101,0.7564[ 0.1263 \ 0.5819,0.3761[ 0.6029 0.8623 1 1

A4 \ 0.2962,0.6819[ 0.2169 \ 0.4970,0.4548[ 0.5210 0.6721 0.7794 5

A5 \ 0.3901,0.6072[ 0.1923 \ 0.4985,0.4479[ 0.5253 0.6958 0.8068 4

Fig. 2 Variation of the

importance degrees of the three

most effective factors
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is provided to understand the effects of COVID-19 on agile

provider selection, in other words, whether the ranking of

providers varies or not when considering the impacts of

pandemic on criteria weights. At the initial step of the

analysis, the decision-makers are supposed to determine

whether there is any change on importance degrees of

evaluation criteria in post-pandemic period when home

office become widely used procedure by the organizations.

Second, they told us remote working decreases directly the

importance weights of four criteria, namely customer par-

ticipation, communication, responsiveness, and productiv-

ity. Thus, they reached a consensus and equalled the

weights of these four factors to 0.15, 0.10, 0.15, and 0.20,

respectively. Subjective opinions of the experts are made

use in assigning weights for the scenario analysis.

Using the updated weights, IFCM process is run again,

scenario analysis is provided via FCMapper software, and

the final weights for criteria are recomputed as in Table 10.

Afterwards, IFCOPRAS method is them employed for

agile provider selection problem utilizing recalculated

weights of criteria.

The results of the COVID-19 analysis are given in

Table 11. The decrease in the importance weights of 4

criteria caused to some differences in the results. After

applying scenario analysis, the weight differences between

‘‘no change’’ and ‘‘weight obtained via scenario analysis’’

can be observed. According to the results, the importance

level of lead time decreases after COVID-19 pandemic

period. That situation is caused by home office processes,

and thus the tolerances for determining the delivering time

of a project increase. Besides, the effect of the ability to

react to change on the agile provider selection problem is

decreased due to increasing volatility in every project

management process in pandemic period. Moreover, the

importance of operational efficiency decreases since effi-

cient operation processes are still provided in home office.

In addition, the importance level of reliability decreases

because it becomes harder to reach to agile providers in

COVID-19 pandemic period, and hence the outsourcers

may accept to work with the outsourcing firms that are not

the most reliable ones.

After the scenario analysis, the first two providers

remain same; however, third, fourth, and fifth provider

vary. Hence, remote working does not lead to significant

changes since the clients will select only the best per-

forming provider, which remains same after COVID-19

analysis. Thus, agile provider selection decision in white

goods sector is not affected by home office procedure that

is applied due to the pandemic. As s strategic management

component, remote working may remain for maintaining

agility in outsourcing processes.

6 Managerial implications and discussion

In global markets, organizations must follow changes and

handle competition while managing their operations.

Companies that take into account responsiveness, cost,

flexibility, and quality as performance measures may

achieve competitive advantages. In some circumstances,

these measures are optimized by disintegrating organiza-

tional concepts to focus on the core competencies, and thus

outsourcing processes become more and more crucial.

Being a managerial term, outsourcing, refers to disinte-

grating firms’ activities to third-party service providers in

lieu of hiring new personnel for carrying a job. Out-

sourcing, which is one of the strategic management com-

ponents, influences the entire performance of value chain.

It also provides cost saving and flexibility. Moreover, the

Table 10 Weights of the criteria obtained via scenario analysis

Label No change Weight obtained via scenario analysis

C1 0.6590 0.6590

C2 0.6590 0.6590

C3 0.9676 0.9354

C4 0.8290 0.15

C5 0.6590 0.1

C6 0.9618 0.8643

C7 0.6590 0.6590

C8 0.8566 0.83

C9 0.9502 0.15

C10 0.7679 0.2

C11 0.6784 0.6705

C12 0.7046 0.7046

C13 0.8863 0.8040

Table 11 Overall computational

outcomes after scenario analysis
ar S� arð Þ br S� brð Þ cr kr Rank

A1 \ 0.4097,0.5675[ 0.3181 \ 0.4830,0.4884[ 0.4972 0.6807 0.7345 4

A2 \ 0.2611,0.6953[ 0.2063 \ 0.5344,0.4294[ 0.5525 0.8354 0.9014 2

A3 \ 0.2751,0.6832[ 0.1707 \ 0.5609,0.3910[ 0.5849 0.9267 1 1

A4 \ 0.3822,0.5918[ 0.2876 \ 0.5471,0.4117[ 0.5676 0.7705 0.8314 3

A5 \ 0.4895,0.5074[ 0.2562 \ 0.3845,0.5505[ 0.4170 0.6447 0.6956 5
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clients can easily focus on their core competencies via

outsourcing the peripheral activities to the providers.

Firms can make use of outsourcing when they need to

manage the functions more efficiently. Thus, the efficient

usage of the sources positively influences the profitability

of firms. Alternatively, outsourcing the material-focused

activities to an external provider is an essential application,

which provides the transformation of fixed assets to current

assets. Therefore, the current ratio and cash ratios, and then

the flexibility will be improved. Transferring or utilizing

the information of the service provider firms brings fast

growth rate. The firms have know-how skills; however,

they can fail to possess technical capabilities for generating

and then maintaining the process. Hence, they outsource

technical processes to an expert for surviving in competi-

tive markets.

In this study, outsourcing processes in project manage-

ment are taken into consideration. In competitive envi-

ronments, firms need to adapt different strategies to the

managerial components in order to survive in the market. A

successful project should have such a management

methodology that can keep up with dynamic environment

and cope with uncertainty and unpredictability when

changes occur. In the recent past, ‘‘agility’’ has emerged

and then become widely utilized concept in project man-

agement. Agile project management refers to an iterative

approach for delivering a project in its whole life cycle,

which contains incremental steps. Software development

projects are widely conducted via iterative approaches in

order to move faster and improve adaptability skills since

these iterations provide correcting mistakes throughout the

path rather than following one linear path. The main

objective of agile approach is to provide benefits in entire

process rather than only at the end. Moreover, agile

approach supports the concepts of flexibility, collaboration,

and empowerment.

An agile project should consist of quickness, flexibility,

and responsiveness characteristics. In order to achieve

agility in project management process, collaborating with

agile providers is necessary. Hence, agile provider evalu-

ation and selection framework, which contains conflicting

criteria, is in the position of managerial MCDM problem.

To determine the most appropriate agile provider alterna-

tive, evaluation factors related to agility are required to be

included into the decision analysis.

The objective of this paper is to identify the most suit-

able agile provider alternative for an IT-oriented project of

a firm that performs in Turkish white goods industry. 13

evaluation criteria, which are interrelated with causal links,

are determined by conducting a literature survey as well as

reviewing with decision-makers from the case firm. These

cause-and-effect relationships are coped with cognitive

mapping, uncertain, vague, and hesitative data are to be

handled with IFCM technique that results in weighting

evaluation criteria. In order to identify the best performing

agile provider alternative, IFCOPRAS method, which is

dealt with uncertainty and hesitation in data, is employed.

The IFCM technique enables the researchers to provide

several scenario analyses on the related decision problem

for understanding the effects of a change on the importance

level of specific factor(s). Accordingly, the results of the

new analysis can be obtained in a practical way rather than

resolving the whole problem. The scenario analyses are

very useful in dynamic decision systems. In this paper, a

scenario analysis is employed to evaluate COVID-19 effect

on agile provider selection problem; however, it can be

enhanced by applying different scenario analyses consid-

ering the conditions of the environment. Hence, one shall

also note that the scenario analysis can be performed in

various case studies.

The contributions of the introduced decision making

procedure to the literature can be summarized as follows.

• The proposed method allows to utilize intuitionistic

fuzzy numbers to express the experts’ opinions, and

thus it copes with hesitation in data.

• IFCM methodology enables to convert the causal links

among the criteria into the numerical terms by taking

into account hesitation.

• The developed intuitionistic decision aid yields the

most suitable alternative using IFCOPRAS method that

finds a solution relative to the ideal solution.

• This is the first work that combines IFCM and

IFCOPRAS throughout the literature.

• There is not another study that aims to rank agile

provider alternatives in white goods sector.

• A scenario-based comparative analysis is provided in

order to understand the impacts of COVID-19 pan-

demic on agile provider evaluation/selection decision

framework.

As a managerial implication, the obtained results are

shared with the case company, and thus the proposed

framework has become a guideline for the firm that can be

utilized for provider evaluation and selection problem in

agile environment. Upon the request of the project man-

agers of the case company, scenario analysis, which aims

to observe the effects of COVID-19 pandemic on the

related decision problem, is provided, and thus the results

obtained from the scenario analysis are also shared with the

firm. The feedbacks are collected from the company, and

the choice of the best performing agile provider alternative

is observed. The firm has decided to collaborate with the

most suitable provider as identified in the proposed deci-

sion framework.
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7 Concluding remarks

In this work, an integrated cognitive mapping-based intu-

itionistic fuzzy MCDM procedure that determines the best

performing agile provider is introduced. Uncertainty and

vagueness in data are handled by employing IFSs, which

deal with the loss of information that may be occurred in

numerical operations with fuzzy numbers. The evaluation

criteria are weighted using IFCM tool that takes into

account the causal links among the factors. The selection

process is conducted employing IFCOPRAS method that

finds a solution relative to the ideal solution, and thus the

most appropriate agile provider is identified. A case study,

which is conducted in Turkish white goods sector, is pro-

vided in order to demonstrate the robustness of the pro-

posed decision methodology.

The limitations of the proposed decision aid and the

future research directions can be summarized as follows.

First, in this paper, the experts express their opinions using

linguistic variables and reaching consensus in the presence

of hesitative data. In this situation, the decision-makers

may be influenced by each other and change their own

opinions. Thus, the data and thus the outcomes obtained

from the proposed methodology may be affected by the

consensus. In order to eliminate that risk, a group decision

making procedure, in which the experts do not hear the

others’ opinions, can be a topic of the future research

related to this field. Second, IFCM process starts with the

initial vector f0 ¼ 1; 1; . . .; 1½ �, which is widely used initial

vector throughout the literature (Goker et al. 2020). How-

ever, an additional technique, which starts the algorithm by

obtaining the initial values assigned to each factor, may be

proposed. Hence, more sensitive results of the importance

degrees of the concepts can be achieved in that manner.

This additional technique will probably be developed in the

future research. Third, a scenario analysis is restricted to

provide to understand the effects of COVID-19 on agile

provider selection in this paper. Unfortunately, COVID-19

pandemic has not finished yet, and continues to affect all

the managerial and decision processes of the organizations.

In this study, the effect of COVID-19 pandemic on agility

concept is investigated and observed in the selection pro-

cedure, but in the future, researchers may be focused on the

other components of strategic management that are influ-

enced by the pandemic. Such studies will be decision

support for the managers who are supposed to take crucial

managerial decisions during this difficult period for the

entire world. Finally, group decision making problems in

various sectors apart from white goods industry that need

to consider hesitation in data will be a probable topic of

future research.
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