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Abstract In today’s competitive market of globalization,

supply chain flexibility (SCF) has emerged as a potential

weapon to address various uncertainties and associated

risks. Offering sales promotional schemes (SPSs) is one of

the obvious and inevitable features in the present com-

petitive commercial environment, affecting demand

uncertainty severely. This paper models the SCF of auto-

mobile industry under SPS environment. Supply chain

professionals from two automobile OEMs are involved in

the process of identifying 14 SCF strategies that are rele-

vant to the present study. Personal interviews have been

conducted with about 15 field managers from these

industries and the causal relationships between these

flexibility strategies have been established using a struc-

tured Fuzzy DEMATEL questionnaire. Using Fuzzy

DEMATEL methodology, the identified strategies are

ranked based on their degree of influence and classified

into cause/effect groups. Based on the analysis, four

strategies, viz. volume flexibility, manufacturing flexibility,

supplier collaboration flexibility and supplier flexibility,

have been recognized to play a decisive role in firm’s

performance. The systematic elucidation of the model

offers modest bunch bits of knowledge to practicing field

experts to ken the utmost essential approaches influencing

the performance of the firm in terms of their impelling

strength. This helps them in crucial decision-making dur-

ing SPS. Also, the present investigation will help in span-

ning the SCF with sales promotions, an unexplored gap in

the earlier studies.

Keywords Automobile industry � Demand uncertainty �
Fuzzy DEMATEL � Sales promotional schemes �
Supply chain flexibility � Supply chain risk management

Introduction

Supply chain literature offers flexibility as a potential

weapon to address various uncertainties, mitigates the

associated risks and improves the business performance

(Das 2011; Seebacher and Winkler 2013; Singh and

Acharya 2013; Kazemian and Aref 2016; Shibin et al.

2016). Though issues related to both the flexibility and

agility are topics of interest in the literature for being

responsive to customer demand especially when the supply

chain is subjected to various uncertainties and disruptions

(Chiang et al. 2012; Um 2017), the relationship between

flexibility and agility is considered competence–capability

relationship (Swafford et al. 2008). That is to say, without

the competence, i.e., flexibility, it is not possible to be

agile, i.e., to cope and survive through all the unexpected

challenges. Hence, flexibility being the fundamental aspect

to face any challenge, this study accentuates the analysis of

SCF in Indian automobile industry in tending to the sudden

rise in demand under the environment of sales promotions.

An inevitable marvel and a conspicuous highlight in

today’s market condition is contending to draw the con-

sumer attention through innovative SPS. In spite of the fact

that SPS returns high benefits (Donnell et al. 2009), fore-

casts become erratic (Manders et al. 2016) and make the

supply chain prone to a sudden rise in demand. Thus,

analogous to circumstances mass customization, swift

introduction of new products and fast reply to consumer

requirements (Lummus et al. 2005; Gong 2008), SPS calls
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for highly flexible supply chains. This has been substanti-

ated by Manders et al. (2016) that sales promotions require

highly flexible supply chains. Nonetheless, the SCF studies

in the context of SPS have not been tended to in the earlier

works. Hence, the research questions can be posed as what

are the flexibilities required in a supply chain to take care

of the demand uncertainty under SPS and what is the

relationship between these flexibilities? Addressing these

questions, the research objectives fulfilled in this study are

proposed as follows.

• To identify the SCF strategies required during SPS.

• To model the SCF strategies for their cause and effect

relationships, thus identifying the most important

strategies contributing to the firm’s performance during

SPS.

In today’s global market, the automobile industry is of

economic importance to many nations (Kannegiesser et al.

2014; Asadi et al. 2015). With about 20,000 components

required to make a single model, an automobile industry

involves many companies in its supply chain. Managing

the complicated interactions and collaborative relationships

between these participant companies (Oh et al. 2010), it

gives considerable attention to the high degree of flexibility

in its supply chain management (SCM). Also according to

Sánchez and Pérez (2005), an automobile industry expe-

riences a better firm performance by exhibiting higher

flexibility capabilities and hence offers the potential to

study different dimensions of SCF. Being well-established

and a hub for studying supply chain practices in an

emerging economy, India (Thomé et al. 2014; Chandra

et al. 2016), it will be a perfect case to study. Discussion

with a senior supply chain expert from a leading automo-

bile OEM revealed that the automobile supply chain should

be highly flexible to meet the uncertain demand during

SPS. Though all the OEMs are well prepared to meet this

uncertainty in demand with built-up inventories because of

the unpredictable market dynamics, they should be fully

equipped with all types of flexibilities to overcome any risk

in delivering the product on time.

In this paper, flexibility strategies in a supply chain

important to be embraced by an automobile industry in the

midst of SPS have been recognized. In order to rank them

based on their degree of influence over each other and to

classify them under cause and effect groups, decision-

making trial and evaluation laboratory (DEMATEL)

method under fuzzy atmosphere has been applied. The

developed model offers profound bits of knowledge to the

supply chain managers in decision-making and helps focus

on the most influencing SCF strategies in confronting the

rise in demand amid SPS adequately.

This paper is organized as takes after. Section 2—re-

view of flexibility literature. Section 3—explanation of

Fuzzy DEMATEL approach and CFCS defuzzification

method. Section 4—data collection; data analysis using

Fuzzy DEMATEL methodology and classification of SCF

strategies into cause/effect groups. Section 5—outcomes

and discussion alongside managerial inferences. Sec-

tion 6—conclusions with limitations and scope for future

work.

Literature Review

As per Wadhwa et al. (2008), flexibility is the extensively

deliberated theme in the manufacturing and supply chain

areas. Despite the fact that the theme of flexibility was

originally considered in manufacturing area because of the

increasing levels of uncertainty and associated risks, taking

the total systems approach, it is now being considered at

the broader level of supply chain systems (Vickery et al.

1999; Duclos et al. 2003; Pujawan 2004; Sánchez and

Pérez 2005; Sushil. 2012, 2016). Thus, the research on

flexibility extended from intra-firm level to inter-firm level

(Wang 2008). To respond effectively to changing market

requirements, increasing the flexibility level of supply

chains has become the way for many companies (Mer-

schmann and Thonemann 2011). As described by Manders

et al. (2016), flexibility is the way of life and is one of the

strategic goals of many organizations (Gong 2008). Also,

in the work of Yi et al. (2011), it is stated that low cost and

price are not the sources of competitive advantage, but

adding flexibility to operating systems and organizations is

so.

Beginning with the work of Vickery et al. (1999), a

significant number of theoretical conceptualizations and

methods of assessment were contributed for establishing

the concept of SCF thoroughly as a way to enhance busi-

ness performance. However, studies conducted in specific

situations are of high practical relevance and offer handy

solutions to the supply chain managers. As an effort in this

direction, this analysis is led under the presence of sales

promotions. Examining the SPS literature, it is for the most

part limited to the design of sales promotions for the ideal

cost, deal period and deal recurrence (Abad 2003; Kurata

and Liu 2007; Zhu and Cetinkaya 2015). In any case,

designing the SPS alone isn’t adequate. Properly imple-

menting the supply chain processes with numerous adapt-

able managerial techniques is necessary for realizing the

advantages of SPS. Improving the SCF of 3PLs, Choy et al.

(2008) alluded to five actual instances of the letdown of

supply chain tasks because of flexibility needs. However,

this feature has not been tended to in the earlier works on

SPS and subsequently the topic of discussion in this study.

The following paragraph summarizes the earlier works on

SCF.

306 Global Journal of Flexible Systems Management (December 2018) 19(4):305–319

123



Authors like Yi et al. (2011), Gosling et al. (2013) and

Fayezi et al. (2014) explored various uncertainties and the

SCF strategies adopted by the firms. While Merschmann

and Thonemann (2011) and Luo and Yu (2016) examined

the fits/misfits among various SCF types and uncertainties,

Garavelli (2003) and Aprile et al. (2005, 2006) studied the

effect of flexibility configurations on firm performance, and

the authors like Pujawan (2004), Gong (2008), Chuu

(2011), Moon et al. (2012), Sokri (2014) and Xiao (2015)

have contributed to the assessment/measuring of supply

chain flexibility. Apart from these studies, the SCF has

been proposed as a risk mitigation strategy by some of the

authors like Tang and Tomlin (2008), Das (2011), Skipper

and Hanna (2012), Sahay and Ierapetritou (2015), Mishra

et al. (2016) and Sreedevi and Saranga (2017). Adding to

all this, Srinivasan and Swink (2017) investigated the

complementary role of flexibility in enhancing the analyt-

ics capability of the supply chain.

Research Gaps

Based on the literature review, the research gaps identified

are presented as follows.

• According to Manders et al. (2016), the forecasts

during SPS fall far behind compared to the actual order,

thus demanding high flexibility in supply chains. Be

that as it may, the study of SCF under sales promotional

environment has not been seen in the earlier works.

• Research on SPS is generally bound to design of sales

promotions. Be that as it may, properly implementing

the supply chain processes with numerous adapt-

able managerial techniques is necessary for realizing

the advantages of SPS, which is at present not

addressed in the SPS literature.

Attempting to fill these gaps according to the research

objectives stated in Sect. 1, various SCF strategies identi-

fied under SPS environment have been introduced.

Identified SCF Strategies and Business Functions

SCF is a multi-dimensional and context-oriented idea

(More and Babu 2008). Although various flexibility

strategies were deliberated in the earlier works under

diverse contexts, the applicable strategies necessary amid

SPS are exceptional and industry-particular to be

investigated.

SCM incorporates an extensive variety of functions

starting from procuring the raw material to the conveyance

of finished item to the final customer alongside the infor-

mation systems monitoring of these functions. Subse-

quently, SCF ought to incorporate all the flexibility

strategies embraced at distinctive functions by the supply

chain members to effectively take care of the demand (Yi

et al. 2011). Adopting the way, Lummus et al. (2005), Yi

et al. (2011) and Manders et al. (2016) have grouped dif-

ferent flexibility strategies; the strategies applicable for the

present context of SPS (shown in Table 1) are extracted

based on literature survey and opinion of industry experts.

These strategies are grouped under different functions, viz.

information system, logistics, organization, operations

system and procurement. Thus, the present study offers a

unique contribution to the SCM literature by spanning SCF

with SPS which are two different research streams. The

explanation of flexibility strategies distinguished for this

analysis is given below.

Supplier collaboration flexibility means flexibility in

collaboration by the manufacturers with the suppliers when

there is a sudden change in demand during SPS (Duclos

et al. 2003). It helps in improving the response to the

delivery by adjusting the present relationship (Jin et al.

2014). Supplier flexibility indicates responses by the sup-

pliers for the initiative taken by the manufacturer on a short

notice (Kumar et al. 2008; Jin et al. 2014; Manders et al.

2016). Sourcing flexibility is to maintain a strategic dis-

tance from any kind of inconsistencies from the supplier’s

end in providing the request beneath sudden rise in

demand. In such a case, it is basic to have numerous

sources of suppliers (Sánchez and Pérez 2005; Tang and

Tomlin 2008; Yi et al. 2011).

Organizational environment flexibility means the flexi-

bility in work for the workers, i.e., organization should

provide a conducive environment at the workplace to

increase the morale, motivation and sustainability to the

workers (Duclos et al. 2003). Labor flexibility is the flex-

ibility of hiring the additional workforce during the peak

period of demand (Gong 2008). Inter-organizational rela-

tionship flexibility is to develop inter-cooperative relations

among different members of the chain with the goal of

adapting to the changing circumstances (Skipper and

Hanna 2012).

The facility to rapidly modify the capacity with the

specific goal of altering the production rate w.r.t the

demand fluctuations is called as the volume flexibility.

According to Sánchez and Pérez (2005), volume flexibility

specifically influences customers’ discernments by evading

out-of-stock circumstances for highly sought after prod-

ucts. Manufacturing flexibility is the capacity to alter the

assets and utilize the alternate sources for manufacturing or

assembling the products (Coronado and Lyons 2007; Yi

et al. 2011; Mishra et al. 2017). Sub-contracting flexibility

indicates adopting sub-contractors in the situations either

the firm is not able to fulfill the demand on time or the firm

wants to improve the defined tasks (Yi et al. 2011).

Storage flexibility is defined as the capacity to accom-

modate storage for the sudden rise in demand (Duclos et al.
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2003 and Manders et al. 2016). Utilization of substitute

transportation means to suit the surge in demand over brief

periods is defined as the alternative logistics flexibility

(Coronado and Lyons 2007; Yu 2013). Trans-shipment

flexibility is the capability to re-position stock concerning

diverse areas which is vital amid crest times (Pujawan

2004; Sánchez and Pérez 2005). Flexible information sys-

tem means an effective information system with the sup-

port of top management to do different tasks inside and

over the firms in a supply chain (Moon et al. 2012). The

adaptability to access the information, i.e., customer

demand and inventory levels by every one of the individual

firms within the supply chain network is defined as flexible

information visibility which is required to react quickly to

take care of the demand variations successfully (Duclos

et al. 2003; Coronado and Lyons 2007).

The study directed for this analysis has been featured as

takes after, which is explained in the subsequent sections.

• Examining the concern with the field experts of the

automobile industry and recognizing the key flexibility

strategies to be executed.

• Using the Fuzzy DEMATEL approach for identifying

the causal relations among these strategies.

Research Methodology: Fuzzy DEMATEL

The objective of this study is linking the concept of supply

chain flexibility with SPS by steering the analysis of flex-

ibility under the condition of sales promotions. To

accomplish the objective, the current examination

endeavors setting up the causal relationships among the

recognized strategies and rank them in view of their degree

of influence over each other. For this reason, a well-known

and demonstrated to be a fruitful technique (DEMATEL)

that communicates the cause and effect relationships with

ease has been used for examination and is elucidated as

takes after.

The DEMATEL approach was first created by the Sci-

ence and Human Affairs Program of Battelle Memorial

Institute of Geneva, in the vicinity of 1972 and 1976, to

investigate and resolve the muddled gathering of issues

(Govindan et al. 2016). In order to better visualize the

system of complicated relationships, it uses digraphs to

classify the elements of the system into cause and effect

groups (Tyagi et al. 2015; Luthra et al. 2016). The digraphs

portray the causal relationships among these elements and

their strength of influence over each other (Wu and Tsai

2012). Unlike AHP, which assumes the elements to be

independent, DEMATEL establishes the inter-dependen-

cies among the elements using structural modeling

Table 1 SCF strategies with sources

Business

functions

Flexibility strategies Sources

Procurement (P) Supplier collaboration flexibility

(P1)

Duclos et al. (2003), Jin et al. (2014)

Supplier flexibility (P2) Kumar et al. (2008), Jin et al. (2014), Manders et al. (2016)

Sourcing flexibility (P3) Duclos et al. (2003), Sánchez and Pérez (2005), Yi et al. (2011), Moon et al. (2012), Jin

et al. (2014), Manders et al. (2016)

Organization (O) Organizational environment

flexibility (O1)

Duclos et al. (2003), Gong (2008)

Labor flexibility (O2) Gong (2008), Yi et al. (2011)

Inter-organizational relationship

flexibility (O3)

Manders et al. (2016)

Operations

system (OS)

Volume flexibility (OS1) Vickery et al. (1999), Sánchez and Pérez (2005), Moon et al. (2012), Jin et al. (2014),

Manders et al. (2016)

Manufacturing flexibility (OS2) Moon et al. (2012), Manders et al. (2016)

Subcontracting flexibility (OS3) Yi et al. (2011)

Logistics (L) Storage flexibility (L1) Duclos et al. (2003), Yu (2013), Manders et al. (2016)

Alternative logistics flexibility

(L2)

Yi et al. (2011), Yu (2013); Manders et al. (2016), Coronado and Lyons (2007)

Trans-shipment flexibility (L3) Pujawan (2004), Sánchez and Pérez (2005)

Information

system (IS)

Flexible information system (IS1) Moon et al. (2012), Manders et al. (2016)

Flexible information visibility

(IS2)

Coronado and Lyons (2007), Manders et al. (2016)
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technique (Wu and Tsai 2012). Also, when compared to the

well-established methodology ISM for developing the

inter-relationships, DEMATEL yields more accurate

results because of the degrees of influence being calculated

by assigning the weights to the inter-relationships.

The application of DEMATEL in this study results in a

causal diagram, inter-relationship diagram and the impor-

tance ratings of SCF strategies based on their strength of

influence. Though DEMATEL has been proven a useful

method for solving the complex decision-making problems

(Lin et al. 2011) and has been applied in various diverse

fields, its application in the SCF literature is limited to the

works of Singh and Acharya (2014) and Asad et al. (2016).

However, in this study, Fuzzy DEMATEL methodology

has been applied that is explained as follows.

Fuzzy Set Theory

To manage the vagueness and uncertainty of the choice

maker’s thoughts and to improve the accuracy of the

human judgements’, Zadeh (1965) proposed the fuzzy set

theory. In order to avoid the subjectivity and ambiguity

faced by the group of decision-makers when assessing the

relative influence of the SCF strategies over each other, the

fuzzy set theory has been used in this work along with

DEMATEL. Also, the triangular fuzzy number’s (TFN’s),

commonly used for practical applications (Lin and Wu

2008), is used in this work. The membership function

(lMðxÞ), for any TFN (l, m, r), is expressed mathematically

as shown in Eq. (1), where l, m, r (l\m\ r) are lower,

mean and upper boundaries of TFN.

lMðxÞ ¼

0; . . .� lÞ;
x � l

m � l
; . . .x 2 ðl;mÞ;

x � r

m � r
; . . .x 2 ðm; rÞ;

0; . . .x[ r

8
>>>>>><

>>>>>>:

9
>>>>>>=

>>>>>>;

ð1Þ

Defuzzification Method: CFCS

As any fuzzy model has a defuzzification method to con-

vert the inputs of human judgements with fuzzy linguistic

variables, i.e., fuzzy numbers into crisp values, the Con-

verting Fuzzy data into Crisp Scores (CFCS) method pro-

posed by Opricovic and Tzeng (2003) has been adopted for

the present study in developing the fuzzy DEMATEL

model. This method has the advantage over other

defuzzification methods in terms of providing better crisp

values and in distinguishing two symmetrical TFN’s with

the same mean. The procedure for this defuzzification

method has been presented as follows.

Let N be the number of expert responses En,

n ¼ 1; . . .;N. For a given response, suppose p alternatives

are to be evaluated with respect to the ith element with the

fuzzy numbers ~f n
ij , for the TFN’s

~f n
ij ¼ lnij;m

n
ij; rn

ij

� �
; j ¼ 1; . . .; p, the crisp values of the ith

element is determined through the following steps.

Step 1: Normalization

rnmax

i ¼ maxrni

j ; ln
min

i ¼ min lni

j and Dmax
min

¼ rnmax

i � ln
min

i ð2Þ

Compute for all p alternatives,

xn
lj ¼ ln

ij � ln
min

i

� �.
Dmax
min

xn
mj ¼ mn

ij � ln
min

i

� �.
Dmax
min

xn
rj ¼ rn

ij � lnmin

i

� �.
Dmax
min ð3Þ

Step 2: Compute right (rs) and left (ls) normalized

values for j ¼ 1; . . .; p

xnrs

j ¼ xn
rj

.
1þ xn

rj � xn
mj

� �
; xnls

j ¼ xn
mj

.
1þ xn

mj � xn
lj

� �

ð4Þ

Step 3: Compute total normalized crisp values for

j ¼ 1; . . .; p

xncrisp

j ¼ xnrs

j xnrs

j þ xnls

j 1� xnls

j

� �h i.
1þ xnrs

j � xnls

j

h i
ð5Þ

Step 4: Compute crisp values for j ¼ 1; . . .; p

f n
ij ¼ lnmin

i þ xncrisp

j Dmax
min ð6Þ

Now, on carrying out the above four steps for all other

elements, all the fuzzy values in a given expert response

will be converted to crisp values.

By performing this entire procedure on all responses, the

average scores in all expert responses are obtained by

integrating their crisp values according to the equation

given below.

fij ¼ 1

N
f 1ij þ f 2ij þ � � � þ f N

ij

� �
ð7Þ

Fuzzy DEMATEL Method

The analytical procedure of the DEMATEL method for

group decision-making under fuzzy atmosphere is as fol-

lows (Wu and Tsai 2012).

(i) Average direct relation matrix: On applying the

CFCS deffuzification method (as described in Sect. 3.2) on

all the group expert responses and taking the average of

their inputs using Eq. (7), the average direct relation matrix

is written as follows.
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F ¼ ½fij�: ð8Þ

(ii) Normalized direct relation matrix X is obtained

using the following equation:

X ¼ k� F ð9Þ

where k ¼ min 1
max
1� i� p

Pp

j¼1
jfijj

; 1
max
1� j� p

Pp

i¼1
jfijj

� �

, i; j ¼
1; 2; . . .; p.

(iii) Total relation matrix T gives the comprehensive

picture of all the direct and indirect influencing relation-

ships between all the elements of the system (Wang and

Lin 2014). It is obtained by using the following equation:

T ¼ XðI � XÞ�1 ð10Þ

where I is the identity matrix.

The sum of rows and columns in total relation matrix,

represented by R and C, is calculated using the following

equations.

For T ¼ ½tij�p�p i; j ¼ 1; 2; . . .; p

R ¼
Xp

j¼1

tij

" #

p�1

¼ ½ti�p�1 ð11Þ

C ¼
Xp

i¼1

tij

" #

1�p

¼ ½ti�1�p ð12Þ

(iv) Causal diagram: From the total relation matrix, the

R ? C (prominence) values represent the influencing

strength of each element and the R - C (relation) values

classify the elements into cause/effect groups. The

elements having the positive R - C values fall under the

‘cause’ category and the elements having the negative

R - C values fall under the ‘effect’ category. By mapping

the R ? C and R - C datasets on horizontal and vertical

axes, the causal diagram is developed. Causal diagram

results in a simple visible structure from complicated

causal relationships and assists the decision-maker to take

right decisions by grasping the mutual influence/impact

between different elements (Wang and Lin 2014).

(v) Threshold value (a): By taking the average of all the

elements in total relation matrix as shown in Eq. (13), the

threshold value is calculated. The SCF strategies having

influence strength more than a are identified, and showing

their intess0073r-relationships, an inter-relationship dia-

gram is developed.

a ¼
Pp

i¼1

Pp
j¼1½tij�

N
ð13Þ

where N is the total number of elements in matrix T.

Data Collection and Analysis

On identifying the important SCF strategies in view of

literature survey and thorough discourse with industry

specialists, to study their causal relationships in affecting

the firm’s performance, a structured questionnaire has been

devised. Being tedious and time-consuming to fill the

Fuzzy DEMATEL questionnaire, personal interview

method is opted over e-mail survey, to get the question-

naire filled. Since the personal interviews help the

respondents in completely understanding the subject under

study, the replies are practically valid. To have more

generalized and unbiased results, the data has been col-

lected from supply chain managers of two leading OEMs in

North India manufacturing four wheelers. The respon-

dents’ profile includes two general managers, five senior-

level managers and eight managers, i.e., in total, the data

have been analyzed from 15 responses using Excel 2010.

Any queries raised during analysis are clarified through the

telephone calls.

Adopting the fuzzy linguistic scale from Bakeshlou et al.

(2017) as shown in Table 2, respondents are requested to

give their inputs for relative influence of SCF strategies

using linguistic terms, viz. ‘no influence (No),’ ‘very low

influence (VL),’ ‘low influence (L),’ ‘high influence (H)’

and ‘very high influence (VH).’ To show the application of

fuzzy DEMATEL process, the response of an expert (shown

in Table 3) has been considered for analysis. On applying

the CFCS defuzzification method, the crisp values obtained

for this response are shown in Table 4. Thus, by taking the

average of all 15 responses, average direct relation matrix

(shown in Table 5) is obtained. Now, by going through the

further steps of fuzzy DEMATEL, i.e., using Eqs. (9) and

(10), the acquired total relation matrix is shown in Table 6.

Using Eqs. (11) and (12), the R and C values are calculated

from total relation matrix. Finally, Table 7 shows the

influence/impact strengths of identified business functions,

strategies within them and the classification of various

strategies into cause and effect groups. The importance

rating of a particular business function (BF) is obtained by

taking the average of all the R ? C values of the strategies

within that BF. Similarly, the impact of a particular BF is

obtained by taking the sum of all the R - C values of the

Table 2 Linguistic terms and corresponding TFN’s

Linguistic terms TFN’s

No influence (No) (0.0, 0.0, 0.25)

Very low influence (VL) (0.0, 0.25, 0.5)

Low influence (L) (0.25, 0.5, 0.75)

High influence (H) (0.5, 0.75, 1.0)

Very high influence (VH) (0.75, 1.0, 1.0)
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strategies within that BF. By mapping the influence

(R ? C) and impact (R - C) values on horizontal and ver-

tical axes, the causal diagrams for SCF strategies and busi-

ness functions are shown in Figs. 1 and 2. The influence

values of all the SCF strategiesmore than the threshold value

are highlighted in Table 6, and their inter-relationships are

shown in Fig. 3.

Discussion on Findings, Contributions, Limitations
and Future Scope

As fuzzy DEMATEL analysis results in ranking the ele-

ments of the system based on their degree of influence over

each other and grouping the elements into cause and effect

categories; the findings of this study given in Tables 6 and

7 and presented in figures (Figs. 1, 2, 3, 4) form the basis of

discussion. While the cause and effect analysis helps the

decision-makers in understanding the inter-relationship

dynamics between the elements of the system, ranking of

elements based on their strength of influence helps them

focus on those that most affect the performance of the firm.

Hence, the strategies having high strength of influence

should be emphasized more by the management.

From Table 7, the descending order of importance of

SCF strategies is OS1, OS2, P1, P2, O3, IS1, OS3, P3, IS2,

O1, O2, L2, L3 and L1. For managerial implications, this

study has chosen four strategies, i.e., volume flexibility

(OS1), manufacturing flexibility (OS2), supplier collabo-

ration flexibility (P1), and supplier flexibility (P2) whose

Table 3 Linguistic response of expert 1

P1 P2 P3 O1 O2 O3 OS1 OS2 OS3 L1 L2 L3 IS1 IS2

P1 – H L VL H H VH No No VH H H No No

P2 L – H VL H No H VL VL H H H VL No

P3 H H – L L L L VL VL H H H VL VL

O1 L L L – H L H L L L VL VL VL VL

O2 VL L L L – VL H L L L VL VL VL L

O3 H H VH L No – H VL H VL VL VL No VL

OS1 VH H H L H H – H H H H L L VL

OS2 No L L H L VL H – VH L H L L H

OS3 VH VL L L L VL VL L – L H L VL L

L1 L L L VL L VL No H VL – VL L No L

L2 L L VL VL No L VL L VL VL – H VL No

L3 L L VL L No L VL H No VL L – VL No

IS1 H H H L L H H H L H VL L – VH

IS2 H VH H L L VL VH H L L L L L –

Table 4 Defuzzified direct relation matrix of expert 1

P1 P2 P3 O1 O2 O3 OS1 OS2 OS3 0.501 0.502 0.503 IS1 IS2

P1 0 0.73 0.50 0.27 0.73 0.73 0.97 0.03 0.03 0.97 0.73 0.73 0.03 0.03

P2 0.50 0 0.73 0.27 0.73 0.03 0.73 0.27 0.27 0.73 0.73 0.73 0.27 0.03

P3 0.73 0.73 0 0.50 0.50 0.50 0.50 0.27 0.27 0.73 0.73 0.73 0.27 0.27

O1 0.50 0.50 0.50 0 0.73 0.50 0.73 0.50 0.50 0.50 0.27 0.27 0.27 0.27

O2 0.27 0.50 0.50 0.50 0 0.27 0.73 0.50 0.50 0.50 0.27 0.27 0.27 0.50

O3 0.73 0.73 0.97 0.50 0.03 0 0.73 0.27 0.73 0.27 0.27 0.27 0.03 0.27

OS1 0.97 0.73 0.73 0.50 0.73 0.73 0 0.73 0.73 0.73 0.73 0.50 0.50 0.27

OS2 0.03 0.50 0.50 0.73 0.50 0.27 0.73 0 0.97 0.50 0.73 0.50 0.50 0.73

OS3 0.97 0.27 0.50 0.50 0.50 0.27 0.27 0.50 0 0.50 0.73 0.50 0.27 0.50

0.501 0.50 0.50 0.50 0.27 0.50 0.27 0.03 0.73 0.27 0 0.27 0.50 0.03 0.50

0.502 0.50 0.50 0.27 0.27 0.03 0.50 0.27 0.50 0.27 0.27 0 0.73 0.27 0.03

0.503 0.50 0.50 0.27 0.50 0.03 0.50 0.27 0.73 0.03 0.27 0.50 0 0.27 0.03

IS1 0.73 0.73 0.73 0.50 0.50 0.73 0.73 0.73 0.50 0.73 0.27 0.50 0 0.97

IS2 0.73 0.97 0.73 0.50 0.50 0.27 0.97 0.73 0.50 0.50 0.50 0.50 0.50 0
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strength of influence (R ? C) values is more than the mean

(3.67) of all R ? C values. Though all the identified flex-

ibility strategies are essential to meet the change in volume

during SPS, these four flexibilities are highly sensitive

because of the high degree of influence they have on the

remaining strategies and hence assume an unequivocal part

in firm’s execution. Furthermore, among these four

strategies, first two are from ‘operating systems’ function

and the latter two are of ‘procurement’ function. This

shows that the management should especially focus on

these two business functions during SPS.

Also from Table 7, while IS1, IS2, O1, OS1, OS2, O3

and P1 in the descending order of their impact are grouped

under ‘cause’ category, P3, OS3, P2, O2, L1, L3 and L2 are

grouped under ‘effect’ category. The higher the positive

R - C value, the higher the impact of particular strategy

on other strategies. In other words, it is strongly causing the

other strategies to happen. Similarly, the higher the nega-

tive R - C value, the more the particular strategy is being

affected by others. Findings show that while IS1 and IS2

strongly cause other flexibilities, L2, L3 and L1 are

strongly affected by others. Though IS1 and IS2 have a

high impact on others, their level of importance in affecting

Table 5 Average direct relation matrix

P1 P2 P3 O1 O2 O3 OS1 OS2 OS3 L1 L2 L3 IS1 IS2

P1 0 0.82 0.23 0.16 0.56 0.67 0.85 0.31 0.13 0.78 0.86 0.71 0.2 0.18

P2 0.17 0 0.63 0.26 0.71 0.17 0.88 0.27 0.32 0.72 0.68 0.74 0.21 0.15

P3 0.62 0.43 0 0.3 0.23 0.24 0.57 0.32 0.25 0.58 0.67 0.69 0.18 0.2

O1 0.41 0.37 0.41 0 0.85 0.59 0.72 0.55 0.62 0.17 0.21 0.14 0.26 0.17

O2 0.09 0.16 0.23 0.65 0 0.19 0.45 0.43 0.47 0.34 0.32 0.29 0.21 0.3

O3 0.78 0.59 0.84 0.46 0.28 0 0.69 0.17 0.61 0.18 0.21 0.23 0.26 0.21

OS1 0.91 0.86 0.87 0.32 0.71 0.87 0 0.79 0.64 0.75 0.76 0.63 0.21 0.22

OS2 0.19 0.31 0.34 0.72 0.53 0.37 0.81 0 0.98 0.59 0.64 0.62 0.55 0.5

OS3 0.74 0.28 0.28 0.29 0.24 0.48 0.34 0.57 0 0.37 0.46 0.4 0.36 0.29

L1 0.26 0.18 0.23 0.25 0.24 0.17 0.24 0.61 0.16 0 0.18 0.35 0.15 0.23

L2 0.34 0.26 0.21 0.22 0.18 0.31 0.26 0.48 0.25 0.17 0 0.44 0.12 0.06

L3 0.32 0.24 0.28 0.2 0.21 0.24 0.27 0.52 0.11 0.25 0.41 0 0.15 0.12

IS1 0.76 0.87 0.45 0.39 0.57 0.43 0.76 0.69 0.51 0.45 0.36 0.42 0 0.73

IS2 0.71 0.91 0.41 0.43 0.53 0.37 0.79 0.64 0.59 0.43 0.47 0.46 0.35 0

Table 6 Total relation matrix

P1 P2 P3 O1 O2 O3 OS1 OS2 OS3 L1 L2 L3 IS1 IS2 R

P1 0.10 0.19 0.12 0.10 0.16 0.16 0.22 0.14 0.11 0.19 0.21 0.19 0.08 0.07 2.05

P2 0.12 0.09 0.16 0.10 0.17 0.10 0.21 0.13 0.12 0.17 0.18 0.18 0.07 0.07 1.86

P3 0.15 0.13 0.08 0.10 0.11 0.10 0.17 0.13 0.10 0.15 0.17 0.17 0.07 0.07 1.69

O1 0.14 0.14 0.14 0.08 0.19 0.15 0.20 0.16 0.16 0.12 0.13 0.12 0.08 0.07 1.86

O2 0.08 0.09 0.09 0.13 0.07 0.09 0.14 0.12 0.12 0.11 0.11 0.10 0.06 0.07 1.39

O3 0.19 0.17 0.18 0.12 0.13 0.09 0.20 0.12 0.15 0.12 0.13 0.13 0.08 0.07 1.87

OS1 0.24 0.23 0.22 0.14 0.21 0.21 0.17 0.23 0.20 0.22 0.23 0.22 0.10 0.10 2.70

OS2 0.15 0.15 0.15 0.17 0.17 0.15 0.23 0.13 0.22 0.18 0.19 0.19 0.13 0.12 2.33

OS3 0.17 0.12 0.11 0.10 0.11 0.13 0.15 0.15 0.08 0.13 0.15 0.14 0.09 0.08 1.71

L1 0.09 0.08 0.08 0.07 0.08 0.07 0.10 0.13 0.07 0.06 0.08 0.10 0.05 0.06 1.11

L2 0.09 0.09 0.08 0.07 0.08 0.08 0.10 0.11 0.08 0.08 0.06 0.11 0.05 0.04 1.11

L3 0.09 0.08 0.08 0.07 0.08 0.08 0.10 0.12 0.07 0.09 0.11 0.06 0.05 0.05 1.12

IS1 0.21 0.23 0.17 0.14 0.19 0.16 0.24 0.21 0.18 0.18 0.18 0.18 0.07 0.15 2.49

IS2 0.20 0.22 0.16 0.14 0.18 0.15 0.24 0.20 0.18 0.17 0.18 0.18 0.11 0.07 2.36

C 2.03 2.01 1.80 1.54 1.92 1.71 2.44 2.08 1.84 1.95 2.11 2.06 1.07 1.09 25.7
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the firm’s performance is not high. But, because imple-

menting all the other strategies is strongly dependent on

their implementation, they could be placed under the cat-

egory of basic elements every firm should have. Similarly,

though the strategies under logistics function (L1, L2 and

L3) are majorly affected by others and placed in the last

place in the order of their importance, they are mandatory

for every firm, without which the produced demand cannot

be supplied on time. Hence, these strategies also form the

list of basic category.

The visual figures in the form of causal diagrams

(Figs. 1 and 2) give the clear picture of causal relationships

Table 7 Importance/impact ranks of SCF strategies and business functions

Business function (BF) SCF strategies R ? C Rank of importance R - C Rank of impact Cause/

effect

Importance of BF Impact of BF

P P1 4.08* 3 0.02 7 Cause 3.82 - 0.24

P2 3.88* 4 - 0.15 10 Effect

P3 3.50 8 - 0.11 8 Effect

O O1 3.40 10 0.32 3 Cause 3.43 - 0.04

O2 3.31 11 - 0.52 11 Effect

O3 3.59 5 0.16 6 Cause

OS OS1 5.14* 1 0.26 4 Cause 4.37 0.38

OS2 4.41* 2 0.25 5 Cause

OS3 3.55 7 - 0.13 9 Effect

L L1 3.06 14 - 0.84 12 Effect 3.15 - 2.78

L2 3.21 12 - 1.00 14 Effect

L3 3.18 13 - 0.94 13 Effect

IS IS1 3.56 6 1.42 1 Cause 3.51 2.69

IS2 3.45 9 1.27 2 Cause

*shows that the influencing strength of these strategies is more than the mean value 3.67

Fig. 1 Causal diagram for SCF

strategies

ProcurementOrganisation

Operations system

Logistics

Information system

-3

-2

-1

0

1

2

3

3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5

Fig. 2 Causal diagram for BF’s
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and influencing degrees of SCF strategies and business

functions. These figures show that the strategies on the

right side are more influential in affecting the firm’s per-

formance and the strategies above the horizontal axis have

more impact on others to happen.

Further, by calculating the threshold value (0.131) using

Eq. (13), the influencing strengths of all the strategies more

than this value are highlighted in Table 6, indicating the

prominent influences. Now, illustrating only these promi-

nent relationships, inter-relationship diagram is developed

between the causes/effects as shown in Fig. 3. From Fig. 3,

it is clear that the number of interactions between strategies

in cause group is more than the effect group. Also, as

shown by the importance ranks in Table 7, the strategies in

cause group have more degree of influence. Hence, these

strategies should be given more importance by the man-

agement, as they contribute more to the firm’s perfor-

mance. In addition to all this, the digraphs shown in Fig. 4

benefit the experts in better understanding the prominent

inter-relationships inside each function.

Contrasting the current study with prior works demon-

strates that, modeling the SCF of an IT-based supply chain

(Asad et al. 2016) underpins the results of this analysis to a

decent grade by yielding high rank to the operating systems

flexibility and lower ranks to the logistics/distribution

flexibility and information flexibility. Also, the high impact

strength of information flexibility and relatively low impact

strength of distribution flexibility support the results of the

present study. However, there are slight variations in the

results w.r.t the sourcing flexibility. While it is assigned

OS2

L2IS1 O1

P1

O3

IS2 L3

L1

O2P2

P3

OS1

OS3

Inter-relationships between causes Inter-relationships between effects

OS2

L2IS1

O1

P1

O3

IS2 L3

L1

O2

P2

P3

OS1

OS3

Inter-relationships between causes and effects

Fig. 3 Inter-relationship

diagram for causes/effects
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with the highest rank in the prior work, it has a medium

strength of influence in the present study. This difference

could be credited to the reality that the modeling of flexi-

bility in ‘IT-based’ supply chain is not quite the same as the

modeling of flexibility in an automobile industry in the

presence of sales promotions. Though Singh and Acharya

(2014) have evaluated the SCF in Indian FMCG sector

since the types of flexibilities considered are largely dif-

ferent from that of the flexibilities in the present study, the

scope for comparison is less. However, in both the studies,

while the manufacturing and information system flexibili-

ties are categorized under cause group, the sourcing and

trans-shipment flexibilities are categorized under effect

group.

Contribution to Theory

Though SPS calls for a great amount of flexibility in supply

chain network which has also been substantiated by Man-

ders et al. (2016), there is no SCF study conducted under

SPS environment in the earlier works. Subsequently, this

analysis adds to the flexibility literature, spanning over

SCF with SPS and be a vital course outline for all the future

works in this direction. Also, this study will prepare for

flexibility literature to require up ponders in other partic-

ular circumstances demanding flexibility. With research on

SPS being for the most part bound to planning the pro-

motions in relation to order cost, sales rate of recurrence,

deal period, etc., the emphasis on supply chain operations

is limited. Henceforth, this analysis adds to the earlier

works on SPS through the analysis of flexibility strategies

in various supply chain operations for effectively meeting

the demand fluctuation during SPS. Apart from these, this

study extends the application of DEMATEL methodology

to both the SPS and SCF literature, which is very limited at

present.

Contribution to Practice/Managerial Implications

The proposed model using fuzzy DEMATEL methodology

offers significant bits of knowledge to the supply chain

experts and decision-makers in realizing the causal rela-

tionships among various flexibility strategies and the

foremost critical strategies to center on in terms of their

influencing strength. This study helps the managers be

flexible enough in confronting the demand variations amid

SPS successfully by being responsive and remain ahead in

the aggressive market. Putting in a nutshell, various prac-

tical implications this study proposes to the practicing

managers and decision-makers are presented as follows.

• With volume flexibility, manufacturing flexibility,

supplier collaboration flexibility, and supplier flexibil-

ity having a high degree of influence on, play a decisive

role in firm’s performance, indicating that the manage-

ment should especially focus on the operating system

and procurement functions of the supply chain to take

care of the surge in demand.

• SCF strategies like flexible information system, flexible

information visibility, alternative logistics flexibility,

trans-shipment flexibility and storage flexibility, though

not having high degree of influence on firm’s perfor-

mance, being mandatory to every firm for successful

running of all other supply chain operations and

supplying the rise in demand on time, will form the

basic list of essential category of flexibilities.

• Strategies under the cause group having more inter-

relationships and a high degree of influence when

compared to the strategies under effect group indicates

that the management should give more importance to

these strategies as their contribution to the firm’s

performance is large.

P1

P2 P3

O1 O3

O2

OS1 OS2

OS3

L2 L3L1 IS1 IS2

Procurement Organization Operations system

Information systemLogistics

Fig. 4 Digraphs of SCF

strategies within each BF
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Limitations and Directions for Future Research

This analysis is particular to SPS situation; thus, the outcomes

cannot be generalized to all circumstances. Additionally, this

analysis being conducted in Indian scenario, a developing

nation, in which the way the supply chains are configured are

different from that of the developed nations, this studywill be a

reference for conducting the similar studies in developed

nations and form a route map for taking up the studies in other

developing nations. As the inputs in this analysis are collected

only fromOEM’s, contributions from others might be valuable

for featuring a fewother concerns.Whereas thepresent analysis

concentrated on the automobile industry, future examinations

may reach out to further industry divisions where sales pro-

motions are predominant. Aside from these, future exploration

is necessary to dissect different other inter-relationships

between the identified SCF strategies using other multi-criteria

decision-making methodologies like, analytical hierarchy

process (AHP), analytical network process (ANP), interpretive

structural modeling (ISM), total interpretive structural model-

ing (TISM), etc., and to study the relationship between the SCF

strategies and various performance measures of a firm using

interpretive ranking process (IRP) method. Further, the fuzzy

set theory has limitations in dealingwith fuzziness (Luthra et al.

2018).Hence, grey theory (whichdealswith fuzziness in amore

effective way), will be applied in the future as a comparative

study proving its superiority over the fuzzy set theory.

Conclusion

A large number of organizations have widely accepted SCF

as the best approach to manage the developing number of

uncertainties and accompanying risks of the present-day

competitive market. This paper investigates SCF in auto-

mobile industry amid SPS, which is an inevitable marvel

and one of the noticeable highlights in the present market

condition to intensify the benefits, yet prone the supply

chain to extreme demand upsurge. Fourteen flexibility

strategies from five functional zones of the supply chain

have been recognized in light of the literature survey and

opinion taken from the field experts. Applying fuzzy

DEMATEL, the strategies are ranked based on their

strength of influence and various causal relationships

among them are established. Findings show that the

strategies like volume flexibility (OS1), manufacturing

flexibility (OS2) in operating systems function and supplier

collaboration flexibility (P1), supplier flexibility (P2) in

procurement function have a high degree of influence and

hence contribute more to the firm’s performance during

SPS. Discussion on the positions possessed by the flexi-

bility strategies within the causal diagrams and the rela-

tionships among various groups of causes and effects

exhibited in the inter-relationship exhibit is of extraordi-

nary advantage to field experts. Additionally, the digraphs

displayed in Fig. 4 may offer assistance to the experts in

having a rich depiction on the inter-relationships among

strategies inside every business function. In this manner,

the analysis of these strategies utilizing fuzzy DEMATEL

helps show different bits of knowledge in the relationships

which are generally hard to see. This analysis adds to the

prior works on flexibility, by linking SCF to SPS and be a

key course of outline for all the field specialists undertak-

ing sales promotions. Finally, this study ends with the

presentation of limitations and scope for the future work.
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which is a prominent phenomenon under SPS?

3. Can SCF be a better alternative to forecasting techniques,

which fail to a good degree during SPS?
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