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Abstract

Industries across the globe are under growing pressure to rethink and redesign their supply
chain operations to maintain their competitive advantage. The supplier selection process
in supply chain management holds a pivotal position in its exploration of new strategies to
stay competitive in global markets. This study considers supplier selection with two dif-
ferent strategic perspectives, including lean and agile. Selecting suppliers based on their
leagile practices helps the focal industries to make their supply chain operations healthier,
especially if the focal industry is a major supplier of multinational companies. China is
considered as a case context in this study with the application of textile sectors since this
country occupies the top position with regard to exports. The common criteria involved in
leagile supplier selection were collected from existing literature resources and were fine-
tuned with insights from field experts. Further, the case industrial managers also assisted
with the evaluation of the influential criteria for the leagile supplier selection process.
Based on the replies and the assistance of a decision-making trial and evaluation laboratory
tool, the most influential criterion and interdependencies among other criteria were identi-
fied. This study helps industrial managers to evaluate their suppliers based on the resultant
influential criterion and, further, it strengthens the global supply chains with agility and
robustness.
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1 Introduction

In today’s competitive environment, supply chain management plays a vital role in improv-
ing the performance of any organization. However, supply chains are not a new focus to
academicians. Since the late 1990s, supply chain concepts have been a popular topic, espe-
cially those concepts that enable subsequential technological and social changes (Asree
et al. 2018). After the occurrence of the globalization movement, customers seek products
of high quality and low cost. When those customers are not restricted due to geographical
limits, several opportunities exist to demand that supply chains perform better. For the time
being, the major threat of supply chain management is balancing supply and demand; many
well-known companies still struggle with this challenge. To manage this problem, several
strategies are commonly put into practice, and even more practices are being explored by
researchers worldwide to balance supply and demand in fast-moving supply chains. One
key strategy to maintain the supply demand is to select the best supplier who offers a high
reliability of product quality and long term stability in the business. Suppliers are the back-
bone of any well-known organization, and inefficient suppliers can produce great damage
to a focal company’s business, even more damage than that of the company’s own inef-
ficiencies. Nearly 65-75% of capital cost is invested in the procurement of raw materials,
and that link depends on efficient supplier selection. For instance, a major fire occurred in
a Bangladesh textile industry due to their handling inefficiencies, and that accident caused
a major disruption in EU textile supply chain. In fact, the whole supply chain suffered from
an overall failure for quite some time. If the EU companies had properly trained the sup-
plier, or if the proper supplier had been selected, they may have been able to safeguard
themselves during such unlikely events. Due to these important considerations, the sup-
plier selection process becomes tedious and more available of recent technologies incor-
poration in supplier selection make the industries confused in terms of which criteria they
have to select the suppliers. With this concern, this study explores the common criteria of
supplier selection based on their leagile practices; we further evaluate the most influential
criterion among common criteria. Leagile is one of the recent strategies to make industries
more efficient and capable of staying competitive in the global marketplace. These strate-
gies were developed with one objective: to stay in the competitive market through provid-
ing final consumers with the right product, at the right time, at the right price (Iyengar and
Bharathi 2018; Chowdary and Fullerton 2019).

‘Leagile’ integrates the concepts of ‘Lean’ and ‘agile’ in the same phenomenon; both
concepts serve different requirements of companies to help them in competitive markets
(Kumar and Kumar 2017; Ambe 2017). Often, practitioners confuse these two terms. Sev-
eral definitions are available in the literature, but the most acclaimed defintitions were
given by Naylor et al. (1999) and Mason-Jones et al. (2000a, b) as follows. ‘Leanness’ is
defined as “developing a value stream to eliminate all waste, including time and to ensure
a level schedule.” On the other hand, ‘agile’ is defined as “Using market knowledge and
a virtual corporation to exploit profitable opportunities in a volatile market place.” The
combined definition of ‘Leagile’ may be formulated as “the combination of the lean and
agile paradigms within a total supply chain strategy by positioning the decoupling point so
as to best suit the need for responding to a volatile demand downstream, yet providing level
scheduling upstream from the marketplace.” While these concepts are different in nature,
with the effectiveness of certain business models, the leagile can be adapted successfully in
global supply chains including supplier selection (Mason-Jones 1999; Agarwal et al. 2006).
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A decade ago, supplier selection and supply chain activities generally focused only on
the Lean supply chain and Lean supplier selection, despite that the sole implementation
of Lean in a supply chain does not produce an advantage of reacting to market change.
According to Elkins et al. (2004) and Iyengar and Bharathi (2018), in order to deal with
uncertainty and volatile vulnerability in the current business market, certain strategies are
needed to accompany the concepts of leanness. Agility is capable of dealing with uncer-
tainties in demand when the number of products is high. Thus, more studies (Manzouri
et al. 2015; Alkahtani et al. 2019; Lotfi 2019) began to examine agile systems in supply
chain management. As an extension, researchers started to integrate Lean and agile meth-
ods to reap the benefits of both: eliminating waste and responding quickly. This combined
package serves more benefit to the end customers and to the multiple stakeholders involved
in the supply chain.

Supplier selection based on the leagile perspective provides an edge to focal companies
by reducing raw material cost, increasing quality, offering better delivery and customer
satisfaction, and improving reactions to market changes. Hence, it is worthwhile topic to
consider supplier selection based on their leagile practices. Several studies already made an
attempt to explore the Lean and agile supplier selection processes; however, those studies
present limited criteria and do not integrate the two concepts equally. In addition, this study
was conducted in a Chinese context, who are the suppliers of several big companies in US
and EU (especially in the textile sector). With these considerations, this study explores the
supplier selection process in the Chinese textile industries with their leagile abilities. The
intention of this study is not to select the best supplier; instead, it provides a framework
where ‘n’ number of suppliers can fit in. Based on the proposed framework, the indus-
try/company can select its suppliers with regard to their leagile practices. This framework
highlights the most influential criterion and interdependencies among other criteria, which
could help case industrial managers to select suppliers based on the most influential leagile
criteria. For solving the objective, a multi-criteria decision making (MCDM) tool has been
adopted: namely, decision making trial and evaluating laboratory (DEMATEL). The com-
parison replies among criteria were collected from case industrial managers and the same
were gathered as inputs to DEMATEL.

The remaining sections are as follows: Sect. 2 deals with the existing literatures avail-
able with the core concern of this study and detailed with five subsections. The solution
methodology, which is given as Sect. 3, deals with the tools involved in this study to evalu-
ate the supplier selection criteria. Moreover, the importance of the method adopted and the
steps involved has been included. Section 4 describes the case and any problems regard-
ing supplier selection, and this section provides the proposed framework for analyzing the
leagile supplier selection criteria. The proposed model is applied and explained in Sect. 5.
Section 6 presents the discussion and managerial implications of the obtained results.
Finally, this study concludes in Sect. 7 with a summary, recognized limitations, and a pro-
posed future scope of the concerned research.

2 Literature review

The aim of this section is to explore current state of the art resources pertaining to the con-
cerned topic, leagile supplier selection. In addition, we seek to bridge the gap between the
virtual applications and literature perspectives in the focal field. This section is categorized
into five subsections: namely, leagile supply chain, Lean supplier selection, agile supplier
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selection, DEMATEL in supplier selection, and the research gap and concerned objectives.
Each subsection serves its purpose to validate the novelty of the concern research.

2.1 Leagile supply chain

Most studies present the concepts of leagile supply chains, including metrices, strat-
egies, drivers, barriers and so on. For instance, Rahiminezhad Galankashi and Helmi
(2016) studied the leagile supply chain strategies based on their drivers. This study
ranked the leagile supply chain strategies based on their proposed framework with the
assistance of AHP. Goldsby et al. (2006) proposed leagile strategies for supply chains
through the simulation analysis with the case context of a first tier supplier who supplies
companies manufacturing air conditioners. Mason-Jones et al. (2000a, b) explains the
integration of lean and agile with the decoupling point in total supply chains. In addi-
tion, performance metrics are presented to evaluate the leagility on the company’s sup-
ply chain. Mason-Jones et al. (2000a) introduced a new paradigm, the leagile paradigm,
with which this study correlates the demand matching in a supply chain within the mar-
ketplace through decoupling lean and agile as leagile.

A few studies discuss the metrics of leagile supply chains. Ramana et al. (2013) evalu-
ates the metrics of leagile supply chains with the assistance of logarithmic least square
method under a fuzzy environment. This study considers the small and medium scale
enterprise as a case context to explore the metrics of leagile supply chains. Agarwal et al.
(2006) proposes an ANP approach to evaluate the metrics of leagile in supply chain envi-
ronments; further, this study explores the relationship between the leanness and agility of
the supply chain operations.

Some studies seek to prove the significance of adapting leagile strategies in supply
chains. For instance, Amir (2011) explores the importance of connecting lean and agile
in supply chain management. With the assistance of a literature review, this study dem-
onstrates the significance of leagile through decoupling point in supply chain applica-
tions. Zhang et al. (2012) compares two different supply chains, including traditional
supply chains and leagile supply chains, through proposed dynamic simulation model.
Finally, the study concludes that leagile supply chains are more flexible with dynamic
markets than those of conventional supply chains. Haq and Boddu (2017) investigate
enablers of leagile supply chain management, with the assistance of quality function
development under uncertainty using a fuzzy approach. Further, AHP and TOPSIS have
been adapted to enhance the implementation of leagility in supply chain management.

A considerable number of studies focus on the performance measurement and reliability
of leagile supply chains, including Soni and Kodali (2009), who developed a multi attribute
decision making model to evaluate the performance of implementing leagile supply chain
management. Soni and Kodali (2012) evaluated the leagile reliability and validity in supply
chains through proposed standard constructs. Maharaja et al. (2018) proposed a measure-
ment system to determine the leagile performance of a company in their supply chains. This
study proposed a performance index, which was further illustrated with a real life case study.

Some studies involve a review of Lean and green supply chains with various concepts.
For instance, [yengar and Bharathi (2018) review the literature published over the time
period 1990-2017 with the concern of lean, agile and leagile supply chains in an auto-
mobile industry; they clearly state that there is only one study that exists in the leagile
paradigm. In addition, this study seeks to investigate more leagile concepts because sev-
eral opportunities exist. Ciccullo et al. (2018) made a literature review on lean and agile
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supply chain paradigms combining the aspects of environmental and social sustainability.
However, this study does not concentrate heavily on lean and agile interlinks; instead,
their major focus emphasizes agile-sustainability and lean-sustainability methods.

Due to the different dimensions of considering leagile in supply chains, certain stud-
ies particularly focused on supplier selection and partnership processes. Qrunfleh and
Tarafdar (2013) explored the relationship between the leagile supply chain strategies and
their responsiveness on overall supply chain with the concern of strategic supplier partner-
ship and postponement. This survey data includes supply chain managers from US-based
manufacturing firms with the total number of 205. Further, the data were processed with
structural equation modeling using AMOS software. El-Mokedam (2017) identified the
impact of interrelationships between the supplier selection criteria with business strategies.
A hypothesis was made and empirically tested to confirm that leagile based supplier selec-
tion strategies have a high impact on a business firm’s overall competitive performance.

2.2 Lean supplier selection

Compared to agile supplier selection, few studies pursue lean supplier selection; more
often, lean supplier selection is combined with green supplier selection. Very few studies
focus only on lean supplier selection. Rahiminezhad Galankashi and Helmi (2016) studied
the supplier selection process with lean concerns with the assistance of data envelopment
analysis (DEA) approach. This study includes four pillars of lean systems: namely, cost,
quality, lead time, and service level. Over 16 sub-selection criteria were considered for
selecting suppliers based on their leanness. Initially, the weightage for each dimension was
assessed and further extended the weightage process to their respective criteria. The whole
study was conducted on an Iran semiconductor industry based on the replies of decision
makers under nominal group technique. Birgiin Barla (2003) studied the supplier selection
with lean concepts by proposing the lean criteria of reliability, capability, quality organi-
zation, geographical condition, financial condition, service, and price. Yu et al. (2012)
explored the supplier selection problem under uncertainty environment through a fuzzy
approach. This study has considered major lean criteria for supplier selection including
cost, delivery, and quality. Two different methodologies were combined, AHP and fuzzy
multi objective programming. Chun Wu (2003) integrated two concepts including lean
manufacturing and lean suppliers. This study highlights the importance of concerning lean
suppliers and their impact on the implementation of lean manufacturing in the industries.
The difference between the lean suppliers and non-lean suppliers has been explored with
the context of lean manufacturing. The study concludes that there is an competitive edge
on considering lean suppliers over non-lean suppliers to promote the implementation of
lean manufacturing.

As discussed earlier, more studies combined lean with green in the supplier selection
process. Torgul and Paksoy (2019) proposed an approach to select the supplier based on
their green and lean performances under a fuzzy environment. TOPSIS has been applied to
rank the suppliers, while AHP is used to evaluate the weights of each criteria in addition to
a multi objective linear programming model. Calik et al. (2019) selected suppliers based on
the green and lean practices for a Turkey-based electronics board manufacturing industry
using proposed multi objective linear programming model. This study considered 12 lean
and green (combined) criteria under three dimensions, namely economy, environment, and
social.
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2.3 Agile supplier selection

Several studies have reported on agile supply chains, but in terms of agile supplier selec-
tion, limited studies have been identified.

Beikkhakhian et al. (2015) rank suppliers based on their agile practices using the pro-
posed interpretive structural modeling (ISM) model combined with fuzzy TOPSIS-AHP
methods. In this study, manufacturing industry has been considered as case industry
with a total of six suppliers as alternatives with considered agile criteria. Rahiminezhad
Galankashi and Helmi (2016) studied the supplier selection process with agile criteria
under a fuzzy environment in order to deal with uncertainties. AHP has been used to evalu-
ate the suppliers based on their agile activities; however, this study considered 12 criteria
for agile supplier selection under four themes, including virtual enterprise, market sensitiv-
ity, process integration, and network based supply. Nominal group technique was adapted
to extract the input for evaluation, and semiconductor manufacturing industries were used
as a case context. Luo et al. (2009) studied the agile supplier selection problem with the
concern of addressing information processing problems. This study adopted an artificial
neural network to evaluate the suppliers based on both quantitative and qualitative data.
The proposed methodology has been illustrated with the electrical appliances and equip-
ment manufacturing industry in Chinese context. Hasan et al. (2008) utilized the ANP and
data envelopment analysis to evaluate the suppliers based on their agile manufacturing
environment. The proposed model has been illustrated with an Indian manufacturing com-
pany under four key factors: ability to modify product/process, schedule reaction, human
factors, and agility enhancing factors. However, each of the four major factors considered
includes three subfactors to evaluate the supplier among nine alternatives. Wu and Barnes
(2009) proposed a model framework for supplier selection under agile environment; how-
ever, this framework includes the feedback from the focal industry so that it can help to
improve the process continuously. Wu et al. (2009) proposed a partner selection framework
with the concern of agile supply chains. This study integrates the ANP and mixed integer
multi objective programming model in two phases. Wu and Barnes (2014) proposed a part-
ner selection framework in a fuzzy environment concerning the elements of agile supply
chains. Based on qualitative and quantitative data given by 84 Chinese electrical compo-
nents and equipment industries, the partner selection was completed. An artificial neural
network was applied to select the partner based on the proposed agile criteria.

2.4 DEMATEL in supplier selection

DEMATEL is one of the solid MCDM methods which has been applied in several func-
tionalities. However, because this study focuses on the supplier selection processes, the
recent applications of DEMATEL in supplier selection are discussed below.

DEMATEL has a wide range of applications with different concerns. For example,
the approach (fuzzy, grey) may be mixed with other MCDM tools (DEMATEL-ANP,
DEMATEL-TOPSIS), strategy (lean, green, agile), and so on. Hence, each of the dif-
ferent themes is summarized with relevant recent studies. Parkouhi et al. (2019) stud-
ied the supplier selection process under uncertainty environment using grey approach.
This study adapted the DEMATEL for selecting the suppliers based on two themes
of resilience enhancer and resilience reducer. Some studies combined the DEMATEL
with other MCDM techniques. Liu et al. (2018) integrated the DEMATEL, analytical
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network process (ANP), and game theory to evaluate the supplier. In addition to this
integration, several theories and methods are included such as Dempster-Shafer Theory,
entropy method, and so on. This study considered conventional supplier selection pro-
cess including dimensions like business improvement, extent of fitness, quality, services,
and risks. Abdel-Basset et al. (2018) integrated the DEMATEL with neutrosophic set
theory for supplier selection process. This study selected the best supplier for the distri-
bution company considering seven major criteria for supplier selection, which includes
cost, time delivery, quality, innovation, reputation, response to customers, and location.
Kumar et al. (2018) proposed a decision making model with capital procurement for the
construction sector using the integrated solution methodologies including Delphi, ana-
lytical hierarchy process (AHP), and DEMATEL. This study considered a total of eight
criteria for selecting suppliers for their construction industry, which includes supplier
profile, cost of ownership, service support, delivery adherence and history, manufactur-
ing flexibility and maintainability, customer feedback, conformity with requirements,
and usage of next generation.

Very few studies reported with the application of agile supplier selection with DEM-
ATEL. Alimardani et al. (2014) made a study on supplier selection based on supplier’s
agile ability. This study combined DEMATEL with ANP and TOPSIS for processing
both quantitative and qualitative factors. Alimardani et al. (2013) studied the supplier
selection in agile environment with the combination of methodologies including DEM-
ATEL, SWARA, and VIKOR. Few studies combined the agile supply chain and manu-
facturing with the evaluation done by the DEMATEL. Bathrinath et al. (2019) studied
the agile criteria involved in Indian metal fabrication industry with the assistance of
DEMATEL. On the other hand, there is no previous study (best of our knowledge) that
has explored the lean supplier selection with DEMATEL.

2.5 Research gap and concern objectives

The previous subsections discussed various categories of the focused research, and from
the understanding of this review, certain conclusion can be made. (i) There is no equal
number of studies on lean supplier selection with agile supplier selection. (ii) Very
limited studies have considered the leagile paradigm in supply chain, especially with
supplier selection. (iii) No previous study combines the leagile perspective in supplier
selection, although some studies consider either one of these concepts, but miss the
decoupling point in procurement process. (iv) There is no evidence on Chinese con-
text regarding with leagile supplier selection, and this study focused on textile industry
where no previous attempts were made. Despite that there is not enough evidence to
support the decision making process on supplier evaluation with leagile factors, this
study concerns itself with the following objectives.

To explore the importance of decoupling lean and agile as ‘leagile’.

To understand the effectiveness of leagile in supplier selection.

To collect the common criteria for selecting the suppliers based on leagile.

To identify the influential criterion and interdependencies on other common criteria
over another.

e To provide implications and recommendations regarding the effective supplier selec-
tion process with concern of leagile.
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3 Solution methodology

Supplier selection is indeed a tedious process due to the many factors involved in the decision
making process. This study connects two concepts as leagile, so the process becomes more
complex than with the conventional supplier selection problem. From the literature, it can be
easily evident that multi criteria decision making trial and evaluation laboratory (MCDM)
tools are significantly used for selecting suppliers regardless of their application sector. How-
ever, among MCDM, there are several tools that have been investigated and applied for in the
supplier selection process. These tools can be broadly classified as those for identifying the
influence among criteria and those for evaluating the alternatives. The main aim of this study
is to understand the influence among leagile criteria for supplier selection; hence, this study
emphasizes the tools that analyze the interrelationships and influences. A most acclaimed tool
for analyzing the influence among the criteria was adapted in this study, DEMATEL. This
tool is favored over other available tools due to its nature of considering the cause effect rela-
tionship among considered criteria (Kumar and Dash 2016; Kumar et al. 2018). Based on
these influences and interrelationships, interdependencies among the considered criteria can
be drawn which could be used as an additional means to solve the problem. DEMATEL uses
the structural modeling approach to explore the cause criteria and effect criteria through the
representation of an influential diagraph. Fontela and Gabus at Science and Human Affairs
Program of the Battelle Memorial Institute of Geneva (Abdollahi et al. 2015) developed
DEMATEL in 1972. Since the inception due to DEMATEL’s advantages, many literatures
have started to implement DEMATEL in their studies with different fields of applications
including supply chain, education, engineering, construction, business management, hospital-
ity, pharma, oil and gas, sustainability, and many more. With this evidence of success, this
study selected DEMATEL to analyze the leagile criteria for supplier selection.

The step by step methodology for DANP mentioned below is adapted from Hsu et al.
(2012).

Step 1: Calculate the initial relationship matrix ‘A’

The first step of DANP is to calculate the initial relationship matrix ‘A’ based on the replies
from the industrial and field experts based on the scale ranging from O to 4 where 0 is ‘no
influence,” 1 is ‘very low influence,” 2 is ‘low influence,’” 3 is ‘high influence,” and 4 is ‘very
high influence.’

1 al2 al3 ....al(n—-1) aln
a2l 1 a23 ....a2(n-1) a2n
A= ey
aln— 11 a(n—1)2 a(n—-2)3 .... 1 a(n — 1)n
anl an2 an3 ....an(n—1) 1

Step 2: Calculate the normalized direct-relationship matrix ‘X’

The initial matrix which is obtained from step 1 is normalized through the equations

n
1
K= — .
max i<i<n ;=21 i )
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X=KxA 3)
Step 3: Calculate the total influence matrix ‘T’

The next step is identifying the total influence matrix. It is obtained with the aid of ‘X’
which is calculated in the previous step through Eq. 4 where ‘I’ implies the identity matrix.

T=X+X"+-+X"=XI-X)"', when }}ithz[O]an 4)

Explanation,
T=X+X"+-+X"
=XI+X+X*+- +X""I-X)I -X)"
=XI -X"HI-Xx)"!
then,
T=X(I -X)"', when h— o.

Step 4: Calculate the sum of rows and columns

‘r’ and ‘s’ denote the sum of rows and columns. It is obtained through Egs. (5) and (6).

r=[rly = lz tij]
=

!

5=l = lZ r,-,»] 5)
i=1

X1 Ixn

T=[tij], i,j=1,2,...,n, (6)

Step 5: Set up causal influence diagram

If r; is the sum of the ith row in matrix 7, then r; shows the sum of influence of factor i on
the other factors. If 5; is the column sum of the jth column of matrix T, then 5; shows the
sum of influence of factor j on the other factors. With the assistance of ‘r’ and ‘s’ we need
to set up the causal influence diagram.

4 Case description and framework of the study

Most developed nations have suppliers in developing nations, including China and India.
China is reknown as a global supplier, and according to statistical data, China is the world’s
largest exporter of goods since 2009. Other than electronics goods, China is well known for
supplying cotton ($15 billion) and textile ($140 billion) products to worldwide industries.
The case industry is one of the major companies in the textile field; it is situated in Jiangsu
Province, China. They are more specialized in polyester fabrics including garment fabric,
home textile, technical textiles, and so on. In addition, they offer textile solutions such as
dyeing, coating, printing, bonding, weaving, and much more. They are striving hard with
many new strategies to be competitive in the business markets. Due to their brand reputa-
tion, they have a substantial number of clients in developed nations. Through recent years,
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after the fast forward business model invention, high political instability forced the global
companies to select their supplier based on leagile criteria. This case industry also has
demand from global companies to implement leagile practices in their organization includ-
ing supply chain operations. With these pressures, the case industry has already begun to
implement leagile business models in their operations, and it is expected they will extend
the model to the supplier selection process. Meanwhile, our research team sent proposals to
a number of companies regarding the theme of the research, and we were invited from this
case company due to the above stated reasons. After the approval from the case industry, a
framework was proposed with the concern of leagile criteria for supplier selection, which
is shown in Fig. 1. To achieve the research objective this proposed framework was applied
within the case industry.

Goal

To find the most influential criteria for leagile supplier selection

!

Step 1

Frame the factors (Criteria) of leagile with the assistance of existing literatures, industrial and field experts

Step 2

The pair-wise comparison was made between the attributes (criteria) based on the replies from case industrial
managers

Step 3

The criteria were analyzed through DEMATEL (A MCDM methodology)

J

Step 4

Based on the DEMATEL results the best Criterion was selected

|

Result

After valuable discussions and feedback, the leagile supplier selection criteria were identified
and prioritized with relevant importance

Fig. 1 Proposed framework for identifying influential leagile suppler selection criteria
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5 Application of proposed framework: an illustration

This section focuses on the application of proposed framework in the case industry. The
framework consists of three phases: frame the leagile factors for supplier selection, ques-
tionnaire development and pairwise comparison, and analysis of leagile criteria using
DEMATEL. Each of the phases is detailed below.

Step 1: Frame the leagile factors for supplier selection

In this initial step, the leagile factors for supplier selection are framed. It is done through the
combined assistance of existing literature and advice from field experts. From this assistance,
common leagile criteria for supplier selection are identified and presented in Table 1. For lit-
erature review, the standardized review procedure is incorporated, and for assessing the advice
from field experts, a 1-day workshop has been conducted.

Step 2: Questionnaire development and pair-wise comparison

The next step is to develop the questionnaire based on the collected common leagile criteria;
further, the same has been circulated to the industrial case decision makers for their replies.
The questionnaire involved with the criteria were assessed with a 0—4 scale where O represents
‘no influence’ to 4 represents ‘very high influence.” Based on their replies, pair-wise compari-
sons were made between the collected common leagile criteria.

Step 3: Analysis of leagile criteria using DANP

To analyze the influential criteria, DEMATEL was applied. As discussed in the earlier section,
analyzing the criteria with DEMATEL is done through some steps which are as follows:

(a) Calculate the initial relationship matrix ‘A’
Based on the replies from the industrial managers and experts, the initial relationship
matrix for leagile criteria were formed as a form of Eq. (1) which shown in Table 2.
(b) Calculate the normalized direct-relationship matrix ‘X’
The initial relationship matrix is normalized through Egs. (2) and (3) to form the
normalized direct-relationship matrix ‘X’ which is shown in Table 3.
(¢) Calculate the total influence matrix ‘T’
The normalized direct relationship matrix is applied through Eq. (4) to get the total
influence matrix ‘T’ which is shown in Table 4.
(d) Calculate the sum of rows and columns
From the total influence matrix, we need to calculate the sum of rows and sum of
columns; the sum of rows is mentioned as ‘r;” and the sum of columns is denoted as
‘s;” with the assistance of the Egs. (5) and (6) for criteria which is shown in Table 5.
(e) Setup causal influence diagram
The causal influence diagram is made up of two axes, one is formed by r;+s; and
other is r; —s; which acts as x and y axis, respectively. The factor at the top of the graph
is the most influencing factor among the others, and the factor at the bottom of the
graph is the least influencing factor. The causal influence diagram for leagile criteria
is shown in Fig. 2.
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Table 2 Initial relationship matrix

Criteria. C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 Ci1 Ci12 C13 Ci14 Ci15

C1
C2
C3
C4
Cs
(67
c7
C8
c9
C10
C11
C12
C13
C14
C15

_am = =N =N = = =N = =D O
L e e S e B
W W = W kA WA WW~KA~O AW
W W = W A W A W W~ O WA W
e T T T S S U U o N S Gy (O SN
I R T e S = S SN SN SN
W W = = W = W = O = ) = = W W
W W = = W= WO W = W= = W W
e e R e = T S O R
NN = N RO R NN =B = = DN
e R S L S S R
W W = O W = W W W= W= = W W
B = I N T A N S N
_ O = = W) ) e e e ) = = W) N
SN = = W, W= s = W= = W N

6 Discussion and managerial implications

This section combines two parts: our discussion of obtained results and the managerial
implications of the study. First, the results are discussed through a vigorous comparison
to the results obtained from the existing literature. Then, we provide the findings from
discussions with case decision makers and field experts. Based on these elements, rec-
ommendations and implications of the study are summarized. Figure 2 shows the influ-
ential graph among the collected common criteria. This diagraph shows the influence
among common leagile criteria, from which it can be clearly understood that ‘Quality’
(C2) is the most influential criteria and ‘Market sensitivity’ (C13) is the least influential
criteria in terms of leagile based supplier selection. However, the influential order of
remaining criteria is as follows: C2>C5>C9>C11>C1>C14>C15>C7>C8>Cl12
>Cl10>C3>C4>C6>Cl3.

The diagraph can be divided into two groups, the cause group and the effect group.
Criteria that influence other criteria are placed in the cause group, and the criteria that
are influenced by other criteria are placed in the effect group. In total, nine criteria (C2,
C5, €9, C11, C1, C14, C15, C7) belong in the cause group and seven criteria (C8,
C12, C10, C3, C4, C6, C13) belong in the effect group. While comparing the results
with the existing studies, it can be seen that this result is fully supported by earlier stud-
ies. Despite that quality is a conventional criterion, it still holds top position because of
its priority towards a company’s competitive advantage. In the earlier sections, it has
been clearly discussed that this consideration of leagile supplier selection is to enhance
the competitive advantage, so it is fitting that quality holds the top position of influential
criteria. The need for a company to emphasize competitive advantage is acknowledged
in several studies (see Ding et al. 2019; Powell 1995; Elshaer and Augustyn 2016).

In contrast, market sensitivity holds the least influential criterion. That finding may
seem odd, but if we explore more, it can be seen that if the supplier is well-versed in
uncertainty minimization (C14) and works to address service level and customer
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Table5 Sum of rows and

columns ri si ri+si ri—si
C1 1.080307 0.607837 1.688143 0.47247
C2 1.433434 0.499786 1.933221 0.933648
C3 0.720122 1.281236 2.001359 —0.56111
C4 0.661813 1.36128 2.023093 —0.69947
C5 1.391479 0.526098 1.917577 0.86538
Co6 0.578722 1.754229 2.332951 —1.17551
Cc7 0.941082 0.895769 1.836851 0.045314
C8 0.875283 0.962287 1.83757 —0.087
C9 1.350246 0.552872 1.903118 0.797374
C10 0.780478 1.017197 1.797675 —0.23672
C11 1.309725 0.580115 1.88984 0.729609
C12 0.811714 1.031139 1.842853 —0.21943
C13 0.499786 1.899188 2.398974 —1.3994
Cl4 1.044439 0.744095 1.788534 0.300345
C15 1.00919 0.774693 1.783883 0.234497
15
! ’0c§2
B
a
0 o0
0 05 1 15 e 2 2 rissi
o o602
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Fig.2 Causal influence diagram for leagile criteria

satisfaction (CS5), there is little need to think of market sensitivity. However, because
both (C14) and (CS5) rank above criterion (C13), it stands as less influential. In addi-
tion, in the literature, no previous study has mentioned the concern of market sensitiv-
ity in the performance of leagile supply chains. Next to quality (C2), service level and
customer satisfaction (C5) holds the top position in the cause group due to the objective
of leagile, which motivates a supplier to reach the right product, at the right time, at the
right cost to the end consumer.

Once the results were compared with existing literature for examination of con-
ceptual errors, the same was sent to the field experts who joined the 1-day workshop.
Simultaneously, the results were shown to the industrial case managers. Three managers
work with the supply chain department; one of those managers has more than 25 years
of experience, and the other two managers have nearly 10 years. This difference in
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experience is prominently reflected in the decision makers’ discussion sessions. First,
all three managers accept these results, but some contradictory perspectives were intro-
duced by the managers during the discussions. Some contradiction emerged among
three managers; the two less experienced managers’ viewpoints are similar but differ
slightly from the elder manager’s perspective. For instance, the senior manager did
not have a strong conviction on sourcing (subsuppliers), whereas the other two manag-
ers are more keen towards the sourcing operations of the suppliers. This suggests that
recent generation practitioners are more focused on whole supply chain rather than con-
sidering only first tier suppliers. In addition, automation and virtual enterprise were not
considered comfortable by the senior manager, but the other two managers were eager
to explore new technologies including IoT, block chain, and other methods to assist with
supplier selection. However, the final output confirms that all results give a better under-
standing to supply chain managers regarding the leagile supplier selection process. This
will lead them to approach their top level managers to convince and consider the leagile
criteria in supplier selection.

While this study provides many valuable contributions towards the scientific rele-
vance and practitioners’ perspectives, some of our key contributions are: (i) this study
provides the insights of influential leagile criterion and other influences among criteria,
by which managers can give weightage to the relevant influential criteria while selecting
the supplier rather than focusing on other irrelevant/less influence criteria. This could
prevent the company from choosing the wrong suppliers. (ii) Based on the proposed
framework, in the future, an ‘n’ number of suppliers may be selected with more or fewer
criteria from the collected common criteria based on the requirements. (iii) This study
provides better understanding among the case decision managers regarding the signifi-
cance of leagile in Chinese textile sectors.

7 Conclusion

Due to increasing pressures from customers and various stakeholders, companies started
to integrate various strategies to maintain their competitive advantages in the global
business markets. Among these strategies, lean and agile gained more attention due to
their high positive effect on firm’s performance. This study considers one of the effec-
tive processes of supply chain, supplier selection, with the focus of leagile. The com-
mon leagile criteria for supplier selection were collected from various sources includ-
ing primary and secondary data. The collected common criteria were further evaluated
for identifying the most and least influential leagile criteria for supplier selection. To
achieve the objective, a model framework was proposed and the same applied in the
case industry, which is a leading textile manufacturing industry located in China and a
world leader/exporter of textiles. Among collected 15 criteria, quality (C2) was iden-
tified as the most influential criterion and market sensitivity (C13) was identified as
the least influential criterion. The relevant validations and suggestions based on the
obtained results has been given in corresponding sections. However, while this study
presents significant contributions towards both science and society, it is still not exempt
from limitations. The major limitation of this study is the lack of statistical response.
This study adopts the case study methodology by analyzing a single case, but in a nation
like China, a vast number of responses from textile industries were needed to generalize
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the obtained results to all Chinese textile manufacturing sectors. This limitation can be
resolved in the next level of research, so if future studies consider this research as a pio-
neering work, the extension can be made with different provinces and with an effort to
bring in a high number of statistical responses and also combined with resilience (Sui-
fan et al. 2019).
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