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Abstract In the competitive world of today, each orga-
nization has a desire to sustain in the marketplace with the
implementation of their healthier and flexible supply chain
performance measurement (SCPM) system. For the suc-
cessful implementation, needs to know the significant set of
enablers. This study identifies a set of important enablers
based on literature review and discussion with field experts
of automobile manufacturing industries located in the
National Capital Region of India. The vagueness and
impreciseness of field expert’s judgements has been
reduced using fuzzy decision making trial and evaluation
laboratory (fuzzy DEMATEL) approach and analyzed the
enablers in order to implement a flexible SCPM system.
The findings of this research advocate that enabler ‘higher
customer satisfaction’ comes in picture with highest value
of ‘Prominence’ (6.4272) and ‘Relation’ (1.0354), there-
fore seems as a most significant and influencing enabler,
while on other side the enabler ‘proper capacity utiliza-
tion’ is considered as ample influencing enabler, because it
has lowest Prominence’ (4.4735) and ‘Relation’ (minus
0.9680) values. This research discussed the categorization
into the cause and effect group, degree of interaction and
inter-relationship of considered enablers. The outcomes of
this study may provide an aid to the managers to implement
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an effective and flexible SCPM system through which
overall profitability of an organization may be improved.

Keywords Enablers - Fuzzy DEMATEL -
Kappa statistics - Performance measurement system -
Supply chain management

Introduction

Since 1980s, it has been seen that supply chain manage-
ment (SCM) is working as a base pillar in enhancing the
overall performance of organizations. Womack and Jones
(2005) found that SCM works as a key component to make
the organization more effective and efficient under the
competitive environment. According to Bowersox et al.
(2010), aim of SCM should be to maximize the supply
chain outcomes, by providing appropriate service level to
the end users. Without proper understanding of SCM, it is
not thinkable to construct a seamless supply chain.
Therefore, there is a need to optimize the supply chain
performance in order to provide the products and services
at faster rate with lowest possible cost (Gunasekaran et al.
2001). That’s why; to make supply chain more effective
and efficient; most of the companies are inserting addi-
tional efforts towards implementation of flexible supply
chain performance measurement (SCPM) system, today.
In this paper, our focus is to provide the key enablers to
mangers in aspect of implementing and improving their
SCPM system through incorporating proper flexibility to
enhance the overall performance of an organization. In
broad aspect, performance measurement can be defined as
a manner of enumerating the efficacy and proficiency of
activities (Neely et al. 1995). Waggoner et al. (1999) says
that ample performance measurement provides a path to
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identify the area that required more attention and also
helpful in improving the communications level among the
supply chain associates. Simatupang and Sridharan (2002)
stated that a continual improvement for supply chain
members, end customers and outside stakeholders could be
achieved easily through an effective performance mea-
surement system. Charan et al. (2008) says that higher
effectiveness of SCPM system provides more improvement
in the supply chain performance. In the previous studies
many performance based frameworks were developed, for
example: Qureshi et al. (2008) developed an integrated
framework using interpretive structural modeling (ISM)
and fuzzy MICMAC analysis to examine the key criteria of
3PLs providers in order to enhance the effectiveness of
SCM. Thakkar et al. (2009) proposed an integrated SCPM
framework for small and medium scale enterprises (SMEs)
using a set of qualitative and quantitative insights. Mangla
et al. (2014) analyzed a sustainable supply chain perfor-
mance based framework. Sidola et al. (2012) analyzed the
impact of information technology (IT) capabilities on an
organization’s performance using system dynamics con-
cept. Tyagi et al. (2014) developed and analyzed the IT
enabled supply chain performance model for Indian auto-
mobile industry located at Delhi region.

During the competitive environment, customer not only
oriented towards high product quality with lower pricing
but also expects customized products with short delivery
time. To meet such type of expectations, flexible systems
management may be helpful (Kumar and Deshmukh 2006).
Wadhwa et al. (2007) developed the various flexibility
based performance models related to product recovery
programs and visualized the importance of flexible system
in decision making process. Hu et al. (2013) examined the
performance of centralized supply chain by incorporating
the flexible ordering policies. Thome et al. (2014) dis-
cussed the key effects of supply chain flexibility capabili-
ties at multi-tiers level that required in delivering the
products from point of origin to the point of consumptions.
Sushil (2012) stated that the flexible systems management
is quite valuable in gaining and improving the performance
of supply chain operations as a whole.

From last two decades, Indian automobile sector is
attracting the automobile manufacturers like: Maruti Su-
zuki, Hyundai, Honda, Toyota, Nissan etc. to set up man-
ufacturing bases at different locations in India. It have
amplified the competition among the manufacturers and
encouraging them to make a product at low cost with better
quality in order to fulfill the customer’s demand. To sustain
in this competitive environment, most of the automobile
manufacturers are trying to improve their SCPM system in
order to build a seamless supply chain to fulfill the cus-
tomer’s requirements. Many previous studies have discus-
sion on supply chain performance measurement in the
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various sectors; however, there is an absence of analysis of
performance matrices or barriers/enablers (Gunasekaran
et al. 2004). Saad and Patel (2006) found that there is a
limited research that concentrates on the supply chain
performance system of an Indian automobile manufactur-
ing company. By keeping above themes in the mind,
automobile manufacturing companies located at NCR of
India have been chosen for this research.

This study aims to identify a set of enablers based on lit-
erature review and field expert’s opinions, and to analyze their
mutual importance using fuzzy decision making trial and
evaluation laboratory (fuzzy DEMATEL), a multi-criteria
decision making approach. This study discussed the cause and
effect behavior and inter-relationship mapping of considered
enablers and addresses the following research queries:

e What is the list of significant enablers related to flexible
SCPM system?

e How to address the internal consistency of identified
enablers with general perspectives of an organization?

e What are the behaviour, importance ranking and
interaction level of considered enablers?

e Why are ranking and interaction level of these enablers
valuable for SCPM system implementation?

e How are these enablers useful for managers to improve
and implement a flexible SCPM system?

Enabler’s Identification: Literature Review

For a company, customer satisfaction is very essential
element to improve their supply chain performance and
overall profit. To make a positive customer voice, higher
level of customer satisfaction is required that in turn also
increases the market share/value. Moreover, it may be
expected that, increase in the market share will provide a
higher growth in the market place. As an outcome of this, it
is easy for the company to provide its products at a mini-
mum price with better quality and will also improve the
overall performance of a company (Anderson et al. 1994).
There are many aspects to improve the production per-
formance; out of them proper capacity utilization can be
selected as a significant measure to enhance the supply
chain performance. The capacity utilization has a direct
impact on lead time, flexibility and delivery system and
also affects the customer demand by enhancing the speed
of response (Slack et al. 1995). According to Christopher
(1998), the company can achieve a competitive advantage
on the basis of proper focusing towards their service and
cost leadership. For this, it is required to build a flexible
and appropriate performance measurement of supply chain
to promote the better understanding among the supply
chain stages (Fawcett and Cooper 1998; Dreyer 2000).
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Today’s most of the organizations are trying to enhance
the use of Information Technologies (IT) in their SCM
system, to make it more efficient and effective. It indicates
that IT works as a supply chain enabler and helps to the
managers in developing information systems and in pro-
viding more flexibility among the work related tasks. IT
provides a seamless flow of entities among the existing
stages of supply chain and also built the organization
functions more efficient throughout the whole supply chain
(Handfield and Nichols 1999). Finally, information tech-
nology can be considered as a key enabler/driver in
implementing a flexible SCPM system (Koh et al. 2006).
Tompkins and Ang (1999) stated that effectively and
timely use of information among the supply chain stages
works as a key enabler/driver for this competitive market
place. According to Lin and Tseng (2006) appropriate level
of information sharing among the supply chain partners
provides the reduction in total cost, improvement in order
fulfillment and reduction in order cycle time, thus as a
result improving the overall supply chain performance.

Ragatz et al. (1997) say that effective integration among
the suppliers and manufacturers plays a very important role
in improving the product value or supply chain perfor-
mance to remain competitive in the market place. The
various existing theories suggested that if degree of inte-
gration among the supply chain stages is higher, then it is
necessary that firm performance will also be better
(Anderson and Katz 1998; Narasimhan and Jayaram 1998;
Johnson 1999; Frohlich and Westbrook 2001). Barut et al.
(2002) found that the inter-company integration and coor-
dination can be achieved by proper information sharing and
works as a significant success factor to improve the supply
chain performance. Turner (1993) says that supply chain
integration helps to make an effective communication and
flexibility among the all supply chain stages. With this
continuation, it has been seen that level of information
sharing and information suitability are important to achieve
the customer responsiveness. Daugherty et al. (1995) sup-
port the above statement and says that information avail-
ability and customer responsiveness are positively related
to each other in order to improve the supply chain per-
formance of an organization.

Green and Inman (2005) noticed that alignment of sys-
tems in all supply chain stages ranging from point of origin
to the point of consumption will help to enhance the
organizational performance. To obtain competitive advan-
tage at the supply chain phase, marketing strategies should
be appropriately implemented and executed with a higher
level of integration and coordination, to concentrate more
towards the end consumer (Mavi et al. 2013). To achieve
the competitive advantage, supply chain performance also
depends on its partner’s talent under dynamic environment
(Vanderhaeghe and de Treville 2003).
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Gunasekaran and Kobu (2007) say that open and
transparent communication between people builds a better
co-operative and supportive work environment. It also
facilitates to develop an appropriate set of performance
measures in order to make a SCPM system more flexible
and efficient, by which organizational performance will
improve very rapidly. During this competitive and chang-
ing behavior of market, it is required to focus towards the
new product design and development. As an advancement
of manufacturing technologies and innovations throughout
the prominent organizations, product development can be
seen as a significant source of competitive advantage.
Therefore, it is mandatory to reduce the new product
development (NPD) cycle time in order to make an
improvement in market share and profit, and to remain
stable in this competitive environment (Cooper and Kle-
inschmidt 1995; Griffin 1997, Ittner and Larcker 1997). An
organization can also improve its performance by adopting
the modern manufacturing practices such as quality man-
agement, just-in-time and information technology (Flynn
and Flynn 2005; Green and Inman 2005). Little et al.
(1995) noticed that effectiveness of scheduling techniques
directly affects the production system and also helps in
improving the supply chain performance.

According to Heizer and Render (2006) an effective
SCM should have the ability to sustain long-term strategic
relationships with their supply chain associates. Because,
the quality of supply chain relationships have direct impact
on the supply chain performance (Fynes et al. 2004). Kohli
and Jaworski (1990) found that improvement in organiza-
tional performance can also be achieved by adopting the
market orientation. Hence, adoption of market orientation
will play a crucial role in improving the supply chain
performance.

Research Methodology

The objective of this research is to evaluate the importance
level of considered enablers to implement a flexible SCPM
system. To achieve the objective, a set of significant ena-
blers which affects the flexible SCPM system of an orga-
nization, was identified based on literature review and
discussion with field experts, chosen from automobile
industry located at national capital region (NCR) of India.
For the discussion purpose, extensive brainstorming ses-
sions (with five industrial and two academic experts) were
fixed to strengthen and improve the literature inputs.

As a pre-testing part, a questionnaire has been formu-
lated on five point Likert scale (1 for least important.....5
for absolutely most important) and send to the 150 field
experts to collect their opinions in order to know the
importance level and to test the feasibility of enablers. For
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Table 1 List of identified enablers

Sr.  Enablers References
no.
1. Higher customer satisfaction Klein and Roth (1993), Anderson et al. (1994), Fawcett and Cooper (1998), Beamon (1999), Ulaga
and Chacour (2001), Gunasekaran et al. (2001), Rabelo et al. (2007) and Jakhar and Barua (2014)
Proper capacity utilization Slack et al. (1995), Aviv (2007) and Bhagwat and Sharma (2007)
3. Making proper performance Christopher (1998), Fawcett and Cooper (1998), Dreyer (2000), Gunasekaran et al. (2004),
measurement Hofmann and Locker (2009) and Chan et al. (2014)
4. Information sharing Handfield and Nichols (1999), Tompkins and Ang (1999), Koh et al. (2006) and Lin and Tseng
(2006)
5. Effective integration of suppliers Morgan and Monczka (1996), Ragatz et al. (1997), Das et al. (2006), Harrtman and Bengtsson
(2009) and Lockstrom et al. (2010)
6. Higher degree of integration across Turner (1993), Anderson and Katz (1998), Narasimhan and Jayaram (1998), Johnson (1999),
the supply chain Frohlich and Westbrook (2001), Barut et al. (2002) and Petersen et al. (2005)
7. Information availability and Daugherty et al. (1995), Narasimhan and Jayaram (1998), Van der Vorst and Beulens (2002), Ravi

customer responsiveness

et al. (2005), Holweg et al. (2005) and Lin and Chang (2008)

8. Alignment of systems throughout the Green and Inman (2005), Cousins (2005), Brown et al. (2007) and Mavi et al. (2013)

supply chain
9. Open and transparent

communication and Ngai (2008)

10.  Reduction of new product
development cycle time

11.  Adoption of modern manufacturing

practices Inman (2005)

12.  Effectiveness of scheduling

techniques Cho et al. (2012)

13.  Long-term, strategic relationships

Gupta and Govindarajan (2000), Kaynak (2003), Gunasekaran and Kobu (2007) and Gunasekaran

Cooper and Kleinschmidt (1995), Griffin, (1997), Ittner and Larcker (1997), Labahn et al. (1997),
Mishra and Shah (2009) and Lawson and Potter (2012)

Fawecett and Myers (2001), Flynn and Flynn (2005), Ketokivi and Schroeder (2004) and Green and

Little et al. (1995), Gunasekaran et al. (2004), Bhagwat and Sharma (2007), Giannakis (2011) and

Graham et al. (1994), Heizer and Render (2006), Chiadamrong and Prasertwattana (2006), Paulraj

et al. (2008) and Oke et al. (2013)

14.  Quality of the supply chain
relationships

15.  Adoption of a market orientation

Lalonde (1998), Fynes et al. (2004), Kwon and Suh (2004) and Nyaga et al. (2010)

Kohli and Jaworski (1990), Hurley and Hult (1998), Dawes (1999), Lings (2004), Green et al.

(2005) and Demirbag et al. (2006)

this purpose, a reliability analysis has been performed.
After that the consistency (post-testing) of considered e-
nablers has been checked using Kappa statistics. To derive
this statistics, the opinion of twenty five experts (fifteen
from industry and ten from academia) were collected using
a questionnaire study, regarding the existence of fifteen
enablers under the four perspectives (managerial, infor-
mation, integration and production). Based on collected
opinions, Kappa index value has been calculated, which
gives the evidence about the internal consistency of ena-
blers under these perspectives. In this case, Kappa index
value comes under the significant range as interpreted in
Tables 4 and 5. Hence, the identified set of enablers as
shown in Table 1 is consistent and ready for further
analysis.

After finding the consistency evidence, the set of ena-
blers has been analyzed using fuzzy DEMATEL approach.
To derive the fuzzy DEMATEL analysis, a questionnaire
has been structured on linguistic terms (no influence...
very high influence) and discussed with the nineteen field
experts to collect their individual opinions regarding
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importance level of considered enablers. Then, step by step
procedure of fuzzy DEMATEL approach has been adopted
to meet the specified objective of present research.

Data Collection and Analysis
Reliability Analysis

With the purpose of pre-testing the feasibility of considered
enablers, a questionnaire was structured and sent to the 150
professionals, out of them 57 responses were received. The
response rate was found 38 % which is sufficient to drive
analysis (Malhotra and Grover 1998). To check the reli-
ability of collected data, Cronbach’s alpha coefficient (o)
has been computed using SPSS-16, which comes as 0.785
and is given in Table 2, i.e. under the recommended range
(0.7 < o> 0.95). The mean and standard deviation are
also calculated as shown in Table 3. In a mode of supply
chain performance improvement, this table gives an initial
picture about the importance level of enablers based on

L 4



Global Journal of Flexible Systems Management (June 2015) 16(2):115-132 119

Table 2 Reliability statistics for the considered enablers

Cronbach’s Cronbach’s alpha based No. of
alpha on standardized enablers enablers
0.785 0.784 15

their mean value. For example, enablers such as higher
customer satisfaction, quality of the supply chain, rela-
tionships, and alignment of systems throughout the supply
chain have higher mean values in comparison to the other
enablers. Hence, it is an indication that these enablers have
more importance in edifice of better and flexible supply
chain performance system.

Check for Internal Consistency: Kappa Statistics

The kappa statistics developed by Cohen (1968) has been
applied to check the consistency (post-testing part) of
considered enablers under the four categories namely as:
C; = managerial perspective; C, = information perspec-
tive; C; = integration perspective and C, = production
perspective. As a broad aspect, the identified enablers can
be assumed under the above four perspectives of an orga-
nization, thus to know the nature of consistency of each
enabler under the corresponding perspective, kappa statis-
tics has been used in this study.

The kappa index (k) is known for true and actual con-
sensus assessment and defined as the ratio of difference of
observed theoretical and chance agreement to the beyond
by chance agreement. It is a quantitatively rated contract
rather than predicted by chance and is given as:

Table 3 Statistics for enablers

__proportionof theobservedagreement —chanceagreement

k
o 1 —chanceagreement
PP,
=1-5.
(1)
where
I
P=-> P; (2)
u
i=1
B _ 2
P.=3 P (3)

The assignments percentage P; under the jth category
and degree of involvement (P;) of raters/experts for the ith
enabler are calculated by using the Eqs. 4 and 5, as given
below:

szizu;wij/i XM:WJ (4)

j=1 \i=1

P, :mi(wfj —w) (5)

J=1

The notations used in the Eqs. 2-5 are described as:

u = Total number of identified enablers = > A,
(m=1,....15)

v = Total number of categories = >, C,,(n=1,....4)

W = Total number of considered experts = 25

w;; = Ratings of ith enabler with respect to jth category,

(i=1,...u), (j=1,...v)

A, Enablers Mean S.D

A Higher customer satisfaction 4.2982 0.8229
A, Proper capacity utilization 3.6140 1.0308
Aj Making proper performance measurement 3.5789 0.9626
Ay Information sharing 3.4561 1.1350
As Effective integration of suppliers 3.5439 1.0534
Ag Higher degree of integration across the supply chain 3.4035 1.0996
A, Information availability and customer responsiveness 3.4912 1.2553
Ag Alignment of systems throughout the supply chain 3.7895 1.0130
Ag Open and transparent communication 3.2632 1.4333
Ao Reduction of New Product Development cycle time 3.4912 1.1820
Aqy Adoption of modern manufacturing practices 3.7544 1.0399
A Effectiveness of scheduling techniques 3.7368 0.9548
Az Long-term, strategic relationships 3.6316 1.0628
Ay Quality of the supply chain relationships 3.9825 0.8962
As Adoption of a market orientation 3.5965 1.0667
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Table 4 Summary of 25 experts measuring 15 enablers

A, C, C, Cs Cy P;

Ay 19 3 3 0 0.4631
Ay 17 5 1 0.3635
Az 21 2 0 0.5793
Ay 2 19 4 0 0.4665
As 2 20 0 0.5196
Ag 2 19 0 0.4665
Ay 3 17 4 1 0.3569
Ag 4 3 17 1 0.3569
Ag 4 15 6 0 0.2938
A 1 1 3 20 0.5163
Aqq 4 3 0 18 0.4133
A 18 3 3 1 0.4034
Az 20 1 4 0 0.5262
Ay 4 3 18 0 0.4133
Ais 2 18 5 0 0.4200
P 0.3280 0.2587 0.3013 0.1120

Table 4 has been prepared and the filled value in each
cell represents the number of experts involved for the
existence of enablers in corresponding category.

The value of kappa (k) is calculated as:

~ (0.4372-0.2778)  0.1594
 (1-0.2778)  0.7222

=0.2207 (6)

The interpretation scale proposed by Landis and Koch
(1977) of kappa value is given as in Table 5.

Analyzing ‘k’, it is observed that it comes in the
showing fair consideration of all enablers in their category.
Further analysis has been done using fuzzy DEMATEL
approach as given in flow chart of the work (Fig. 1).

Fuzzy Set Theory and Triangular Fuzzy Numbers

For decision making problems related to complex system,
most of the organizations have formulated a questionnaire
based on linguistic terms instead of crisp values and send to
the field experts to gather their opinions regarding enablers.
The states of each linguistic variable are represented by
linguistic terms. The linguistic terms used are: very small,
small, medium, large, and very large. The judgements of
decision makers in terms of linguistic expressions have
some degree of vagueness or fuzziness. Fuzzy set theory

Table 5 Scale for strength interpretation of kappa statistics

propose by Zadeh (1965), has been used to reduce the
fuzziness associated with the human judgements, which
deals with the linguistic variables to resolve the real
world problems. A fuzzy set gives a degree of belong-
ingness by incorporating the membership function
between 0 and 1, while crisp set by binary logic 0 or 1
only, i.e. fuzzy set is advantageous over the crisp set to
reduce the uncertainty.

Let X be a universe of discourse, X = {xy,x2,...,%,}, A
fuzzy set a of X is a set of order pairs like
{061, 1a60))s (2 (62) s s Gt a(60)) ) where g
X — [0,1] is the membership function of @ and wu;(x;)
terms a membership degree of x; in a. If a — 1, then the
grade of membership of x; in a will be higher (Kaufmann
and Gupta 1991). Then in the universe of discourse ‘X’, a
fuzzy set a is denoted as:

. {,Ud(xl) n Ha(x2) n Halxs) }

X1 X2 X3
= {Zw}whemxi €X (7
- Xi

(When X is discrete and finite).

q= {/“dT(x)}where x€X (8)

(When X is continuous and infinite).

To maximize the real world applications and ease in
computation, triangular fuzzy number (TFN) has been used
(Yeh and Deng 2004). Its membership function p;(x) has
been as:

0, x<a
X—a;
palw) = § s WETE ©)
‘ noay @S<x<as’
asz—dayp
s X > as

where in the Eq. 9, the symbols used are:

Triangular fuzzy number, a = triplet (a;, ao, a3)

a; = lower value of triplet, a, = middle value triplet
and a3 = upper value triplet.

The two TEN’s (Fig.2) @= (aj,az,a3) and b=
(b1, by, b3) have their usual operation law and used in the
analysis.

In the study, the opinions of field experts with certain
degree of uncertainty have been tabulated, aggregated and
searched the crisp values using CFCS (Converting Fuzzy
data into Crisp Scores) defuzzification method (Opricovic
and Tzeng 2003).

Values of k <0 0.1-0.20

0.21-0.40

0.41-0.60 0.61-0.80 0.81-1.00

Interpretation Poor Slight Fair

Moderate Substantial Perfect

@ Springer

L 4



Global Journal of Flexible Systems Management (June 2015) 16(2):115-132 121

Fig. 1 Flow chart of the work

Literature
review
\ Identification of drivers related to the supply chain
performance system
Discussion
with experts
Reliability analysis
and Kappa statistics
Questionnaire development
From field
experts Obtaining linguistic judgments about enablers
Triangular E
fuzzy Conversion of these linguistics terms into fuzzy g
numbers numbers é
&
£
FDEMATEL 4
CFCS g
defuzzification =
method Aggregation of inputs of all considered experts §
Development of average inter-relation matrix
Development of normalized matrix
Development of Total inter-relation matrix
Analysis of drivers based on their cause and effect
group
Fuzzy DEMATEL Approach
a b
1 The DEMATEL method (Gabus and Fontela 1973) analyze
the mutual interaction among the complex set of criteria/
o (x) factors on the basis of graph theory (Chen and Chen 2010)
and the contextual relationship among the existing criteria,
based on cause and effect behavior (Charan et al. 2008; Li
and Tzeng 2009). In recent years, DEMATEL method has
0 a b, a, b, asz by

Fig. 2 Two triangular fuzzy numbers

L 4

been applied by various scholars in different—different
fields to solve the critical problems. Out of them some
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Table 6 The fuzzy linguistic scale (modified from [35])

Linguistic variable Influence Triangular fuzzy
score numbers (TFN’s)
No influence (No) 0 0, 0.1, 0.3)
Very low influence (VL) 1 (0.1, 0.3, 0.5)
Low influence (L) 2 (0.3, 0.5, 0.7)
High influence (H) 3 (0.5, 0.7, 0.9)
Very high influence (VH) 4 (0.7, 0.9, 1.0)

important applications are as follows: Hsu et al. (2007)
have used a combination of fuzzy DEMATEL approach
with fuzzy multi-criteria decision making to find the sig-
nificant criteria in order to frame the relations of an ideal
customer’s choice behavior. Shieh et al. (2010) have used
DEMATEL method in the hospital management to analyze
the key success factors of hospital service quality. Chang
et al. (2011) have applied fuzzy DEMATEL method to
find significant criteria for the selection of supply
chain management suppliers. Lin et al. (2011) have
applied DEMATEL method to analyze the interrelationship
among the core competences of IC design Service Com-
pany. Mavi et al. (2013) have applied fuzzy DEMATEL
method to evaluate the logistical criteria for the selection of
green supplier. Lin (2013) has applied fuzzy DEMATEL
method to evaluate the green supply chain management
practices.

By applying this method, both direct and indirect
influences can be taken into account very easily. Further-
more, it has been seen that human perceptions or opinions
on considered factors are subjective. In most of the cases,
human judgements have uncertainty and vagueness in their
preferences. To cover the uncertainty and vagueness of
judgements, it is required to involve the fuzzy logic/con-
cept at the stage of data collection from field experts. The
criteria/factors in the questionnaire have been structured
using fuzzy scale as shown in Table 2, and the opinions of
field experts have been gathered.

Algorithm of fuzzy DEMATEL approach is given in
five steps as:

(1) Construction of average direct-relation matrix.
(2) Normalization of direct relation matrix

(3) Determination of total-relation matrix

(4) Formation of a causal diagram

(5) Calculate threshold value

Construction of Average Direct-Relation Matrix
To collect the opinions of field expert’s and find out the

direct influence of i — jth element, fuzzy linguistic scale
has been used as shown in Table 6. Then assign the
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corresponding triangular fuzzy numbers and aggregate the
fuzzy numbers. Fuzzy aggregation process in this paper has
been done using Converting Fuzzy data into Crisp Scores
(CFCS) defuzzification method. The fuzzy maximum and
minimum fuzzy number range have been determined and
crisp score is obtained in the form of weighted average
value (Opricovic and Tzeng 2003; Wu and Lee 2007). Let,
AZ = (a b, ct ) and influence matrix is calculated as:

i i i)
~O Ar112 4’113 te Afllm
n n n
- Ay 0 A% ... A3,
A" = . . l,n=1,2,3..h,
AL A Ai@s 0
(10)
where m = number of criteria and h = number of
respondents.

The CFCS method in five steps is given below:
Normalization:

xcy = (c — mind; ) [ (11)
bl = ( — mind’ ) Ame (12)
xdj; = (a — mina] ) AL (13)

max : n
where A" = max cl.j — minay

Compute right (rs) and left (Is) normalized values:
cii (1 + xc; — xbl’;) (14)

no__
xXCSy = X

xas}, = xbg/( + xbfj; — xaj) (15)

ij
Compute total normalized crisp values:
7 — n ’k A
. [xasij (1 xasl]> + xesy; X xcsl]}

X = (16)
[1 — xasj; + xcsg}

Compute crisp values:

z; = minay; + xj; < AJEF (17)

min

Integrate crisp values:

1
ZU:E(Z}j+Z?j+...+Z$) (18)

The average direct-relation matrix is written as:

Z = [a] (19)

Normalization of Direct Relation Matrix

Normalized direct relation matrix ‘X’ can be obtained by
using the following equation:
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X=1x2Z, (20)
where

1 1
A = min

max m .
1<i<m Zj:l‘zlj

Lj=12,....m

? max m ’ ’ ’
1<j<m Doim1 |z

Determination of Total-Relation Matrix

It is written as:
T=X(I-X)", (21)

where ‘I’ is the identity matrix.
In the total relation matrix, the sum of rows (R) and
columns (C) are calculated as:

T=t],., bi=12..m (22)

Z tij} = [til1 (23)
mx1

= [tj} 1xm (24)

Then, add the corresponding values of ‘R’ and ‘C’, to
obtain the value of Prominence (R 4+ C) and Relation
(R — C).

Formation of a Causal Diagram

The casual diagram is prepared by mapping Prominence
and Relation data, marked horizontally and vertically in the
graph. Then categorization of enablers into cause and
effect group is done. If (R — C) value is positive, enablers

comes in the cause group and if (R — C) value is negative
then comes in the category of effect group (Tzeng et al.
2007; Yang et al. 2008; Lee et al. 2009).

Calculate Threshold Value (o)

The threshold value (o) is calculated by taking the average
of the elements in total relation matrix 7, as in Eq. 25, and
inter-relationship diagram (Fig. 4) is obtained.

y— Z;n:l %:V;n_l [IU} ’ (25)

where N is the total number of elements in the matrix 7.

Numerical Illustration

After performing reliability and consistency analysis of e-
nablers, a questionnaire has been structured on fuzzy lin-
guistic scale shown in Table 6, and discussed with nineteen
field experts for seeking their opinion regarding enabler’s
importance. Then, linguistic tables are prepared; Table 9 is
the example of such a table from one of the experts. This
table explains the influencing nature of considered enablers
over each other, for example the enabler A; has no influ-
ence on enabler A;,, low influence on enablers Ag, A7, Ao,
Ao, A1 and high influence over the enablers A;, Ay, As,
Ag, and very high influence on enabler A;. After that lin-
guistic scale direct-relation matrix (Table 9 in Appendix)
has been converted into the corresponding triangular fuzzy
numbers and then applied CFCS defuzzification method
(Egs. 11-17) to aggregate the fuzzy inputs. The defuzzified
direct-relation matrix is shown in Table 10 in Appendix.

Table 7 Scores of each enabler and related values for cause and effect group

Enablers (A,,) R C R+ C R-C

A,. Higher customer satisfaction 3.7313 2.6959 6.4272 1.0354
A,. Proper capacity utilization 1.7527 2.7207 4.4735 —0.9680
Aj;. Making proper performance measurement 2.9198 2.5207 5.4405 0.3991
A,. Information sharing 3.1850 2.7450 5.9300 0.4400
As. Effective integration of suppliers 2.5555 2.5568 5.1123 —0.0012
Ag. Higher degree of integration across the supply chain 3.6275 2.6255 6.2530 1.0021
A;. Information availability and customer responsiveness 2.6021 2.9308 5.5329 —0.3287
Ag. Alignment of systems throughout the supply chain 3.3021 2.8167 6.1188 0.4854
Ay. Open and transparent communication 2.3929 2.5398 4.9327 —0.1470
Ajo. Reduction of New Product Development cycle time 1.9673 3.5270 5.4943 —1.5598
Aj;. Adoption of Modern manufacturing practices 2.1303 2.5282 4.6585 —0.3980
A,. Effectiveness of scheduling techniques 2.8838 3.0198 5.9036 —0.1361
Aj3. Long-term, strategic relationships 2.7165 2.8791 5.5956 —0.1626
A14. Quality of the supply chain relationships 2.6877 2.8009 5.4886 —0.1133
Ajs. Adoption of a market orientation 3.3430 2.8905 6.2335 0.4525
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@ Springer



124 Global Journal of Flexible Systems Management (June 2015) 16(2):115-132
Fig. 3 Cause and effect R-C
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Table 8 Interaction matrix of enablers (o« = 0.1847)
Ay Ay As Ay As As Ag Ag Ao Ay An Ap Az Ayg Ays
Al ES * * £ ES * & & £ * £ * £ *
A,‘ £ % * & & ES ES * ES *
A4 * * * * £ & £
As * *
Ag * * * * * * % * * * * * * *
A7 * * * % % % *
AS £ % * * £ % * % % * % * % *
Ao * *
Ay *
A] 1 *
A12 * £ 3k * * k *
A13 * * * * * * * * *
Ay * * * * * *
AIS £ % * * % * * & % * % * %

By using Eq. 18, aggregate the defuzzified/crisp direct-
relation matrices of all experts and average direct-relation
matrix is computed as given in Table 11 in Appendix.
Further, normalization of average direct-relation matrix
has been done by using Eq. 20, as shown in Table 12 in
Appendix. Then, total relation matrix as given in Table 13
in Appendix, is attained using Eq. 21. Using Eqs. 22-24,
computed the sum of rows (R) and sum of columns (C) of
the total inter-relation matrix to find the ‘prominence’ and
‘relation’ value of enablers and are given in Table 7. By
mapping (R 4+ C) and (R — C) values, cause and effect
diagram is constructed as shown in Fig. 3 and threshold
value (o0 = 0.1847) by Eq. 25 has also been computed. The
interaction matrix is constructed based on computed
threshold value, to give a mutual degree of interaction
among the considered enablers as shown in Table 8. Then

@ Springer

an inter-relationship diagram is developed based on inter-
action matrix and shown in Fig. 4.

Results and Discussion

Table 7 and Fig. 5 show the importance ratings of all
enablers based on their (R 4+ C) values and noticed that the
enabler A; has greater importance rating than others. The
importance rating order of all enablers comes as: A; >
Ag>Ai5>A3>As>Apn>A>A> A1 0> A >
A3z > As > Ag > Aj; > A,. Thus, the primary focus of a
company should be to fulfill the customer requirements to
achieve better customer satisfaction. It is the role of
enabler, ‘higher degree of integration across supply chain

(Ag)'.
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Fig. 4 Inter-relationship
diagram

Also visualizing the (R — C) values, where enablers
are categorized into their cause and effect group. The
enablers namely higher customer satisfaction (A;), mak-
ing proper performance measurement (Aj), information
sharing (A4), higher degree of integration across the
supply chain (Ag), alignment of systems throughout the
supply chain (Ag) and adoption of a market orientation
(A1s) have ‘positive’ (R — C) values and comes under the
category of cause group. While the others such as: proper
capacity utilization (A,), effective integration of suppliers
(As), information availability and customer responsive-
ness (A7), open and transparent communication (Ao),
reduction of new product development cycle time (Aj),

L 4
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adoption of modern manufacturing practices (Aypy),
effectiveness of scheduling techniques (A;,), long-term,
strategic relationships (A;3), and quality of the supply
chain relationships (A;4) have ‘negative’ (R — C) values
and comes under the category of effect group. The ena-
blers of cause group have an influence over the effect
group enablers, which is shown by casual diagram
(Fig. 3). Various thoughtful decisions may be made
through Table 7 and by analyzing the casual diagram i.e.
Al seems to be more significant as it has highest (R + C)
and (R — C) values i.e. 6.4272 and 1.0354 and also called
precise influencing enabler, while the other enabler A, is
considered as ample influencing enabler because it has
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Enablers Rating

INER 6.2335

Al4 5.4886

AI3 5.5956

A12 5.9036

All 4.6585

Al0 5.4943

A9 | 49327

A% | 6.1188

AT | 5.5329

A6 | 6.253

AS | 5.1123

A4 ] 5.93

A3 | 5.4405

A2 | 44735

Al 642712
0 1 2 3 4 5 6 7

Fig. 5 Importance rating of enablers

lowest (R 4+ C) and (R — C) values [4.4735 and minus
0.9680].

Table 8 and Fig. 4, show the mutual interaction or
influencing behaviour of enablers over each other. In the
inter-relationship diagram as shown in Fig. 4, six types of
lines are used to represent an influencing nature of one
enabler over another enabler based on their cause and
effect group categorization as: thin regular orange line
indicates the influence of one cause group enabler over the
effect group enabler, thin dotted orange line indicates the
influence of one cause group enabler over the other cause
group enabler, thick dotted orange lines indicates the
influence of two cause group enablers over each other,
thick regular red line indicates the influence of one cause
group enabler and one effect group enabler over each other,
thin dotted black line indicates the influence of one effect
group enabler over the other effect group enabler and thick
dotted black line indicates the influence of two effect group
enablers over each other. After visualizing Fig. 4, it is
noticed that cause group enablers (A, Az, A4, Ag, Ag, and
A;s5) have higher degree of interaction and influencing
nature over the effect group enablers (A, As, A7, Ag, Ajp,
A11, Apz, Ajz, and Ajy). Furthermore for better under-
standing can be says that enablers A;, Ag, Ag, and A5 have
highest degree of interaction and other enablers A,, Ag, Ajg
and A;; have least degree of interaction, while the
remaining enablers Ajz, Ay, As, A7, A1z, Az and A4 have
moderate degree of interaction.

Conclusions
To meet the specified research objective, a set of fifteen
critical enablers is identified and analyzed using fuzzy

DEMATEL approach. The proposed approach is an
extension of DEMATEL method with use of linguistic

@ Springer

terms and fuzzy aggregation method, in order to avoid the
vagueness and impreciseness of the judgments. This study
uses the CFCS (Converting Fuzzy data into Crisp Scores)
method for fuzzy input aggregation. In order to reduce the
complexity of problem and make precise decision, fuzzy
DEMATEL categorizes a set of enablers into cause and
effect groups.

The analysis reveals that the cause group enablers (A,
As, A4, Ag, Ag and A;s) have more impact over the
specified goal due to their higher degree of interaction.
That’s why; they cannot be moved easily and remunerated
more attention. Based on research findings it is observed
that, the higher customer satisfaction (A;) is a very influ-
encing enabler and can be achieved through adopting the
market orientation (A;s). For this, a company should be
focused towards higher degree of integration across the
supply chain (Ag) in order to build an alignment of the
systems throughout the supply chain (Ag). Hence, it is clear
that enablers (A, Ag, Ag and As) have higher degree of
interaction through maintaining an appropriate level of
information sharing (A4) and proper performance mea-
surement (A3). On the other flank, the effect group enablers
(A2, A5, A7, Ag, Al()? All’ A12, A13 and A14) are influenced
easily by the cause group enablers and can be moved
easily, hence, needs to be improved. Therefore, it is con-
cluded that to improve or implement an effective and
flexible SCPM system, an organization should emphasize
more to maintain higher customer satisfaction level and
higher degree of integration across their supply chain
functions.

The concluding trail of the present research could be
supported by the outcomes of previous studies. Some sig-
nificant outcomes out of them are as: the higher level of
customer satisfaction is an essential factor to enhance the
market share value of an organization. The increase in the
market share will provide a higher growth in the market
place and improve the overall performance of a company
(Anderson et al. 1994; Gunasekaran et al. 2001). Frohlich
and Westbrook (2001) stated that if degree of integration
among the supply chain stages is higher, then it is necessary
that firm performance will also be better. Hence, it is easy to
conclude that higher customer satisfaction and higher
degree of integration across supply chain functions work as
the key enablers for flexible SCPM system implementation.

The present study delivers an empirical analysis of
considered enablers and highlights their categorization into
cause and effect groups and degree of interaction. The
outcomes of this study may provide an aid to the managers
to implement an effective and flexible SCPM system
through which overall profitability of an organization may
be improved.
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Limitations and Future Scope

During this study, respondents were selected from Indian
automobile manufacturing industries located at National
Capital Region, while the automobile industries are spread
in a very large area of India at various locations with dif-
ferent requirements. Therefore; results of the present study
cannot be generalized for automobile industries all over the
country. This limitation generates future scope for this

Table 9 The linguistic scale direct-relation matrix by expert 1

study as: first the data can be collected from other locations
of India and compare the results. Second, other multi-cri-
teria decision making techniques can also be applied in
order to validate the results of this study.

Appendix

See Tables 9, 10, 11, 12, 13.

Ay Ay A; Ay As Ae Ag Ag Ao Ajo A A Az Ayg Ays
A No H VH H H L L H L L L No H VL VH
A, VL No VL No No No No VL No VH VL L VL No No
Aj L No No L VL VL H L L H No L L L VH
Ay No L VL No L H H VL H L VL H VH H H
As VL L L VH No L No L VL L VL VL L VL VL
Ag L H VL VH H No VH VH H VH L L H H L
A H No L H No No No No No L VL H VL L H
Ag VH L L VL VL H L No L H L VH VH L VL
Ao No No No L L L L VL No VL No No L VH L
Ajp VL H No No L No No No No No VL VH No No No
Aqy L No No No No No No L No VH No VL VL No L
A H H VL VL No VL H H VL H VL No L H VL
Ais VL No No L L L L L H L L No No L L
Ay L No No VH VL H H VL VH H VL VL H No H
Ais VH L H VL No VL VH L VL VH H H VL No No
Table 10 Defuzzified direct-relation-matrix by expert 1

A Az Az Ay As Ag Ay Asg Ag Aro Apy A Aps Ay SE

A; 0.0000 0.7622 0.8748 0.6905 0.7622 0.5524 0.5000 0.6905 0.5000 0.5000 0.5524 0.1252 0.6905 0.3095 0.8748
A, 03095 0.0000 0.3095 0.1252 0.1402 0.1402 0.1252 0.3095 0.1252 0.8748 0.3427 0.5000 0.3095 0.1252 0.1252
A;  0.5000 0.1402 0.0000 0.5000 0.3427 0.3427 0.6905 0.5000 0.5000 0.6905 0.1402 0.5000 0.5000 0.5000 0.8748
Ay 0.1252 0.5524 03095 0.0000 0.5524 0.7622 0.6905 0.3095 0.6905 0.5000 0.3427 0.6905 0.8748 0.6905 0.6905
As 03095 0.5524 0.5000 0.8748 0.0000 0.5524 0.1252 0.5000 0.3095 0.5000 0.3427 0.3095 0.5000 0.3095 0.3095
Ag 05000 0.7622 0.3095 0.8748 0.7622 0.0000 0.8748 0.8748 0.6905 0.8748 0.5524 0.5000 0.6905 0.6905 0.5000
A; 0.6905 0.1402 0.5000 0.6905 0.1402 0.1402 0.0000 0.1252 0.1252 0.5000 0.3427 0.6905 0.3095 0.5000 0.6905
Ag 0.8748 0.5524 0.5000 0.3095 0.3427 0.7622 0.5000 0.0000 0.5000 0.6905 0.5524 0.8748 0.8748 0.5000 0.3095
Ay 0.1252 0.1402 0.1252 0.5000 0.5524 0.5524 0.5000 0.3095 0.0000 0.3095 0.1402 0.1252 0.5000 0.8748 0.5000
Ao 03095 0.7622 0.1252 0.1252 0.5524 0.1402 0.1252 0.1252 0.1252 0.0000 0.3427 0.8748 0.1252 0.1252 0.1252
A;; 05000 0.1402 0.1252 0.1252 0.1402 0.1402 0.1252 0.5000 0.1252 0.8748 0.0000 0.3095 0.3095 0.1252 0.5000
A, 0.6905 0.7622 03095 0.3095 0.1402 0.3427 0.6905 0.6905 0.3095 0.6905 0.3427 0.0000 0.5000 0.6905 0.3095
Az 03095 0.1402 0.1252 0.5000 0.5524 0.5524 0.5000 0.5000 0.6905 0.5000 0.5524 0.1252 0.0000 0.5000 0.5000
Ay 05000 0.1402 03095 0.8748 0.3427 0.7622 0.6905 0.3095 0.8748 0.6905 0.3427 0.3095 0.6905 0.0000 0.6905
Ajs 0.8748 0.5524 0.6905 0.3095 0.1402 0.3427 0.8748 0.5000 0.3095 0.8748 0.7622 0.6905 0.3095 0.1252 0.0000
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Table 11 Average direct-relation matrix

Ay Ay Aj Ay As As Ag Ag Ay Ajo Aq Ap Ajz Ayq Ays
A;  0.0000 0.7390 0.7619 0.7872 0.7357 0.5882 0.5920 0.7827 0.6967 0.5799 0.6260 0.3632 0.7494 0.4554 0.7929
A, 04376 0.0000 03171 0.1646 0.1641 0.1838 0.1503 0.3631 0.1663 0.8159 0.3523 0.5864 0.3354 0.1365 0.1284
As; 05429 0.2059 0.0000 0.5100 0.3668 0.3466 0.6704 0.6054 0.5266 0.6692 0.1690 0.5753 0.4872 0.5964 0.7518
Ay 01816 0.5992 0.3597 0.0000 0.5397 0.7097 0.7010 0.3134 0.7068 0.5100 0.3865 0.6968 0.7988 0.7456 0.6725
As 03292 0.5373 0.5780 0.7969 0.0000 0.5343 0.1595 0.5156 0.3745 0.5501 0.3428 0.3735 0.4882 0.3040 0.3165
Ag 05517 0.7200 0.3770 0.7289 0.7767 0.0000 0.7404 0.8042 0.6674 0.8651 0.5570 0.5356 0.7012 0.7065 0.5716
A;  0.6813 0.2062 0.6509 0.6795 0.1929 0.2148 0.0000 0.1753 0.1462 0.5401 0.3938 0.7265 0.3057 0.5356 0.7333
Ag  0.7339 0.6196 0.5490 0.3607 0.4043 0.6900 0.5712 0.0000 0.5155 0.6698 0.5953 0.8047 0.7691 0.5466 0.3265
Ay 0.1756 0.2282 0.1626 0.5218 0.6366 0.5530 0.5295 0.3735 0.0000 0.3402 0.1794 0.1759 0.5183 0.8335 0.5211
Ajp 03161 0.6711 0.3694 0.1644 0.6018 0.2375 0.2186 0.2239 0.3664 0.0000 0.3441 0.7850 0.2556 0.1953 0.1587
A 05763 02262 02125 02710 0.2749 0.2933 0.2320 0.5466 0.1659 0.7571 0.0000 0.3334 0.3060 0.2845 0.5933
A, 07025 0.7112 0.3968 0.3399 0.2042 0.3586 0.7100 0.7048 0.3534 0.6692 0.4487 0.0000 0.5383 0.7075 0.2858
Az 03029 02356 0.2442 0.5301 0.6095 0.5615 0.5095 0.5957 0.7061 0.5297 0.5755 0.1853 0.0000 0.5055 0.5421
Ay, 05535 02660 0.4436 0.8163 0.4109 0.7191 0.6722 0.3227 0.8435 0.6598 0.3542 0.4428 0.7096 0.0000 0.7705
A5 07305 0.6276 0.7432 0.5195 0.3074 0.4502 0.7396 0.6251 0.4845 0.7678 0.7931 0.7255 0.4364 0.3464 0.0000
Table 12 Normalized direct-relation matrix
Ay Ay A; Ay As Ag Aq Ag Ao Ajo An Ap Az Ay Ays

A;  0.0000 0.0799 0.0824 0.0851 0.0795 0.0636 0.0640 0.0846 0.0753 0.0627 0.0677 0.0393 0.0810 0.0492 0.0857
A, 0.0473 0.0000 0.0343 0.0178 0.0177 0.0199 0.0163 0.0393 0.0180 0.0882 0.0381 0.0634 0.0363 0.0148 0.0139
A; 0.0587 0.0223 0.0000 0.0551 0.0397 0.0375 0.0725 0.0655 0.0569 0.0723 0.0183 0.0,622 0.0527 0.0645 0.0813
A;  0.0196 0.0648 0.0389 0.0000 0.0583 0.0767 0.0758 0.0339 0.0764 0.0551 0.0418 0.0753 0.0864 0.0806 0.0727
As 0.0356 0.0581 0.0625 0.0861 0.0000 0.0578 0.0172 0.0557 0.0405 0.0595 0.0371 0.0404 0.0528 0.0329 0.0342
Ag 0.0596 0.0778 0.0346 0.0788 0.0840 0.0000 0.0800 0.0869 0.0721 0.0724 0.0602 0.0579 0.0758 0.0764 0.0618
A; 0.0737 0.0223 0.0704 0.0735 0.0209 0.0232 0.0000 0.0190 0.0158 0.0584 0.0426 0.0785 0.0330 0.0579 0.0793
Ag 0.0793 0.0670 0.0593 0.0390 0.0437 0.0746 0.0618 0.0000 0.0557 0.0724 0.0644 0.0870 0.0831 0.0591 0.0353
Ao 0.0190 0.0247 0.0176 0.0564 0.0688 0.0598 0.0572 0.0404 0.0000 0.0368 0.0194 0.0190 0.0560 0.0901 0.0563
Ajp 0.0342 0.0725 0.0399 0.0178 0.0651 0.0257 0.0236 0.0242 0.0396 0.0000 0.0372 0.0849 0.0276 0.0211 0.0172
A;p 0.0623 0.0245 0.0230 0.0293 0.0297 0.0317 0.0251 0.0591 0.0179 0.0818 0.0000 0.0360 0.0331 0.0308 0.0641
A, 0.0759 0.0769 0.0429 0.0368 0.0221 0.0388 0.0768 0.0762 0.0382 0.0723 0.0485 0.0000 0.0582 0.0765 0.0309
Az 0.0327 0.0255 0.0264 0.0573 0.0659 0.0607 0.0551 0.0644 0.0763 0.0573 0.0622 0.0200 0.0000 0.0547 0.0586
Ay 0.0324 0.0259 0.0476 0.0443 0.0444 0.0777 0.0727 0.0349 0.0346 0.0713 0.0383 0.0479 0.0443 0.0000 0.0833
A5 0.0790 0.0678 0.0803 0.0562 0.0332 0.0487 0.0800 0.0676 0.0524 0.0830 0.0857 0.0784 0.0472 0.0375 0.0000
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Table 13 Total inter-relation matrix
Ay Ay Aj Ay As As Ag Ag Ay Ajo Aq Ap Ajz Ayq Ays

A;  0.1798 0.2558 0.2453 0.2629 0.2454 0.2359 0.2556 0.2667 0.2413 0.2947 0.2327 0.2404 0.2685 0.2339 0.2726
A, 0.1303 0.0878 0.1117 0.1011 0.0984 0.1003 0.1067 0.1264 0.0974 0.1934 0.1159 0.1556 0.1244 0.1013 0.1020
Az 0.1974 0.1657 0.1342 0.1965 0.1722 0.1746 0.2239 0.2081 0.1877 0.2514 0.1521 0.2186 0.2009 0.2085 0.2280
Ay 0.1732 0.2148 0.1799 0.1567 0.2006 0.2213 0.2390 0.1928 0.2156 0.2531 0.1843 0.2418 0.2432 0.2362 0.2325
As 0.1562 0.1809 0.1728 0.2051 0.1184 0.1758 0.1521 0.1817 0.1573 0.2175 0.1508 0.1780 0.1836 0.1610 0.1644
Ag 02305 0.2496 0.1975 0.2517 0.2443 0.1716 0.2636 0.2620 0.2321 0.2963 0.2214 0.2513 0.2580 0.2528 0.2448
A; 0.1962 0.1508 0.1863 0.1966 0.1392 0.1454 0.1400 0.1516 0.1358 0.2203 0.1598 0.2163 0.1666 0.1858 0.2114
Ag 0.2340 0.2243 0.2043 0.1996 0.1939 0.2242 0.2314 0.1680 0.2032 0.2765 0.2104 0.2583 0.2476 0.2216 0.2050
Ao 0.1331 0.1403 0.1266 0.1733 0.1756 0.1717 0.1811 0.1579 0.1095 0.1860 0.1285 0.1489 0.1766 0.2050 0.1788
Ajp 0.1284 0.1653 0.1263 0.1133 0.1496 0.1157 0.1241 0.1240 0.1255 0.1250 0.1234 0.1848 0.1276 0.1186 0.1156
A;p 0.1631 0.1313 0.1209 0.1323  0.1275 0.1308 0.1362 0.1640 0.1158 0.2117 0.0987 0.1522 0.1420 0.1346 0.1691
A, 02112 0.2123 0.1721 0.1756  0.1536 0.1723 0.2224 0.2153 0.1668 0.2505 0.1772 0.1573 0.2029 0.2147 0.1795
Az 0.1620 0.1571 0.1482 0.1888 0.1881 0.1867 0.1944 0.1965 0.1954 0.2247 0.1820 0.1672 0.1403 0.1888 0.1964
Ay 01631 0.1579 0.1682 0.1756 0.1658 0.1981 0.2108 0.1695 0.1559 0.2369 0.1599 0.1934 0.1802 0.1349 0.2174
Ajs 02374 0.2270 0.2265 0.2157 0.1841 0.2011 0.2495 0.2322 0.2006 0.2891 0.2312 0.2557 0.2166 0.2032 0.1729
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Key Questions

1. How to identify the significant enablers related to flexible
supply chain performance measurement (SCPM) system?
2. How does the enabler of SCPM system can be used flexibly
in improving the performance of an organization as a whole?
3. How does to address the internal consistency of enablers with
general perspectives of an organization?
. How do these enablers may useful for managers to improve
and implement a flexible SCPM system?
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