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Customer involvement in greening the supply
chain: an interpretive structural modeling
methodology
Sanjay Kumar1*, Sunil Luthra2 and Abid Haleem3
Abstract

The role of customers in green supply chain management needs to be identified and recognized as an important
research area. This paper is an attempt to explore the involvement aspect of customers towards greening of the
supply chain (SC). An empirical research approach has been used to collect primary data to rank different variables
for effective customer involvement in green concept implementation in SC. An interpretive structural-based model
has been presented, and variables have been classified using matrice d'impacts croises-multiplication appliqué a un
classement analysis. Contextual relationships among variables have been established using experts' opinions. The
research may help practicing managers to understand the interaction among variables affecting customer
involvement. Further, this understanding may be helpful in framing the policies and strategies to green SC.
Analyzing interaction among variables for effective customer involvement in greening SC to develop the structural
model in the Indian perspective is an effort towards promoting environment consciousness.

Keywords: Supply chain, Green supply chain management, Green distribution, Interpretive structural modeling
(ISM), MICMAC analysis
Background
Green supply chain management (GSCM) is the inte-
gration of both environmental and supply chain mana-
gements and has been identified as a proven way to
reduce an organization's impact on the environment while
improving business performance (Torielli et al. 2011).
Some studies have suggested that the customer plays

an important role in greening the supply chain (SC).
The requirement for organizations to respond actively to
the customers' need has increasingly been important
(Christopher 2000; Zhu and Sarkis 2004; Zhu et al. 2007a,
2007b; Zhu et al. 2008a, 2008b; Eltayeb et al. 2011).
Consumer demands have been realized as a powerful
pressure for change within organizations offering products
or services in those markets. Consumers demand more
value and quality from products, and since environmental
awareness has increased, this type of pressure creates
market opportunities in the form of environmental
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attributes and responsibility within the supply chain
(Paquette 2005). The role of customers and environmental
societies has been recognized for more environment-
friendly products (Vachon and Klassen 2006a). The
influence on green supply chain initiatives had been
followed by regulations and customer pressures (Eltayeb
et al. 2011). Environmentally responsible organizations
make themselves more attractive to customers and inves-
tors. The human factor plays an important role on both
levels (Hanna et al. 2000; Lazuraz et al. 2011).
To improve the environmental supply chain per-

formance, organizations need to make interactions with
customers (Carter and Ellram 1998). Organizations im-
plementing green concepts may compete and export their
products in international markets. Organizations using
improved environmental performance may lower their
costs by reducing waste, also reducing their environmental
compliance costs, and lessening the threats of civil and
criminal liability by preventing pollution (Mudgal et al.
2009, 2010). Environmental collaboration with upstream
suppliers and downstream customers has been found
n Open Access article distributed under the terms of the Creative Commons
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useful for organizations to reap performance gains
(Vachon and Klassen 2008; Yang et al. 2009; Zhu et al.
2010).
Due to governmental legislations, environmental con-

cerns, and customer awareness, more and more industries
are giving attention to green practices (Thomas and Bijulal
2011; Wang and Gupta 2011). Customers having the
choice of purchase and persuading organizations to act
pro-environmentally may be possible by creating environ-
mental consumer demand, when consumers request only
environment-friendly products and refuse to buy products
not meeting this requirement (H’Mida 2009).
GSCM practices have been about developing policies

and practices protecting the environment along the supply
chain and involve as many people as possible in this pro-
cess, including manufacturers and suppliers, retailers, and
customers (Zhu and Sarkis 2006; Lazuraz et al. 2011).
Green supply chain programs may be initiated to position
manufacturers to their customers or investors and to
facilitate environmental compliance (IFS 2012).
Hence, the need arises to identify variables for effective

customer involvement in the implementation of the
green concept in SC. The main objectives of the research
are the following:

� To identify variables for effective customer
involvement in the implementation of the green
concept in the supply chain.

� To prioritize the identified variables.
� To establish contextual relationships among the

identified variables.
� To develop structural model using interpretive

structural modeling (ISM) technique.
� To carry out matrice d'impacts croises-

multiplication appliqué a un classement (MICMAC)
analysis to classify the variables.

The next section discusses literature review of the
related work. In the ‘Methods’ section, subsections ‘Identi-
fication of the variables for effective customer involvement
in implementation of green concept in SC,’ ‘Questionnaire-
based survey,’ ‘Interpretive structural modeling,’ and ‘MIC-
MAC analysis’ of the problem are presented. Finally, the
‘Results and discussion’ section of this research are
presented, followed by the ‘Conclusions’ section.

Literature review
Some researchers have attempted work related to customer
perspective in greening the supply chain. The research
work done by various researchers may be highlighted in
chronological order as follows:
(Tan et al. 1998) explored the relationship among sup-

plier management, customer relations, and organizational
performance and used purchasing, quality, customer
relations, and supplier closeness to evaluate the suitability
of a supplier selection model. Hall (2000) suggested that
large firms have to meet stakeholder pressure beyond legal
environmental responsibilities, and many suppliers are
under considerable pressures from their customers.
(Hanna et al. 2000) suggested that operational impro-
vements can be made through techniques as just-in-time
manufacturing, total quality management, concurrent
engineering, and employee involvement. Employee in-
volvement in operational and environmental activities
may cause cost reduction, process improvement, reduced
process waste, improved morale, enhanced customer satis-
faction, improved process safety, improved community
relations, and an enhanced public perception as a green
firm. Chan (2003) proposed SC performance measure-
ment system which includes qualitative measures such as
customer satisfaction, flexibility, information and material
flow integration and effective risk management, and quan-
titative measures to evaluate the SC performance in terms
of strategic planning, order planning, suppliers, produc-
tion, and delivery. Theyel (2006) studied customer and
supplier relations for achieving environmental perform-
ance in the US chemical industry and indicated that
relations between customers and suppliers affect envi-
ronmental performance by waste reduction. Vachon and
Klasson (2006b) noted that environmental collaboration
with suppliers and customers leads to improved manufac-
turing performance, such as improved quality, delivery,
and flexibility.
(Simpson et al. 2007) explored the moderating impact

of relationship conditions existing between a customer
and suppliers and the effectiveness of the customer's
environmental performance requirements. Zhu et al.
(2007a) found five GSCM components or constructs
including eco-design, green purchasing, internal envi-
ronmental management, cooperation with customers,
and investment recovery. Walker et al. (2008) stated that
customer pressures on organizations vary depending on
the size of the organization. Zhu et al. (2008a) studied
GSCM practices in China's manufacturing industry, and
GSCM practices have been divided into five primary
dimensions: internal environmental management, green
purchasing, eco-design, cooperation with customers, and
investment recovery. These five dimensions of green
SCM practices distinguish it from the traditional defi-
nitions of SCM. Zhu et al. (2008b) suggested that
cooperation with suppliers and customers has become
extremely critical for the organizations to close the
supply chain loop. Wang et al. (2009) determined a
methodology to identify customers who are satisfied
and willing to pay more for green products in the
consumer-oriented market where the consumers' be-
havior towards green product has become an important
issue for business.
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(Azevedo et al. 2011) examined the relationships
between green practices of supply chain management
and supply chain performance in the context of the
Portuguese automotive supply chain and obtained the
conceptual model from data analysis providing evidence
as to which green practices have positive effects on
quality, customer satisfaction, and efficiency. Further, the
practices having negative effects on supply chain per-
formance were also identified in this study. Lazuras et al.
(2011) suggested that the human factor plays an import-
ant role in the adoption and effective implementation of
GSCM practices and presented a psychological pers-
pective to GSCM adoption. Wu et al. (2011) evaluated
supplier performance to find key factor criteria to
improve performance. Results showed that the satisfied
customer needs a criteria factor that has the greatest
influence among the criteria for selecting suppliers.
Green et al. (2012) suggested the model of green supply
chain practices that link manufacturers with suppliers
and customers to support environmental sustainability
throughout the supply chain. The result suggested that
organizations working with suppliers and customers
achieve better environmental sustainability in the supply
chain. Cooperation with customers is strongly associated
with environmental performance. (Shi et al. 2012)
suggested a structural model of natural resource-based
GSCM and found intra- and interorganizational environ-
mental practices, performance measures, and institutional
drivers as important constructs. Causal relationships
within and between the constructs were proposed in the
form of hypotheses. Cooperation among customers has
been found an important construct.

Methods
We have identified various variables for effective customer
involvement in green concept implementation in the sup-
ply chain from the literature review and experts' opinions.
Literature was reviewed to identify various variables for
effective customer involvement in green concept imple-
mentation in supply chain. Experts from academia and
industry were invited to idea engineering workshop, and
brainstorming session was conducted where 13 variables
relevant to effective customer involvement in green con-
cept implementation in the supply chain were identified.
A questionnaire-based survey was conducted to rank
these variables. Using the ISM approach and MICMAC
analysis technique, it had been identified that three vari-
ables (‘Education Level of Customers,’ ‘Customer Income,’
and ‘Customer Intelligence’) were falling into the category
of autonomous variables, hence discarded, and research
work had been continued with the remaining ten vari-
ables. Autonomous variables have weak driver power and
weak dependence. These variables are relatively discon-
nected from the system, with which they have only few
links, which may not be strong, and hence, may be
discarded (Ravi and Shankar 2005; Mudgal et al. 2009,
2010; Luthra et al. 2011).

Identification of variables for effective customer
involvement in green concept implementation in the
supply chain
These variables identified for effective customer involve-
ment in green concept implementation in the supply
chain are as follows: ‘Awareness Level of Customers,’
‘Encouragement and Support of Customers,’ ‘Motivation
by Organization Sales Network,’ ‘Positive Perception
about Top Management Commitment and Openness
in Policy towards Greening,’ ‘Effective Advertisement
and Marketing Campaign towards Green Efforts of
Organization,’ ‘IT Enablement and Effective Communica-
tion,’ ‘Environment-Friendly Distribution,’ ‘Effective Trai-
ning Program Schedule for Customer,’ ‘Green Labeling
and Use of Green Packaging Material,’ and ‘Recycling and
Reuse Efforts of Organization.’ The abovesaid identified
variables are explained in the following subsections.

Awareness level of customers
Customers have been reported as strong drivers for
greening activities in the literature (Green et al. 1996).
Producing environment-friendly products and creating
awareness among consumers are some of the ways
through which companies can contribute towards nature
conservation. Customer demands have a strong influ-
ence on the decisions that companies take towards
eco-design (Alhola 2008). To obtain the most sustain-
able solution, the environment consideration of proper-
ties of products and services must meet customer
requirement (Zhu et al. 2008a, 2008b).

Encouragement and support of customers
Some studies have found that ultimate individual con-
sumer interest in the environment and environmentally
sound products is quite substantial, even though there
has been a slight decline (Reijonen 2011). Implementa-
tion of environmental technology may build a positive
brand image, mitigate environmental liabilities associ-
ated with a firm's products and services, and influence
the mindset of customers and investors (Rao and Holt
2005). In the USA, an estimated 75% of consumers claim
that their purchases are influenced by reputation, and
80% would be willing to pay more for environment-
friendly products (Lamming and Hamapson 1996; Chien
and Shih 2007a, 2007b).

Motivation by organization sales network
Customers are in direct contact with the organizations'
sales personnel in most of the cases and may be informed,
influenced, and convinced about the green products and
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services offered by the organizations. As one of the results
of the brainstorming session, this factor was strongly
recommended by the participants of the session.

Positive perception about top management commitment
and openness in policy towards greening
Top management may be held responsible directly and
indirectly for each activity at all the levels of the orga-
nizations (Singh and Kant 2008). Top management
commitment is necessary for supporting GSCM ideas,
practices, and cooperation across organizational functions
(Sarkis et al. 2007; Zhu et al. 2007a, 2007b), and success of
any strategic program needs to be derived from top
management (Yu and Hui 2008). Top management has a
significant ability to support actual formation and imple-
mentation of green initiatives across the organization. Top
management may provide continuous support for GSCM
in the strategic and action plans for successful imple-
mentation (Ravi and Shankar 2005; Mudgal et al. 2009).
Positive perception about top management commitment
and openness in policy towards greening may be achieved
by publishing sincere green efforts of organization.

Effective advertisement and marketing campaign towards
green efforts of organization
Organizations may advertise environment-friendly prod-
ucts and services to create awareness among customers.
Customers aware of green products may prefer to
purchase green products, which may further increase
an organization's reputation and sales volumes (Luthra
et al. 2011). Newspapers, hording, magazines, printed
material distribution (leaflets, booklets, etc.), and various
audiovisual media (e.g., radio, television,cinema) may be
a few media for advertisement and marketing campaign
for making the customers more aware of green efforts of
the organization. In India, few retail organizations are
providing recycled paper and jute bags (with green slo-
gans) for carrying their products.

IT enablement and effective communication
IT enablement may be required for processing and up-
dating accurate information of products, materials, and
other resources (Sarkis et al. 2007) and for supporting
various GSCM activities (Ravi and Shankar 2005). Infor-
mal linkages and improved communication may help
the organization to adopt green practices (Yu 2007; Yu
and Hui 2008), and increased environmental perform-
ance in GSCM may be achieved by information sharing
of improved quality (Wu et al. 2010).

Environment-friendly distribution
Environment-friendly or green distribution is the process
of moving a product from its manufacturing source to
its customers with a low impact on the environment.
Reverse logistics is identified as the process of planning,
implementing, and controlling flows of raw materials,
in-process inventory, and finished goods from a manu-
facturing, distribution, or use point to a point of reco-
very or point of proper disposal (Ilgin and Gupta 2010;
Srivastva 2007). The use of green fuel-like compressed
natural gas-driven vehicles may exhibit seriousness
about green efforts of an organization.

Effective training program schedule for customers
Training and education are the prime requirements for
achieving successful implementation of GSCM in any
organization (Ravi and Shankar 2005; Sarkis et al. 2007;
Wu et al. 2010). Trained personnel may contribute in
training the customers, leading to better customer invol-
vement in GSCM implementation.

Green labeling and use of green packing material
Environment-friendly packing refers to use of recyclable or
dissolvable materials for packing and has a clear objective
of encouraging business to market greener products
(Fielding 2001), and it may be a good way to make the
customers better informed about environmental choices
while purchasing. Eco-labeling is a voluntary scheme
designed to encourage businesses to market environment-
friendly products and services (Mudgal et al. 2009).

Recycling and reuse efforts of organization
Recycling is the process of collecting used products,
components, and materials from the field and separating
them into categories of like materials (recyclable and
nonrecyclable), and recyclable materials may be pro-
cessed into recycled products, components, and mate-
rials. Reuse is the process of collecting used materials,
products, or components from the field, and distributing
or selling them as used. Waste management and recyc-
lability evaluation methods may help in managing and
minimizing waste and improving the environment (Ilgin
and Gupta 2010; Srivastva 2007). Lean is a competitive
practice that reduces costs, improves the environment,
and improves quality (Bhetja et al. 2011). The use of lean
or flexible manufacturing may help in the continuous
improvement and elimination of waste in all forms and
has great potential for reciprocal benefits to firm envi-
ronmental management practices (Mudgal et al. 2009).

Questionnaire-based survey
Based upon the abovesaid variables for effective cus-
tomer involvement in green concept implementation in
the supply chain, a research questionnaire was designed.
The questionnaire was developed taking into account
the experts' opinions. A first draft was reviewed by
experts from the academia and industry. Their feedback
was used to improve the questions and eliminate
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redundancies. A second version was developed. These
variables were tested for content validity and reliability
through the pretesting of the questionnaire. Content
validity is the technique used to ensure that the mea-
sures adequately quantify the concepts that they are
supposed to be tested (Sekaran 2003). Reliability con-
cerns the extent to which an experience, test, or any
measuring procedure yields the same results on repeated
trials (Carmines and Zeller 1979). Reliability evaluates
the accuracy of measures through assessing the internal
stability and consistency of items in each variable (Hair
et al. 2009). Validity of the variables was pretested
among selected experts from the academia and industry.
The reliability of measures was also pretested by apply-
ing Cronbach's alpha coefficients on the responses from
experts. All values of the coefficients fall within the
range of 0.60 to 0.80, ensuring an acceptable level of
reliability (Nunnally 1987). The results from this pretest
were used to further improve the questionnaire. After a
discussion with the experts and the pretest, we kept our
questionnaire very simple and short due to low rate of
responses from respondents. After pretesting, the final
version will be used in the survey. The population of this
study consists of academicians, manufacturing firms,
and valuable customers from North Indiasince the popu-
lation size was very large. After identifying the target
population, it was necessary to determine the sample
size. The sample size was taken using the following
mathematical relationship for proportions (Israel 1996;
Rea and Parker 2005; Sanchez Gomez 2011).

Sample size ¼ Z2 � p� 1� pð Þ=H2 ð1Þ

where Z= Z value in normal distribution tables (1.96 for
95% confidence level), p= the estimated proportion of
the population that presents the characteristics (0.5 is
used as a conservative value, higher or lower values yield
a smaller required sample size), and H= the precision level
or margin of error, expressed as decimal (10%= 0.1). Then,
sample size = (1.96)2× 0.5(1–0.5)/(0.1)2 =96.04 or sample
size= 96.
Therefore, approximately 96 complete questionnaires

were needed. A questionnaire-based study was carried
out, and respondents were asked to rank the variables
on a five-point Likert scale (where ‘1’ means not impor-
tant and ‘5’ means most important). This research was
conducted from August 2011 to November 2012 at the
North India zone. We used convenience sampling as
well as random sampling. Due to difficulties of mail sur-
veys and the possibility of respondents to misunderstand
the questionnaire items, we used convenience sampling
through interviewing various academicians, top/middle
level managers/engineers of industries, and customers.
One hundred seventy-eight completed questionnaires
were collected via interviews. Further, to test the con-
venience sampling bias, we carried out random surveys
through e-mail; 643 questionnaires were sent to various
academicians, top/middle level managers/engineers of
various industries, and customers. After reminder emails
in addition to telephonic calls, 171 questionnaires were
received. Twenty-seven questionnaires were incomplete
and were discarded. This gives an overall response rate
of 22.4%. A response rate of 20% is considered for posi-
tive assessment of the surveys (Malhotra and Grover
1998). A total of 322 questionnaires were considered for
further research work.

Interpretive structural modeling
The mathematical foundations of the ISM methodology
can be found in reference works (Harary et al. 1965),
while the philosophical basis for the development of this
approach has been presented by Warfield (1974). ISM
has been used for policy analysis (Sage 1977) and, in
recent years, for management research (Mandal and
Deshmukh 1994; Jharkharia and Shankar 2005; Ravi and
Shankar 2005; Sushil 2005; Sarkis et al. 2007; Mudgal
et al. 2009, 2010; Diabat and Kannan 2011; Luthra et al.
2011). ISM was first proposed by J. Warfield in 1974 to
analyze the complex socioeconomic systems. Its basic
idea is to use the experts' practical experience and know-
ledge to decompose a complicated system into several
subsystems and construct a multilevel structural model.
The ISM is interpretive as the judgment of the selected
group for the study decides whether and how the factors
are interrelated. ISM generally has the following steps
(Ravi and Shankar 2005; Sage 1977; Warfield 1974):

Step 1:Variables affecting the system are listed.
Step 2: From the variables identified in step 1, the

contextual relationships among the variables are
found.

Step 3:A structural self-interaction matrix (SSIM) is
developed for variables, which indicated
pairwise relationships among variables of the
system.

Step 4:A reachability matrix is developed from the
SSIM, and the matrix is checked for transitivity.
The transitivity of the contextual relation is a
basic assumption made in ISM. It states that if
variable A is related to variable B and variable B
is related to variable C, then variable A is
necessarily related to variable C.

Step 5:The reachability matrix obtained in step 4 is
partitioned into different levels.

Step 6:Based on the contextual relationships given
above in the reachability matrix, a directed
graph is drawn and the transitive links are
removed.
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Step 7:The resultant diagraph is converted into an ISM
by replacing variable nodes with statements.

Step 8:The ISM model developed in step 7 is reviewed
to check for conceptual inconsistency, and
necessary modifications are made.

The flow chart for the ISM methodology is shown in
Figure 1.

MICMAC analysis
Matrice d’impacts croises-multipication applique´ an
classment (cross-impact matrix multiplication applied to
classification) is abbreviated as MICMAC (Mudgal et al.
2009). In the MICMAC analysis, the dependence power
and driver power of the variables are analyzed. Variables
will be classified into four clusters. The four clusters are
autonomous, dependent, linkage, and driver/indepen-
dent. In the final reachability matrix, the driving power
and dependence power of each of the variables will be
plotted. Autonomous variables (first cluster) have weak
driving power and weak dependence power. These vari-
ables can be disconnected from the system. The second
List of variables for effective customer 
involvement in green concept 
implementation in supply chain

Establish contextual relationship (Xij) 
between variables (i, j) 

Develop a structural self-interaction matrix 

Develop the 
form

Remove transitivity from the diagraph

Replace variables nodes with relationship 
statements

Represent relationship state
involvement in green conce

Figure 1 Flow chart for ISM methodology (Ravi and Shankar 2005).
clusters named dependent variables have weak driving
power and strong dependence power. The third cluster
named linkage variables has strong driving power and
strong dependence power. The fourth cluster named
independent variables has strong driving power and
weak dependence power.
Results and discussion
The results and discussions of questionnaire-based
survey, interpretive structural modeling technique, and
MICMAC analysis have been discussed in the following
subsections, respectively.
Questionnaire-based survey
Questionnaire-based data have been further processed
with the help of the software package Minitab version
16. The values of mean, standard error of mean,
trimmed mean, standard deviation, variance, and rank
for each variable have been tabulated in Table 1. Five
percent of the highest and five percent of the lowest data
values are excluded for the calculation the trimmed
Yes

No  

Literature review

Experts’ opinions 

Develop a 
reachability matrix 

reachability matrix in its conical 

Develop diagraph

Is there any 
conceptual 
inconsistency?

Necessary 
modifications

ment into model for effective customer 
pt implementation in supply chain



Table 1 Statistical data analysis result

Number Variable Mean Standard
error mean

Trimmed
mean

Standard
deviation

Variance Rank

1 Awareness level of customers 3.2688 0.0476 3.2425 0.9187 0.8440 X

2 Encouragement and support of customers 3.2124 0.0454 3.1886 0.8753 0.7661 IX

3 Motivation by organization sales network 3.6371 0.0330 3.6078 0.6359 0.4043 VIII

4 Positive perception about top management
commitment and openness in policy
towards greening

3.6882 0.0329 3.6766 0.6355 0.4038 VII

5 Effective advertisement and marketing
campaign towards green efforts of organization

4.0838 0.0297 4.0994 0.5712 0.3263 V

6 IT enablement and effective communication 4.0538 0.0320 4.0689 0.6163 0.3799 VI

7 Environment-friendly distribution 4.4785 0.0288 4.5090 0.5563 0.3095 II

8 Effective training program schedule
for customers

4.7339 0.0233 4.7635 0.4486 0.2012 I

9 Green labeling and use of green packing material 4.3925 0.0308 4.4371 0.5935 0.3523 III

10 Recycling and reuse efforts of organization 4.3172 0.0300 4.3533 0.5795 0.3358 IV
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mean. Ranking of variables has been done on the basis
of the trimmed mean.
‘Effective training program schedule for customers,’ ‘En-

vironment-friendly distribution,’ and ‘Green labeling and
use of green packaging material’ have been ranked by
respondents as the top three variables.
‘Effective training program schedule for customers’ has

also been observed having the lowest standard deviation
and lowest variance. ‘Awareness level of customers’ has
been observed having the highest standard deviation and
highest variance. Variance and standard deviation mea-
sure variability within a distribution. Standard deviation
indicates how much, on average, each of the values in
the distribution deviates from the mean of the distri-
bution. Higher standard deviation means having large
variations in the data, and lower standard deviation
means having small variations in the data. Lower stan-
dard deviation will indicate the reliability of data. Vari-
ance is the average squared deviations of the mean.
The coefficients of correlation among variables have

been tabulated in Table 2. Maximum value of coefficient
of correlation has been indentified between ‘Awareness
level of customers’ and ‘Encouragement and support of
customers.’
These correlation coefficients of different variables

have been classified according to the rules of thumb
about the strength of correlation coefficient (Hair et al.
2003, p.568). These variables have been classified into
five categories (Table 3). ‘Awareness level of customer’
and ‘Encouragement and support of customers,’ ‘Mo-
tivation by organization sales network,’ and ‘Positive
perception about top management commitment and
openness in policy towards greening,’ and ‘Effective
advertisement and Marketing campaign towards green
efforts of organization’ and ‘IT enablement and effective
communication’ have been classified as strongly corre-
lated variables.
Interpretive structural modeling
ISM can be used for identifying and summarizing relation-
ships among specific variables, which define a problem or
an issue (Warfield 1974; Sage 1977). It provides means by
which order can be imposed on the complexity of such
variables (Mandal and Deshmukh 1994; Jharkharia and
Shankar 2005; Luthra et al. 2011).
Structural self-interaction matrix
ISM model suggests the use of experts' opinions in identi-
fying the contextual relationship among variables. Thus,
in this research for identifying the contextual relationship
among the variables for effective customer involvement in
green concept implementation in SC, three experts from
the academia and four experts from the industry were
consulted. Four symbols (V, A, X, and O) are used to
denote the direction of the relationship between the vari-
ables (i and j):V- variable i will lead to variable j, A- vari-
able j will lead to variable i, X- variable i and j will lead to
each other, and O- variable i and j are unrelated.
Based on the contextual relationships, SSIM has been

developed (Table 4). Variable 9 leads to variable 10, so
symbol ‘V’ has been given in the cell (9, 10); variable 3
leads to variable 1, so symbol ‘A’ has been given in the cell
(1, 3); variables 1 and 2 lead to each other, so symbol ‘X’
has been given in the cell (1, 2); variables 6 and 7 do not
lead to each other, so symbol ‘O’ has been given in the cell
(6, 7), and so on. The number of pairwise comparison
question addressed for developing the SSIM are ((N) ×
(N−1)/2), where N is the number of variables.



Table 2 Coefficient of correlation of variables

Variable 1 2 3 4 5 6 7 8 9 10

1 1.000 0.776 0.226 0.276 0.159 0.139 0.069 0.060 0.069 0.086

2 0.776 1.000 0.149 0.169 0.186 0.165 0.101 0.097 0.012 0.117

3 0.226 0.149 1.000 0.606 0.084 0.124 0.004 −0.011 −0.082 −0.002

4 0.276 0.169 0.606 1.000 0.132 0.145 0.088 0.009 −0.092 0.012

5 0.159 0.186 0.084 0.132 1.000 0.612 0.351 0.193 0.183 0.255

6 0.139 0.165 0.124 0.145 0.612 1.000 0.236 0.118 0.042 0.099

7 0.069 0.101 0.004 0.088 0.351 0.236 1.000 0.437 0.288 0.387

8 0.060 0.097 −0.011 0.009 0.193 0.118 0.437 1.000 0.320 0.284

9 0.069 0.012 −0.082 −0.092 0.183 0.042 0.288 0.320 1.000 0.287

10 0.086 0.117 −0.002 0.012 0.255 0.099 0.387 0.284 0.287 1.000
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The use of symbols V, A, X, and O may be clearly under-
stood from SSIM made after reaching to a consensus in the
opinions of experts (Table 4):

Reachability matrix
SSIM has been converted into a binary matrix, named
initial reachability matrix, by substituting V, A, X, and O
by 1 or 0 applying the following rules:

� If (i, j) value in the SSIM is V, (i, j) value in the
reachability matrix will be 1 and (j, i) value will be 0;
for V (9, 10) in SSIM, ‘1’ has been given in cell (9, 10)
and ‘0’ in cell (10, 9) in the initial reachability matrix.

� If (i, j) value in the SSIM is A, (i, j) value in the
reachability matrix will be 0 and (j, i) value will be 1;
for A (1, 3) in SSIM, ‘0’ has been given in cell(1, 3)
and ‘1’ in cell (3, 1) in the initial reachability matrix.

� If (i, j) value in the SSIM is X, (i, j) value in the
reachability matrix will be 1 and (j, i) value will also
be 1; for X (1, 2) in SSIM, ‘1’ has been given in cell
(1, 2) and ‘1’ in cell (2, 1) also in the initial
reachability matrix.
Table 3 Classification of variables based upon significance of

Variable number Very strongly correlateda Strongly correlatedb

1 1 2

2 2 1

3 3 4

4 4 3

5 5 6

6 6 5

7 7

8 8

9 9

10 10
aVariable numbers having a correlation coefficient between 0.801 and 1.000; bvariab
numbers having a correlation coefficient between 0.401 and0.600; dvariable numbe
having a correlation coefficient less than or equal to 0.200.
� If (i, j) value in the SSIM is O, (i, j) value in the
reachability matrix will be 0 and (j, i) value will also
be 0; for O (6, 7) in SSIM, ‘0’ has been given in cell
(6, 7) and ‘0’ in cell (7, 6) also in initial reachability
matrix.

By applying these rules, an initial reachability matrix
for variables for effective customer involvement in green
concept implementation in the supply chain has been
obtained (Table 5).
The final reachability matrix (Table 6) is constructed

from the initial reachability matrix taking into account
the transitivity rule, which states that if a variable ‘A’ is
related to ‘B’ and ‘B’ is related to ‘C’, then ‘A’ is necessa-
rily related to ‘C’. Variable 5 leads to variables 1, 2, 3, 4,
and 6. Variable 7 leads to variables 1, 2, 3, 4, and 5, and
then variable 6 must be added to variable 7 as transitive
element and so on.
In Table 6, the driving power and the dependence of

each enabler are also shown. The driving power for each
variable is the total number of variables (including
itself ), intowhich it may impact. Dependence is the total
correlation

Moderately correlatedc Weakly correlatedd Not correlatede

3, 4 5,6,7,8,9,10

3,4,5,6,7,8,9,10

1 2,5,6,7,8,9,10

1 2,5,6,7,8,9,10

7,10 1,2,3,4,8,9

7 1,2,3,4,8,9,10

8 5,6,9,10 1,2,3,4

7 9,10 1,2,3,4,5,6

7,8,10 1,2,3,4,5,6

5,7,8,9 1,2,3,4,6

le numbers having a correlation coefficient between 0.601 and0.800; cvariable
rs having a correlation coefficient between 0.201 and0.400; evariable numbers



Table 4 Structural self interaction matrix

Variable 10 9 8 7 6 5 4 3 2

1 A A A A A A A A X

2 A A A A A A A A

3 A A A A A A X

4 A A A A A A

5 A A A A X

6 O O O O

7 X A O

8 O A

9 V
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number of variables (including itself ), which may be
impacting it. These driving power and dependencies will
be used in the MICMAC analysis, where the variables
will be classified into four groups of autonomous,
dependent, linkage, and independent (driver) variables.

Level partitioning
The reachability set and antecedent set (Warfield 1974)
for each variable have been found out from final
reachability matrix. Subsequently, the intersection set of
these sets has been derived for all variables. The variable,
for which the reachability and the intersection sets are
the same, has been given the top-level variable in the
ISM hierarchy. From Table 7, it is seen that the ‘Aware-
ness Level of Customers’ and ‘Encouragement and
Support of Customers’ have been found at Level I. The
iteration is continued until the level of each variable is
found out. The identified levels aid in building the
diagraph and the final model of the ISM.
From the final reachability matrix, the structural

model generated is known as a diagraph. After removing
the transitivity links and replacing the node numbers by
statements, the ISM model has been generated, which
has been shown in Figure 2. It is observed from the
figure that ‘Green labeling and use of green packaging
Table 5 Initial reachability matrix

Variable 1 2 3 4 5 6 7 8 9 10

1 1 1 0 0 0 0 0 0 0 0

2 1 1 0 0 0 0 0 0 0 0

3 1 1 1 1 0 0 0 0 0 0

4 1 1 1 1 0 0 0 0 0 0

5 1 1 1 1 1 1 0 0 0 0

6 1 1 1 1 1 1 0 0 0 0

7 1 1 1 1 1 0 1 0 0 1

8 1 1 1 1 1 0 0 1 0 0

9 1 1 1 1 1 0 1 1 1 1

10 1 1 1 1 1 0 1 0 0 1
material’ is a very significant variable for effective cus-
tomer involvement in green concept implementation in
SC as it comes at the base of the ISM hierarchy. ‘Aware-
ness level of customers’ and ‘Encouragement and support
of customers’ are the top-level variables in the model.
The structural model for effective customer involve-

ment in greening the supply chain, presented in the
study, addresses the importance of customer role in the
process of making the SC sustainable. ‘Use of green
packing material’ supports ‘Recycling and reuse efforts of
the organization’ and ‘Environment-friendly distribution.’
Also, ‘Environment-friendly distribution’ may be utilized
for recollecting used and/or discarded (due to improper
quality or because of any other reason) products/compo-
nents. In India, an unorganized sector involves collection
of junk/waste/scrap material by ragpickers and selling to
big dealers. Here, authors want to draw the attention
towards this area (‘Kabaadi-Wala’ SC) for future research
having green potential for research focusing upon the
‘recycling and reuse’ aspect. Green labeling of products
with appropriate display of information about greening
may be proven as an important help to train the cus-
tomers, which may further facilitate effective communi-
cation among various actors in the greening process.
‘Environment-friendly distribution’ system may itself be
utilized as a strong way of advertising and publicized in
the organization's marketing campaign. IT enablement,
effective communication, advertisement, and marketing
campaign may complement and help each other towards
green efforts of organization and, further, may help in
motivating customers by sales personnel and having a
positive perception about top management efforts to-
wards greening. However, this may lead to developing
the trust of customers on top management sincerity
for greening. All the above factors in totality may lead
to a high level of customer awareness, encouragement,
and support.

MICMAC analysis
MICMAC analysis is done with the help of driving
power and dependence power of variables. The driver
power-dependence diagram has been constructed and is
shown in Figure 3.
The first cluster consists of the autonomous variables

that have weak driver power and weak dependence. No
variable has been identified as an autonomous variable.
The second cluster consists of the dependent variables
that have weak driver power but strong dependence.
‘Awareness level of customers,’ ‘Encouragement and sup-
port of customers,’ ‘Motivation by organization sales net-
work,’ and ‘Positive perception about top management
commitment and openness in policy towards greening’
have been identified as dependent variables. The third
cluster has the linkage variables that have strong driver



Table 6 Final reachability matrix

Variables 1 2 3 4 5 6 7 8 9 10 Driver
power

Driver
rank

1 1 1 0 0 0 0 0 0 0 0 2 VI

2 1 1 0 0 0 0 0 0 0 0 2 VI

3 1 1 1 1 0 0 0 0 0 0 4 V

4 1 1 1 1 0 0 0 0 0 0 4 V

5 1 1 1 1 1 1 0 0 0 0 6 IV

6 1 1 1 1 1 1 0 0 0 0 6 IV

7 1 1 1 1 1 1a 1 0 0 1 8 II

8 1 1 1 1 1 1a 0 1 0 0 6 III

9 1 1 1 1 1 1a 1 1 1 1 10 I

10 1 1 1 1 1 1a 1 0 0 1 8 II

Dependence 10 10 8 8 6 6 3 2 1 3

Dependence rank I I II II III III IV V VI IV
aMeans transitive.
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power and also strong dependence. ‘Effective advertise-
ment and marketing campaign towards green efforts of
organization,’ and ‘IT enablement and effective commu-
nication’ have been found out as linkage variables in our
study. The fourth cluster includes the independent
variables having strong driving power but weak depend-
ence. ‘Environment-friendly distribution,’ ‘Effective train-
ing program schedule for customers,’ ‘Green labeling and
use of green packaging material,’ and ‘Recycling and
reuse efforts of organization’ have been identified as the
driver variables.

Conclusions
Greening of SC has been identified as an important
approach for improving the environmental performance
of processes and products. Ten variables for effective
customer involvement in green concept implementation
Table 7 Partitioning of variables

Variables Reachability
set

Antecedent set Intersection
set

Level

1 1,2 1,2,3,4,5,6,7,8,9,10 1,2 I

2 1,2 1,2,3,4,5,6,7,8,9,10 1,2 I

3 1,2,3,4 3,4,5,6,7,8,9,10 3,4 II

4 1,2,3,4 3,4,5,6,7,8,9,10 3,4 II

5 1,2,3,4,5,6 5,6,7,8,9,10 5,6 III

6 1,2,3,4,5,6 5,6,7,8,9,10 5,6 III

7 1,2,3,4,7,5,6,10 7,9,10 7,10 IV

8 1,2,3,4,5,6,8 8,9 8 IV

9 1,2,3,4,5,6,7,9,10,8 9 9 V

10 1,2,3,4,5,6, 7,10 7,9,10 7,10 VI
in SC have been identified from the literature. These
variables have been validated from a questionnaire-based
survey.
ISM methodology has been used in finding contextual

relationships among various variables. A model has been
developed from ISM methodology. ‘Awareness level of
customers’ and ‘Encouragement and support of cus-
tomers’ have been identified as top-level variables and
‘Green labeling and use of green packing material’ as the
most important bottom-level variable. MICMAC ana-
lysis has also been carried out. The driving power-
dependence power diagram helps to categorize various
variables for effective customer involvement in the
implementation of green concept in the supply chain.
Four variables have been identified as driver variables
and four variables as dependent variables. Two variables
have been identified as linkage variables and no variable
as autonomous variable. Dependent variables represent
desired objectives for customer involvement in greening
the supply chain. Driver variables will play an important
driving role in customer involvement in greening the
supply chain. Management needs to address these vari-
ables more carefully. Linkage variables are unstable that
any action on these variables will have an effect on
others and also a feedback on themselves.
Human factor plays a major role in ‘greening’ the

supply chain. The legislative framework and regulations
promoting environmental practices cannot guarantee
GSCM adoption, unless the dynamic interplay between
the people involved throughout the SC is taken into
consideration (Lazuras et al. 2011).
The customer has been reported as repeated enabler

in the literature. Some researchers identified cooperation
of customers with eco-design, cleaner production, and
using less energy during product transportation and
green design as an important variable (Zhu and Sarkis
2004; Zhu et al. 2007a, 2007b; Zhu et al. 2008a, 2008b;
Green et al. 2012). Our study identifies ten variables for
effective customer involvement in the implementation of
green concept in supply chain.
Consumer demand for eco-friendly goods is increa-

sing. A large number of customers prefer organizations
that have superior environmental records and greener
products and are ready to pay a premium for it (Lakshmi
and Visalakshmi 2012). Organizations have begun to
implement GSCM practices in response to customer
demand (Green et al. 2012). Customers have impacted
on the decisions of manufacturing enterprises to employ
GSCM practices (Huang 2012). With increasing cus-
tomer awareness and regulatory norms, organizations
with greener supply chain may have a competitive
advantage (Cognizant 2009).
Earlier studies did not provide a structural model of

customer involvement in greening the supply chain in



Motivation by Organization Sales 
Network (3)

Awareness Level of Customer (1)

IT Enablement and Effective 
Communication (6)

Effective Advertisement and 
Marketing Campaign toward Green 

Efforts of Organization (5)

Environment Friendly 
Distribution (7)

Encouragement and Support of Customer 
(2)

Positive Perception about Top 
Management Commitment and Openness 

in Policy towards Greening (4)

Recycling and Reuse

Efforts of Organization 

(10)

Effective Training 
Program Schedule
for Customers (8)

Green Labeling and Use of Green Packaging Material (9)

Figure 2 ISM-based model of variables for effective customer involvement in green concept implementation in supply chain management.

Kumar et al. Journal of Industrial Engineering International 2013, 9:6 Page 11 of 13
http://www.jiei-tsb.com/content/9/1/6
the Indian context. Further, this study provided
hierarchy of variables for effective customer involve-
ment in green concept implementation in the supply
chain; this hierarchy may help managers/supply chain
practitioners in strategic and tactical decisions to-
wards customer involvement in green practices.
Customers aware of green products would like to
purchase green products, which may increase an
organization's reputation and sales volumes (Mudgal et al.
2009; Luthra et al. 2011).
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