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Abstract

This study was aimed at establishing the validity of the measures and metrics for automobile
green supply chain performance measurement. The study involved statistical tests using 16
measures and 72 corresponding metrics. These statistical tests include exploratory factor
analysis to investigate the construct validity of the measures and their metrics, a confirmatory
factor analysis to test the model fitness and a multiple regression analysis to test the criterion
validity of the measures. From the results obtained, the validity of the measures and their
corresponding metrics has been established. The paper culminated with recommendations for
further studies.
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Introduction

Environmental related issues have been
receiving a lot of attention in the past few
decades. This is not unconnected with
recent natural threats accompanying
environmental degradation in various
parts of the globe. Governments, non-
governmental organizations and private
corporations have been adopting various
strategies to assuage the level of anti-
environmental practices in the areas of
waste disposal, air emission, use of natural
resources, etc. Some of these measures
include regulations, environmental
legislations, and environmental bilateral
relations etc. It has been observed that an
effective and efficient environmental
stewardship cannot be achieved in
isolation. This is sequel to the fact that
manufacturing has become an inter-
organizational operation in which firms
either source or supply globally. It has been

observed that an automobile manufacturer
has about 300 suppliers (Turnbull et al,
1992). Therefore, to achieve a formidable
environmental stewardship and
management in the automotive industry,
there is a need to involve all the parties
involved in the manufacturing process.
One important strategy adopted by
manufacturers to achieve this fit is green
supply chain management (GSCM).
Practitioners and researchers have all
attested to the efficiency and effectiveness
of GSCM in achieving organizational
environmental stewardship. Since
performance measurement has been
identified as a means of achieving an
efficient GSCM (Hervani et al, 2005), the
objective of this study is to validate the
performance measures for GSCM in the
automotive industry. The measures and
their corresponding metrics have been
adopted from an earlier study in Olugu et al
(2010a).
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The paper begins with an introduction into
environmental management and GSCM.
This is followed by a description of GSCM,
its performance measurement, and the
adopted measures and metrics in section 2.
Section 3 contains the validation process,
results and discussions. Finally,
conclusions and recommendations for
further study are presented in section 4.

Green Supply Chain Management (GSCM)

GSCM has been described as encompassing
green purchasing, green manufacturing and
material management, green distribution
and marketing, and finally reverse logistics
(Hervani et al, 2005; Linton et al, 2007;
Sarkis, 2003; Wycherley, 1999; Zhu and
Sarkis, 2006). It was further described as an
environmental improvement strategy and
operational initiative which organizations
adopt in order to address environmental
issues within their supply chains (Rao and
Holt, 2005). This is in line with the
explanation given in Schultmann et al
(2004) and Vachon and Klassen (2008) that
suppliers, manufacturers and customers
should work together towards the
reduction of environmental impact from
production processes and their ensuing
products. Hence, GSCM involves the
minimization of an organization’s total
environmental impact from start to finish
of the supply chain and also from beginning
to end of the product life cycle (Beamon,
1999; Green et al, 1998; Olugu et al, 2010b;
Zhu and Sarkis, 2004).

Supply Chain Performance Measurement

As supply chain focuses on the process
management within and beyond
organizational boundaries, measuring its
performance is necessary for control and
improvement purposes (Gunasekaran et
al, 2001; Kranjnc et al, 2007; Liang et al,
2006; Neely et al, 2005; Stewart, 1995). It
has been pointed out that inadequate
performance measures is one of the major
obstacles to efficient SCM performance
measurement (Lai et al, 2002; Morgan,
2004). The measures and metrics which
are used in this study as adopted from
Olugu et al (2010a) are described here
under. The measures are divided into 2
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sets based on a conceptual framework in
Olugu et al (2010b). The first is for the
forward chain and the other is for the
reverse chain. The forward chain measures
and their metrics are as follows:

* Greening Cost (GC): This involves the
overall cost incurred by a company in
making sure that its operations are
environmentally sustainable. The
metrics under this measure include
cost associated with environmental
compliance, energy consumption cost,
environmentally friendly materials
cost, and green cost per revenue.

*  Management Commitment (MC): This
involves the overall management effort
and initiatives in GSCM. It is evaluated
using metrics such as level of
management effort to motivate
employees, availability of
environmental evaluation schemes,
availability of environmental auditing
systems, availability of mission
statements on environmental
sustainability, number of
environmental management initiatives,
level of management effort to enlighten
customers on sustainability, availability
of environmental reward systems and
level of management effort to motivate
suppliers.

* Level of Process Management (LPM):
This considers all process
modifications aimed at reducing
environmental degradation. It covers
metrics such as availability of process
optimization for waste reduction, level
of spillage, leakage and pollution
control, level of waste generated during
production, quantity of utilities used,
and number of violations of
environmental regulations.

*  Product Characteristics (PC): This
measures the composition of the
automobiles. This is evaluated as level
of recycled materials in products, level
of products to be disposed to land-fills,
availability of eco-labeling, level of
biodegradable contents in products,
level of applications of design-for-
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assembly in products and level of
market shares controlled by products.

Quality (QUAL): This is the overall
standard of the products. It is assessed
using metrics such as percentage
decrease in customer dissatisfaction,
percentage decrease in delivery
unreliability, percentage decrease in
scrap and rework, and availability of
green product warranty.

Responsiveness (RESP): It measures the
rate of response of the chain to GSCM.
Metrics such as percentage decrease in
order lead time, percentage decrease in
product development cycle time,
percentage decrease in manufacturing
lead time, percentage decrease in total
supply chain cycle time, and percentage
increase in on-time delivery are used
for its evaluation.

Flexibility (FLEX): This measures the
ease with which the chain adapts to
GSCM. This includes metrics such as
percentage increase in demand
flexibility, percentage increase in
delivery flexibility, percentage increase
in production flexibility and percentage
increase in fill rate.

Traditional Supply Chain Cost (TSCC):
This measures the effect of GSCM on
the regular SCM cost. Metrics under this
measure are percentage decrease in
total supply chain cost, percentage
decrease in delivery cost, percentage
decrease in inventory cost, percentage
decrease in information sharing cost
and percentage decrease in ordering
cost.

Supplier Commitment (SC): This implies
the extent of suppliers’ devotion to
GSCM. Metrics here include level of
supplier environmental certification,
level of supplier performance on
sustainability, number of supplier
initiatives on environmental
management, level of disclosure of
environmental initiatives to the public
and level of supplier preprocessing of
raw materials.

* Customer Perspective (CP): This
involves  consideration on  the
customers’ view towards GSCM.
Metrics under this measure are level of
customer interest in green products,
level of customer satisfaction from
green products and level of customer
dissemination of green information.

The measures for the reverse chain
performance measurement are listed in the
ensuing paragraphs.

*  Recycling Cost (RC): It is measured as
the cost associated with recycling and
recovery of end-of-life vehicles (ELVs).
Under these are metrics such as cost
associated with returning ELVs, cost
associated with processing recyclables,
cost of sorting and segregating
recyclables, and cost of disposing
hazardous and unprocessed waste.

*  Material Features (MF): This measures
the components of the ELVs. It includes
level of waste generated, ratio of
recycled materials to recyclable
materials, and material recovery time.

*  Management Commitment (MC): This
measures the management’s effort in
the reverse logistics process. This is
evaluated with metrics such as level of
motivation to customers on returning
their ELVs, availability of standard
operating procedures for collecting
ELVs, availability of collection centers
for ELVs, and availability of waste
management schemes.

*  Recycling Efficiency (RE): It measures
the effectiveness of the recycling
process. This includes percentage
decrease in recycling time, availability
of recycling standards, availability of
standard operating procedures,
percentage decrease in utility usage
during  recycling, efficiency  of
shredders and dismantlers, and
percentage reduction in emission and
waste generated.

e  Customer Involvement (CI): This
evaluates the willingness and



cooperation from users. It is evaluated
with the following metrics: level of
customer cooperation in returning
ELVs, level of customer-to-customer
dissemination of information, and level
of understanding of the greening
process by customers.

*  Supplier Commitment (SC): It evaluates
suppliers’ initiatives in the reverse
logistics process. The metrics here
include extent of return delivery from
suppliers to manufacturers,
certification system for suppliers in
recycling and number of supplier
initiatives in reverse logistics.

Validation of Measures

A questionnaire survey has been conducted
amongst academics and practitioners to
examine the importance and applicability of
the measures and their metrics in GSCM
performance measurement. This is in
addition to the survey that was carried out
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earlier in Olugu et al (2010a). Additional 87
respondents completed and returned the
questionnaires bringing  the total
respondents to 120. The academics were
selected from SCOPUS directory and
practitioners were selected based on their
position and experience in the automotive
industry.

Principal Component Analysis

In order to assess the construct validity of
the measures, and to evaluate their
underlying structure which comprised 49
metrics for the forward chain and 23 for the
reverse chain, principle component analysis
using varimax rotation was conducted
using SPSS software. 10 factors with
Eigenvalues above 1.0 were returned for
the forward chain. The rule of thumb is that
the number of Eigenvalues greater than 1 is
the number of factors (Brown, 2006). As
presented in Table 1, 10 Eigenvalues
greater than 1 were obtained.
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Table 1. Principal Factor Analysis (Forward Chain-Importance)

FACTORS
F1 F2 F3 | F4 F5 F6 F7 F8 | F9 | F10
% Variance | 16.6 | 11.6 | 11.13 | 814 | 59 5.6 446 | 394 | 36 |34
Eigenvalue | 6.57 | 453 | 443 |3.18 | 23 1.97 174 | 154 | 139 | 1.12
GC
MF11 68 22 -12 28  -14  -24 -.02 15  -14 .08
MF12 75 -19 26 18  -29  -11 04 11 25 .23
MF13 70 28 17 41 05 .19 26 37 39 16
MF14 67 44 -24 24 12 11 11 21 -17 14
cP
MF21 .08 63 .05 24 -19 14 -25 23 12 -19
MF22 .09 69 .07 04 12 -15 29 06 26 .29
MF23 16 73 22 34 -03 25 24 41 21 -22
LPM
MF31 -31 26 82 03 23 22 .07 -03 -07 12
MF32 24 -09 76 37 -13 24 02 23 04  -02
MF33 -14 27 87 01 -30 -04 19 34 27  -04
MF34 40 29 66 08  -05 40 .05 36 -23 .09
MF35 32 33 53 16 35 .32 24 31 17 .05
PC
MF41 03 27 17 59  -14 36 -28 20 -36 .30
MF42 17 36 .08 72 28  -04 42 -07 30  -15
MF43 .07 04 16 65 19  -01 -06 21 .06 -19
MF44 30 43 35 52 38 .04 37 -07 25  -36
MFA45 -16 .03 .25 78  -08 .03 18 09 39 32
MF46 .02 28 12 68 05 .03 15 27 01 31
MC
MF51 21 03 44 -08 64 13 35 12 27 o1
MF52 41 04 27 32 62 37 26 36 24 40
MF53 20 -08 32 05 .75 .33 .08 16 .02 .10
MF54 40 05 .15 03 71 27 39 01 24 .18
MF55 42 13 43 33 63 .03 16 42 -07 .04
MF56 26 35 26 08 55 .12 .05 06 12 -02
MF57 15 -12 36 18 58 42 .06 11 21 21
MF58 18 28 .14 212 69 .10 27 -09 34 45
sC
MF61 07 12 -15 07 19 60 11 05 24 16
MF62 28 25 21 21 <17 59 -31 30 -19 -28
MF63 24 15 27 34 -15 55 25 21 10 .18
MF64 14 21 -34 20 17 61 32 17 17 12
MF65 21 11 29 36 -18 .72 16 13 10 .23
T SCC
MF71 .09 11 .06 15  -06 .09 56 06 -22 17
MF72 .02 -13 11 29 04 .19 63 13 .09 .05
MF73 28 26 32 21 21 31 61 15 -13  -09
MF74 26 -01 36 11 14 33 79 20 -12 .05
MF75 21 -08 .08 24 02 27 68 03  -18 -23
RESP
MF81 -08 17 19 02 33 .04 20 57 21 14
MF82 -14 .02 -09 25  -17  -24 -33 54 21 17
MF83 19 06 32 17 10 .03 -.08 63 24 28
MF84 -16  -08  -26 -05  -30  -22 -25 65 =13 -12
MF85 04 -09  -.09 -06  -15  -24 04 58  -09 .05
QUAL
MF91 25 26 .05 05 29 20 27 17 77 -19
MF92 14 04 .10 13 19 .06 30 -08 68 .14
MF93 .09 29 07 04 12 -11 24 02 81 .25
MF94 16 -22 34 34  -03 41 24 14 63 18
FLEX
MF101 12 -27 03 01 -30 -04 19 34 19 72
MF102 21 29 28 08  -05 20 .05 36 -08 .57
MF103 24 -09 .02 37 -13 24 02 23 -05 .63
MF104 .08 -19 .05 24 -19 14 -24 24 -18 66




This goes to validate the construct of the
measures. From the result of the rotation,
the factors which are greening cost,

customer perspective, level of process
management, product characteristics,
management commitment, supplier

commitment, traditional supply chain cost,
responsiveness, quality and flexibility have
the following variances explained: 16.6%,
11.6%, 11.13%, 8.14%, 5.9%, 5.6%, 4.46%,
3.94%, 3.6% and 3.4% respectively. The
items and their loadings for the rotated
factors are also given in Table 1.

Similar analysis was conducted for the
reverse chain measures. The number of
items involved was 23 and 6 factors with
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eigenvalues above 1.0 were returned. The
items indexed impressively to the 6 major
factors. The variances explained by each of

the factors (recycling cost, customer
involvement, material features,
management commitment, supplier

commitment and recycling efficiency) are
18.7%, 12%, 10.9%, 9.3%, 7.6%, and 7.1%
respectively. These are shown in Table 2.
These factors accounted for the following
eigenvalues: 4.31, 2.75, 2.51, 2.14, 1.75, and
1.4 accordingly. This analysis proved that
the construct validity of the measures is
established in terms of their importance.
Likewise, it is shown in Tables 3 and 4 that
the construct validity of the measures in
terms of applicability is established.

Table 2.Principal Factor Analysis (Reverse Chain-Importance)

Factors
F1 F2 F3 F4 F5 F6
% Variance 18.7 12 10.9 9.3 7.6 7.11
Eigenvalue 431 2.75 2.51 2.14 1.75 1.4
RC
MB11 .69 27 .06 .03 16 .15
MB12 77 -02 .02 13 -.05 13
MB13 .75 12 23 .09 21 -27
MB14 63 31 13 17 -10 -15
cI
MB21 .03 71 16 30 17 | -.02
MB22 -.06 81 .03 .05 -04 | .01
MB23 33 68 -10 -10 04| .02
MF
MB31 11 -.06 72 01 -08 | -07
MB32 23 31 .89 .03 06| -21
MB33 .15 11 82 -19 .09 -12
MC
MB41 .18 31 .08 .58 17 -18
MB42 -04 17 20 57 .02 -04
MB43 -02 -12 .18 52 23 25
MB44 -.10 -17 04 73 .19 07
SC
MB51 11 28 13 17 76 .09
MB52 .03 12 .02 -13 .83 -06
MB53 .09 22 .15 -14 .70 25
RE
MB61 -.05 16 25 .05 -36 87
MB62 .06 .16 01 .03 -.04 83
MB63 -01 -.06 -.08 -14 .08 .75
MB64 17 .03 -22 .30 -15 .78
MB65 22 -12 -10 .06 13 54
MB66 .06 .09 -16 .06 17 64
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Aladwani and palvia (2002) suggested that
cut-offs should be based on the purpose for
which the instrument is meant for. Thus,
the loadings suggest that the items belong
accordingly to their groups. In all the factor
analyses conducted, every scale’s item
converged impressively on the same factor
representing it. Thus, convergent validity is
also established which means all the
measures converge according to their
intended  purpose of measurement

(Aladwani and palvia, 2002). In other
words, convergent validity implies that
elements from different sources obtained in
various ways point to the same meaning for
a construct. In an exploratory factor
analysis, a factor is considered to possess
convergent validity if its eigenvalue exceeds
1.0 and in addition, all the factor loadings
should exceed the minimum value of 0.30
(Chen and Paulraj, 2004; Hair et al, 1995).

Table 3. Principal Factor Analysis (Forward Chain- Applicability)

Factors
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
% Variance 14.68 10.89 10.49 7.70 | 591 | 5.29 | 449 | 417 | 3.66 | 3.16
Eigenvalue 7.49 5.56 5.38 393 | 3.01 | 270 | 249 | 1.79 | 1.39 | 1.18
GC
MF11 .53 .20 .18 .09 -.15 .06 .10 16 .06 -14
MF12 .66 .25 -25 A1 .05 -18 .29 -21 .02 24
MF13 .58 .15 .10 -15 23 .04 .06 14 14 -16
MF14 56 -11 .18 13 .15 21 .04 .30 -.02 .01
CP
MF21 22 .59 .19 -19 .04 26 -27 .06 .20 -20
MF22 A1 .76 .20 .06 -.04 13 .02 .29 A1 .06
MF23 -07 .65 -.15 .15 .26 -.32 16 .03 .04 16
LPM
MF31 22 -27 .64 -22 .05 12 -24 .25 -11 -21
MF32 -05 .14 72 .10 .01 22 29 .08 22 .06
MF33 .06 -10 .63 -12 13 -.00 23 .01 -25 -.07
MF34 23 -11 .58 -.03 .19 .06 .04 14 -23 -.06
MF35 A7 .22 .49 13 .14 12 25 .18 -.01 -.20
PC
MF41 20 -.00 .28 49 17 .18 29 .16 13 .23
MF42 10 -.06 .10 .65 -.00 25 24 .01 .07 .10
MF43 24 20 .07 .53 31 23 13 .18 15 -.01
MF44 -08 -10 .18 .58 .05 .06 19 -.09 26  -.06
MF45 -19 .02 -11 73 -18 -25 -23 .03 -06 -.18
MF46 14 .05 .29 .51 .10 -.05 -08 .12 -20 .11
MC
MF51 34 -.06 22 25 61 15 -.09 .28 .09 .07
MF52 .06 -20 -12 .09 .53 -26 -.02 16 -22 .01
MF53 23 -20 26 15 .68 -12 .05 13 -09 .17
MF54 15 .01 .18 .19 74 .20 24 23 13 .29
MF55 14 .15 -.02 25 .51 A1 13 23 -04 -.07
MF56 16 .03 17 -.09 .52 .00 27 25 .15 .10
MF57 25 .20 .10 -15 .63 -.30 .18 .06 .01 -21
MF58 16 .19 16 .00 72 .30 .20 .10 .04 .13
SC
MF61 .01 -20 .03 -.08 34 .60 -17 .09 .09 .32
MF62 .06 .19 -01 -11 -30 .60 25 -22 19 -30
MF63 -04 -.07 -.04 21 -.04 51 -.05 .10 -10 -.08
MF64 -25 .01 -01 -.08 -23 .50 -16 -.02 -14 .02
MF65 16 -10 22 .00 .18 .59 -.33 -10 -01 21
TSCC
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MF71 10 .08 -02 02 .01 -21 58 08 .16 -03
MF72 27 .16 30 26 11 23 66 26 18 21
MF73 16 .02 24 .05 12 28 46 11 29 .29
MF74 22 -21 -16 .08 12 05 74 -07 -22 -06
MF75 12 14 15 -03 18 24 50 .02 22 16
RESP

MF81 19 -17 25 20 08 15 .05 .62 -03 .22
MF82 05 -21 15 25 -01 .03 -17 54 14 -13
MF83 09 -.05 12 .00 -04 -06 -20 .75 .05 .07
MF84 17 13 -26 .07  -16 .07 -26 56 -21 -16
MF85 26 -07 .00 10 .23 -18 -27 59 16 .16
QUAL

MF91 06 -12 20 14 -02 20 28 12 63 .12
MF92 12 -20 10 02 17 14 18 17 46 .06
MF93 .05 .09 28 12 03 25 -21 .03 .50 .00
MF94 -05 -01 -.00 -21 22 -08 00 .04 .49 .10
FLEX

MF101 03 .01 15 29 05 .09 -09 25 -02 .58
MF102 21 -09 21 26 -06 12 19 19 14 55
MF103 07 -25 13 -.06 09 -18 -05 .19 .16 .50
MF104 14 .04 21 29 03 13 06 29 -02 .46

Table 4.Principal Factor Analysis (Reverse Chain-Applicability)

Factors
F1 F2 F3 F4 F5 F6
% Variance 16.3 11.8 10.8 8.2 7.3 6.13
Eigenvalue 3.76 2.71 2.49 1.88 1.68 1.25
RC
MB11 -48 .07 .06 .08 .15 .14
MB12 51 -16 .09 -.23 -15 -13
MB13 74 -.03 .07 24 .05 .02
MB14 .18 .03 -.01 -25 .07 17
CI
MB21 -11 77 -11 -.08 -10 .07
MB22 .08 .60 17 .06 .29 -13
MB23 14 .65 .15 27 14 21
MF
MB31 .05 -11 .76 -.06 -10 .16
MB32 .09 .08 .55 .03 -.07 .05
MB33 .10 .19 .56 24 23 17
MC
MB41 141 -.09 .02 .04 71 17
MB42 24 21 .01 -.00 .76 -12
MB43 .18 .08 .08 -21 .73 .03
MB44 -.02 -.04 -.05 .00 .79 -.10
SC
MB51 .18 .08 .28 .55 -.31 -13
MB52 .00 .08 -10 .86 13 -.02
MB53 21 .26 .29 77 .30 -.20
RE
MB61 .29 .02 .05 .02 -.31 .60
MB62 .28 -.08 -.28 .18 -10 .55
MB63 .05 .38 .37 .10 .02 .60
MB64 -.09 -.08 .04 -13 27 61
MB65 -.09 -16 .05 24 -.06 71
MB66 32 .01 2. -25 14 .52
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Confirmatory Factor Analysis

Confirmatory factor analysis was further
carried out using Lisrel 8.8 software. This
was aimed at confirming the discriminant
validity and unidimensionality of the
factors. Brown (2006) and Yang et al
(2005) expounded that discriminant
validity is used to show that a measure can
be differentiated from other measures
which may be similar. In other words, it is
applied to evaluate the level to which the
individual items of a construct are unique
and do not measure other constructs (Chen
and Paulraj, 2004). To establish the
discriminant validity for the factors, models
were built for all the possible pairs of
measures (latent constructs). The models
were run under two conditions as specified
in (Chen and Paulraj, 2004; Yang et al,
2005). The first condition was allowing a
free correlation between the two measures
while the second was fixing the correlation
to unity. A total of 45 different discriminant
validity evaluations were conducted for the
forward chain measures, while the reverse
chain measures had a total of 15. Based on
the results obtained as presented in Tables
5, 6, 7 and 8, a significant difference existed
between the x?2 values of all the two models
at P < 0.01 confidence level. This implies
that there is a significant distinction
between any two measures. This provides
a strong evidence of discriminant validity
amongst the measures in terms of their
importance and applicability (Chen and
Paulraj, 2004; Nahm et al, 2003).

Unidimensionality was also tested using
Lisrel 8.8. The test was conducted to ensure
that the assessment measures only one
construct and how reliable it does that
(Yang et al, 2005). Three different models
were used to conduct the test for the
forward chain and two models were
utilized for the reverse chain. This was due
to the fact that building a single model for
each chain did not converge on the
software. As a result, 3 models (ie. GC-LPM-
PC-MC, SC-CP and TSCC-RESP-FLEX-QUAL)
were built for the forward chain. On the
other hand, 2 models (RC-MF-MC-RE and
SC-CI) were built for the reverse chain.
There are two basic conditions necessary
for establishing unidimensionality and

these are: an empirical metric should be
significantly associated with the empirical
representation of a measure and it should
be associated with only one measure (Hair
et al, 1995; Chen and Paulraj, 2004).

Unidimensionality was evaluated using
model fit indices. The results of the
evaluation of all the models for the forward
chain and reverse chain are presented in
Table 9. The first is the Chi square value
(x3) which determines the goodness of fit
measure with respect to the overall model.
The null hypothesis implies that the
predicted covariance matrix is same as the

observed sample matrix, that is &=S. A
small value of x? and failure to reject the
null hypothesis is a sign of a good fit model.
A higher number though, may render the 2
problematic and thus lead to misleading
result. Thus, an alternative approach of
Xx2/DF is used in which values between 3
and 5 signify close-fit models (Carter and
Wu, 2010).

Other criteria for model fitness are adjusted
goodness of fit index (AGFI), goodness of fit
index (GFI), Bentler and Bonnet non-
normed fit index (NNFI), Bentler and
Bonnet normed fit index (NFI), and Bentler
comparative fit index (CFI) (Chen and
Paulraj, 2004; Joreskog and Sorbom, 1999).
NFI and NNFI are used to test the
incremental fit of a model (Kline, 2005).
These indices compare the model against
an independent model that assumes
variables are uncorrelated (Hu and Bentler,
1999). CFI evaluates the fit of a user
specified solution in relation to a more
restricted model in which the covariances
between the indicators are fixed to zero
(Kline, 2005).

It has been stated that GFI and AGFI are
used to test the absolute fit of models (Hu
and Bentler, 1999). It was further
explained that GFI estimates the proportion
of variance in the sample matrix explained
by the model and a minimum of 0.9
indicates a good fit. Models which have
AGFI index greater than 0.80, NNFI, NFI and
CFl indices greater than 0.90 are considered
close-fit (Chen and Paulraj, 2004). Thus, an
index value of 0 implies a poor fit and as the



value approaches 1, the model fit becomes
better.

It is an established fact that root mean
square error of approximation (RMSEA)
and standardized root mean square
residual (SRMR) are also measures for
model fitness. These indices are used to
evaluate if there are discrepancies between
observed covariance residuals of a model
(Carter and Wu, 2010). SRMR values less
than 0.08 and RMSEA values less than 0.06
imply very good models (Brown, 2006; Hu
and Bentler, 1999).

Multiple Regression Analysis

In this study, criterion validity was
evaluated using multiple linear regression
analysis. Multiple regressions analysis is a
statistical technique which allows the
prediction of score on a given variable
based on scores on several other variables
(Field, 2009). In other words, it attempts to
assess the relationship between a
dependent variable and two or more
independent variables. Furthermore, this
technique explores the linear relationships
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between the predictor and criterion
variables. In a multiple regression analysis,
various criteria are used to analyze the
relationships. First is the Standardized
Regression Coefficient () which is a
measure of how strongly each predictor
variable influences the criterion variable
(Field, 2009). Therefore, the higher the
beta value, the greater the impact of the
predictor variable on the criterion variable.
The second is the R value which is a
measure of the correlation between the
observed value and the predicted value of
the criterion variable. The third is the R
Square (R?) value, which is the square of the
measure of correlation and it indicates the
proportion of the variance in the criterion
variable which is accounted for by the
model (Field, 2009). It was further stated
that the R? value seems to over-estimate the
success of a model when applied to the real
world, therefore the Adjusted RZ value is
calculated which takes into account the
number of variables in the model and the
number of observations the model is based
on. In addition, the Adjusted R? value gives
the most useful measure of the success of a
model (Field, 2009).

Table 5. Discriminant Validity Test for Forward Chain Measures (Importance)

Measures Gc | ce | LpM | PC | MC | sc | TSscC | RESP | QUAL | FLEX
GC -

CP 98.27 -

LPM 80.50  204.17 -

PC 96.63 23153 7458 -

MC 9130 22871 30527 9721 -

sC 90.80 19020 10945 81.03  35.21 -

TSCC 11437 21647 14275 5661 8344 30475 -

RESP 8143 20393 28493 11167 10638 20053  460.82 -

QUAL 7662 12711 9155 8692 19858 38146 396.01 216.44 -

FLEX 8091  277.62 31698 206.52 28432 36079 507.22 39120 41792 -

From this study all the x2 differences were significant at the 0.01 level



11 Communications of the IBIMA

Table 6. Discriminant Validity Test for forward chain Measures (Applicability)

Measures Gc | ¢ | ILPM | Pc | MC | sc [ TScC | RESP | QUAL | FLEX
GC -

CP 52.09 -

LPM 4011 114.28 -

PC 6538 10596  191.20 -

MC 36.67 13255  148.09  103.59 -

SC 4869  108.01 20429  90.11  207.35 -

TSCC 52.07 14735 13603 11591 246.04 116.61 -

RESP 63.90 129.67 142.08 9629 20190 18432 56.36 -

QUAL 5837 150.31 18576  62.06 23328 204.05 89.20 198.59 -

FLEX 40.10 13397 14158 8048 20457 28140 77.16 203.47  256.03 -

From this study all the x2 differences were significant at the 0.01 level

Lastly, the significance of the model (P) and
that of the predictor variables (p) are also
used. The p values give a rough indication
of the impact of each predictor variable,
where a small p value suggests that a
predictor variable is having a large impact
on the criterion variable (Field, 2009).

In the analysis, the average scores for each
of the measures were used as the
independent variables and the result of the
final question of the questionnaire that
asked whether all the appropriate
measures for green supply chain

performance measurement have been
covered was used as the dependent
variable. The result of this question was
quantified, where YES’ was given 1 and
‘NO’ was assigned 0. The SPSS multiple
regression option was set to ‘exclude cases
list-wise’, therefore SPSS analyzed the data
using only cases with no missing value.
From the results, it can be seen that the
criterion validity of all the measures is
established (forward chain: Fio = 68.115;
P<0.05; Adjusted R2= 0.713, reverse chain:
Fe=50.73; P<0.05; Adjusted Rz= 0.825, and
all the variables are significant).

Table 7. Discriminant Validity Test for Reverse Chain Measures (Importance)

Measures RC | ca | MF | MCc | sC | RE
RC -
CI 303.67 -
MF 499.25  581.03 -
MC 601.04 42755  152.50 -
SC 591.17 30247  138.77 59.26 -
RE 20411 48329  147.82 104.29 213.48 -

From this study all the x2 differences were significant at the 0.01 level

Table 8. Discriminant Validity Test for Reverse Chain M easures (Applicability)

Measures RC | CI | MF MC | SC | RE
RC -
Cl 153.02 -
MF 138.96 65.18 -
MC 182.47 79.32 112.90 -
SC 125.64 58.08 131.48 51.01 -
RE 132.28 7241 164.16 42.63 173.85 -

From this study all the x2 differences were significant at the 0.01 level
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Table 9. Model Fitness Indices

Forward Chain Models

Model x> df | xz/df NFI NNFI | CFI GFI AGFI | SRMR | RMSEA

GC-LPM-PC-MC 120.68 | 26 | 4.64 0.90 0.92 0.97 0.92 0.86 0.06 0.04

SC-CP 62.55 19 | 3.29 0.90 091 0.92 0.92 0.81 0.05 0.05

TSCC-RESP-FLEX-QUAL | 191.75 | 54 | 3.55 0.96 0.95 0.92 0.90 0.84 0.06 0.046

Reverse Chain Models

RC-MF-MC-RE 190.25 | 42 | 4.53 0.96 0.93 0.97 0.95 0.91 0.04 0.048

SC-CI 136.57 33 | 4.54 0.90 091 0.90 0.93 0.88 0.06 0.02
Conclusions and Recommendations Quality," Information and Management,

This study looked at the validation of
measures and metrics for green supply
chain performance measurement. The
validation involved construct validity test
using principal factor analysis with
varimax rotation, while confirmatory factor

analysis was used to assess the
discriminant validity and
unidimensionality. Multiple regression

analysis was conducted to test the criterion
validity of the measures. From the results
of the tests, it was observed that the
measures and their metrics are valid.

It is recommended that a study should be
conducted to extend these measures and
their metrics to the performance
measurement of other industries’ green
supply chains such as food, electronics, etc.
Furthermore, case studies should be
conducted in real industries to observe
how applicable these measures and metrics
could be in the actual performance
evaluation of a green supply chain. Finally,
effort should be made at standardizing the
metrics in terms of quantity and quality as
the case may be.
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