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The manufacturing organizations today are having a competition of
supply chain versus supply chain. Existing research work fails to
relate human metrics with supply chain performance. The authors
intend to empirically assess the effects of human metrics on supply
chain performance in the context of Indian manufacturing
organizations. A rigorous literature review has identified 12
variables. The variables are individually measured and later on
reduced in number by factor analysis. As a pilot study, primary data is
collected from 100 manufacturing organizations by means of a
guestionnaire, both offline and online, which is administered across
India and a scale is developed. t-test and factor analysis resulted in 3
factors related to human metrics. The outcomes of the research work
provide valuable implications for the Indian manufacturing
organizations to understand the factors affecting supply chain
performance.
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1. Introduction
The manufacturing sector is growing rapidly in

evaluating supply chain performance to be growing.
Likewise, it has been argued that measuring supply

India and China and has shrunk in most advanced
economies. The growth will require several changes
including significant increase in productivity and
quality at the plant levels and pursuit of worldwide
competitive manufacturing strategies and operations
[1].

A worldwide study of contemporary manufacturing
practices reported fair uptake and perceived
effectiveness of supply chain management [2]. While
observing these modest levels of uptake and
effectiveness, one would expect attention in
developing measurement systems and metrics for
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chain performance can result in understanding of the
supply chain and improve overall companies’
performance [2].

It is an established fact that many companies have not

succeeded in maximizing their supply chain’s

potential because they have often failed to develop

the performance measures and metrics needed to fully

integrate their supply chain to maximize effectiveness

and efficiency [3]. The contribution of human

behavior in performance measurement is mostly

neglected.

The present aims to reduce the gap in the existing

body of research relating human metrics to supply

chain performance. The rest of the paper is divided

into 5 sections. The next section is literature review,

followed by scale development, methodology, results

and conclusions.
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2. Literature Review
In this paper, the authors try to link the
relationships of human metrics with SC performance in
a single study in the context of Indian manufacturing
organizations.

2-1. Human Metrics (HM)

There is a heavy influence of behavioral issues while
establishing and implementing the key Performance
Measures (PMs) and metrics. Cultural factors also play
a significant role in determining the right PMs and
metrics. Organizations shared values in terms of
extreme trust, commitment and collaboration,
organizational capability and top management supports
are essential for an effective SCM [4]. It is suggested
that human factor is significantly affecting the SCM
effectiveness [5] and SCM managers are a critical
factor in achieving strategic and operational objectives
and changes in the supply chain [6]. It is found that
firms lacking in appropriate cultural elements such as
shared assumptions, values and artifacts tend to fail
when implementing SCM initiatives [4].

On top of that, the organizational commitment and
governance for supply chain success are being studied
[7].

The findings indicated that four types of managerial
support are needed to achieve the highest levels of
supply chain success: top management support, broad-
based functional support, channels support and
infrastructural/governance support.

Few more research works [8] and [9] clearly support
the need for a performance measurement system taking
the holistic picture, including the human side and
organizational issues.

Research has identified a variety of collaboration
enablers including the following: aligned objectives, a
shared  customer-oriented  vision, technological
connectivity, relationship trust, supplier development,
and process redesign and integration [10] [11] [12].
The centrality of human resources is usually accounted
for by the fact that nowadays organizations are facing
such challenges as a need to increase productivity,
expand into global markets, develop new technologies,
respond to changes in the highly volatile marketplace,
increase revenue and decrease costs, develop skilled
and flexible workforce, and introduce changes [11],
which, of course, emphasizes the significance of
human resources and capabilities.

The present study involves behavioral determinants of
SCM viz. continuity, communication, power and trust
and related variables are chosen from the existing body
of literature.

2-2. Supply Chain Performance (SCP)

Researchers  suggested that an  appropriate
performance measurement system (PMS) is a critical
requirement for the effective management of a supply
chain [13]. There are studies about the performance

measurement systems and metrics of supply chains
(SCs) by critically reviewing the contemporary
literature and suggesting possible avenues for future
research [14].

SCM needs to be assessed for its performance in order
to evolve an efficient and effective supply chain [15].
For effective management in a SC, measurement goals
must consider the overall SC goals and the metrics to
be used. These should represent a balanced approach
and should be classified at strategic, tactical and
operational levels, and be financial and nonfinancial
measures, as well [16].

Tab. 1. Construct definitions & literature support

Construct Definitions Literature

Supply Chain  The overall Beamon, 1998;  1999;
Performance efficiencyand  Harland, 1996; Garwood,
effectiveness of a 1999; Gunasekaran et al.,

supply chain 2001; Holmberg, 2000;

Tompkins and Ang, 1999;

van Hoek, 1998; Bechtel

and Jayaram, 1997; Kiefer

& Novack, 1999;

Narasimhan and Jayaram,

1998; Hewitt, 1999;

Many research papers that deal with performance
measurement in a SC context [6] have appeared in the
literature (Tabel -1)

3. Scale Development
Various items or questions used in questionnaire
are taken from previous studies (Table -2). There are
12 items for HM.

Tab. 2. Questionnaire Items
The degree of dealings between us and our

1 HM1 . ! -
supply chain partner is very high
The relationship between us and our supply
2 HM2 . .
chain partner is very stable
We are quite involved in the marketing and
3 HM3 - )
planning efforts of our supply chain partner
We and our supply chain partner seek advice for
4 HM4 ; : B
each other when doing marketing analysis
We and our supply chain know the strengths and
5 HM5
weaknesses of each other very well
Our firm is powerful enough to ask our supply
6 HM6 . . A
chain partner to readjust price strategy
7 HM7 Our firm is powerful enough to ask our supply
chain partner to readjust their product
Our firm can provide training support to our
8 HM8 :
supply chain partner
9 HMO Our supply chain partner perceives that our firm
is perfectly honest and truthful
10 HM10 _Our supply chal_n par_tne( perceives that our firm
is perfectly having high integrity
We would like to inform our supply chain
11 HM11 .
partner everything about new developments
12 HM12 We willingly share all information that might

help your supplier make better decisions

3-1. Development of Hypothesis
Based on the literature review, following
hypothesis is proposed:
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Hypothesis |
Ho: Human metrics has no effect on supply chain
performance.

4. Methodology

This study is part of a larger research project
exploring SC related practices, their relevance to
managers, and their impact on firm performance and
eventually on firm competitiveness. Methodology used
in this study is based on the views of [17], that are,
PMS should develop a reliable metrics to provide
feedback on various performance areas by eliminating
the overlapping (duplication) metrics and to include the
most important metrics of logistics and supply chain
management

4-1. Sample Profile

The sample (sample size = 100) of this pilot study
focuses on departments of purchasing, production,
logistics and distribution in the Indian manufacturing
companies. The survey covers various cities across
India (Fig. 2).

Delhi. 9% Indore.
19%
Dewas Bangalore
L17% 6%
Mumbai
.6%
Others. Nagda.
14% 13%
Chennai  pype Hyderabad
4% 9% 3%

Fig. 1. Sample coverage

The other demographic details are shown in figures 2
and 3 below.

BAutomobiles & ancillaries

mPharmaceutical

mIndustrial and commercial
machinery

u Other

®mFabricated metal products, except

machinery and transportation

mTextile and related products

Transportation equiprment

Electronic, electrical equipment
and compaonents, except
computer equipments

Fig. 2. Industry coverage

Nearly half (44%) of the respondents are from

automobile and pharmaceutical industries taken
together, and 31% of the industries have employees in
between 500 and 1000.

M 100 to less than 250
™ 500 to less than 1000
M 250 to less than 500
W 50to less than 100
H Under 50

® More than 1000

Fig. 3. Number of employees

H; (First alternative hypothesis): Human metrics has
significantly  positive effect on supply chain
performance.

Questionnaire (both online and offline) is the main
instrument of this study. Questionnaire items are
designed after an extensive literature review. 5-point
Likert scale is used. There are total 29 items or
questions. First 12 questions are related to the
quantitative aspects (for HM, as shown in Table-2).
Next 17 are demographic questions. Questionnaires
have been emailed to various respondents and out of
108 responses which are received, 100 responses are
complete in all respects and therefore taken for this
pilot study. SPSS is used for analysis of the data.

4-2. Sampling parameters

With factor loadings higher than 0.55 (for sample size
= 100), it is found that the sample is adequate for 95%
confidence level and 5% level of significance [18].

The internal consistency of the questionnaire has been
checked and the value of Cronbach’s Alpha is found to
be 0.599 (Table - 3). It is just equal to 0.6 and can be
acceptable for the exploratory research utilizing new
scale. Hence the questionnaire can be used for analysis
purposes [18].

Table 3: Reliability Statistics (Initial)

Cronbach's Alpha Based

Cronbach's Alpha  on Standardized Items N of Items
.599 .609 12
5. Results

The hypothesis proposed earlier is now properly
phrased and tested. Factor analysis is also performed
on HM construct using SPSS to reduce unnecessary
items from the questionnaire. Reliability analysis is
done eventually to test how well the items in a set are
positively correlated to one another.

5-1. Hypothesis Testing
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On a sample size of 100, the proposed hypotheses are
tested by applying two-tailed tests as both the
hypotheses are directional in nature.

Hypothesis |
H, (Null hypothesis): Human metrics has no effect on
supply chain performance.

H, (Second alternative hypothesis): Human metrics
has significantly negative effect on supply chain
performance.

The hypothesis includes twelve variables as shown in
Table - 2. One sample t-test has been applied on these
variables. It tests that whether the mean of a
distribution differs significantly from our assumed test
value. A test value of 3 is chosen as it is the mid value
of the five point scale used in questionnaire. Table - 4
summarizes the results of this test.

Tab. 4. Results for Hypothesis |

Tab. 5 (a). KMO and Bartlett’s Test for HM
KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .534
Bartlett's Test of Sphericity Approx. Chi-Square 223.888
df 66
Sig. 1000

The inspection of diagonal values of anti-image
correlation matrix obtained results in removal of HM8
(MSA= 0.416) and subsequently of HM11
(MSA=0.460). Again factor analysis is performed. The
revised KMO and Bartlett’s test results are shown in
Table- 5(b).

Tab. 5(b). KMO and Bartlett’s Test for HM
KMO and Bartlett's Test

One-Sample Test (Test value = 3)

95%

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 626

Bartlett's Test of Sphericity Approx. Chi-Square

143.079

df 45

Sig. .000

Tab. 6. Total Variance Explained (HM)

a % % § Confidence
5 E [ a ] Interval of the
§ :_%’ _; s E difference
e &
HM1 22.48 0 1.22 SA 111 1.33
HM2 8.22 0 0.78 A 059 097
HM3 7.71 0 0.84 A 0.62 1.06
HM4 9.50 0 0.84 A 0.66 1.02
HM5 9.99 0 0.82 A 0.66  0.98
HM6 13.38 0 1.04 SA 0.89 1.19
HM7 16.34 0 1.06 SA 093 119
HM8 10.78 0 1.08 SA 088 1.28
HM9 12.27 0 112 SA 0.94 13
HM10 21.66 0 1.36 SA 124 148
HM11 10.7 0 1.02 SA 0.83 121
HM12 18.86 0 1.16 SA 1.04 1.28

The null hypothesis (Ho) is rejected and the first
alternative hypothesis (H1) is accepted for all the
variables. Thus, the results show strong influence of
HM on SCP.

5-2. Factor Analysis

The previous section leaves us with all the 12 variables
as determinants of SCP. The factor analysis is
conducted on the variables representing HM.

In a factor analysis of 12 variables, a correlation matrix
is obtained. The KMO and Bartlett’s test results are
shown in Table- 5(a), which shows a value of 0.534
which is more than 0.5, suggesting acceptable value.

1%2]
E g
1%]
e} 50T T
—_ D w95 = T S
3 LI |
=
c € S T2 S T3
o oW o =R ]
= 2 E [T S g |
< ] s o o ©
g &5 2
o
a
5
S 8 % g S 8 %
=1 [«5) =1 [} < [«5)
— 3 > — 3 > — = >
5 5 £ F s § §os g
[ 2 5 2 S5 - 2 3
5] g 5] g 5] g
S @) S @) S O
1 2.216 22158 22158 21216 22.158 22.158 1918 19.182 19.182
2 1916 19159 41.317 1916 19159 41317 1915 19.146 38.328
3 1.231 12307 53.625 1231 12307 53.625 1.530 15.296 53.625
4 .938 9.375 63.000
5 .834 8.338 71.338
6 796 7.955 79.293
7 .600 6.001 85.294
8 .594 5.941 91.235
9 472 4716  95.951

10 .405 4,049  100.00
Extraction Method: Principal Component Analysis.

The inspection of diagonal values of anti-image
correlation matrix now reveals all values above 0.5.
Now, the data set is ready for factor extraction. The
method of principal component analysis is used, the
results of which are shown in Table- 6. A scree plot is
also shown in Fig-4.
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Scree Plot

Eigenvalue

T T T T T T T T T T
1 2 3 4 s 3 7 8 9 10

Component Number

Fig. 4. Scree Plot (HM)
There are 73% non-redundant residuals with absolute
values greater than 0.05. The factors are now rotated
using Varimax rotation method (Table -7).

Tab. 7. Rotated Component Matrix (HM)

. Component
Variables
1 2 3

HM1 .679

HM5 .675

HM6 .651

HM2 .587

HM4 757

HM7 .686

HM3 .659

HM9 .648
HM12 .615
HM10 .598

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Factor analysis has extracted 3 factors, thereby
reducing initial 12 items. On the basis of variables
associated with them, the factor labels are now given to
the factors. The percentage of variance explained by
each factor as obtained from Table -7 is put in
parenthesis next to the factor label.

FACTOR 1: Trust and commitment (19.18%)
Associated Variables:

HM1 The degree of dealings between us and our
(0.679)  supply chain partner is very high

HM5 We and our supply chain know the strengths
(0.675)  and weaknesses of each other very well

HM6 Our firm is powerful enough to ask our supply
(0.651)  chain partner to readjust price strategy

HM2 The relationship between us and our supply
(0.587)  chain partner is very stable

FACTOR 2: Joint strategy and planning (19.15%)
Associated Variables:

HM4 We and our supply chain partner seek advice for
(0.757)  each other when doing marketing analysis

HM7 Our firm is powerful enough to ask our supply chain
(0.686)  partner to readjust their product

HM3 We are quite involved in the marketing and planning

(0.659) efforts of our supply chain partner

FACTOR 3: Transparency and honesty in
information sharing (15.30%0)
Associated Variables:

HM9 Our supply chain partner perceives that our firm is
(0.648)  perfectly honest and truthful

HM12 We willingly share all information that might help
(0.615)  your supplier make better decisions

HM10 Our supply chain partner perceives that our firm is
(0.598)  perfectly having high integrity

Thus, all the initial items for HM (12 Nos.) have been
reduced to 3 factors and 10 items. The final
questionnaire was tested for reliability. The internal
consistency reliability will be higher if the Cronbach’s
alpha is closer to 1. But, for newly constructed scale
value above 0.5 is considerable (Hair et al., 2007). The
final questionnaire shows the value of Cronbach’s
alpha as 0.542, which is acceptable for a new scale
(Table-8).

Tab. 8. Reliability Statistics (Final)

Cronbach's Alpha Based
Cronbach's Alpha  on Standardized Items N of Items
542 .563 10

Thus, all the initial items for HM (12 Nos.) have been
reduced to 3 factors and 10 items. The final
questionnaire was tested for reliability. The internal
consistency reliability will be higher if the Cronbach’s
alpha is closer to 1. But, for newly constructed scale
value above 0.5 is considerable (Hair et al., 2007). The
final questionnaire shows the value of Cronbach’s
alpha as 0.542, which is acceptable for a new scale
(Table-8).

Tab. 8. Reliability Statistics (Final)

Cronbach's Alpha Based
Cronbach's Alpha on Standardized Items N of Items
542 .563 10

6. Conclusions

The increasingly global nature of competition
requires that firms should utilize all of their available
resources in order to survive and succeed.
Consequently, their supply chains need to be very
efficient. And for that, the efficiency has to be
measured and performance measures be defined.
The present work aims at narrowing down the different
variables leading to SC performance. At this stage,
pilot study results indicate the need of an exhaustive
model to assess the SC performance.
However, the results show that out of total 12 HM
variables except HM2, HM3, HM4 & HMS5, on all
other variables the respondents show strong
agreement. Overall, the respondents show significant
agreement towards all 18 initial variables under study.
Factor analysis yielded 3 major factors comprising of
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10 variables. And, overall reliability of the scale is
0.542.

This study is a part of a larger research project
exploring SC related practices. The methodology of
critical evaluation involves literature review of
empirical ~ research  articles on  performance
measurement and SCM. The authors’ intention is to fill
up the gap about the lack of research in supply chain
management which investigates the role of critical
success factors in manufacturing organizations of
India. The present study is limited to Indian
manufacturing organizations. It can be extended to
cover other sectors and organizations too.

References
[1] Deloitte. “A Report on the Summit on Indian
Manufacturing Competitiveness”, Deloitte Research:
Competing in Global Manufacturing and Service
Networks. (Accessed on Feb 8, 2012 from
http://www.deloitte.com/research).

[2] Chen, J., Paulraj, A., Lado. A. “Inter-Organizational
Communication as a Relational Competency:
Antecedents and  Performance  Outcomes in
Collaborative Buyer—Supplier Relationships”, Journal
of Operations Management 26 (1), 2008, pp 45-64.

[3] Gunasekaran, A.,“Supply Chain Management: Theory
and Applications”, European Journal of Operational
Research, 159 ,2004, pp 265-268.

[4] Mello, J.E., Stank, T.P., “Linking Firm Culture and
Orientation to Supply Chain Success”, International
Journal of Physical Distribution & Logistics
Management, 35(8), 2005, pp 542-554.

[5] Tony, W., Kevin, H., “The Human Factors in
Managing China Supply Chain”, 92nd Annual
International Supply Management Conference. May
2007. Nokia (China) Investment Co. Ltd. Shanghai
Branch: pp 1-6.

[6] van Hoek, R.l., “Measuring and Improving
Performance in the Supply Chain, Supply Chain
Management, 3, 1998, pp187-192.

[7] Fawcett, S.E., Ogden, J.A., Magnan, G.M., Cooper, M.
B., “Organisational Commitment and Governance for
Supply Chain Success”, International Journal of
Physical Distribution & Logistics Management, 36(1),
2007, pp 22-35.

[8] Robinson, C.J., Malhotra, M.K., “Defining the Concept
of Supply Chain Quality Management and its
Relevance to Academic and Industrial Practice”,
International Journal of Production Economics, 96 (3),
2005, pp 315-337.

[91 Wouters, M., “A Developmental Approach to
Performance Measures — Results from a Longitudinal
Case Study”. European Management Journal, 27 (1),
2009, pp 64-78.

[10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

[18]

Barratt Mark. “Understanding the Meaning of
Collaboration in the Supply Chain”, Supply Chain
Management: An International Journal, Vol. 9 (1),
2004, pp.30 - 42

Burke, R.J., “Reinventing Human Resource
Management: Challenges and New Directions” / R. J.
Burke, C. L. Cooper (Eds) // London, 2005, Routledge.

Arthur, J.B., “Effects of Human Resource Systems of
Manufacturing Performance and Turnover . Academy
of Management Journal, 37: 1994, pp 670-987.

Liang, L., Yang, F., Cook, W. D, Zhu, J., “DEA Models
for Supply Chain Efficiency Evaluation”, Springer
Science + Business Media, 145, 2006, pp 35- 49.

Spekman, R.E., Kamauff, JW., Myhr, N., “An
Empirical  Investigation into  Supply  Chain
Management:A Perspective on Partnerships”, Supply
Chain Management: An International Journal, 3(2),
1998, pp 53-67.

Gunasekaran, A., Patel, C., Tirtiroglu, E.,
“Performance Measures and Metrics in a Supply Chain
Environment”, International Journal of Operations &
Production Management, 21(1/2), 2001, pp 71-87.

Gunasekaran, A., Patel, C., McGaughey, R.A,
“Framework for Supply Chain  Performance
Measurement”, International Journal of Production
Economics, 87:3, 2004, pp 333-47.

Beamon, B. M. “Measuring Supply Chain
Performance”, International Journal of Operations &
Production Management, Vol. 19 No. 3, 1999, pp. 275-
292.

Hair, J., Andeson, R., Black B., Barry, B., Tatham, R.,
“Multivariate Data Analysis”, 6th edition, Prentice Hall
of India, New Delhi. 2007.

International Journal of Industrial Engineering & Production Research, September 2014, Vol. 25, No. 3


https://ijiepr.iust.ac.ir/article-1-532-en.html
http://www.tcpdf.org

