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ABSTRACT  
 

 

In today’s globalized world, manufacturing competitiveness has become a part of a company’s 

vision and policies. The companies strive to enhance their manufacturing competitiveness and 

publish competitive reports based on different guidelines and indicators. They highlight their 

efforts to achieve manufacturing competitiveness at the global level. Therefore, the issue of 

measurement of manufacturing competitiveness is an important part of the working of any 

organization. Moreover, the investigation of the relationship between the supply chain 

management performance (SCM performance) and manufacturing competitiveness of companies is 

an important topic for the academicians, researchers and policy makers. In the last couple of 

decades, a vast amount of literature has come up on the SCM performance and manufacturing 

competitiveness. It has been observed that managers face challenges in determining how far their 

manufacturing competitiveness is profitable. This gives rise to two crucial questions:  First, how to 

measure the manufacturing competitiveness? And second, what is the impact of the SCM 

performance on the manufacturing competitiveness of an organization?  

 

To get answers to these questions, this study carries out a deep analysis and investigation to come 

up with a proposed model of manufacturing competitiveness in terms of the theoretical foundations 

and their implications for organizations, based on an empirical research. The existing literature on 

the subject contains several indices developed by different authors and researchers, using various 

dimensions, to measure manufacturing competitiveness. However, very few of them have used the 

new dimensions relevant to the manufacturing competitiveness of the Indian manufacturing 

industry. Hence, there is a need to pay attention to measuring manufacturing competitiveness using 

the new dimensions, and develop a scale or index for the measurement of manufacturing 

competitiveness in the specific context of the Indian manufacturing sector. The existing literature 

in the field shows various studies to explore the relationship between the SCM performance and 

competitive advantage, but the research on the relationship between the two using the new 

dimensions is still inconclusive in nature. 

 

The Indian manufacturing sector plays an important role in terms of both, contribution to the GDP 

and employment generation. The Government of India has recently focused on manufacturing 
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competitiveness and a substantial literature has come up in this regard. However, the available 

literature has several gaps that need to be addressed, most notably, the need to examine the 

relationship between the SCM performance and the manufacturing competitiveness of companies 

in the manufacturing sector. The present study evaluates this relationship in the context of the 

Indian manufacturing industry. Based on the existing literature, it develops a conceptual 

framework that includes six factors of manufacturing competitiveness. The main objective of the 

research is to identify the SCM performance and measure its impact on manufacturing 

competitiveness. Data have been collected for the purpose through various brainstorming sessions 

and personal interviews with the academicians, industry experts and policy makers. Based on this 

data, both qualitative and quantitative models have been developed to analyze and measure the 

manufacturing competitiveness of the manufacturing companies.  

 

The study proposes a conceptual model to cover the measurement issues of manufacturing 

competitiveness. To achieve the objective of measuring manufacturing competitiveness, a scale 

has been developed using six factors. The development of the scale has passed through the three 

phases of pilot study, scale refinement and validation. To develop the scale, data have been 

collected from the upper and middle level managers working with various manufacturing 

companies in India. The research attempts to make a major contribution to the existing literature on 

the subject. The main contributions of this research to the existing body of literature are as follows: 

 The study presents a comprehensive literature review and taxonomical classification of the 

available literature. In particular, it discusses the theoretical background to the SCM 

performance, eco-innovation, supplier selection and manufacturing competitiveness. 

 The study develops a model covering two aspects: measurement of manufacturing 

competitiveness in the manufacturing industry, and evaluation of the relationship between 

the SCM performance and manufacturing competitiveness. To find out this relationship, a 

scale has been developed in two stages, i.e., item generation and selection, and scale 

refinement and validation.  

 At the primary stage, the items related to various factors have been extracted from the 

available literature. Different techniques, like content analysis, production of the primary 

pool of items, and evaluation of content and face validity through expert judgment have 

been applied for the purpose. Further, a pilot survey has been conducted for item analysis, 

and the exploratory factor analysis (EFA) and reliability test have been performed. 
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 An initial refinement process has been done for the purification of the items. For this 

purpose, a confirmatory factor analysis (CFA), and unidimensionality, convergent and 

discriminant validity assessments have been conducted. This scale has been developed for 

the measurement of manufacturing competitiveness of the Indian manufacturing industry.  

 Further, hypothesis testing has been performed using the structural equation modelling 

(AMOS). After testing, it has been hypothesized that there is a positive impact of the SCM 

performance on manufacturing competitiveness in the context of the Indian manufacturing 

sector.  

 In this way, the research fills the major gaps in the existing literature in the field of 

manufacturing competitiveness measurement. It has applied a modelling technique and 

developed a reliable and valid measurement scale for manufacturing competitiveness 

measurement. A scale comparable to the scale developed by this study has not been 

developed yet by any study in the available literature.  
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CHAPTER – 1 

INTRODUCTION  

 

 

 

Preview  

 This chapter deals with major trends of Indian economy of manufacturing sector in India. 

The supply chain of manufacturing sector in India is very important to sustain in the global market. 

The present chapter also deals with leading examples of manufacturing sector prosperity through 

the supply chain (global). It begins with the enumeration of the problem statement, motivation for 

the research, research questions and research objectives. In the end, a brief outline of the ensuing 

chapters of the thesis is given. 

1. Indian Economy (Major Trends) 

  Indian economy presently is passing from a very important phase. The global economic 

scenario is not very attractive and most of the reputed economic institutions have predicted a very 

promising future for Indian economy (NMCC report, 2014). But the advantage of these promising 

reports is only possible when all the sectors, Indian economy mainly agriculture, manufacturing 

and services, etc. contributes to the best of their potentials. We have seen a tremendous growth of 

the service sector in the Indian economy and presenting the contribution of the service sector to the 

national GDP is 60% (Delloitte, 2014). The contribution of manufacturing sector to the nation 

GDP is around 15-16%. Since by and it is almost stagnated at this level. The contribution of 

agriculture sector is also not very encouraging, though India is primarily known as agrarian 

economy. 

  The Indian economy is growing at a better rate than many other countries (Deloitte, 2014). 

India is adopting a global approach to become an important player on an international platform. 

The main focus of India’s growth strategy is on self-reliance (Trivedi et al., 2011). This sector is 

very critical for the growth of any economy (IBEF, 2013) and has  lots of potential for the future. 

Since the economic reform in 1990s, the main focus areas are fast economic growth, more export, 

higher foreign exchange reserve and, growth in foreign direct investment. According to Ahluwalia 

(2002), these reforms facilitated the positive shift in growth rate and output of the economy and 

manufacturing sector. Even during the recession, Indian economy remains stabilized due to its 

strong focus on the manufacturing sector. This sector provides jobs to the less skill and uneducated 
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workforce. This fact is very important for the emerging economies like India, where education 

level is very low.  

   Currently, this sector is providing jobs for 45 million people that are 12 percent of the 

country’s labor force (IBEF, 2013). Although service sector is taking place an important role in the 

knowledge economy (Bahl et al., 2011), this sector provides a transitional opportunity to the labor 

from agriculture. In addition, this sector shows the multiplication effect for creating jobs in the 

service sector. According to National manufacturing policy (2011), manufacturing sector creates 

two-three additional jobs in the service sector for every job created in the manufacturing sector 

(IBEF, 2013). Currently the Indian manufacturing sector contributes 15% to the country’s GDP 

(Indian Express, 2013). According to an estimation contribution of Indian manufacturing sector in 

the country’s GDP will be 25% by 2022 (Business Standard, 2013). 

   Government of India is eyeing towards the manufacturing sector in a major engine for 

growth of Indian economy. Therefore, the government has kept target of 20% contribution from 

the manufacturing sector in India GDP 20-20 (Deloitte, 2014). Further, the government of India 

has also initiated various initiates like make in India, start of India, zero defect and zero effect, etc. 

All these initiates are directly or indirectly attached to manufacturing sector.  

  The Indian economy has a certain important milestones in past 100 years. Before 

independence 1947 economy was mainly based on agriculture and manufacturing (IBEF report, 

2015). After independence the first Prime Minister of India, Pandit Jawaharlal Nehru realized the 

importance of industrialization in the economic growth of the country. Pandit Jawaharlal Nehru 

created the concept of Public undertaking action frame and be used to that there is big factories 

were poor, temple of model India (IBEF report, 2015). 

  Under the vision of Pandit Jawaharlal Nehru, mainly public sector enterprises were created 

and their factories were established in different remote part of the country. So that a balanced 

development of the nation can take place. During the initial periods after independence, only few 

limited private sector companies were presented and most of those companies like Tata's, Birla's, 

and Modi's, etc.  

  During these periods an Indian economy was highly protected quota system and licensed 

raj was prevalent. Therefore, Indian companies weather the public or private sector could not think 

about global competitiveness. Just to quote of the scenario of the time, people and to say that when 

a daughter was born in a family, father used to booked a buying scooter, so that delivery of that 



3 
 

scooter could be ensured at the time of the marriage of that daughter in the form of dowry. Under 

this type of scenario, where possibility almost absent even production volume was decided by the 

quota system. India manufacturing system was located in almost all the dimensions of modern 

competing theories.  

 Then, comes the period of liberalization, globalization and privatization in the last decades 

of the 20th century. This created a new wave in the Indian economy. When multinational 

companies with state of the art technology and advanced manufacturing management came to 

Indian market, Indian companies started facing the music of the day. In order to achieve similar 

competitiveness, Indian manufacturing industries also adapting the best technology and modern 

management principles.  

The Indian economy which is expected to be one of the largest and fastest growing 

economy in coming time. In a ray of hope for not only Indian companies, but for many  

multinational companies also as it offers, certain unique advantages in a term of low cost of labors, 

large availability of natural resources, a stable democracy, independent judiciary, well enforced 

law and order system, highly competitiveness market and one of the biggest consumer market 

itself. 

1.1.    Manufacturing Sector of India 

The manufacturing sector is the main engine of economic growth and wealth creation, of a 

country; it creates sustainable economy, encourages investments, creates jobs and builds the nation 

(NMCC report, 2014). With the changing landscape of manufacturing dominance, shift of markets 

from the west to the east and the ability of the manufacturer to be located in any part of the world 

has made the competition among nations to create and maintain their manufacturing sector very 

competitive. According, to McKinsey and Co, Indian manufacturing industry will create 90 million 

jobs by 2025. According, to Global manufacturing competitive index, 2013, India is placed on the 

second rank in terms of competitiveness five years down the line (Deloitte, 2014). 

 In the next decade, the economy of India becomes the world's 3rd largest economy, and one 

of the mid-century (World Bank Report, 2014). An Indian manufacturing sector is an important 

contributor to the GDP of the nation. India has the one of fastest growing service sectors in the 

world with an annual growth rate of above 9% since 2001, which contributed to 57% of GDP in 

2012-13. The Industry sector has held a constant share of its economic contribution (26% of GDP 

in 2013-14). The Indian automobile industry is one of the largest in the world with an annual 

https://en.wikipedia.org/wiki/Service_Sector
https://en.wikipedia.org/wiki/Industry


4 
 

production of 21.48 million vehicles (mostly two and three wheelers) in FY 2013-14 (NMCC 

report, 2014).  However, the contribution of manufacturing in the GDP of the neighboring nation, 

like China, Thailand, Vietnam, Japan, etc. is much more than Indian figures. Following figure 

represents the contribution of manufacturing in the GDP of various eastern economics. The GDP 

of various countries like India 14%, China 32%, Thailand 34%, Vietnam 17%, Japan 19%, etc. 

(World Bank Report, 2014). Therefore, there is largest need for attention to increase the 

contribution of the manufacturing sector in GDP. The Indian manufacturing sector comprises of 

17% categories of industries (NMCC report, 2014). 

 According to the various international and national series, there is a vast potential of 

improving the competitiveness was an Indian manufacturing sector. Many Indian companies are 

now showing there trends also. One of the major of competitiveness can be business excellence 

award particularly Deming price from Japan. A list of Deming price winners from India in the last 

12 years are as follows: RSB Transmissions(I) Limited, Rane Brake Lining Limited, SRF Limited,  

Mahindra & Mahindra Limited, Rane Engine Valve Ltd, Krishna Maruti Ltd, Indo Gulf Fertilizers 

Ltd, LUCAS TVS, Tata, TVS Motor Company, (former Japan Quality Medal report, January 

2015), etc. The list of Deming Price Winners Companies are shown in Table 1.1 

 

S. No. Year Name of Companies 

1.  2013 RSB Transmissions (I) Limited Auto Division (Jamshedpur) Pune,  

(India) 

2.  2013 Rane Brake Lining Limited (India) 

3.  2012 SRF Limited, Chemicals Business (India) 

4.  2012 Mahindra & Mahindra Limited (India) 

5.  2011 Sanden Vikas (India) Limited, (India) 

6.  2010 National Engineering Industries Ltd. (India) 

7.  2008 Tata Steel, (India) 

8.  2007 Rane (Madras) Ltd., (India) 

9.  2005 Rane Engine Valve Ltd, (India) 

10.  2005 Rane TRW Steering Systems Ltd. (SGD), (India) 

11.  2005 Krishna Maruti Ltd., Seat Division, (India) 

12.  2004 Indo Gulf Fertilisers Ltd., (India) 

13.  2004 LUCAS TVS, (India) 

14.  2004 SRF limited, (India) 

15.  2003 Mahindra & Mahindra Ltd, (India) 

16.  2003 Rane Brake Lining Ltd., (India) 

17.  2003 Sona Koyo Steering Systems Ltd., (India) 

18.  2002 TVS Motor Company (TVSMC), (India) 

Source: https://www.juse.or.jp/upload/files/Deming_prize_EN/list/LIST_Deming_Grand_ 

Prize.pdf. (former Japan Quality Medal report, January 2015)  

Table 1.1 Deming Price Winners Companies 

https://en.wikipedia.org/wiki/NBC_Bearings
https://en.wikipedia.org/wiki/Tata_Steel
https://en.wikipedia.org/wiki/Rane_%28Madras%29_Ltd
https://en.wikipedia.org/wiki/Mahindra_%26_Mahindra
https://en.wikipedia.org/wiki/TVS_Motors
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As clearly evident from the above Table 1.1 that numbers of Deming prize winner for India are 

increasing. Therefore, it can be concluded that Indian companies are adopting modern management 

principles and looking forward to the globally competitive. 

 Similarly, other aspects of competitiveness can be a global market expansion. Now-a-days 

many automobile companies are exporting their products to the large number of African, South 

Asian, South American, etc. countries. To give examples one of the leading auto companies, like 

Bajaj Auto, TVS motors, Honda, and Hero Motocorp (Delloitte, 2014), etc. This shows that the 

global market is also starting to realize the competitiveness of Indian products. 

                            

1.2. Supply Chain of Manufacturing Sector in India 
 

In the present competitive scenario, supply chain management plays a significant role and 

calls for serious research attention, as companies are challenged with lots of finding ways to fulfill 

the customers' expectations at manageable costs. The successful companies are those who 

maintained all the nodes of supply chains from their supplier's to their customer's. (Lummus and 

Vokurka, 1999). It is expected that the present research, by addressing SCM performance that 

contribute towards manufacturing competitiveness, will help academicians, practitioners and 

researchers to better understand the scope and activities associated with SCM performance and 

manufacturing competitiveness that creates enhanced levels of today's competitive environment 

with new dimensions, and which has not been empirically tested in previous studies. Nowadays, 

the organizations much more interested to adopt modularity based manufacturing practices and 

process architectures to cope-up with the demand uncertainty environment. 
 

 The supply chain is a considered to be an important driver of success (Dewangan et al., 

2015d). Even manufacturing activities are also considered as a subset of supply chains. We have 

some examples were supply chain is instrumented in the success of companies like Wal-Mart, 

Seven Eleven, Dell, Amul, Asian Paints, etc. Supply chain which is also known as value chain and 

provides required products to the customer in the most optimum manner. The chapter-2 of this 

thesis will discuss some of the important definitions of supply chains in general and supply chain 

for manufacturing industry in particular.  

 

 Supply chain of manufacturing sector in India has a very wide scope of improvement. 

Because of geographical constraint suppliers and customers are located at far flung places. 
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Therefore, in the supply chain of manufacturing sector, many practices of modern management are 

difficult to adopt. The supply chain of manufacturing sector has a large number of actors where 

many of them don't add any significant value to the products.  

 The supply chain of a manufacturing sector in India is very wide and very difficult to 

control also. The supply chain of Indian manufacturing setup is much differentiated from European 

or Japanese companies. The supply chain of Indian manufacturing sector may have a small 

supplier in the northern part of India. The vendor supplies product to an intermediaries, who then 

aggregates  products from other suppliers and then supplies the complete setup to major equipment 

management and then in the downside of the supply chain also there may be many market 

intermediaries before the product reaches into the hands of final customers. These long supply 

chains increases the cost of the products and also increases the delivery lead time, which directly 

affects the competitiveness of the manufacturing sector. 

 India is a developing nation and manufacturing is a considered to be important drivers. 

Government of India is also pushing a lot of efforts for increasing the contribution of the 

manufacturing sector. But, there is a flip side also increased manufacturing activities, will put extra 

pressure on the natural resources of the land. More transportation activities increase the carbon 

emission in the environment as well as the logistics cost of the final products. However, industry 

experts favor increased transportation activities as it gives rise to the economy and employment to 

large population. So, increased supply chain activities, particularly logistics are a double edged 

sword for Indian economy. 

 Another feature of the supply chain for Indian scenario is related to infrastructure 

development. India sees large investment in infrastructure development, particularly in 

construction of new expressways, new highways and widening of existing roads. This investment 

is recovered through tool taxes. India is a country where the logistics cost is one of the highest 

among all neighboring nations. Therefore, supply chain and logistics would a direct and negative 

impact on the competitiveness of Indian manufacturing sector.  

 To follow some of the advanced principles, like JIT, etc. supply chain certainty is very 

important, but in India, the supply chain is very-very uncertain and delivery lead time is highest 

fluctuated. Therefore, to take care uncertainties of inventories is kept at each stage of the supply 

chain which can be directly converted into monetary terms. This again leads to poor 

competitiveness of Indian manufacturing sector (NMCC report, 2014).  
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 The Modern supply chain is highly dependent on I.T. infrastructure. The success of some 

of the best supply chain, like Wal-Mart, Seven Eleven Japan, Dell, Amul, Asian Paints, and Maruti 

Suzuki, etc. is attributed to other I.T. infrastructure (Delloitte, 2014). In India, I.T. infrastructure 

plays an important role. The use of the internet is also increasing and users of smart phone are also 

increasing. 

But, we are using I.T. infrastructure for basic services like email and chatting. The use of 

this I.T. infrastructure was vast presented in real time information sharing is possible and that will 

actually change the entire supply chain working of Indian manufacturing sector.   

  In India, manufacturing industries have different supply chain issues, which is lacking 

global competitiveness because of many factors, including like lack of advanced technology, lack 

of capital, lack of willingness and some supply chain issues are also contributing to the poor 

performance. The few issues of supply chains are delayed supply, unwarranted cost escalation, 

building production capabilities, distribution networks and retail outlets, etc. would adversely 

impact the credibility and business potential of the Indian industry. To overcome these issues, 

Indian companies have must recognize the difference between supply chain execution and supply 

chain optimization as well as focus efforts on optimizing operations to become more efficient 

(Dewangan et al., 2015d). Amongst many difficulties faced by Indian manufacturers, supply chain 

disruption management is a major issue, which can result in large tangible and non-tangible losses. 

In the current study,  lots of research has been done to understand the supply chain management is 

and how it will enhance the competitiveness of the manufacturing sector in today’s global 

competitive environment. Similarly, there are many other issues in the supply chain of Indian 

manufacturing, which will be discussed in chapter-2 which is from available literature. 

1.3. Leading Examples of Manufacturing Sector Prosperity through Supply 

Chain (Global) 

As discussed previously, some of the companies have achieved global success because of 

their supply chain initiatives or supply chain strategy. Countries like the United States, Japan, 

China, Singapore and Europe, etc. are the best examples of the supply chain management. The 

international companies like Wal-Mart (United States), Dell Computer (United States), Seven-

Eleven (Japan), and China Mobile Communications Corporation, Singapore Technologies 

Engineering (Singapore), Volkswagen (Germany), BMW (Germany), Bosch (Germany), etc. and 

https://en.wikipedia.org/wiki/Volkswagen
https://en.wikipedia.org/wiki/Robert_Bosch_GmbH


8 
 

Indian companies like Amul, Mumbai Dabbawala, Indian Post, Asian Paints and Maruti Suzuki, 

etc. are the leading examples of manufacturing sector prosperity through the supply chain 

(globally). The few companies like, Wal-Mart (United States), Dell Computer (United States), 

Seven-Eleven (Japan), have described below: 

Wal-Mart (United States) 

Wal-Mart is one of the fortune 500 companies which is at the top of the list since 1962, 

years (World Bank Report, 2014). The Wal-Mart is known for everyday low pricing strategy 

(World Bank Report, 2014).  The everyday low pricing is only possible when carefully controls the 

inventory. It is said that Wal-Mart turns its inventory 11 to 12 times a year (World Bank Report, 

2014). This high inventory turn is possible with a well designed supply chain. The supply chain 

network of Wal-Mart. Wal-Mart in all to achieve a high level of supply chain integration right 

from the point of sells to its vendors. Wal-Mart is un-doubtable is a leading example of business 

performance through supply chain performance.    

 

Dell (United States) 

 Dell is one of the leading company which is at the top of listed company since 1983. The 

corporate headquarters of Dell’s is located in Round Rock, Texas, near Austin, which is also home 

to Dell Americas, the regional business unit for both North and South America. The Dell Company 

has three additional regional head regional headquarters: Dell Europe, Middle East and Africa in 

Bracknell, U.K., Dell Japan in Kawasaki, Japan, and Dell Asia-Pacific in Hong Kong. In the year 

1991, Dell had sales offices in 33 countries and sold its products in more than 170 countries and 

territories (World Bank Report, 2014). Dell Company has good supply chain to deliver their 

products to customers within the time frame. The supply of Dell Company is shown in Figure 1.1. 
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Seven-Eleven (Japan Company) 

The Seven Eleven is a Japanese company and it was established in the year1973. The 

company was set up his first store in Koto-Ku, Tokyo, in May 1974. The distribution system of 

Seven Eleven is tightly linked the entire supply chain for all product categories (World Bank 

Report, 2014). The company has their own distribution system to deliver their products. The 

distribution system was flexible, so that it is very helpful to the end customers. 

 

1.4.    Problem Statement  

 Over the past three decades, manufacturing sectors relied merely on the competitiveness 

based on the traditional dimensions such as cost, quality, services, flexibility, etc., (Singh et al., 

2008; Carpinetti et al., 2000; Dacko, 2000). Most of the literature shows that these traditional 

dimensions are not much sufficient to obtain the competitive performance in today’s environment 

(Liu, 2013). A variety of integrated systems have been proposed to overcome the limitations of the 

traditional competitive dimensions, but these traditional competitive dimensions have not fulfilled 

the requirements for present scenario of manufacturing competitive environment in the global 

market (Liu, 2013). Relatively, manufacturing companies focused on monitoring and controlling to 

optimize the overall competitiveness and simultaneously addressing the dynamic change of the 

competitive environment (Liu, 2013). As a result, many of the researchers and practitioners are 

suggesting new manufacturing competitive performance dimensions. In the field of business 

studies, the competitiveness of manufacturing sector is one of the most important themes.  

 Supply chain management is one of the important elements in the success of any company. 

The best examples of International companies like Wal-Mart (United States), Dell Computer 

(United States), Seven-Eleven (Japan), and China Mobile Communications Corporation, etc., and 

Indian companies like Amul, Mumbai Dubbawala, Indian Post, Asian Paints and Maruti, etc., have 

already proved the efficiency of supply chain performance. India’s supply chain infrastructure 

consisting of surface transportation, warehouses, and other facilities are being always under 

question. This is also affecting performance and competitiveness of Indian manufacturing sector. 

Development of manufacturing sector only in a limited part of the country is because of poor 

supply chain management infrastructure in other parts of the country. It is, therefore, proposed to 

do a detailed study around enhancing competitiveness of Indian manufacturing through better 

supply chain management. The main research problem studied in this thesis can be defined as 
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"Does being to enhance the manufacturing competitiveness is profitable in Indian context” ? 

Hence, the research proposal is presented to serve this issue as follows: 

 To investigate the supply chain management (SCM) performance factors, by 

identifying the factors to measure the SCM performance, the priorities of these factors 

can be identified in the context of the manufacturing sector. 

 To investigate the manufacturing competitiveness factors, by identifying the factors to 

measure the manufacturing competitiveness, the priorities of these factors can be 

identified in the context of the manufacturing sector. 

 To develop a model for SCM performance, to measure the SCM performance in 

context of the Indian manufacturing sector. 

 To measure the impact of SCM performance on manufacturing competitiveness. 

 The proposal of this research will definitely help for the practitioners, academicians, 

decision makers, and research scholars in the field of manufacturing competitiveness. 

The root cause for the same are as follows: 

 First, this research helps to contribute to the body of literature.  

 Second, this research provides the literature and fill the gaps in the existing literature.  

 Third, this research will give the directions for practitioners, academicians, decision 

makers, and research scholars, etc., who wants to improve SCM performance and to 

enhance the manufacturing competitiveness with different dimensions in the company.  

 Fourth, it will be given the transparent and crisp guidelines to set the benchmark for the 

manufacturing sector. 
 

1.5.    Motivation for Research 

  The manufacturing sector is considered as spinal column of the Indian economy, because 

the economic strength of a country is measured by the development of manufacturing sectors. The 

manufacturing sector contributes 15.24 per cent of the country’s Gross Domestic Product (GDP), 

and provides employment to over 6 million persons (NMCC, report 2014). Nowadays Government 

of India try to enhance the competitiveness of the manufacturing sector, including identification of 

manufacturing sectors which have the potential for global competitiveness; current strengths and 

constraints of identifying sectors, and recommend National level industry/sector specific policy 

initiatives as may be required for augmenting the growth of the manufacturing sector. The main 
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aim is that to enhance the manufacturing competitiveness through a number of involvement that 

help these enterprises to modernize and become competitive in global markets.  

 

1.6.    Why Manufacturing Sector? 

 The manufacturing sector is considered the backbone of Indian economy. The major 

sectors include textiles, capital goods, metals, chemicals, tires, cement, electronics, automotive, 

leather & footwear, machine tools, Food, Ceramics, Textiles, Machinery, etc. The economic 

potential of any country is measured by the development of manufacturing sectors. Why the 

manufacturing sector is a spinal column of development in general and economic development in 

India? According to NMCC report (2014), the same causes are as follows:  

 Manufacturing industries help in modernizing agriculture, which forms the backbone 

of our Indian economy.  

 Manufacturing industries also reduce the heavy dependence of people on agricultural 

income by providing them jobs in secondary and tertiary sectors. 

 Industrial development is a precondition for elimination of unemployment and poverty 

from our country.  

 Countries that transform their raw materials into a wide variety of finished goods of 

higher value are prosperous. 

 Industry sector contributes 27 % of GDP out of its manufacturing accounts for 17 %. 

 

1.7.    Research Questions 

 Research Question: How supply chain performance is effecting the enhancement of 

competitiveness of the manufacturing sector in India? 

On the basis of this research question, five sub research questions have been formulated. These 

research questions, provide the proper direction to attain the objectives of the study. These research 

questions are:  

RQ 1: What are the various factors and items considered by the company while  choosing supply 

chains?  

 RQ 2:  What are the various factors and items considered by the company while  choosing 

manufacturing competitiveness 
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 RQ 3:  What is the relationship and priority level of the factors and dimensions  of supply chain 

performance in context of the manufacturing sector?  

  RQ 4:  How these identified factors influence to enhance the manufacturing 

 competitiveness?  

  RQ 5:  What is the impact of supply chain performance on manufacturing  competitiveness?  

 To achieve the objective of these research questions some objectives have been formulated as 

follows in the next section. 

 

1.8.    Research Objectives 

  In the present scenario, the growing importance of the manufacturing competitiveness issue 

in a gradually changing business environment, the assessment of supply chain management and its 

impact on manufacturing competitiveness has been identified as an important issue that needs to be 

studied. From the rigorous literature review, various gaps have been identified in supply chain 

management and manufacturing competitiveness, the topic of the present study is finalized as 

"Enhancing the competitiveness of manufacturing sector through supply chains in India ". This 

research is based on six main objectives. These are as follows:  

Objective1:  To analyze the supply chain management related issues in the context of the  

            manufacturing sector.  

Objective 2:  To analyze the manufacturing competitiveness related issues in the context of the 

manufacturing sector.  

Objective 3:  To analyze the eco-innovation related issues in the context of the    

                    manufacturing sector.  

Objective 4:  To analyze the supplier selection related issues in the context of the manufacturing 

sector.  

Objective 5:  To develop a model for measuring the manufacturing competitiveness in the Indian 

manufacturing sector.  

Objective 6:  To investigate the impact of supply chain performance on  manufacturing 

competitiveness in Indian manufacturing companies. 
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1.9. Thesis Organization   

  The section represents the organization of the present research work, it has been enclosed in 

seven chapters as shown in Figure 1.2. A brief flow of chapters has been described under as 

follows:  

Chapter 1  

  This first chapter provides a background of the present study. It also gives provides the 

information regarding the SCM performance and its impact on manufacturing competitiveness. 

Further, this chapter provides a problem statement, research objectives and research questions, 

motivation for research, brief outlines of the research methodology adopted, and finally it provides 

the overview of research. This chapter gives the brief outlines of the research work followed by the 

conclusion of the chapter.  

Chapter 2  

   This chapter provides the extensive literature review in the field of SCM performance and its 

relationship with manufacturing competitiveness related to both Indian and global scenario. The 

present chapter deals with various latent factors and their sub-factors like environmental 

uncertainty, factors of SCM Practices, eco-innovation, factors of SCM performance, supplier 

selection and factors of manufacturing competitiveness, etc. The literature review also gives the 

strong foundation for conducting the present study and other related areas that need to be explored. 

This chapter provides, the taxonomical classification of existing research in this field of study. 

Further, different gaps from the literature, which gives the objectives of this study. For the 

achievement of the different objectives, this chapter provides a novel methodology and finally end 

with a conclusion.     

 

Chapter 3  

   This chapter deals with the combination of comprehensive SCM performance and 

manufacturing competitiveness model designed for enabling better and more well-organized. To 

better understand the phenomenon of SCM performance and manufacturing competitiveness, a 

theoretical framework has been drawn, and it helps to predict the relationships between SCM 

performance and manufacturing competitiveness. Finally, a research model has been obtained, 

which is more significant to enhance the manufacturing competitiveness of an organization. 
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Chapter 4  

  This chapter provides a knowledge of developing the scale to measure the manufacturing 

competitiveness in Indian context. This chapter deals with the outlines of a quantitative research, 

conducted for measurement of manufacturing competitiveness. The research question, research 

hypothesis, and research methodology adopted has been discussed. Finally, research methodology 

which includes research design, sample design, data collection method, scale development, pilot 

testing, data collection and analysis process and an overview of proposed statistical techniques was 

discussed.  

 

Chapter 5  

  This chapter provides the procedure of data collection via, a large-scale survey after item 

generation, and structured interview. The collected data from a large-scale survey is useful for the 

validation of the instrument development, and to test the hypothesized relationships among 

variables in the research model. The research methodology for the large-scale survey, research 

design, data collection methods, questionnaire design, sampling design, data analysis procedure 

and demographic profile of the respondents and companies has been discussed. Further, data 

analysis has been performed with different steps like, check for the discriminant and convergent 

validity, test of reliability, and exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA) of all reflective scales in the model.   

 

Chapter 6  

  This chapter presents a brief background causal model and hypothesis testing. To explore 

the significance of these hypothesized relationships, a structural equation modeling (SEM) has 

been used for testing the hypotheses (Joreskog, 1993). A proposed structural model has been tested 

and the overall goodness-of-fit of the entire structural equation model will be assessed as well. 

 

Chapter 7  

This chapter provides a comprehensive overview of the research work conducted and the 

major findings along with the contribution, of the present study in the existing set of literature. In 

addition, this chapter also provides the managerial implication of the present study. Finally, it 

provides the limitation of the study followed by the future scope of this field study. The 

organization of the thesis with the help of flow diagram has been presented as shown in Figure 1.2. 
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1.10. Conclusion  

 In the changing business environment, companies understand the importance of the 

manufacturing competitiveness issues. To enhance the manufacturing competitiveness practices is 

always creating a dilemma for the academics and practitioners. The impact of SCM performance 

on manufacturing competitiveness with new dimensions are still inconclusive in the existing 

literature. In the present scenario, there is need of attention to make further assessment, which may 

help to both academicians and practitioners and research scholar, to analyze the various aspects of 

SCM performance and its impact on manufacturing competitiveness with new dimensions in 

Indian context. The outline of the present study has been provided in this chapter. The chapter 

started with the background of the present study, which is related to various dimensions of supply 

chain management and manufacturing competitiveness, and the problem statement, motivation for 

research has been discussed. The various research gaps in existing literature have been outlined. In 

this chapter, research objectives and questions followed by the methodology adopted and overview 

of research has been provided. In the last section of this chapter, the thesis organization with the 

help of flow diagram has been presented. Hence, the sections presented in this chapter have been 

discussed further in details in the subsequent chapters of the thesis.   
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CHAPTER – 2 

        LITERATURE REVIEW  

 

 

Preview  

 Literature Review is a backbone if a sound research. A systematic literature review is a 

prerequisite for defining the research problems to various into various smaller problems. 

 Presently, with the availability database of various publishing houses, literature review 

has become quite convenient. But, the field of supply chain management thousands and 

thousands papers are available. So, it is very important to identify right papers for a particular 

study. Here, it is also important, not to miss any important research in the area.  

 The present chapter deals with various issues like Environmental Uncertainty, factors of 

SCM Practices, Eco-Innovation, factors of SCM performance, Supplier Selection and factors of 

Manufacturing Competitiveness, etc. the research approach, and avenues for future research. 

This review will also provide a strong foundation for conducting the present study and other 

areas that need to be explored. 

 

2.    Introduction  

 This chapter presents a systematic literature review of various aspects of supply chain 

management, which affects the competitiveness of the manufacturing sector. Some of the 

factors which are considered for identification of the right kind of papers are environmental 

uncertainty, SCM Practices, eco-innovation, SCM performance, supplier selection and 

manufacturing competitiveness, etc. Similarly, this chapter also presents the view of various 

researches and experts in the field of manufacturing competitiveness.  

 With the changing landscape of manufacturing dominance, shift of markets from the 

west to the east and the ability of the manufacturer to be located in any part of the world has 

made the competition among nations to create and maintain their manufacturing sector very 

competitive. The business environment is continuously changing due to increasing global inter-

connectivity, growing demand for innovation (Raymond et al., 2014; Lau et al., 2013; Heaton, 

2008) and technology (Rahman, 2001; Kleindl, 2000), new product development (Bruch et al., 

2014; Schrettle et al., 2014; Suárez-Ortega and Alamo-Vera, 2005) rapidly dropping cost of 

key technologies, shifting basis of competition and unemployment. The need of the hour is for 

innovation (Raymond et al., 2014; Lau et al., 2013; Yam et al., 2011; Rahman, 2001), effective 
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technologies (Liu, 2013), manufacturing flexibility (Hung et al., 2014) and reconfiguration of 

capabilities in the manufacturing sectors (Chengen, 2000). Amoako-Gyampah (2003) argued 

that the manufacturing function should be strategized at the corporate level rather than the 

operational level.  

 The competitiveness of the manufacturing sector has been always an important priority 

for the top management of every organization. During the period of the industrial revolution, 

competitiveness was measured against high volume of production and a lot of focus was given, 

to maintain the activities in the organizations for manufacturing competitiveness (NMCC 

report, 2014). 

 Then, Japanese manufacturing sector given a new dimension of competitiveness 

(Cleveland et al., 1989). This new dimension was primarily around quality, excellence and later 

on there was a complete system of Japanese manufacturing management, where industrial 

revolution is about superior quality, reduced based, reduced inventory, better co-ordination 

with vendors, etc. Japanese were very open to document their management practices and soon 

these sound practices of competitiveness were adopted by many American and European 

companies. Later, a new wave of manufacturing competitiveness came from the Chinese 

manufacturing sector. The Chinese manufacturing sector found on low cost dimensions for 

competitiveness and throughout the globe. Their strategy of low cost and new production has 

benefited them to increase their manufacturing output.  

 But, as Japanese practices are well documented same is not true for Chinese case. 

Presently, the manufacturing sector is passing through a tough time where on one hand, they 

have to fulfill the customer expectations and on the other hand manufacturing should 

environmental friendly to minimize the negative effects of production processes. Therefore, it 

is a need for attention to understand the important factors affecting the competitiveness of 

manufacturing sectors in the present scenario.  

 Supply chain management is basically transferring of goods, services, information and 

finances between various strategies of the supply chain. But, as we are moving more and more 

towards the competitive environment. Supply chains can offer a competitive advantage for the 

firm. Therefore, systematic literature review of the supply chain is required. 

 A steady stream of research, mainly conceptual in nature, followed Skinner's article. 

From last two decades, It has been observed that a huge quantity of research has strengthened 

with growing sophistication. Skinner (1969) arguments and refined their conceptualization on a 

large number of literature on manufacturing strategy (Swamidass and Newell, 1987; Gupta and 
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Somers, 1996; Ward and Durray, 2000; Dangayach and Deshmukh, 2001a). In addition, a 

taxonomic classification of literature is provided to understand the growth of literature in this 

field of study. 

2.1   Literature Review at a Glance  

 An extensive literature review has been carried out, to gain insights in the area of 

manufacturing competitiveness in the context of Indian manufacturing sector. The literature is 

broadly classified into nine main categories: (a) background (b) methodology of literature 

review (c) final selection of identified papers (d) distribution of articles (e) concept of 

manufacturing competitiveness (f) evolution of supply chain (g) supply chain management 

theory (h) supply chain definition (i) supply chain in the 21st century (j) constructs of SCM and 

manufacturing competitiveness (k) gaps identified from literature (l) research problems (m) 

research model. These broad classifications were further sub classified according to the 

structure shown in Figure 2.1. Based on the findings of the literature review, a research model 

has been proposed for future research. This complete literature review provides an overview of 

the various aspects of manufacturing competitiveness and supply chain performance to help 

both researchers and practitioners.  
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Figure 2.1 Overview of the Literature Review 
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2.2   Methodology of Literature Review 

 For, getting the derived result from literature review, various electronic databases were 

searched. According to Ngai (2005), maximum number of people, including both practitioner 

and an academician, use journals to gather the information. In order to collect the research 

papers for the review, a rigorous search was carried out using the following online databases: 

 EBSCO Business Source Premier 

 Elsevier (www.sciencedirect.com)  

 Emerald Full Text (www.emeraldinsight.com)  

 Inderscience (www.inderscience.com) 

 John Wiley Publication (www.wiley.com) 

 JSTOR 

 Sage Publications 

 Scopus (www.scopus.com) 

 Springer (www.springerlink.com) 

 Taylor and Francis (www.tandfonline.com)  

 In this research, content analysis is used for systematic literature review. Content 

analysis is defined as “the objective, systematic, and quantitative description of the manifest 

content of a communication” (Malhotra and Dash, 2009). 

  For the purpose of the literature review, not only papers above database were used, but 

also various reports, publications, various consultancy papers, textbook, master and doctoral 

dissertation and government reports, etc. were also considered (Garg et al., 2011; Nord and 

Nord, 1995).  

 A period search was restricted from 1990s to March, 2015. The reason for taking 1990 

as the starting period is very simple, this way the time when the Indian manufacturing sector 

becomes liberalized, globalized and issues related to competitiveness (Garg et al., 2011). Indian 

manufacturing started testing serious discussion of competitiveness of the manufacturing 

sector. The government of India in the year 2000 started the sign of the  most important 

infrastructure projects such as construction of golden quadrilateral, construction of new wide 

highways, etc. (references), started the boost the manufacturing sector through the supply 

chain.  

 An advance search, within the preview of present title, was carried out using different 

combination of words such as, ‘Manufacturing’, ‘Manufacturing Strategy’, ‘Competitiveness’, 

http://www.sciencedirect.com/
http://www.emeraldinsight.com/
http://www.inderscience.com/
http://www.wiley.com/
http://www.springerlink.com/
http://www.tandfonline.com/
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‘Competitive priorities’, along with ‘Manufacturing Strategy and Competitiveness ’ for 

searching the papers. The research was further extended using keywords such as 

‘Manufacturing and Supply Chain Management’ and ‘Manufacturing and Supply Chain 

Operations’, ‘Supply Chain Performance’, ‘Supply Chain in 21st Century’, were used.  

 

2.2.1  Final Selection of Identified Papers 

    For a better exploration of the field, the references of the remaining papers were also 

taken into consideration according to the year of their publication. Subsequently, the outlines of 

the selected papers were thoroughly examined. Around, 380 research papers were identified 

using this research criteria. After identifying 380 research papers, it was a Herculean task to go 

through all these papers. Therefore, one more criteria to filter the papers was adopted. The 

minimum criteria of a paper 10 for its including in the current study. Accordingly, 113 papers 

were selected which have their citations equal to 10 or more than that. These papers has been 

tabulated for further classification as shown in Table 2.2.  

 After the selection of papers, full paper was thoroughly studied for further 

categorization. The analysis of literature paper is based on various parameters.  All 113 papers 

were classified into the following four time periods of publication. The main cause of this 

distribution was to help in the longitudinal study of manufacturing competitiveness and supply 

chain management literature. These articles were analyzed on the basis of different criteria (as 

shown in the flow chart (Figure 2.2).  

i. Period I: 1994-1999  

ii. Period II: 2001-2005  

iii. Period III: 2006-2010  

iv. Period IV: 2011- July 2015  

 

2.2.1.1 Distribution of Article in terms of Time Period 

 The distribution of articles in different time periods shows the growth of studies on 

manufacturing competitiveness in different time spans. This classification of articles on the 

basis of different time span is to understand the quantitative improvement in the research 

studies in the study phase. The flow chart of literature classification is shown in Figure 2.2. The 

distribution of published articles by period wise is shown in Figure 2.3. Out of total 113 articles 

only 3.81 % were published in the period between 1994 and 1999. The contribution increased 

in the next period (2000-2005) to a considerable level of 12.38 %. Publications in the next four 
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periods (2006-2010) are 24.76 %. The publications in the next four periods (2011-July, 2015) 

are 66.67 %. It has been observed in the literature, healthy growth in the number of 

publications in the first decade of the 21st century. Publication of volume in the time interval 

(2011-July, 2015) is more than approximately 17 times than the time interval 1994-1999 

(Figure 2.3).  

 

 

2.2.1.2  Period Wise Classification in terms of Country  

The classification of literature by country wise is very crucial to identify the seriousness 

of the research for this critical issue across the globe. Future research could be focused on the 

unexploited part of the globe to sensitize the issue of manufacturing competitiveness. During 

the study period 1994-July, 2015 maximum number of articles related to manufacturing 

competitiveness and supply chain are publication of authors based in developing countries 

United States, United Kingdom, India, Taiwan, Malaysia, etc., as shown in Table 2.1. There is 

crunch of research studies related to manufacturing competitiveness and supply chain from 

other countries, especially developing countries like India (Mishra and Suar, 2010). 

Literature 
Classification 

Country Wise  
Distribution (Table 

2.8 )

Journal Wise  
Distribution (Table 

2.9)

Dimension Wise  
Distribution (Table 

2.10, 2.11, 2.12)

Methodology Wise  
Distribution (Table 

2.13)

Figure 2.2 Flow Chart for Literature Classification 
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Country 1994-1999 2000-2005 2006-2010 2011-2015 Total 

Australia .... .... 4 1 5 

Canada .... .... 3 .... 3 

China .... .... 6 .... 6 

Cuba 1 .... .... .... 1 

France .... 2 .... .... 2 

Germany .... .... 5 .... 5 

Hong Kong .... .... 6 .... 6 

India .... .... .... 8 8 

Ireland .... 2 .... .... 2 

Italy 1 .... .... .... 1 

Japan .... 3 .... .... 3 

Malaysia .... .... .... 6 6 

Mexico .... 1 .... .... 1 

Singapore 1 .... .... .... 1 

South Korea .... 3 .... .... 3 

Sweden .... 2 .... .... 2 

Switzerland 1 .... .... .... 1 

Taiwan .... .... .... 7 7 

United Kingdom .... .... 2 16 18 

United States .... .... .... 32 32 

Total 4 13 26 70 113 

 

3.81

12.38

24.76

66.67

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

1994-1999 2000-2005 2006-2010 2011-2015

Figure 2.3 Distribution in Terms of Time Period 

Table 2.1 Country Wise Distribution 
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2.2.1.3 Distribution of Articles in terms of Journals 

The articles related to manufacturing competitiveness and supply chain are widely 

published in various reputed journals in earlier mentioned databases. There are total 61 journals 

have been published which are related to issues studied in the given time frame. Maximum 

numbers of journal papers are published in International Journal of Production Economics. The 

list of publications along with the number of articles as shown in the Table 2.2. 

 

 

Source Title 

No of 

Publications 

Applied Economics 1 

Applied Geography 1 

Asian Textile Journal 2 

Australian Journal of Basic and Applied Sciences 2 

Benchmarking 1 

Business Process Management Journal 1 

Canadian Journal of Administrative Sciences 1 

Colourage 1 

Computers and Industrial Engineering 1 

Economic Geography 2 

Engineering Construction and Architectural Management 1 

European Journal of Development Research 1 

European Journal of Operational Research 3 

European Planning Studies 2 

Industrial Management and Data Systems 4 

International  Journal of  Operational Research 1 

International Journal for Quality Research 1 

International Journal of Business Information Systems 1 

International Journal of Business Performance Management 1 

International Journal of Clothing Science and Technology 3 

International Journal of Electronic Customer Relationship Management 1 

International Journal of Information Management 1 

International Journal of Innovation and Learning 1 

International Journal of Lean Six Sigma 1 

Table 2.2 Journal Wise Distribution 
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International Journal of Logistics Management 3 

International Journal of Logistics Systems and Management 1 

International Journal of Manufacturing Technology and Management 1 

International Journal of Operations and Production Management 1 

International Journal of Physical Distribution and Logistics Management 1 

International Journal of Production Economics 11 

International Journal of Production Research 9 

International Journal of Risk Assessment and Management 1 

International Journal of Service Industry Management 1 

International Journal of Services and Operations Management 1 

International Journal of Technology Management 3 

Issues in Science and Technology 1 

Journal Engineering Manufacture  1 

Journal of Applied Sciences 2 

Journal of Cleaner Production 3 

 Journal of Economic Studies  1 

Journal of Enterprise Information Management 1 

Journal of Fashion Marketing and Management 2 

Journal of Industrial Engineering and Management 1 

Journal of International Management 1 

Journal of Japan Industrial Management Association 1 

Journal of Manufacturing Science and Engineering  1 

Journal of Manufacturing Technology Management 1 

Journal of Operations Management 2 

Journal of Product Innovation Management 1 

Journal of Quality in Maintenance Engineering 1 

Management Science 1 

Omega 2 

Production Planning and Control 3 

Quality Access to Success 1 

Research for Rural Development 1 

Strategic Management Journal 1 

Supply Chain Management 7 
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Technological Forecasting & Social Change  1 

Technology in Society  1 

Technovation 5 

The International Journal of Management Science. 1 

Transportation Journal 1 

Total  113 

 

 

2.2.1.4 Dimension Wise Classification in terms of Author and Year 

  It has been observed in previous literatures, manufacturing competitiveness dimensions 

are used by the different authors in different years. In this study author's are choosing those 

journal papers in which dimensions are used which is related to manufacturing 

competitiveness.  The dimensions are commonly used during the time period from 1975 to 

1995 are cost, quality, reliability and flexibility, etc., as shown in Table 2.3. 

 

 

S. No. Author’s Name Dimensions 
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r 
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1.  Utterback  and  Abernathy 1975      

2.  Skinner 1978         

3.  Wheelwright  1978         
4.  Buffa 1980         

5.  Wheelwright 1984      

6.  Fine & Hax 1985         

7.  Hill 1985        

8.  Richardson et al. 1985         

9.  Ferdows et al. 1986         

10.  Schoeder et al 1986         

11.  Swamidass 1986         

12.  De Meyer & Ferdows 1987      

13.  Ferdows & Lindberg 1987      

14.  Horte et al. 1987      

15.  Swamidas and Newell 1987        

16.  Lindberg et al. 1988      

17.  Miller & Roth 1988         

18.  De Meyer et al. 1989       

Table 2.3 Dimension wise Distribution-I 
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19.  Shroeder et al. 1989      

20.  Ferdows & De Meyer 1990        

21.  Galbraith 1990      

22.  Lindberg 1990      

23.  Marucheck 1990      

24.  Reitsperger & Daneil 1990      

25.  Tunalv 1990         

26.  De Meyer & Ferdows 1991       

27.  Horte et al. 1991         

28.  Lindberg & Trygg 1991      

29.  Hum & Leow 1992         

30.  Corbeet & Wassenhove 1993        

31.  Garvin 1993      

32.  Fry et al. 1994       

33.  Neely et al 1994         

34.  Sweeney 1994         

35.  Williams et al. 1995        

Source: Adapted from Fang and Wang (2006) 

 

 

 Apart, from that the dimensions  are commonly used during the time period from 1996 

to 2011 are  cost, quality, reliability, flexibility, delivery, innovation, time, services, 

dependability, speed, production range, new product, customer focus and efficiency, etc. Since, 

their analysis was limited to 1995, the most recent studies, starting from 1996 onward, were 

scanned to identify the manufacturing competitiveness dimensions currently being proposed in 

the literature. Hence, the authors used different new dimensions are delivering, innovation, 

time, services, dependability, speed, production range, new product, customer focus and 

efficiency, etc. The findings are given in Table 2.4.  

After, the year 2011, there is a drastic change in the manufacturing dimensions, which 

are used by the different authors, the dimensions are effective technologies, new product 

development, information sharing, continuous improvement and competitive pressure, etc., 

But, it has been observed that the dimensions which are also commonly used in this year 2011 

are cost, quality, flexibility and delivery, etc., as shown in Table 2.5.   
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1.  Kim & Arnold 1996                   

2.  Krajewski & Ritzman 1996                   

3.  White, G. P. 1996                   

4.  Morita, M. et al. 1997                   

5.  Avella et al. 1998                    

6.  Joseph 1999                    

7.  Santos 2000                   

8.  Boyer & Pagell 2000                   

9.  Fernando C.A. Santos, 2000                   

10.  Ward & Duray 2000                   

11.  Ling X. 2000                   

12.  Kathuria  2000                   

13.  Ward and Duray 2000                   

14.  Dangayach & Deshmukh 2001                  

15.  Devaraj et al. 2001                    

16.  Boyer and Lewis 2002                    

17.  Amoako-Gyampah 2003                   

18.  Demeter 2003                   

19.  Brown & Bessant 2003                  

Table 2.4 Dimension Wise Distribution-II 
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20.  Dangayach & Deshmukh 2003                     

21.  Fai Pun, K 2004                    

22.  Devaraj et al. 2004                    

23.  Chan and Chan 2005                   

24.  Osmanagic, Prester, & Podrug 2005                   

25.  Takala et al. 2006                     

26.  Kazan, Ozer, & Cetin 2006                   

27.  Hallgren & Olhager 2006                    

28.  Takala et al. 2007                   

29.  Taps & Steger-Jensen 2007                   

30.  Theodorou & Florou 2008                    

31.  Amoako-Gyampah & Acquaah 2008                   

32.  Kathuria et al.  2010                   

33.  Kristal, M. M. et al. 2010                   

34.  Hallgren et al. 2011                   

35.  Peng and Lai   2011                   

        Source: By Authors 
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1.  Yam et al. 2011        

2.  Bloom et al.   2011         

3.  Kristianto et al. 2012         

4.  Martin, Ben R. 2012          

5.  Thorgren, et al. 2012         

6.  Geum et al.  2013        

7.  Lau et al. 2013         

8.  Frésard et al.  2013          

9.  Tripathy et al.  2013         

10.  Raymond et al. 2014        
11.  Bruch et al. 2014         
12.  Schrettle et al. 2014          

13.  Jaca et al.   2014         

14.  McLean et al.  2014         

15.  Huo et al.  2014        

Source: By Authors 
 

2.2.1.5 Distribution of Articles in terms of Methodology Adopted 

  The classification of articles in the terms of methodology is more transparency for the 

researches. This classification criteria will help the future practitioners and researchers to 

identify the with changes in the methodologies adopted for the manufacturing competitiveness. 

The articles have distributed in the terms of methodology adopted, it is found that there is a 

lack of theoretical research in all time intervals between 1994 and July, 2015 (Table 2.6). Very 

few studies are published on the aspect of conceptualization of manufacturing competitiveness 

and supply chain with new dimensions and its impact on both financial and non-financial 

performance of firms. 

 

 

 

 

 

Table 2.5 Dimension Wise Classification-III 
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1994-1999 2000-2005 2006-2010 2011-2015 

Empirical Uni variate  (%) 25 54.21 36.8 25.16 

 
Multi variate (%) 65 34.23 35.9 40.34 

Theoretical (%) 
 

10 11.56 27.3 34.5 

 

Among the various articles, the authors identified, out of total 113 articles the empirical 

study, i.e., (uni variate - 25%), (multi variate - 65%) and theoretical 10% were only published 

in the period between 1994 and 1999. The contribution increased in the next period (2000-

2005) to a considerable level of empirical study, i.e., (uni variate - 54.21%), (multi variate - 

34.23%) and theoretical 11.56%. Publications in the next four periods (2006-2010) are of 

empirical study, i.e., (uni variate - 36.8%), (multi variate - 35.9%) and theoretical 27.3%. The 

publications in the next four periods (2011-July, 2015) are of empirical study, i.e., (uni variate - 

25.16%), (multi variate - 40.34%) and theoretical 34.50%. This is shown in Figure 2.4. 

 

 

  

2.3   Concept of Manufacturing Competitiveness 

 The research on manufacturing competitiveness started debatably with the determining 

work on the competitiveness of nations by Porter (1996), who defined national competitiveness 

as an outcome of a nation’s ability to innovate achieve, or maintain, an advantageous position 

over other nations in key industrial sectors. Competitiveness also provides the relationship 

between the productions of goods as well as better quality and services, so that the product and 
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Figure 2.4 Distribution in Terms of Methodology 

 

Table 2.6 Methodology Wise Distribution 
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services of the companies is standing in the global market. Some contributions on 

manufacturing competitiveness of the authors are described below:   

 Tefertiller and Ward (1995) presented the relationship between the competitiveness, 

productivity growth, quality differences, prices, cost of production and distributions, market's 

ability, etc.  Boltho (1996), focused on differentiated between the short-run and long- run 

competitiveness of nations. He presented the short-run international competitiveness as the 

milestone of the genuine replacement tempo of internal and external balance with suitable 

policies of domestic, whereas the longer-run international competitiveness is the production of 

highest possible growth of well matched with exterior balance. Manufacturing competitiveness 

is totally depends upon the different industries, levels in the country, competing both in 

domestic and international markets, industry level competitiveness generally consigns to the 

capability of enlarging in size of the industries, and spread out its globally as well as profit 

share of the global market (Clark et al., 2005). In addition, many authors have focused on 

determining the national manufacturing competitiveness and other factors of competitiveness 

that can be affected to manufacturing industries to stabilize in the global market.  

 The literature shows that most of the researchers and practitioners have been debated on 

manufacturing strategy and defined the manufacturing strategy, some of the definitions are as 

follows: Manufacturing strategy is defined as "the competencies that a firm develops around 

the operations function" (Amoako-Gyampah, 2003). These competencies are meant to achieve 

competitive advantage (Anderson et al., 1989). Skinner (1969) defined manufacturing strategy 

as the "set of manufacturing system design aspects managers (must) decide on" (Cagliano et al., 

2005). 

 Hayes and Wheelwright (1984) define manufacturing strategy as "a consistent pattern of 

decision- making in the manufacturing function linked to the business strategy". Swamidass 

and Newell (1987) describe manufacturing strategy as "a tool for the effective use of 

manufacturing strengths as a competitive weapon for achievement of business and corporate 

goals." 

 Cox and Blackstone (1998) consider manufacturing strategy as "a collective pattern of 

decisions that acts upon the formulation and deployment of manufacturing resources. To be 

most effective, the manufacturing strategy should act in support of overall strategic directions 

of the business and provide for competitive advantages." 

 Platts et al. (1998, p. 517) develop a working definition: "a pattern of decisions, both 

structural and infrastructural, which determine the capability of a manufacturing system and 
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specify how it will operate, in order to meet a set of manufacturing objectives which are 

consistent with the overall business objectives." A brief overview of the definitions of the 

manufacturing strategy proposed in the literature is given in (Table 2.7). 

 

 

Skinner, 1969 Exploiting certain properties of the manufacturing function as a competitive 

weapon 

Hayes and 

Wheelwright, 

1984 

A sequence of decisions that over time, enables a business unit to achieve a 

desired manufacturing structure, infrastructure and set of specific 

capabilities 

Fine and Hax, 

(1985)  

It is a critical part of the firm's corporate and business strategies, comprising 

a set of well-coordinated objectives and action programs aimed at securing a 

long-term sustainable advantage over competitors 

Swamidass and 

Newell, 1987 

The effective use of manufacturing strengths as a competitive weapon for 

the achievement of business and corporate goals 

McGrath and 

Bequillard, 

1989 

The overall plan as to how the company should manufacture products on a 

worldwide basis to satisfy customer demand 

Swink & Way, 

1995 

Decisions and plans affecting resources and policies directly related to 

sourcing, production, and delivery of tangible products 

Berry et al. 

(1995) 

The choice of the firm's investment in processes and infrastructure that 

enables it to make and supply its products to chosen markets 

Cox and 

Blackstone, 

(1998) 

A collective pattern of decisions that acts upon the formulation and 

deployment of manufacturing resources. To be most effective, the 

manufacturing strategy should act in support of the overall strategic 

directions of the business and provide for competitive advantage 

Brown, (1999) A driving force for continual improvements in competitive 

requirements/priorities and enable the firm to satisfy a wide variety of 

requirements. 

Ward and 

Duray, (2000) 

Manufacturing-oriented dimensions that win orders 

Cagliano et al. 

(2005) 

The configuration of strategic priorities the manufacturing system does or 

will pursue 

Miltenburg, 

(2008) 

A plan for moving a company from where it is to where it wants to be. 

Chung and 

Swink (2009), 

The patterns of advanced manufacturing technology utilization and 

manufacturing capabilities is very useful to sustain in the global market. 

Kathuria et al. 

(2010) 

 

 The unorganised manufacturing units use very low level of technology, 

which causes low productivity, low profits and stagnation of the sector. 

There is unanimous evidence to claim that the factor productivity in the 

unorganized manufacturing sector in India is very low. 

Saikia, (2011) The unorganised manufacturing sector of India is huge and quite diversified, 

including a wide range of manufacturing units, dispersed all over the 

country both in rural and urban areas. 

Zhen, (2012) The manufacturing implies with Service-Oriented Manufacturing (SOM). 

Table 2.7 Manufacturing Strategy Definitions 
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This strategy is a new manufacturing mode by integrating servitization with 

the traditional manufacturing industry. The advantages and importance of 

the SOM strategy are gradually recognized by more and more enterprises. 

The SOM helps in decision making within the suitable price scheme. 

Kim et al. 

(2013). 

The impact of manufacturing flexibility and technological dimensions of 

manufacturing strategy on responsiveness in the supply chain. Based on the 

theoretical background of dynamic capability, this study also examines the 

role of the business environment on the relationship between manufacturing 

flexibility and supply chain responsiveness. 

Kara et al. 

(2014) 

Improved environmental performance of products and services have lately 

become one of the main strategic and operational goals of manufacturers. 

This is due to influences from various stakeholders including government, 

consumers, societies and the business partners 

Yusup et al. 

(2015). 

Recognising the internal influences brought by lean in manufacturing 

practices, this article focuses on how the convergences in lean philosophies 

are able to contribute in establishing a sustainable manufacturing practice. 

Prepared By: Authors  
  

2.4   Evolution of Supply chain  

The supply chain concept was first introduced by J. W. Forrester in a 1958 article 

published in Harvard Business Review, who wrote "Management is on the verge of a major 

breakthrough in understanding how industrial company success depends on the interaction 

between the flows of information, materials, money, manpower, and capital equipment" 

(Forrester, 1958, p. 37).  

 Forrester’s focused on the production distribution system, i.e., factory, to an inventory 

point, i.e., factory warehouse then to a distributor and retailer, which is finally viewed as a 

customer or end user which is shown in Figure 2.5. The material flow shown in solid lines, 

whereas information flow shown in dash lines.  

 

 

 

 

 

 

 

 

 
    

Factory 

 

Factory 

Warehouse 

 

Distributor  

Warehouse 

 

Retailer 

Orders from customers 

Delivery of product to customer 

Inventory Inventory 
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Figure 2.5 Organization of production-distribution system Adapted from “Industrial Dynamics” 

By Jay W. Forrester, 1958 Harvard Business Review, 37,p. 41. 
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  Early supply chain view only on production, distribution, inventory placement, and 

information flows, not the delivery of material to produce the product. Forrester (1961) focused 

very specific point on his book that company success or failure, it totally depends upon the 

integration of the information flow, orders, materials, money, personnel, and capital equipment, 

etc. Quinn (1997) focused on the three phases of a supply chain, there are as follows: 

 Phase-1 is known as push period which focused on inventory and the physical 

distribution of finished product. The push period is occurrence from 1965 to 1975, in which 

companies sought to manage work-in-process and raw material levels. The output of 

manufacturing company was “pushed” with the objective of balancing the finished goods 

warehouses, production output as well as customer satisfactions.  

 Phase-2 is occurring from 1975 to 1990, during this phase the manufacturing company 

was objective to achieve an integration of operational activities within the organization. The 

company was more focused on the use of computer software packages to track their production 

system, inventory system, material flow system, and also concentrated on materials 

management systems. Apart from this company focused on the inventory products, in which 

inventory shifted from pushing products into the marketplace by allowing the market to pull 

material when it was needed.  

 Phase-3 is started later in 1980s, which is overlapping phase-2. In phase-3, most of the 

companies realize that productivity increases and efficiency required for the integration and 

management relationships, information flow and material flow outside of the organization. 

Hence, the efficient flow of commodities, services and information throughout the supply chain 

increases, customer satisfactions and economic values. 

 To illustrate the importance of SCM in the overall performance of the organization 

(Lummus & Vokurka, 1999), suggested the exchangeable of American Textile and Apparel 

industry. The industry was facing increased worldwide competition in the late 1980s. One of 

the problems was excessively high time to deliver the customer's order. Usually, it was testing 

66 weeks  to deliver customer order, out of which award around 44 weeks times was spent in 

the waiting at warehouses or in transit processes. This resulted in the excessively high cost of 

inventory and it impacted directly competitiveness of textile industry. To overcome, this 

situation system like quick reports was introduced. The quick response system was very 

effective as it was working with the collaboration with suppliers and retailers. Tools such as 

Universal Product Code Electronic Data Interchange (EDI), point of sales system, etc., were 

also installed to effectively achieve the result of quick response strategy. This helped industry 
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to reduce inventory levels in the supply chain up to 37% with a savings of 24 billion to 30 

billion dollars.  

 This achievement of apparel industry initiated interest of many practitioners in different 

supply chain solution. Practitioners as well as academicians started giving practical and 

theoretical development of this field. 

  A supply chain is a network consisting of suppliers, manufacturers, distributors or 

intermediaries, and customers. Jain et al. (2010) reviewing 588 articles, which are related to 

supply chain management and provided a comprehensive definition of supply chain 

management.  

  This definition suggests, the need to combine activities within and between organizations 

as a part of the supply chain integration process (Alfalla-Luque, et al., 2013). In the last 

decades, organizations managed their supply chain by adopting the supply chain network, 

either performing backward integration with their upstream partners, forward integration with 

their downstream partners, or both (Simchi-Levi et al., 2003). 

 In the 1990s intensified and markets became global, so there are lots of challenges 

associated with getting a good product and service to the right place, at the right time at the 

cheapest cost. The organizations are realizing that it is not enough to improve efficiencies 

within an organization, but the whole supply chain has to be competitive. Hence, maintain 

close relationships, a long term-term for both customers and suppliers can take significant 

wastes out of the supply chain, and it is a very valuable way for securing competitive advantage 

(Porter, 1985; Spekman et al., 1998a). Nowadays understanding and practicing supply chain 

management has become an essential prerequisite to sustain in the competitive global market 

and to grow profitably (Garwood, 1999). The director of strategic planning of Hewlett-Packard 

Corporation stated by: “we need to become expert at working with partners efficiently to 

manage our assets. SCM skills are critical for us to achieve our profit growth and market share 

objectives” (O’Connell, 1999). The prime source of competitive advantage is to coordinate of 

complex global networks of the organizational activities in which suppliers and customers are 

interlinked throughout the supply chain network. Furthermore, understand the entire details of 

supply chain management, there are different theories have offered insights into how and why 

different supply chain management practices appear and for understanding the significance of 

these practices for the efficiency and competitive advantage of an organization. This chapter 

will first discuss the theories addressing the rationale of supply chain issues, followed by the 

identification and discussion of various constructs of supply chain management.   
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2.4.1 Supply Chain Management Theory  

 

 The theory of a subject is guiding principle for implementation of that philosophy 

(Chopra and Sunil, 2011, Fisher, 1997; Lamming, 1996). A supply chain consists of all stages 

involved, directly or indirectly, to fulfill the demand of the customers. The supply chain not 

only includes the manufacturer and suppliers, but also transporters warehouses, retailers, and 

customers themselves. A typical supply chain may involve a variety of stages such as: 

 Customers 

 Retailers 

 Wholesalers/distributors 

 Manufacturers 

 Component/raw material suppliers. 

 

 The basic idea of SCM theory revolves around co-ordination between various actors of 

the supply chain. The various actors are vendors, OEM, whole seller, retailers and finally 

customers. To achieve the integration of various technologies, particularly information 

technology related solutions are now it is used. Now a day, there are mainly two actors are 

most important for supply chains, information technology (IT) and original equipment 

manufacturer (OEM).  
 

 Now a day's information technology (IT) is permeating to the entire the supply chain at 

each and every point. IT is transforming the accurate data and formed linkages among entire 

processes in the supply chain.  To create an effective network within the supply chain the role 

of IT is very important (Van Hoek, 1998). IT also enhance the efficiency of the supply chain by 

providing real-time information regarding product availability, inventory level, shipment status, 

and production requirements (Verwijmeren et al., 1996). IT has a vast potential to facilitate 

collaborative planning among supply chain partners by sharing information on demand 

forecasts and production schedules that dictate supply chain activities (Van Hoek, 1998). IT has 

played an important role to replace the inventory with perfect information. 

 The original equipment manufacturer (OEM) converted the semi-finished product to 

the finished products that can be shipped to a distributor to customers, which is shown in figure 

2.3 who then sell the finished products to the end user. The entire configuration shows that an 

integration of organizations to provide a material flow from raw material suppliers to OEMs 

and finally to the end users along with the related information flow. It is also very important 
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that information flow can focus on information from customers, such as customer forecasts, 

product returns and information on satisfactory or dissatisfactory related to the product. 

Meanwhile, OEMs can focus on information regarding demand, inventory levels, and change in 

designs, etc. It is also important to consider the information flow upstream and downstream in 

the entire supply chains. Stonebraker & Liao (2006) focused on information flow, OEMs and 

suppliers are interlinked and efficiencies, enhance through better planning and faster responses 

to changes. 

 The other school of thoughts of SCM is to create supply chains surplus. The supply 

chains surplus is difference of revenue generated from the supply chains, cost of offering the 

products or services. This school of thoughts focuses on cost reduction through the supply 

chain. The revenue cannot be altered much as revenues are directly proportional to the price of 

the product and which is governed by market mechanisms. This philosophy of supply chain 

incorporates integration of cost cutting by implementing the optimized inventory management, 

transit routing, collaborating forecasting.  

 The other way of understanding a supply chain process is push -pull system. In a supply 

chain, there are certain processes which can be started in anticipation, these are known as push 

process. There are few processes which are started after a particular incident or we can say that 

these are reactive in nature, these processes are pull processes. The push-pull of the supply 

chain are shown in Figure 2.6. 

    

  
Figure 2.6 Push-Pull of Supply Chain  
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The other way of understanding the SCM is based on cyclic processes. Each stage of the 

supply chains can be considered as a series of activities are performed between any two stages  

Process View of a Supply Chain 

A supply chain is a sequence of processes and flows that take place within and between 

different supply chain stages and combine to fill a customer need for a product. There are 

different views of this process: 

 

Cycle view: The cycle view of supply chain process is divided into a series of cycles, each 

performed at the interface between two successive stages of a supply chain. The following 

process is Cycle View of Supply Chain Process has following cycles 

 Customer order cycle 

 Replenishment cycle (at retailer/distributor) 

 Manufacturing cycle (distributor/manufacturer) 

 Procurement cycle (manufacturer/supplier) 
 

The information flows from top to bottom and the product flow from bottom to top 

as shown in Figure 2.7. 

 
Figure 2.7 Cycle View of Supply Chain Process 
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From the above definition a comprehensive view of the supply chain can be developed as 

shown in Figure 2.8 

 

 

 

 

 

 

 

 

 

2.4.2 Supply chain definition 

This section provided definitions and a literature review of the supply chain. Literature 

shows that there are many and varied definitions of supply chain have been identified as shown 

in the Table 2.8.  

 

 

               Authors Supply Chain Definitions 

 

Jones and Riley (1985) The planning and control of the flow of the material from 

suppliers to the end users are the integrative approach.  

Ellram (1991) The supply chain linkage plays an important role to deliver 

the product or services to fulfil the requirement of the 

customer demands. 

Christopher (1992) The supply chain network involved in the linkages of 

upstream and downstream, in different processes and 

activities for the production of products and services to 

satisfy the customer demands.  

Lee and Billington (1992) The network is also an important for the manufacturing and 

distribution processes to fulfil the demand of the end users. 

La Londe and Masters (1994)  

 

The supply chain is a network that passes materials from 

suppliers to manufacture, manufacturer to distributors and 

finally from distributor to end users. 

Supply Chain 

Management 

Effective Use 

of I.T. 

Integration 

Between 

Partners  

Reduced 

Inventory 

Level 

Logistics 

Optimization 

Collaboration 

Forecasting 

Environmental 
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Global 

Network 

Customers 
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Figure 2.8 Comprehensive View of Supply Chain 

Table 2.8. Supply Chain Definitions 
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Berry et al. (1994), Saunders 

(1994) 

The main objective of supply chain management is to build 

the trust, information exchange, new product development, 

and supplier base reduction especially for OEM. 

Lummus and Albers (1997)  

 

The supply chain network is a network in which the 

materials are flowing from the supplier to the end customers. 

Quinn (1997)  

 

The supply chain network encompasses activities like 

moving of goods from suppliers to end customers. The 

supply chain includes sourcing and procurement of the raw 

materials, production scheduling, ordering and management 

of inventories, distributions and customer service. 

Cooper et al. (1997)  

 

The supply chain mainly defines about the products 

handling, physical goods, services and information.  

Kopczak (1997) The supply chain is a set of entities which includes suppliers, 

logistics service providers, manufacturer, distributors, 

products and flow of information.  

Lee and Ng (1997) The supply chain network starts with suppliers and end with 

the end customers. In the sight of the supply chain, 

information is also an important part.  

Mabert and Venkataramanan 

(1998)  

 

The set of supply chain is a network of facilities and 

activities that perform the new product development, raw 

materials procurement, manufacturing and distribution of 

finished to the end customers.  

Tan et al. (1998) The supply chain management encompasses basic raw 

materials to the final products. SCM directly associated with 

the optimum utilization of suppliers, technology and 

competitive advantage capability.    

Lummus and Vokurka (1999)  

 

All the activity of supply chains involved from supplier to 

the end customers. This process, including raw material 

purchasing, product manufacturing and assembling, 

distribution of products to the customers and most important 

is an information system for process monitoring.  

Ballou et al. (2000)  

 

The supply chain is directly associated with the activities  

like transformation of goods from suppliers to end 

customers.  

Mentzer et al. (2001)  

 

The supply chain is set of three entities which is directly 

associated with the flow of  upstream and downstream of 

products and services, finances and right information to the 

end customers. 

Lambert, Garcia-Dastugue, and 

Croxton (2005)  

 

 The composition of supply chain network is directly  

associated with inbound materials, inventory materials, 

finished goods, and distribution channels, etc. 

Zacharia, Nix and, Lusch 

(2009)  

 

The supply chain set is independent somewhere, but it is 

related to organizations share knowledge and skills to fulfil 

the customer needs. 

Chopra and Meindl, (2010)  

 

The activities of supply chain management are involved 

directly or indirectly to satisfy the customer requirements. 

The system includes suppliers, new product development, 

marketing, operations, distributions, finance and customers 

survives.  
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Wagner and Bode, (2006), 

Christopher et al. (2011) 

The role of global supply chains was associated with 

interconnected with the suppliers and manufacturers, which 

led to higher dependency among the organizations. 

Ghadge et al.  (2012) The supply chain faced different challenges like high 

demand variability, short product life cycle, and different 

expectations and by customers. 

Alfalla-Luque, et al. (2013) The supply chain integration is the best option to combine 

the activities with the organizations.  

Roberta Pereira et al. (2014)  Due to increase the challenges of supply chains like high 

demand variability, less product cycle, etc. there is a need 

for attention to increases supply chain complexity.  

Prepared By: Authors 

From the above definitions, the summary of supply chain appears: a supply chain is a 

global network of individual organizations that combine product and information, to deliver 

products or services, to an end customer.  

 

2.4.3 Supply Chain in the 21st  Century 

During the last two decades, most of the manufacturing companies owned their own 

factories as well as their own production controlled. The companies had complete, detailed 

knowledge of the capacity, schedules, and costs of manufacturing, etc. The manufacturing 

companies could adapt quickly to changes in the marketplace and restore the supply/demand 

balance more easily. 

2.4.4   Major Challenges of Supply Chain in the 21st Century  

 There are multiple major challenges of supply chain in 21st century.  Some of few 

major challenges are as follows: 

 Supply Chain Innovation 

 New Product Development 

 Environmental Pressure  

 Terrorism 

Supply Chain Innovation 

Innovation is very important for any organizational sustainability (Drucker, 1985; Lee 

et al., 2011). There is a need for attention to supply chain innovation in the manufacturing 

sector and service sector for effective delivery of their products and services (Chapman et al., 

2003; Howells and Tether, 2004). Innovation make easy for the creation of new technical skills 

and knowledge for the development of new products and/or services to fulfill for customers 

needs (Afuah, 1998). Some innovation type supply chain of are emerging for example 
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Alibaba.com, which is one the largest retail supply chain of the world. Similarly, companies 

like Uber, OLA, etc., are offering their taxi services without owning the single vehicle. The 

supply chain innovation consists of three major construct like supplier cooperation, supply 

chain efficiency, and quality management practice, etc., (Parnaby and Towill, 2008).  

 

New Product Development (explained in section 2.5.6) 

Environmental Pressure  

The global phenomenon of increasing pollution is also great challenges (Thomas and 

Griffin, 1996; Sharma et al., 2008). It is a problem where manufacturing process processes and 

logistics system need to answer (Krause et al., 1998). The global community is trying to reduce 

the environmental pressure.  

 

Terrorism 

The present time is a time of global supply chains, where for making a mobile phone, 

raw materials may come from African companies. The production is done in China and product 

is sold in American markets. But the acts of terror create obstacle in free global trade. 

Presently, we see, a large part of oil producing countries are under the influence of terrorism 

acts, which is directly affected supply chain of crude oil at the global level. Because of acts of 

terror, India is not able to lay down the pipe from Iran via Afghanistan and Pakistan. There are 

many reported and unreported incidents of terror which affects the supply chain management.  

From, the above discussions give the theoretical justification of supply chain 

management. The concept of SCM supports an effective and efficient form of organizing in 

today’s competitive environment to sustain in the global market. 

    
 

2.5 The Constructs of Supply Chain Management and Manufacturing 

Competitiveness 

To better understand the antecedences and the consequences of SCM, five constructs of 

SCM and one construct of manufacturing competitiveness have been identified through a 

rigorous literature review. After, the comprehensive literature review, a research framework is 

then developed that illustrates the various causal relationships between these constructs. The 

five proposed construct of SCM and one construct of manufacturing competitiveness in this 

study has been described below: 
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i)     Environmental Uncertainty: This construct identified as the external driving force for 

the SCM Practices. Due to the changing in the business environment, environmental 

uncertainty plays an important role for changing trends which create  opportunities and 

threats for individual organizations. 

ii) Supply Chain Management Practices: This construct is very important to enhance the 

efficiency of the SCM performance.  

iii) Eco-Innovation 

Nowadays, the  business environment is rapidly changing because of the enhancing 

global inter-connectivity, a growing demand for innovation (Raymond et al., 2014; Lau et 

al., 2013) and technology (Rahman, 2001; Kleindl, 2000) and new product development 

(Bruch et al., 2014; Schrettle et al., 2014; Sonia and Francisca, 2005). An eco-innovation 

is a key driver for business success because it plays a critical role in creating and 

improving goods and services, developing market demand, meeting market expectations, 

and increasing shareholders’ wealth. Hence, this construct is an important, to enhance the 

manufacturing competitiveness. 

iv) Supply Chain Management Performance: This construct is very essential to enhance 

the overall competitiveness of manufacturing. 

v) Supplier Selection  

  In today's global competitive scenario, supplier selection in the supply chain is very 

crucial for a competitive advantage in manufacturing sector in India. There are a wide 

variety of supplier selection and evaluation criteria in the supply chain for competitive 

advantage, due to the diversity of the purchasing context. This construct helps to enhance 

the manufacturing competitiveness in the Indian context. 

vi) Manufacturing Competitiveness: This is the final construct of this study, which  have 

an ability to achieve innovative, or maintain, an advantageous position over  other nations 

in key industrial sectors.   

  

 All the five constructs of SCM and manufacturing competitiveness are summarized 

with their literature support as shown in Figure 2.1. Among all the constructs, except Eco-

innovation and supplier selection, the other four constructs are higher-level constructs that are 

represented by various sub-constructs. The environmental uncertainty includes three sub-

constructs (technology uncertainty, demand uncertainty and supply uncertainty), SCM 

Practices construct consists of four sub-constructs (customer relationship, information sharing, 

information quality, and supply chain integration), SCM performance contains two sub-
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constructs (customer responsiveness and supply chain efficiency), and manufacturing 

competitiveness construct consists of four sub-constructs (price/cost, continuous improvement, 

new product development and manufacturing flexibility). The high-level constructs and sub-

constructs are discussed later. Before developing measures for these variables and testing their 

causal relationship of the constructs, it is necessary to define and discuss these constructs in 

details. The following section will present a detailed existing literature review of the concerns 

of the six constructs proposed above. Further, on the basis of literature review nine research 

hypotheses have been developed, which will discuss later in the next chapter. The sixth 

proposed constructs and sub-construct in the model include:  

a) Environmental Uncertainty 

 Technology Uncertainty 

 Demand Uncertainty 

 Supply Uncertainty 

b) Supply Chain Management Practices 

 Customer Relationships 

 Information Sharing  

 Information Quality 

 Supply Chain Integration 

c) Eco-Innovation 

d) Supply Chain Management Performance 

 Customer Responsiveness 

 Supply Chain Efficiency 

e) Supplier Selection  

f) Manufacturing Competitiveness 

 Price/Cost 

 Continuous Improvement 

 New Product Development 

 Manufacturing Flexibility 

The details discussion and literature review of these constructs are as shown in 

Table 2.9. 
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S. No. Construct Definitions Literature 

i.  Environmental 

Uncertainty 

Environmental uncertainty is 

directly associated with the 

creation of new 

opportunities and threats for 

the organizations 

Lenz, (1980); Miller and Droge, (1986); 

Turner, (1993); Thomas & Griffin, (1996); 

Oswald et al. (1997); Burgess, (1998); 

Krause et al. (1998); Paswan et al. (1998); 

Milliken, (1987); Nahm, (2000); Fynes et 

al. (2004); Paulraj et al. (2007); Sharma et 

al. (2008);Wong et al. (2011) 

ii.  SCM Practices  The SCM practices are the 

set of intra/inter- 

organization practices for the 

improvement of the overall 

performance of the supply 

chains within organizations. 

Zielke and Pohl, (1996); Walton, (1996); 

Tan et al. (1998); Alvarado and Kotzad, 

(2001); Yew Wong et al. (2005); Wook 

Kim, S. (2006); Lenny et al. (2007);  

Sandberg et al. (2010); Talib et al. (2011); 

Tsireme,  et al. (2012) 

iii.  Eco-Innovation The eco-innovation is 

directly associated with 

modified process, new 

product development, which 

gives effective advantage to 

sustain the environmental 

environment.   

Rennings, (2000); Rennings and Zwick, 

(2002); Hellström, (2007); Kemp (2010); 

Kemp, R. (2010);  Carrillo,H. et al. (2010) ; 

Dangelico & Remneland, (2011);  Angelo, 

Jabbour, & Galina, (2012); Horbach et al. 

(2012); Lau et al. (2013); Raymond et al. 

(2014); Nandialath et al. (2014); Augusto et 

al. (2014) 

iv.  SCM 

Performance 

 

The overall efficiency and 

effectiveness of SCM. 

 

Harland, (1996); Bechtel and Jayaram, 

(1997); Spekman et al. (1998); Beamon, 

(1999); Holmberg, (2000); Gunasekam et 

al. (2001); Gunasekaran, et al. (2004); Eng, 

T (2006); Won Lee et al. (2007); Sun, S. Y., 

Hsu et al. (2009); Arzu Akyuz et al.  (2010) 

v.  Supplier 

Selection 

The selection of supplier is 

an  important part in the 

supply chain and directly 

associated to enhance the 

manufacturing 

competitiveness  

Dickson GW, (1966); Timmerman, E., 

(1986); Weber, C. et al. (1991); Ellram, L., 

(1995); Patton, (1996); Motwani  and 

Youssef, (1999); Petroni and Braglia, 

(2000);  Davidrajuh, (2003); Aissaoui et al. 

(2007); Chou and Chang, (2008); Andersen 

and Skjoett-Larsen,(2009);   Ho. W, et 

al.(2010);  Amid et al. (2011); 

Punniyamoorty, M et al.( 2012);  Kannan, D 

et al.(2013) 

vi.  Manufacturing 

competitiveness 

The manufacturing 

competitiveness has 

achieved, or maintain, an 

advantageous position over 

other nations in key 

industrial sectors. 

Tefertiller and Ward, (1995); Porter,(1996); 

Boltho,(1996);  Carpinetti et al.( 2000);  

Dacko, (2000); Clark et al. (2005); Singh et 

al.(2008); Liu, (2013) 

 

 

Table 2.9 Construct Definitions and Literature Support 
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2.5.1 Environmental Uncertainty 

 In today’s scenario, there is a drastic change in the global world and due to this 

customer are more demanding with better quality, higher reliability and faster deliver (Thomas 

and Griffin, 1996). The life of the product life cycle is shortening and product proliferation is 

expanding; technological developments are occurring at a faster pace, resulting in new product 

innovations (Pandya and Anand, 2008) and improvements in manufacturing processes. 

Environmental uncertainty is defined as the source of events and changing trends that create 

opportunities and threats for individual organizations (Sharma et al., 2008; Lenz, 1980; Turner, 

1993). Hence, competitive environment needs new business and manufacturing strategies 

(Krause et al., 1998; Pandya et al., 1997). In the competitive environment, uncertain 

environment has increased the level of outsourcing and collaboration with customers and 

suppliers (Krause et al., 1998; Oswald et al.,1997). In the most of the operationalization, 

environmental uncertainty is rooted in the work (Aldrich, 1979). It has been observed from the 

literature, the various authors has been argued on uncertainty environment and classified the 

different dimensions, to measure the uncertainty environment. The different classification and 

their respective dimensions of the different authors are as follows:  

 According to the Aldrich there are five sub-dimensions of environmental uncertainty: a) 

capacity, b) homogeneity-heterogeneity, c) stability instability, d) concentration-dispersion, and 

e) turbulence. The environmental uncertainty has categorized into four sub-dimensions: 

diversity (among consumers), dynamism, concentration, and capability (Aldrich, 1979; Achrol 

and Stem, 1988; Paswan et al., 1998). After, the extending the work of Aldrich (1979), 

Milliken (1987) has proposed the environmental uncertainty with different dimensions like  

stable-turbulent, simple-complex, predictable-unpredictable, static-dynamic, non-threatening- 

threatening, exciting-dull, and certainly-uncertain, etc. Miller and Droge (1986) and Vickery et 

al. (1999) have included, volatility in marketing practices, product obsolescence rate, 

unpredictability of competitors, unpredictability of demands and tastes, and change in 

production or service modes to measure the environmental uncertainty. The factors which are 

responsible for the environmental uncertainties are (a) global competition increased, (b) 

continuous development of new technologies, (c) changing customer demand, which cause 

decreased product life cycles, and (d) increasing involvement of suppliers and customers in 

organizations (Gupta and  Wilemon, 1990). Environmental uncertainty unexpected changes due 

to changing in technologies, competitors, suppliers and customers (Ettlie and Reza, 1992). The 

classification of environmental uncertainty is to identify and analyzing the impact of 
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uncertainty from each player in SCM Practices. Hence, environmental uncertainty is an 

important construct for SCM Practices. The sub-constructs for environmental uncertainty, 

along with their definitions and supporting literature, are as follows and shown in Table 2.10 

 

 

S. No. Construct Definition Literature 

 

a)  Technology 

Uncertainty 

The extent of change and 

unpredictability of 

technology development 

in an organization's 

Evan et al. (1993); Turner, J. R. (1993); 

Evan et al. (1993) Tan et al. (1998); Chizzo, 

S. A. (1998);Van Hoek et al. (1999); Tattum, 

(1999); Prasad & Tata, (2000) 

b)  Demand 

Uncertainty 

 

Demand Uncertainty 

associated with dynamic 

change and 

unpredictability of 

demand in the 

organizations 

 

 Lee, H. et al. (1992); Davis, (1993); Gerwin, 

(1993); Fisher, et al. (1997); Calantone, and 

Dröge, (1999). Dana, (2001); Boyaci and 

Gallego, (2002); Chopra, S. (2003); Alonso-

Ayuso et al. (2005); Xiao and Yang, (2008); 

Kunnumkal and Topaloglu, (2008); Sodhi, 

M et al. (2009) 

c)  Supply 

Uncertainty  

Supply Uncertainty 

associated with dynamic 

change and 

unpredictability of supply 

in the organizations 

 

 Malone and Laubacher, (1999). Novack, R. 

et al. (1991); Davis, (1993); Parlar and Perry, 

(1995); Verwijmeren et al. (1996); Özekici 

& Parlar, (1999); Chandrasekar, S. et al. 

(2002); Tan, B., (2004) 

 

 The sub-constructs for environmental uncertainty has been described below: 

a) Technology Uncertainty  

 The technology uncertainty is defined as the extent of change and unpredictability of 

technology development in an organization's. The development of information technology (IT) 

offers tremendous opportunities for organizations. The information technology plays an 

important role and worked as a fuel of SCM, a cause which the impact of SCM is more 

commanding (Chizzo, 1998). The implementation of information technology in the 

organization have more effective and efficient for the SCM implementation (Turner, 1993) and 

IT system reduced the transaction cost with respect to the flow of goods and quick fulfil the 

requirements of  the customer's expectations. The information technology is one of the 

important cause to enhance the competitive advantage in the global market (Evan et al., 1993). 

Technology provides not just provides the opportunities, but also threats, for individual 

organizations. IT gives quicker response in the field of computer industry, hence many of the 

computer industries has invested huge of money in a new system (Prasad & Tata, 2000). The 

Table 2.10 List of Sub-Constructs for Environmental Uncertainty 
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one most useful things regarding IT is that this technology is changing the requirement of 

customers and changing the intimacy within the supply chain and enhance the customer 

expectation. Therefore, IT implies quick responsiveness and flexibility to fulfil the expectations 

of the customer's needs (Tattum, 1999). If companies want to survive in the global market, so 

they have to be changed to the new technology instead of old technology. 

 

b)   Demand Uncertainty 

 The demand uncertainty implies variations in customer demand and are also depends 

upon the source of supply-chain uncertainty. The demand uncertainty involves, unknowns 

associated with product characteristics or environmental factors, and this makes it difficult to 

predict and control the demand for a final product. In Fisher's view, the nature of the demand 

for the products, one's company supplies are the critical element in an analysis of demand 

uncertainty (Fisher, M. et al., 1997). It has been observed from earlier studies, the various 

authors and researchers have found the different dimensions to control the demand uncertainty 

within various situations, the few dimensions are  as follows: the rate of new product 

introduction (Davis, 1993), product life cycle (Fisher, 1997; Calantone, R. et al., 1999), product 

variety (Fisher, 1997), lead-time from design to production (Davis, 1993; Fisher, 1997), 

variation of marketing product mix (Lee, H. et al., 1992), number of sales channels (Chopra, 

2003), accuracy of demand forecasts (Davis, 1993; Fisher, 1997), and predictability of product 

demand (Chopra, 2003; Davis, 1993;  Fisher, 1997; Gerwin, 1993; Calantone, R. et al., 1999).  

 Meanwhile, the demand of the global market becomes highly uncertain across many 

industries, and one of the main reasons of demand uncertainty is due to occasional factors or 

events. To maintain the demand uncertainty the operation managers and supply chain members 

have to make the decisions on the behalf of the price, production quantity, and investment 

based on the forecast demand (Xiao et al., 2008). The best examples, in the case of Dell, Intel 

provides processors for Dell PCs. An Intel company takes several weeks for manufacturing the 

processes, but Dell Company cannot wait that long after a customer order. The Intel Company 

bound to produce processors in advance. Thus, Dell and Intel Company have to make their 

business processes, i.e., ordering and production plans under demand uncertainty (Chopra and 

Meindl, 2007). The Dell and Intel Company have maintained their lead time, to maintain their 

business relationships. Retailers were often encouraged to place initial orders long before the 

products are introduced in the industries characterized by short product life cycles such as 

fashion apparel, toys, and computer hardware. The retail price of the products, demand of 

market, and cost of production is frequently uncertain when a company's determines the 
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decisions in product selection and plant dimensioning (Alonso-Ayuso et al., 2005). Literature 

shows that the retailer who bears the risk towards demand uncertainty plays a vital role in his 

decision on the basis of pricing, purchasing, and service investment. In the literature of 

economics on pricing, most assumed deterministic price-sensitive demand (Boyaci and 

Gallego, 2002).  

c)   Supply Uncertainty  

 By promoting coordination among several companies, supply chain management enables 

each of them to develop beyond what would be possible for them on their own as individual 

enterprises with limited resources. In the landscape of the manufacturing, supply uncertainty is 

the biggest problems within the supply chains. The procurement of the raw materials from 

suppliers or manufacturers is totally uncertain, sometimes, causes production process is 

affected. It has been observed from earlier studies, the manufacturers choose their suppliers on 

the basis of various factors like cost, quality, services, flexibility, etc. Now a day, manufacturer 

increases their ability to interact with a large number suppliers over the internet has 

considerably expanded the options available for purchasing the raw material or finished goods. 

The degree of uncertainty in the spot market supply is one of the main factors that should be 

taken into account in negotiating the capacity reservation contract. It is a very important 

decision for the manufacturer whether to procure the raw materials via a long-term supply 

chain contract with selected suppliers, or through existing spot markets without any long-term 

commitment. Although, manufacturer preferred long-term contract suppliers for just-in-time 

production and total quality management philosophies, but sometimes the manufacturer uses 

the existing spot markets for some immediate procurement of raw materials, so it may reduce 

the level of commitment. The uncertainty of supply of raw materials due to the changing in the 

market conditions, or delays in the suppliers' response. If the manufacturer confronted with the 

shortage of raw materials; they need to arrange from outside suppliers. When there is supply 

uncertainty of a particular raw materials or products, a manufacturer may be more willing to 

reserve future supplier capacity in advance and thus guarantee the availability of the input. 

Interruptions in supply inflows may adversely affect profitability through an increase in lost 

sales of the finished good. To overcome this problem, buyers can be expected to shift to long-

term contracts and closer supplier relationships as the supply variability increases, as observed 

in the case of DuPont’s backward vertical integration with an oil supplier firm (Pyke, et al., 

2003). A capacity reservation agreement between a manufacturer and a supplier involves the 

determination of two contract terms, i.e., capacity price and quantity. So, the manufacturer 
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reserves, supply capacity in advance, mainly to reduce procurement cost and delivery risk; 

suppliers enter these agreements because of expected increases in the utilization of their 

installed productive capacity. Meanwhile, the decisions of both buyers and suppliers are 

influenced by whether the supply of flows are reliable in the spot market, or there is some 

interruptions; this factor affects the resulting capacity reservation price and quantity. When the 

reliable source of purchasing the raw materials is the spot market, then the long -term supplier 

is pressured, to set a price below the spot market price. However, if the amount that can be 

obtained from the spot market is uncertain, the price pressure on the long-term supplier is 

reduced, and the contract negotiations occur under less favorable conditions for the buyer. The 

literature shows, the author’s discussed on uncertainty in supply availability in the future. 

Parlar et al. (1995) focused on the model in which the probability of the supplier being 

available in a particular period depends on the availability status of the supplier in the previous 

period. Özekici and Parlar (1999) extend this model to the case of multiple supply 

environments with a different probability for supplier availability in each environment. Tan 

(2004) focused on the manufacturer-subcontracting system in which the subcontractor is 

unavailable to the manufacturer for a random duration. The literature reveals that the supply 

uncertainty is also due to the failure to deliver the customer requirements in time. It may be 

caused by a malfunctioning production process at the supplier, late delivery due to unexpected 

weather conditions, or unacceptable quality of the delivered products (Davis, 1993; Van der et 

al., 1996). The supply uncertainty is also related to unpredictable and uncontrollable factors in 

the supply of materials (Davis, 1993). Generalizing from the earlier studies, many facts in the 

supply process must be considered when determining supply uncertainties, such as frequency 

of changing suppliers of critical materials (Novack, R. et al., 1991; Reve, T. et al., 1982), 

complexity of critical materials (Lau, G. et al., 1999; Malone, T. et al., 1987; Van der et al., 

1996), complexity of procurement technology for critical materials (Novack, R. et al., 1991), 

time specificity of materials procurement (Van der et al., 1996; Chandrasekar, S. et al., 2002), 

delivery frequency of critical materials (Novack, R. et al., 1991; Reve, T. et al., 1982), delayed 

delivery of critical materials (Davis, 1993; Novack, R. et al., 1991),  and fluctuations in the 

selling price of critical materials (Lau, G. et al., 1999; Chandrasekar, S. et al., 2002).  

 

2.5.2 Supply Chain Management Practices 

    Nowadays, the industries have erased the traditional corporate boundaries so, the 

organizations, distracted from their suppliers and customers. The organization realizes that if 
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they work closely with the suppliers and customers, they will get better opportunities for all 

concerned. SCM practices, focused on the new opportunities for differentiation and 

performance improvement (Nishat et al., 2006b; Zielke and Pohl, 1996). Walton (1996) 

presented the five basic dimensions of SCM partnership: Planning, sharing of benefits and 

burdens, asset specificity, operational information exchange, and extendedness. It has been 

argued that the various authors and practitioners are using different dimensions to measure the 

SCM practices, some of them are discussed below: Donlon (1996) focused on the latest 

evolution of SCM, which includes outsourcing, continuous process flow, cycle time 

compression, supplier partnership, and IT sharing. Tan et al. (1998) focused on the purchasing, 

quality, and customer relations to represent SCM practices in their empirical study. Alvarado 

and Kotzad (2001) presented an organization's improvement with respect to supply chain 

improvement is due to the following reason: evidence of duplication effects by concentrating 

on core competencies; use of inter-organizational systems such as EDI; and eliminate inventory 

levels which is unnecessary by postponing customization toward the end of the supply chain. 

The best supply chain practice involves in coordinating the flows of materials and information 

among suppliers, manufacturers and customers, and implementing product postponement and 

mass customization in the supply chain (Nishat F. et al., 2006a; Tan, 2001). In total, four major 

sub-construct of SCM practices are projected and discussed below. The list of four sub-

construct of SCM practices along with their definitions and supporting literature are presented 

in Table 2.11. 

 

 

S. No. Construct Definitions Literature 

 

a)  Customer 

Relationships 

The customer relationships 

implies to manage the 

complaints of customers, 

make a strong bond of 

relationship and to satisfy  

customer expectations. 

Mandal, P. (2014); Mandal and 

Bhattacharya, (2013a; 2013b); Wines, 

(1996); Aggarwal, (1997); Noble, (1997); 

Tan et al. (1998); Magretta, (1998a); 

(1998b); Claycomb et al. (1999); Bommer 

et al. (2001) 

b)  Information 

Sharing 

The information sharing 

implies to manage the right 

information within the 

organizations and their 

trading partners.  

 

Balsmeier and Voisin, (1996); Towill, 

(1997); Monczka et al. (1998); Vokurka & 

Lummus, (2000); Lancioni et al. (2000); 

Ballou et al. (2000); Mentzer, (2000); Yu 

et al. (2001); Humphreys et al. (2004); 

Chopra and Meindl, (2007); Zhou and 

Benton, (2007); Carr and Kaynak, (2008) 

Table 2.11 List of Sub-Constructs for SCM Practices 
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c)  Information 

Quality 

The information sharing 

implies to manage the 

exchange of information 

quality with time and 

adequate and credible.  

Berry et al. (1994); Alvarez, (1994); 

Metters, (1997); Lee et al. (1997); Mason-

Jones and Towill, (1997); Monczka et al. 

(1998); Chizzo, (1998); Jarrel, (1998); 

Holmberg, (2000) 

d)  Supply Chain 

Integration 

The supply chain 

integration implies the 

composition of all activities 

like supplier, manufacturer, 

distributors and end 

customers. 

 

Stock et al. (1998); Stevens, (1990); 

Wood, (1997); Frohlich & Westbrook, 

(2001); Narasimhan and Kim, (2002); 

 

 

 

The sub-constructs SCM Practices has been described below: 

 

a)   Customer Relationships  

Customer relationships implies the practices to manage complaints of customers, build up 

long-term relationship with customers, and enhance satisfactions of customer (Mandal and 

Bhattacharya, 2013a; Tan et al., 1998; Claycomb et al., 1999; Aggarwal, 1997). Customer 

relationship management is one of the most significant practices in supply chain (Noble, 1997; 

Tan et al., 1998). The mass customization and personalized service are enhancing due to 

customer relationship, and that’s why customer relationship is becoming a very crucial for the 

financial status of an organization (Wines, 1996). Tan et al. (1999) focused on the upstream and 

downstream of SCM practices in which the key dimensions of the supply chain practice involve 

the suppliers are in upstream and customer integration are in downstream. Customer 

relationship management work as an internal component of a marketing strategy to increase 

sales and profit of an organization (Mandal, 2014; Bommer et al., 2001). The main goal of 

customer relationship is to understand the customer needs and requirements (Aeron et al., 

2012). Customer relationship management allows an organization to distinguish its products 

from competitors and radically spread the value it provides to its customers (Aeron et al., 2010; 

Magretta, 1998a) and sustain customer reliability. Customer relation practices are responsible 

for managing the whole supply chain and internal performance of the organization (Mandal and 

Bhattacharya, 2013b; Deshpande et al., 1993). The product and services, customization are 

performed within the distribution channel to enhance the customer satisfaction (Aeron et al., 

2008; Lee and Billington, 1995).  
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b)   Information Sharing 

 In the landscape of the 21st century global marketplace, the organizations are connected 

through electronically and dynamic and try to enhance their overall competitiveness in the 

terms of flexibility, responsiveness, operating strategy, methods and technologies that comprise 

the supply chain implementation paradigm and information technology (Zwass, 1996), in order 

to compete in the world wide (Gunasekaran et al., 2004).  To enhance the overall efficiency and 

competitiveness, SCM is an increasingly applied operations paradigm (Gunasekaran  et al., 

2004). Merely, a question arises within the SCM window frame, whether it is possible to 

achieve the SCM effective and efficient, without information technology? The answer is that 

information technology is a nervous system to achieve the SCM effective and efficient, within 

the time window frame, and literature also supported that IT will be very useful to find out the 

critical success factors of IT for an integrated supply chain. However, there is a need for 

attention to the design and implementation of IT system for business to business (B2B), e-

commerce (EC) and SCM (Gunasekaran et al., 2004). 

 Information sharing refers to the degree to which the information is communicated to 

the supply chain partner is very critical and exclusive (Monczka et al., 1998). It has been 

observed that many researchers have suggested that a smooth supply chain is making available 

accurate and up-to-date marketing data at each and every cluster within the supply chain 

(Towill, 1997; Turner, 1993; Balsmeier and Voisin, 1996). Many researchers and academicians 

have focused the importance of information sharing within supply chain management. The 

information sharing is one of the five building blocks that distinguish concrete supply chain 

relationship (Lalonde, 1998). The organizations who have shared their information on a regular 

basis within the supply chain are able to work as a single entity (Stein and Sweat, 1998). The 

negative impact of bullwhip effect within the supply chain can be eliminated or reduced by 

accurate information sharing with trading partners (Yu et al., 2001). The competitive and 

distinguish factored for 20th century is the accurate and timely use of information sharing 

within the supply chain to fulfil the goals of the organization (Tompkins and Ang, 1999). The 

benefits of information sharing are faster cycle times, reduced in inventory and increase 

forecasts. Meanwhile, the customer gets a high quality products at low price (Stein and Sweat, 

1998). Information sharing gives a competitive advantage over competitors, and organizations 

resist sharing with their partners (Vokurka & Lummus, 2000). The sensitive information 

sharing regarding inventory levels and production schedules with other network members and 



  

56 

 

the potential of losing customers to other competitors (Lancioni and Smith, 2000; Ballou et al., 

2000; Croom et al., 2000). 

 Information sharing is one of the most important concepts to enhance the manufacturing 

competitiveness in India. Most of the researchers and practitioners have focused on the 

effective and efficient communication based on information sharing on real time frame with 

respect to hardware and software domain to enhance and synchronization of the supply chain 

(Nishat et al., 2007; Humphreys et al., 2004; Carr and Kaynak, 2008). Information system plays 

an important role to integrate and flow the information among supplier, manufacturer, 

customer, distribution, and retailer, within the supply chain (Chopra and Meindl, 2007). The 

companies like Dell, Hewlett Packard, Mumbai Dabbawala, Indian Posts, etc. are the best 

examples of information sharing, within a supply chain window (Zhou and Benton,  2007).  

 

c)      Information Quality 

 Information quality is one of the most important system in SCM practices, which 

includes accuracy, timeliness, adequacy, and credibility, etc. of information exchanged 

(Monczka et al., 1998). Information system depends upon what type of information is to be 

shared, when and how it is shared, and with whom it is shared, and what is the quality of 

information to be shared, information sharing seems to have different functions in the supply 

chain (Chizzo, 1998; Holmberg, 2000). The accurate information sharing within the entire 

supply chain can create the flexibility, but this needs timely, accurate information works on 

actual customer demand and short-term forecast (Jarrel, 1998). Information has not given the 

effective and efficient performance due to delay and distortion within the supply chain 

(McAdam and McCormack, 2001; Metters, 1997; Lee et al., 1997; Mason-Jones and Towill, 

1997). Hence, to achieve the best supply chain management solution, information shared has to 

be a very accurate and appropriate as possible (Alvarez, 1994). Therefore, organizations must 

consider their information as a strategic assists and also put attention in information sharing 

with a minimum delay and without interruption. 

 

d)   Supply Chain Integration 

Supply chain integration is defined as the degree to which all activity suppliers, 

customers, and other supply chain members, are integrated together within an organization 

(Stock et al, 1998; Narasimhan and Jayaram, 1998; Wood, 1997). The two types of 

interconnected forms of integration of supply chain. First, the involvement is coordination and 

integration towards the physical flow of deliveries between suppliers, manufacturers, and 
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customers, etc. Second, involvement in the backward coordination of information flows among 

suppliers, manufacturers, and customers (Frohlich and Westbrook, 2001). From, the earlier 

studies, it has found that supply chain integration have been classified into three categories: 

functional integration, internal integration, and external integration. First, is functional 

integration and its generates close relationships between functions such as purchasing, raw 

material management, shipping and inventory (Turner, 1993; Stevens, 1990; Morash and 

Clinton, 1997). This stage is very important for the internal flow of the goods rather than 

customer satisfaction, and cost reduction rather than performance improvement (Narasimhan 

and Kim, 2001). Second, is internal integration and its generating the integration of all internal 

functions of raw material management through production, shipping, and sales (Narasimhan 

and Jayaram, 1998). This stage focuses on the flow of the goods into the organization till 

customers' satisfaction. This stage is transparent characterized for the clear visibility of 

purchasing and distributing the raw material, and proper coordination and integration, to 

achieve customer satisfaction (Stevens, 1990). The third, has involved the outside integration 

with grip suppliers and customers (Narasimhan and Jayaram, 1998). In the supply chain, the 

relationship between the suppliers and customers are mutual and cooperation support (Vokurka 

and Lummus, 2000). The highest level of supply chain integration will permit to meet 

customers’ requirements faster and more efficiently than non-integrated organizations 

(Magretta, 1998a). Organizations are not only collaborating internally across business 

functions, but also they must establish external strategic linkages with other organizations.  

 

2.5.3 Eco-Innovation  

     In the last decades, an ever enhance growing attention has turned towards the eco-

innovation. Eco-innovation can be defined as "an innovation that consists of new or modified 

processes, practices, systems and products which benefit the environment and contribute to 

environmental sustainability" (Rennings, 2000). "Eco-innovation is defined as innovation, 

which benefits the environment and contributes to environmental sustainability" (Rennings, 

2000). It has been argued in the literature that the terminology eco-innovation is referred to as 

an ecological, environmental, green and sustainable innovation (Angelo et al., 2012; Schiederig 

et al., 2012) and the terms have similarity in the objective to reduce the environmental impacts 

(Schiederig et al., 2012). The drivers of eco-innovation have to achieve the sustainability 

(Angelo et al., 2012; Carrillo and Pujari, 2010) especially in manufacturing industries (Sezen 

and Çankaya, 2013). Meanwhile, many of the academicians and practitioners are keen to learn, 
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how companies performing environmental innovation into the manufacturing process and 

developing eco-product. (Carrillo and Pujari, 2010; Dangelico & Pujari, 2010; Hellström, 2007; 

Schiederig et al., 2012). Literature shows that the various theories that are vital to derive eco-

innovation efforts, i.e., stakeholder theory, resource base theory and institutional theory. Butler 

(2004) focused on the two theories which are famous for eco-innovation effort at firm level, 

i.e., resource based theory and stakeholder theory. These two theories emphasized on the firm 

level and which, depending upon either the stakeholder demands (consist of its management, 

government regulations, consumers and environmental activist) or based on the firm’s internal 

resources and capabilities.  

 Meanwhile,  Institutional theory relies on the commitment of the companies, which is 

towards environmental solutions, resulted from tight regulation by government, professional 

associations, public opinion, or the media policy and compliances (Colwell and  Joshi, 2013). 

Further, these theories are applied to support the sustainable development in the global forum. 

Hence, theory testing is important to gain more knowledge about which factors are crucial for 

organizations to commit eco -innovation efforts on.  

 Innovation has played an important role in enhancing the manufacturing 

competitiveness in India. Due to the excessive pressure in global markets and regional players, 

application of technology becomes more competitive (Soley and Pandya, 2003). It has been 

observed that without the major efforts for innovation (Rai et al., 2011a), R&D, marketing and 

financial approaches, the manufacturing sector  loses its competence and its competitiveness in 

the global market (Raymond et al., 2014; Lau et al., 2013, Czurchy et al., 2009).  Literature 

shows that some researchers and academicians have focused on the innovation, open 

innovation and eco-innovation (Savitskaya and Torkkeli, 2011; Subramanian et al., 2010). The 

capabilities of technology and innovation play a crucial role in determining the performances of 

firms (Nandialath et al., 2014). Innovation plays a mediating role in the relationship between 

strategy orientation and performance (Augusto et al., 2014). Innovation acts as a major driver 

of any organizational growth in a free market economy. Author focused on "the assessment of 

the internal culture of a large commercial engineering company seeking to enhance its ability to 

build, promote and sustain competitive advantage within its market" (Burdon et al., 2013).

 Since, the economic growth of the manufacturing sector in India, technological changes 

and innovation is a spirit of a long foot race. Innovation is very essential for the manufacturing 

competitiveness and sustainable growth in the micro-economic level and macroeconomic level 

(Şener and Sarıdoğan, 2011). "The innovative behavior of firms varies in terms of product 
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differentiation, pricing, financing, marketing, management and organization" (Şener and 

Sarıdoğan, 2011). The earlier studied shows that a conceptual model that describes the critical 

factors for eco-innovation or green practices among the manufacturing industry as a postulate 

by scholars. Literature shows that there are various types of empirical studies has been done on 

drivers of eco-innovation, and internal and external factors are included in the firm level 

(Horbach, 2008; Rennings, 2000; Rennings and Zwick, 2002). This well-known model has 

been proposed by Rennings (2000) in his article named "Redefining innovation-eco-innovative 

research and the contribution from ecological economics' which  describes the determinants of  

eco-innovation, which  rely on  three main factors, namely regulatory push, technology push 

and market pull" and the framework of eco-innovation determinants (Rashid et al., 2014). 

Literature shows that there are few literature reviews are directly associated with the field of 

eco-innovation with respect to manufacturing sector (Horbach, 2014; Berkhout, 2011; Kemp, 

2010; Kemp and Oltra, 2011; Klewitz and Hansen, 2014). 

 

2.5.4 Supply Chain Management Performance 

The design and analysis of the supply chain is the establishment of appropriate 

performance measures. A performance measure, or a set of performance measures, is used to 

determine the efficiency and/or effectiveness of an existing system, or to compare competing 

alternative systems (Beamon, 1998). It has been observed from literature, most prominent way 

to measure the supply chain performance is an economic performance with respect to customer 

satisfaction (Harland, 1996). Garwood (1999) focused on the SCM performance index, the old 

performance index to measure the SCM performance on the basis of old metric like purchase 

price variance, direct labour efficiency, equipment utilization, development and production 

budget, etc., are no longer adequate, but there is need of attention to measure the SCM 

performance with new dimensions/metric in the present scenario. Meanwhile, literature reveals 

that the new way of supply chain performance measurement is very crucial for success. The 

major changes of acceptance and implementation of the supply chain are very difficult due to 

the lack of performance measurement (Bhattacharya et al., 2014; Owens and Richmond, 1995; 

Alvarez, 1994). It has been observed that organizations frequently, lack of vision to measure 

SCM performance very effectively and efficiently within the new metrics Gunasekam et al., 

2001).  

 According, to Lee and Billington (1992), many organizations have no solid 

performance dimensions for SCM. Those who have no such proper dimension for the 
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measurement of SCM performance, do not have monitor regularly, and they have not satisfied 

their customers with different aspects. Holmberg (2000) summarizes the SCM measurement 

performance in three different ways: First, strategy and measurement are not interconnected 

because due to the missing links of SCM, they focus on internal functions instead of overall 

performance and customer requirement; Second, they have only concentrated on financial 

metrics. Of course financial performance, unfortunately, showing the better result of yesterdays 

'actions than indicating tomorrow's performance; and Third, there are too many remote and 

mismatched measures of SCM performance. There are various academicians and practitioners 

focused on the organizations, who have used a number and variety of metrics for measurement 

of SCM performance to enhance their business process and supply chain performance. 

Holmberg (2000) focused that the measurement of SCM performance is the span of the entire 

supply chain. Van Hoek (1998) focused on the new measurement of supply chain, it must be 

designed for all the sub-systems and organizations, and to support market share, value, and 

profit.  

 Kiefer and Novack (1999) presented on customer focus that when developing 

performance measures, considered customer as a paramount. In addition, the number of 

characteristics of effective SCM performance measurement includes: inclusiveness 

(measurement of all pertinent aspects), universality (allow for comparison under various 

conditions), measurability (data required are measurable), and consistency (measures consistent 

with organizational goals) (Beamon, 1999). On the basis of the above guidelines, he suggested 

that SCM performance measurement has been categories into three parts: resource measures 

(general efficiency), output measures (general customer satisfaction), and flexibility (how well 

the system reacts to uncertainty). Each type of SCM performance measurement is dynamic to 

the overall performance of the supply chain.  

 In the present scenario, the various authors and practitioners have been suggested that 

there is a need of attention to enhance the SCM performance measurement with new 

dimensions; like, service level, throughput, efficiency, inventory level, supplier performance, 

and cost (Stevens,1990), customer responsiveness and manufacturing performance 

(Narasimhan and Jayaram, 1998), cost reduction, and customer satisfaction (Spekman et al., 

1998), information, material flow integration, flexibility, risk management, and supplier 

performance (Chakraborty et al., 2011b; Beamon, 1998), inventory, suppliers, delivery 

performance, customer service, and logistics costs (Gunasekaran et al., 2001), etc. Based on an 

extensive literature survey, the new dimension emphasis is on SCM performance measures.  
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 From, the above research findings, we are summarizing, two major dimensions of SCM 

performance are proposed which cover the performance measurement proposed by Beamon 

(1999), supply chain integration (resource measure), and customer responsiveness (output 

measure). The list of two sub-construct of SCM performance along with their definitions and 

supporting literature are shown in Table 2.12. 

 

 

S. No. Construct Definitions Literature 

 

a)  Customer 

Responsive

ness 

The customer responsive implies 

the responses of the customers'  

requests.  

Stevens, (1990); Lee and Billington, 

(1992); Narasimham & Jayaram, 

1998); Beamon, (1998);  

Spekman et al. (1998);  

Kiefer and Novack, (1999); 

Gunasekran et al. (2001) 

b)  Supply 

Chain 

Efficiency 

The extent to which the supply 

chain optimizes cost, inventory 

and delivery performance 

Cohen and Lee,(1988);  

Fisher, (1997); Beamon, (1999); 

Shah and Ward, (2003); Zhang et al. 

(2006); Modi and Mabert, (2010) 

 

The sub-constructs of SCM performance has been described below: 

 

a)    Customer Responsiveness  

   It’s defined as the speed of an organization’s response to the customer requests 

(Narasimham & Jayaram, 1998; Beamon, 1998). The SCM performance measurement is 

measured by its responsiveness to customers (Lee and Billington, 1992). The SCM strategy 

process varies from organization to organization, and some of the organizations have focused 

on customer requirement and some organizations are focused on the other things like delivery 

of products etc. (Owens and Richmond, 1995). The main focus of many organizations is in 

customer responsiveness to enhance the SCM performance (Stevens, 1990; Spekman et al., 

1998; Kiefer and Novack, 1999). The best examples of SCM performance like General Motors, 

Philips, Caterpiller, IPL, and Rank Xerox have focused on fast delivery, and customer 

responsiveness, etc. to accomplish supply chain integration (Dey, 2002; Narasimhan and 

Jayaram, 1998). The organizations are focused to achieve SCM performance measurement, so 

the supply chain metrics must be interlinked to customer responsiveness, especially, design for 

customer specification. The whole workout of applying the supply chain strategy could be 

costly and wasted without customer satisfaction (Gunasekran et al., 2001). 

Table 2.12 List of Sub-constructs for SCM Performance 
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b)     Supply Chain Efficiency 

 

In the management studies, efficiency and effectiveness are the two commonly 

discussed performance metrics. The efficiencies refer to " do things right". On the general 

terms, efficiency focuses on driving outputs by using minimal inputs. It has been observed, 

most of the academician and researchers have discussed extensively regarding efficiency and 

the supply chains efficient design. There is a clear distinction between efficient supply chains 

and responsive supply chains (Fisher, 1997). Fisher (1997), the focus of efficient supply chains 

is to minimize cost and inventory build-up all along the supply chain. The literature shows that 

lean also focused on supply chain efficiency. The philosophy of lean is based on the principle 

of minimizing waste. The lean literature addresses the multiple issues like, raw materials, time, 

labor, and cost reduction by targeting the various sources of waste (Shah and Ward, 2003). The 

cost based efficiency directly associated with the supply chain performance measurement 

system (Beamon, 1999; Cohen and Lee, 1988; Cohen and Lee, 1989; Cohen and Moon 1990; 

Lee and Feitzinger, 1995; Pyke and Cohen, 1993; Pyke and Cohen, 1994; Tzafestas and 

Kapsiotis, 1994). The lean supply chain associated with minimization of inventories throughout 

the supply chain. To overcome this problem supply chain try to excess inventory, but the 

excessive inventory has not fully solution of this problem. The use of Just in Time (JIT) 

principles and JIT supply is one way to minimize inventory levels. The supply chain efficiency 

optimizes the inventory levels at echelons of the supply chain. Modi and Mabert (2010), 

focused on inventory based measures and provide a good indication of supply chain efficiency. 

The prompt delivery of goods and services are the different aspects of supply chain efficiency. 

The delivery reliability and lead time reduction are the two important determinants of supply 

chain efficiency (Yeung et al., 2008). The supply chain efficiency refers to the extent to which 

the supply chain optimizes cost, inventory and delivery performance. 

 

2.5.5 Supplier Selection  

 In the global market, the role of supplier selection is very crucial in supply chain 

management (Lee et al., 2001). In the 1960s, many academicians and purchasing practitioners 

have focused on the selection and measuring the performance of suppliers in supply chain 

management. Purchasing activities are most important research topic in supply chain 

management. In the present scenario, purchasing is directly associated with strategy 

formulation (Moses, 2011) and better linkage of effective management in the supply chain 
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partners (Collins et al., 2010). Elkington (1998a), focused on the triple bottom line, i.e., 

simultaneous balance between economic, environmental and social issues. "Nowadays, many 

of the company's efforts to implement the environmental and social aspect into their supply 

chain for future generation to meet their desired needs" (Bowen et al., 2001). Most of the 

literature and practitioners suggest that they are concentrating more on the social aspects, and 

many of the organizations are implementing the supplier assessment tool, codes of conduct and 

better collaboration with Suppliers (Keating et al., 2008; Andersen and Skjoett-Larsen, 2009) 

 The main goal of the supplier selection process is to structure a good relationship 

between buyers and suppliers, minimizing purchasing risk, and to maximize the overall 

efficiency of a purchasing system, which is very valuable for the achievement of Just in Time 

(JIT) production system (Li and Fun, 1997). Apart from use of Just in Time (JIT) and Total 

Quality Management (TQM) concepts by the different manufacturing company, the supplier 

selection process is very essential (Petroni and Braglia, 2000). Evaluation and selection of 

suppliers are a very crucial topic in the manufacturing sector (Motwani and Youssef, 1999; 

Tahriri et al., 2008). Aissaoui et al. (2007) presented two stages of the supplier selection 

process: the first step is formulation of problems with respect to decision criteria, and second 

steps is choosing the appropriate supplier for the organization on the basis of different criteria 

and qualification. Chou and Chang (2008) focused on the selection of the supplier on the basis 

of four distinct phases- define the appropriate problem, formulate different criteria, 

qualification and select the supplier for the manufacturing industries. During, the last three 

decades, there are drastic changes in the supplier selection process. In the present global 

scenario, it is not possible to produce low cost, high quality products without supplier support. 

Therefore, supplier selection decisions are a very crucial component of production and logistics 

management for an organization. It has been observed that most of the researcher, incorporated 

different criteria, in supplier selection. The most important three criteria of supplier selection 

are innovation, after sales services and pricing (Dewanagan et al., 2015b). These three criteria 

are most relevant and significant to evaluate and select the most appropriate supplier in the 

supply chain to enhance the competitive advantage (Dewanagan et al., 2015b).    

 Supplier selection is an important part of the supply chain activities for a variety of 

reasons. Various practitioners have highlighted different criteria for supplier evaluation.  The 

combination of the multiple phases of suppliers, sorting based model, unconventional criteria 

for supplier development (Xiang-Yang (2007; Schurr, 2007). The environmental issues are also 

an important issue for supplier evaluation (Cormican and Cunningham (2007). It has been 
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observed that raw material cost and component cost themselves carry around 70 percent of the 

total cost of the product (Punniyamoorty et al., 2012; Weber et al., 2006). Supplier selection is 

an important requirement in the flow of supply chain (Punniyamoorty et al., 2012). The 

supplier selection process can be categorized into pre-selection and post-selection procedures 

(Davidrajuh, 2003). The MCDM problem containing both quantitative and qualitative criteria 

for supplier selection, are in conflict (Kannan, D et al., 2013). For the last few decades, many 

researchers have worked on different decision making methods for supplier selection 

effectively (Zeydan et al., 2011; Ho et al., 2010).  

 Literature shows that supplier selection is a multiple criteria problem that includes both 

qualitative and quantitative factors (Amid et al., 2011). Zeydan et al. (2011) focused on new 

approaches, considers both qualitative and quantitative variables in evaluating performance for 

selection of suppliers based on efficiency and effectiveness in one of the biggest car 

manufacturing factories in Turkey. Supplier selection in multi-service outsourcing is a very 

important decision problem, research concerning this issue is still relatively scarce (Feng et al., 

2011) and Zouggari and Benyoucef (2012).  

 Dickson (1966), presented 23 different supplier evaluation criteria measuring cost, 

quality and delivery times, on the basis of three perceptions namely, conceptual, empirical and 

mathematical. Weber et al. (1991), focused about a very important factor in the selection of 

supplier, i.e., price rank which is a leading factor as compared to lead time and quality 

conformance.  Ellram (1995), presented financial issues, enterprise issues, strategy issues and 

technological issues in the process of supplier selection. She discussed about the benefits and 

limitations of the normative and descriptive model to solve the various issues during the 

selection of suppliers. Patton (1996), presented 1500 samples of suppliers to analyze the effects 

of human judgment models in the selection of suppliers. He analyzed the relationship between 

attributes and variables in the selection of suppliers. This shows that mostly conventional 

criteria such as cost, quality, and lead time remained at the core of supplier selection. Others 

have suggested use of different approaches for supplier selection. These approaches include 

qualitative evaluation of neural network models, multi criteria decision models, data 

envelopment analysis (DEA), analytical hierarchy process (AHP) and principal component 

analysis (PCA), etc. Timmerman, E. (1986) focused on the suppliers rated on the basis of cost 

ratio and ownership of cost criteria and he categorized different rating into a single score 

through the analytical hierarchical process, but the model was not perfectly calibrated with 

suppliers’ problems due to limitations of qualitative evaluation criteria. 
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 Nowadays organization wants to switch over the heightened level of competition in the 

global market. Organizations are not performing well in the competitive market due to the lack 

of concise product life cycles, innovation, etc. The existing product in the market is helpless in 

changing the requirement of customers in the supply chain. 

 

2.5.6 Manufacturing Competitiveness  

   Over the past three decades, manufacturing sectors relied merely on the competitiveness 

based on the traditional dimensions such as cost, quality, services, flexibility, etc. (Singh et al., 

2008; Carpinetti et al., 2000; Dacko, 2000). Most of the literature shows that these traditional 

dimensions are not much sufficient to obtain the competitive performance in today’s 

environment (Liu, 2013). A variety of integrated systems have been proposed to overcome the 

limitations of the traditional competitiveness dimensions, but these traditional competitiveness 

dimensions have not fulfilled the requirements for present scenario of manufacturing 

competitive environment in the global market (Liu, 2013). Relatively, manufacturing 

companies focused on monitoring and controlling to optimize the overall competitiveness and 

simultaneously addressing the dynamic change of the competitive environment (Liu, 2013). As 

a result, many of the researchers and practitioners are suggesting new manufacturing 

competitive performance dimensions. In the arena of business surveys, the competitiveness of 

manufacturing sector is one of the most significant topics.  

 The research on manufacturing competitiveness started debatably with the determining 

work on the competitiveness of nations by Porter (1996), “who defined national 

competitiveness as an outcome of a nation’s ability to innovatively achieve, or maintain, an 

advantageous position over other nations in key industrial sectors”. Competitiveness also 

provides the relationship between the productions of goods as well as better quality and 

services, so that the product and services of the companies is standing in the global market.   

 Tefertiller and Ward (1995) presented the relationship between the competitiveness, 

productivity growth, quality differences, prices, cost of production and distributions, market's 

ability, etc. Boltho (1996), focused on differentiated between the short-run and long- run 

competitiveness of nations. He presented the short-run international competitiveness as the 

milestone of the genuine replacement tempo of internal and external balance with suitable 

policies of domestic, whereas the longer-run international competitiveness is the production of 

highest possible growth of well matched with exterior balance. Manufacturing competitiveness 

is totally depends upon the different industries, levels in the country competing both in 
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domestic and international markets, industry level competitiveness generally consigns to the 

capability of enlarging in size of the industries, and spread out its globally as well as profit 

share of the global market (Sharma et al., 2006; Clark and Hebb, 2005). In addition, there are 

so many authors has focused on determining the national manufacturing competitiveness and 

other factors of competitiveness that can be affected to manufacturing industries to stabilize in 

the global market. The list of four sub-construct of manufacturing competitiveness along with 

their definitions and supporting literature are shown in Table 2.13. 

 

 

S. No. Construct Definitions Literature 

 

a)  Price/Cost The price implies to  

competing against major 

competitors based on low 

price. 

Wood et al., (1990); Miller et al. (1992);  

Hall et al. (1993); Koufteros, (1995); 

Easton and Moodie, (1999); Rondeau et al. 

(2000) 

b)  Continuous 

Improvement 

The extent to which an 

organization is capable to 

enhance the manufacturing 

competitiveness. 

Terziovski et al. (2000); Bhuiyan et al. 

(2005); Jaca et al. (2014) 

c)  New Product 

Development 

The extent to which the 

organization has introduced 

the new product to satisfy the 

customer expectations. 

Cooper, (1990); Gruenwald, G (1992); 

 Griffin, (1997); Bruch and Bellgran,   

(2014); Schrettle et al. (2014) 

d)  Manufacturing 

Flexibility  

The extent to which 

manufacturing flexibility 

implies to machines and labor 

flexibility,  who can execute 

multiple operations in the 

manufacturing firms 

Camis´on and L´opez, (2010); Patel, 

(2011); Goyal et al. (2012); Oke, (2013); 

Kim, M. et al. (2013);  Mishra et al. (2014) 

 

 

The sub-constructs of Manufacturing Competitiveness has been described below: 

a)     Price/Cost 

 The price of the products is directly associated with the capability, to make better 

products as compared to competitors  with low price (Koufteros, 1995; Wood et al., 1990; 

Miller et al., 1992, Hall et al., 1993; Rondeau et al., 2000). Generally, pricing policy is 

estimated of all direct cost and desirable profit margin on the specific project (Easton and 

Moodie, 1999). Price of products like semi-finished or finished products is dynamic in nature 

and it will change with change in profit margin, lead time and actual time. Pricing policy is 

responsible for the demand pattern as well as applied to control demand of the finished 

Table 2.13 List of Sub-constructs for Manufacturing Competitiveness 
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products. Suppose, the price of the finished products is so high, then the demand of the finished 

products is less and vice versa (Kimes, 2000). Profit is directly proportional to the price of the 

products. 

 

b)     Continuous Improvement  

  Continuous Improvement (CI) plays an important role to enhance the competitiveness 

of manufacturing industries through the supply chain in India. Deming described the 

philosophy of (CI) i.e., “Improvement initiatives that increase successes and reduce failures” 

(Juergensen, 2000; Terziovski et al., 2000). The basic concept of CI is the improvement of 

quality or process, or both, in order to minimize the waste, shorten the production line and 

improve quality (Bhuiyan and Baghel, 2005). The continuous improvement depends on how 

the iron and steel industries continuously improve its innovativeness and product development 

capabilities for Long term competitiveness. The worldwide companies like Tata Motors, 

Toyota, etc., have implemented the (CI) to sustain in the global marketplace.  

c)     New Product Development (NPD) 

In today's rapidly technological environment and increasing global competition, New 

Product Development (NPD) has gained major emphasis in the manufacturing industry 

(Cooper, 1990; Gruenwald, 1992; Griffin, 1997). New Product Development (NPD) is a 

dynamic process and practitioners have a broad understanding of what it means to design a 

product, although the methods and approaches are yet debated. (NPD) is also one of the most 

important issues in today’s business environment, especially to enhance the competitiveness of 

iron and steel industries in India. The worldwide companies like Apple, Honda, etc. have 

already adopted the NPD for achieving the fast project times as well as enhancing the 

competitive advantage globally. An NPD process defines that the normal means by which an 

organization can frequently convert developing ideas and make an innovative product into the 

market place. The new product development process involves in developing innovative 

products at the right time, which meet the customer requirement. The basic goals of NPD 

process is to make high quality products, reduced time to market, low cost and high 

productivity (Gruenwald, 1992; Griffin, 1997). All these factors have contributed towards 

higher levels of customer satisfaction, early capturing of the global market, enhance market 

share and increase in profits (Bruch and Bellgran, 2014; Schrettle et al., 2014). 
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d)     Manufacturing Flexibility  

In the global scenario, the increase in the customer expectation in the variety of the 

products, customized and innovative products in the current competitive environment, 

assessment of manufacturing flexibility is important to determine the manufacturing 

competitiveness of a firm. The manufacturing flexibility assessment is a very important task for 

an operations manager, as employment of manufacturing flexibility requires significant capital 

investment and manufacturing flexibility to affect performance (Gerwin, 1987). Due to the 

multidimensional nature of flexibility the assessment of manufacturing flexibility is a very 

difficult task for operation managers (Mishra et al., 2014). The literature shows, the need of 

attention for manufacturing flexibility from both academia and industry experts. In the 

literature, many reviews are available for addressing the issues surrounding the definition, 

classification, nature and need of various manufacturing flexibility dimensions (Beach, 2000a, 

2000b; Vokurka and O’Leary-Kelly, 2000; Kara and Kayis, 2004; Oke, 2005; Saleh et al., 

2009). Manufacturing strategy is highly associated with the business strategy (Sharma et al., 

2005). The research established the framework that business strategy is directly associated with 

manufacturing strategy which influences to increase the firm performance (Williams et al., 

1995).  

 

2.6     Gaps Identified from Literature  

 Based on the outcome of this review, avenues for future research could be categorized 

on the basis of the following guidelines. 

 There is a need for attention for the assessment of manufacturing competitiveness through 

supply chains and cross study in various types of industries setup. It is very necessary to analyze 

whether the manufacturing competitiveness is beneficial for the firm performance, which gives the 

value added to the end customer, as is the ultimate goal of manufacturing sectors. In this study, 

several issues and application area was discussed in the present chapter, but still there are some 

gaps have been identified in the literature. In this study, methodology/approaches, major findings 

and gap identification have been obtained from the literature as shown in the (Table 2.14). 
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Table 2.14 Summary of selected literature survey, major findings and gaps identified. 

 

S. 

No 

Title of the Study Researcher/ 

Proponent 

Journal/ Year Objectives Methodology/Approach Major Findings 

 

Gaps Identified/ 

Comments 

1. Manufacturing and 

supply alignment: 

Are different 

manufacturing 

strategies linked to 

different purchasing 

practices  

Claudia Rebolledon, 

Marie-HélèneJobin 

International 

Journal of 

Production 

Economics. 146 

(2013) 219–226.  

(Elsevier Science 

Ltd.) 

The objectives of this paper 

is to investigate different 

manufacturing strategies 

into different supply 

management practices. 

This paper developed a 

numerical taxonomy of 

manufacturing strategies based 

on ten competitive priorities 

using survey data from 

manufacturing plants in 

developed countries. Cluster 

analysis is identifies three 

manufacturing strategy types: 

Quality customizers, Caretakers 

and Timekeepers.. 

The major findings of this 

paper are to links between 

manufacturing strategic 

priorities and practices in 

supply management. Cluster 

analysis reveals three 

manufacturing strategy types: 

Quality customizers, Caretakers 

and Timekeepers. Quality 

customizers combined the 

emphasis on quality of 

Millerand Roth's 

To further 

understand the 

manufacturing-

purchasing 

connection, it could 

be interesting to 

compare purchasing 

practices of firms 

using innovative 

manufacturing 

systems such as lean 

production and agile 

manufacturing. 

2. Sustainable 

manufacturing tactics 

and cross-functional 

factory modelling 

Mélanie Despeisse, 

Michael R. Oates,  

Peter D. Ball 

Journal of Cleaner 

Production 42 

(2013) 31- 41, 

(Elsevier Science 

Ltd.) 

This paper presents a tactics 

library to provide a 

connection between those 

generic sustainability 

concepts and more specific 

examples of operational 

practices for resource 

efficiency in factories.  

The factory modeling approach 

is introduced to support the use 

of tactics by combining the 

analysis of building energy and 

manufacturing process resource 

flows. Finally a step-by-step 

guide in the form of a workflow 

for factory modeling and 

resource flow analysis is 

presented and tested via a 

prototype tool 

The major findings are that to 

provide guidelines for 

manufacturers to undertake the 

sustainability journey by 

guiding them through the steps 

of factory modeling, resource 

flow analysis and improvement 

opportunities identification. 

Future work includes 

reposition the 

research activity as a 

result 

of the tool 

development for 

integrated modeling 

of resource flows to 

identify sustainable 

manufacturing 

improvement 

opportunities 

through combined 

analysis of 

manufacturing 

operations, 

supporting facility 

systems and 

production 

buildings, and 

integration of best 
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practices available 

from manufacturers. 

3. A Review of 

Engineering 

Research in 

Sustainable 

Manufacturing 

Karl R. Haapala, Fu 

Zhao, Jaime 

Camelio, John W. 

Sutherland, Steven J. 

Skerlos, David A. 

Dornfeld, I. S. 

Jawahir, Andres F. 

Clarens, Jeremy L. 

Rickli 

Journal of 

Manufacturing 

Science and 

Engineering 

(2013), Vol. 135 / 

041013-1 

Copyright VC 2013 

by ASME. 

The main objective of this 

paper is to addressed issues 

related to planning, 

development, analysis, and 

improvement of processes. 

Analysis have been done on the 

basis of qualitative research. 

This study suggests that a  

engineering research has 

addressed challenges relating to 

facility operation, production 

planning and scheduling, and 

supply chain design 

There is a  need for 

research on  

 (1) manufacturing 

processes 

and equipment,  

(2) manufacturing 

systems, 

 (3) changes in 

Life cycle 

paradigms, and  

(4) education. 

4. Efficiency 

measurement of 

Indian steel industry 

using data 

envelopment analysis 

Amit Kumar 

Dwivedi, Priyanko 

Ghosh, G.S. 

Dangayach 

Department 

International  

Journal of  

Operational 

Research, Vol. 18, 

No. 4, (2013) 

(Inderscience 

Enterprises Ltd) 

The main objective of this 

paper is that to measure the 

technical and scale 

efficiency of the public and 

private steel firms of the 

Indian steel industry. 

Data envelopment analysis 

(DEA) has been used to 

calculate the technical efficiency 

(TE) and allocative efficiency 

(AE). measures of the public and 

private steel firms of the Indian 

steel industry (2006 to 2010). 

A representative sample of 17 

public and private firms which 

account for major portion of the 

total market share is studied 

After empirical analysis using 

the panel data of five years 

(2006–2010) from 17 Indian 

steel firms demonstrates that 

Indian firms have achieved, on 

an average TE, about 86% to 

90%. From the analysis the 

input and output efficiency is 

same for constant returns to 

scale (CRS) while variable 

returns to scale (VRS) is 

different. 

 

There is a need for 

research on  

(1) Steel industries 

with different 

dimensions with the 

competitive 

environment. 

(2) The approach 

will use for other 

industries like sugar 

and banking 

industries. 

 

.   

5. Manufacturing 

strategy–technology 

relationship among 

auto suppliers 

Ce´ sar H. Ortega 

Jimenez, Pedro 

Garrido-Vega , Jose´ 

Luis Pe´ rez Dıez 

delosRıos, Santiago 

Garcıa Gonzalez. 

International 

Journal of 

Production 

Economics. 133 

(2011) 508–517.  

(Elsevier Science 

Ltd.) 

The objectives of this paper 

is to tests the link between 

two of the most important 

manufacturing practices 

areas, manufacturing 

strategy (MS) and 

technology, without 

addressing causality or their 

combined effect on 

performance. This is done 

by selection fit, i.e., 

congruency adjustment. 

A survey of ninety auto supplier 

plants with at least 100 

employees in ten countries 

across Asia, Europe and North 

America was used to test the 

propositions in this paper.  

A two- step procedure was used 

when performing the data 

analysis. First, canonical 

correlation analysis was 

performed to test the 

multivariate relationship across 

The major findings are that 

regression results from a wide-

ranging survey of auto supplier 

plants show that, in general, 

MS seems to have some kind of 

impact on technology, and that 

technology has some kind of 

influence on MS. In addition, a 

strong congruency between 

both practices areas is observed 

when using correlation. 

There is a need for 

research on 

relationships 

between the two 

areas of practices 

(Manufacturing 

Strategy and 

technology). 
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the variables representing 

Technology and Manufacturing 

Strategy practices (H1). The 

significance of this test provided 

the basis for two series of 

individual and mutually 

exclusive multivariate multiple 

regression analyses one for each 

of the next two hypotheses 

(H2andH3) 

6. Resilience and 

competitiveness of 

small and medium 

size enterprises: an 

empirical research 

Angappa 

Gunasekaran, 

Bharatendra K. Rai  

& Michael Griffin 

International 

Journal of 

Production 

Research (2011), 

(Taylor & Francis) 

 

The objectives of this paper 

is to analysis the resilience 

and competitiveness of 

SMEs through appropriate 

theory and empirical 

analysis.  

A survey involves a sample of 

40 SMEs in the South coast of 

Massachusetts and provides 

further insight into the key 

characteristics associated with 

resilience and competitiveness 

of SMEs that are influenced by 

advances in operations 

strategies, technology and 

globalisation. 

The major findings of this 

paper are to determine the 

resilience and  

competitiveness of the SMEs. 

The findings of this paper also 

support external support to be 

resilient and competitive in the 

changing global scenario.  

There is need of 

research on 

technological 

advance, IT and 

systems such as the 

EDI, Internet, e-

commerce, WWW, 

ERP and RFID etc. 

7. The role of 

networking in the 

competitiveness of 

firm 

Isabel Álvarez, 

Raquel Marin, 

Antonio Fonfría.  

Technological 

Forecasting & 

Social Change 76 

(2009) (Elsevier 

Science Ltd.). 

The main objective of this 

paper is to explore the new 

key aspects i.e., technology 

and innovation in the 

competitiveness of 

manufacturing firms 

A survey involves four Spanish 

manufacturing industries: food, 

chemicals, electronics and 

vehicles and data collected since 

1998 to 2003. the Polytomous 

Logistic Universal Model 

(PLUM), is used for empirical 

analysis.  

From the analysis through 

Polytomous Logistic Universal 

Model (PLUM) the major 

findings are that, there is a 

positive relation between 

technology and company 

performance in the competitive 

environment.  

 

There is need of 

research on 

innovation and 

technology 

development in the 

competitive 

environment. 

8. Development and 

innovation in the IT 

industries of India 

and China 

Shiu-Wan Hung Technology in 

Society 31 (2009) 

29–41(Elsevier 

Science Ltd.) 

The main objective of this 

paper is to  analyzing 

innovations in the IT 

industries of India and 

China 

Analytic framework for 

analyzing innovations in the IT 

industries of India and China.  

This study  describing the role 

and performance of particular 

institutions, this framework 

also explores interactions 

among these institutions to 

illustrate the dynamics and 

efficiency of innovation 

systems. The framework 

reveals that the IT industries in 

There is a  need for 

research on  

i) High demand for 

infrastructure 

improvements. 

ii) R&D investment. 
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both India and China have 

unique character- istics, but 

they also share numerous 

complementary features. 

9. Validity and 

reliability of 

applying 

manufacturing 

excellence 

frameworks to Indian 

industries 

M Sharma and R 

Kodali 

J. Engineering 

Manufacture (2008) 

(sage) 

This paper explores the 

validity and reliability of 

existing manufacturing 

excellence/world-class 

manufacturing frameworks 

when applied to Indian 

companies by means of a 

survey conducted across a 

wide range of man- 

ufacturing companies based 

in India. 

The exploratory analysis and 

questionnaire-based survey 

methodology is used for the 

study. 

This study describes the level 

of manufacturing excellence in 

an organization. 

Indian frame- works, 

considers important 

elements such as 

green 

manufacturing, 

knowledge 

management, 

process flexibility, 

world-class 

maintenance, etc. 

Hence, none of the 

existing frameworks 

can be used in their 

present form and 

therefore, a new 

manufacturing 

excellence 

framework is 

required to address 

all these gaps. 

10. Manufacturing 

strategy, competitive 

strategy and firm 

performance: An 

empirical study in a 

developing economy 

environment 

Kwasi Amoako-

Gyampah, Moses 

Acquaah  

International 

Journal of 

Production 

Economics 111 

(2008) 575–592. 

(Elsevier Science 

Ltd.) 

This paper examines the 

relationship between 

manufacturing strategy and 

competitive strategy and 

their influence on firm 

performance. This paper 

focused on how competitive 

strategy influences 

manufacturing strategy and 

competitive strategy on firm 

performance among 

Ghanaian manufacturing 

firms. 

The path analytic approach and 

regression analysis was applied 

to examine 250 manufacturing 

and service organizations in 

Ghana. 

 

The major findings of this 

paper is that there is significant 

and positive relationships 

between competitive strategy 

and the manufacturing 

strategies of cost, delivery, 

flexibility, and quality etc. 

It is needed to 

examine the 

functional strategies 

such as marketing 

and human resources 

and assess the joint 

contributions of 

these strategies to 

competitive 

strategy and firm 

performance.  
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11. Technology, 

competitiveness and 

specialisation in 

OECD 

manufacturing Dirk 

Dirk Frantzen  Journal of 

Economic Studies 

Vol. 35 No. 1, 

(2008)  

 (Emerald) 

To analyse the relation 

between technology, 

competitiveness and 

specialisation in 

(Organisation for Economic 

Co-operation and 

Development.)OECD 

manufacturing 

A regression analysis has been 

performed in series of OECD 

countries by their relative unit 

labour costs (ULC) and R&D 

investment. 

The major findings of this 

paper are that there is always 

negative impact of the ULC-

based variables on industries 

but technology factors are 

especially important in the 

research-intensive industries 

with respect to wages. 

There is a need for 

research in the 

innovation process 

and technology with 

respect to skilled 

labour because the 

production workers 

able to operate with 

the new more 

sophisticated 

technologies and 

who can, through 

their learning-by-

doing experience, 

actually actively 

contribute to the 

innovation process 

itself. 

12. Manufacturing 

strategies and 

financial 

performance—The 

effect of advanced 

information 

technology: 

CAD/CAM systems 

Petros Theodoroua, 

Giannoula Floroub 

Omega 36 (2008) 

107–121(Elsevier 

Science Ltd.) 

To analyse the impact of IT 

on financial performance of 

Manufacturing 

organisations. 

The cluster analysis and 

VACOR algorithm were used, to 

distinguish clusters of firms and 

estimate the effect of IT on 

financial performance. 

The major findings of this 

paper is that there is the effect 

of IT on financial performance 

with respect to higher level of 

flexibility strategy and the 

middle level of cost strategy. 

There is a need for 

research on 

alignment between 

IT with respect to 

business structure, 

uncertainty of the 

environment and 

contingencies like: 

age and size of the 

firms. 
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13. Manufacturing 

flexibility and 

business strategy: 

an empirical study of 

small and medium 

sized firms. 

Shih-Chia Chang, 

Chen-Lung Yang, 

Hsin-Chia Cheng, 

Chwen Sheu. 

International 

Journal of 

Production 

Economics. 146 

(2003) 219–226.  

(Elsevier Science 

Ltd.) 

This study investigates the 

practice of manufacturing 

flexibility in small and 

medium sized firms.  

 

 

The Cluster analysis has been 

done on 87 firms from 

machinery and machine tool 

industries in Taiwan. This paper 

analyzed and prescribed the 

alignment of various 

manufacturing flexibility 

dimensions with business 

strategies. 

The paper investigated the 

effect of  manufacturing 

flexibility on business 

performance under three 

different business strategies:  

i) Manufacturing flexibility 

and Preemptive/First 

Mover strategy 

ii) Manufacturing flexibility 

and 

Differentiation/Follower 

strategy 

iii) Manufacturing flexibility 

and Cost/Follower strategy 

There is a need for  

Research on 

investigating the 

applicability of these 

findings with other 

industries and areas 

such as 

Manufacturing 

Strategy etc.. 

14. Manufacturing 

networks and supply 

chains: an operations 

Strategy perspective 

Martin Rudberg, Jan 

Olhager. 

The International 

Journal of 

Management 

Science. 

Omega 31 (2003) 

29 – 39. 

(Elsevier Science 

Ltd.) 

The objective of this paper 

is to analyze manufacturing 

networks and supply chains 

from an operations strategy 

perspective. These two 

areas have traditionally 

been treated as separate 

research tracks, but with the 

ongoing globalization of 

markets and operations 

there is a need to integrate 

these complementary 

disciplines to study 

networks of facilities. 

In this paper author focused on   

two research areas based on two 

structural decision categories in 

an operations strategy, viz. 

facilities and vertical integration. 

The analysis of network systems 

is used to for analysis. 

 

The major findings of this 

paper are to analysis of 

differences and similarities 

between manufacturing 

network and supply chain 

theory. The paper focused on 

the operations strategy 

perspective, focusing on two 

structural decision categories; 

facilities and vertical 

integration. 

 

 

There is a need for  

research to analyze 

the issues of 

configuration and  

coordination of 

networks, 

to analyze network 

hierarchies 

(networks, 

organization, sites, 

plants, production 

processes), and to 

develop inter-/firm 

network strategies. 
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15. Manufacturing 

flexibility: defining 

and analyzing 

relationships among 

competence, 

capability, and 

customer satisfaction 

Qingyu Zhanga, 

Mark A. 

Vonderembseb,  

Jeen-Su Limc 

Journal of 

Operations 

Management 21 

(2003) 173–191 

Manufacturing 

(Elsevier Science 

Ltd.) 

To explore the relationships 

among flexible competence, 

flexible capability and 

customer satisfaction etc. 

The factor analysis and 

structural equation 

modeling to a large-scale sample 

(n = 273) has been done. 

The results indicate strong, 

positive, and direct 

relationships between  

i) Flexible manufacturing 

competence and volume 

flexibility  

ii)Flexible manufacturing 

competence and mix flexibility 

iii) Volume flexibility and mix 

flexibility have strong, positive, 

and direct relationships with 

customer satisfaction 

There is a need for  

research on 

Manufacturing 

flexibility and value 

chain flexibility 

(product 

development,  

logistics etc.). 

16. The alignment 

between 

manufacturing and 

business strategies: 

its 

influence on business 

performance 

Hongyi Sun, Cui 

Hong (2002) 

Technovation 22 

(2002) 699–705. 

(Elsevier Science 

Ltd.) 

This paper examines 

alignment between 

manufacturing strategy and 

business strategy on 

business performance and 

the contribution of 

manufacturing performance 

to business performance. 

The research is based on the 

empirical data from the 

International Manufacturing 

Strategy Survey (IMSS) 

conducted in more than 20 

countries. In this paper, the 

analyses of variance (ANOVA) 

were used to analyse the 

hypothesis. The performance 

parameters include:  

profitability, market share, on-

time delivery, inventory 

turnover, manufacturing on-time 

delivery, quality improvement, 

cost reduction. 

This research found that there 

is a significant positive 

relation between manufacturing 

business alignment and the 

improvement of business 

performances. 

There is a need for  

research on many 

other factors like 

(R&D , 

Innovativeness and 

human resources) 

that may contribute 

to the improvement 

of firm performance.   

 

17. A Resource-Based 

View of 

Manufacturing 

Strategy and the 

Relationship to 

Manufacturing 

Performance. 

Roger G. Schroeder, 

Kimberly A. Bates  

and Mikko A. 

Unttila 

Strategic 

Management 

Journal 

23: 105–117 

(2002). 

(John Wiley & 

Sons, Ltd.) 

This study places research 

on manufacturing strategy 

in the context of the 

resource-based view (RBV) 

of the firm  

 by studying how 

manufacturing plants 

The research is based on the 

empirical data from  

164 manufacturing plants 

in Germany, Italy, Japan, the 

United Kingdom, 

and the United States et. In this 

paper, the CFA and SEM are 

The major findings of this 

paper are that three distinct 

manufacturing 

resources and capabilities that 

have the potential for creating a 

performance advantage 

There is a need for  

research to 

incorporate ideas 

from the Resource-

Based View. At the 

same time, the 

Resource-Based 
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develop capabilities and 

resources in pursuit of 

better performance and 

competitive advantage. 

used to analyse the data. View literature 

needs to measure 

constructs like 

(Product Capability, 

Product Design, 

Manufacturing 

infrastructure etc.) at 

the plant level where 

capability and 

resources are 

actually built. 
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2.7 Research Problem  

 Over the past decades, India’s economy had recorded impressive growth rates because of 

the service sector, but the overall performance is still being dragged down by an 

underperforming manufacturing sector, resulting in their current growth rate being reduced 

from 8.5 percent to the 6.5 percent. However, it is still a remarkable performance as compared 

to other countries, but it could have been so much better. 

 India’s manufacturing sector has always suffered from an overburdened infrastructure, 

R&D, innovative products, and supply chain, etc.  According, to Government of India National 

Manufacturing Competitiveness Council, report (2011) the major cause of manufacturing’s 

failure was due to speedily rising population that results in unemployment levels that have 

increased in the past few years in spite of their rapid economic growth. Additionally, the 

majority of their goods was imported from abroad, due to the weak manufacturing sector, 

resulting in a sharply broadening trade shortage. The literature raises, there is a need for 

attention on the manufacturing competitiveness in the Indian manufacturing sector.  The main 

goal of this study is to assess the manufacturing competitiveness through supply chains in the 

Indian manufacturing sector.  

 

2.8   Research Model (Detailed) 

    On the basis of various studies and the gaps identified from the literature, a research 

model has been proposed as shown in Figure 2.9. In this proposed model, 06 factors are 

presented for measuring the manufacturing competitiveness. The Figure 2.9 presents a research 

model of the interrelationships among constructs, including environmental uncertainty, supply 

chain management practice, eco-innovation, supply chain management performance, supplier 

selection, manufacturing competitiveness, etc., are discussed in the following text. 
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Figure 2.9 A Proposed Model of Supply Chain Management and Manufacturing Competitiveness  
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2.9 Conclusion 

 This chapter presented, the theoretical backgrounds of SCM, Eco-Innovation, Supplier 

selection, manufacturing competitiveness and various constructs which are related to SCM and 

manufacturing competitiveness. In this study, the initial section provides a concise introduction 

of the Indian manufacturing sector and the evolution of supply chain management. The literature 

review presented different definitions of supply chain management and manufacturing 

competitiveness. The literature has been categorized into five important categories: period of 

publication of journals, country wise distribution, journal wise distribution, dimension wise 

distribution and methodology adopted for analysis. From the literature review, a conceptual 

model has been developed and presented in Figure 2.9. This chapter shows, the different 

literature gaps, which resulted in the objectives of this study. For the achievement of the 

objectives, this present chapter provides a strong foundation for the use of new methodology has 

been applied.  In the next chapter, overall framework will present that describes the causal 

relationships among these constructs and the development of research hypotheses. 
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CHAPTER – 3 

THEORETICAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT 

 

 
 

Preview 

This chapter presents the combination of comprehensive supply chain management 

(SCM) and manufacturing competitiveness models, designed for enabling better and more well-

organized supply chain management (SCM) and manufacturing competitiveness. Researchers 

have emphasized that effective supply chain management practices enhance the efficiency of 

organizations (Hayes and Wheelwright, 1984). To understand the phenomenon of supply chain 

management (SCM), it will be helpful to have a framework to work within and draw testable 

hypotheses from. A theoretical framework helps to predict the outcomes of the SCM and 

manufacturing competitiveness initiatives. It also helps to observe the behaviour of business 

organizations and provides a better description of the motivations behind the implementation of 

SCM and manufacturing competitiveness as well as its significance. The model presented in 

this chapter is expected to be the most significant model to enhance the manufacturing 

competitiveness of an organization, among the ones available so far. 

 

3      Theoretical Framework 

To understand the background to, and significance of, supply chain management 

(SCM), the chapter formulates a framework giving the details of the causal relationships among 

the facilitating factors of Environment Uncertainty, SCM Practices, Eco-Innovation, Supplier 

Selection, SCM Performance, and Manufacturing Competitiveness, as shown in Figure 3.1. 

 The basic assumptions of this research framework are straightforward. First, the 

implementation of the SCM practices should be driven and facilitated by environmental 

uncertainty. Second, a higher level of SCM practices will lead to a higher level of eco-

innovation, SCM performance and supplier selection, and a higher level of SCM performance, 

in turn, will lead to an enhanced manufacturing competitiveness. 
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Figure 3.1 A Proposed Research Framework of Supply Chain Management and Manufacturing Competitiveness 

(detailed) 
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In the available literature, most of the studies are empirical, but they directly link only a 

few aspects of the SCM practices to organizational performance. They do not consider any 

intermediate performance measures, such as the SCM performance and competitive advantage 

(CA) (Stuart, 1997; Shin et al., 2000; Frohlich and Westbrook, 2001). As per the literature, the 

SCM practices indirectly impact on the organizational performance through the SCM 

performance, and lead to competitive advantage. But few academicians or industry experts 

have discussed how the SCM performance impacts on the manufacturing competitiveness, 

directly or indirectly.  

 In this study, all the factors and sub-factors missing in the previous researches have 

been considered step by step. By considering the missing factors and sub-factors of the SCM 

performance and the manufacturing competitiveness of each facilitating factor, as well as 

including the sub-dimensions of each construct, the framework in Figure 3.1 can be expanded 

to the one shown in Figure 3.2, depicting the proposed relationship among the six constructs 

discussed in Chapter 2. In the next part, all the six constructs have been represented by an 

arrow and each construct corresponds to one of the nine hypotheses to be developed in this 

chapter. 

 As shown in Figure 3.2, the environmental uncertainty directly impacts on the SCM 

practices; the SCM practices directly impact on eco-innovation; the SCM performance and 

supplier selection, as well as the SCM performance, directly impact on the manufacturing 

competitiveness. Therefore, it is hypothesized that:  

 the SCM practices are directly impacted on by environmental uncertainty; 

 eco-innovation, SCM performance and supplier selection are directly impacted 

 on by SCM practices;  

 the SCM performance is directly impacted on by supplier selection;  

 eco-innovation is directly impacted on by the SCM performance; and 

  Manufacturing competitiveness is impacted on by eco-innovation, SCM 

performance, and supplier selection.  

The model also reveals a direct, positive relationship between the SCM 

performance and manufacturing competitiveness. The following section 

provides the theoretical support to each hypothesis. 
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Figure 3.2 A Proposed Model and Hypothesis of Supply Chain Management and Manufacturing Competitiveness  
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3.1   Research Hypothesis l (Environmental Uncertainty and SCM Practices) 

 In much of the existing literature, environmental uncertainty has been considered an 

important driver for the implementation of the SCM practices (Lawrence, 1997; Collins and 

Bechler, 1999; Claycomb et al., 1999; Franks, 2000; Chandra and Kumar, 2000). In today’s global 

economy, markets are very uncertain and, therefore, the unstable organizations are adopting 

various SCM practices, such as supplier performance, supply chain integration and postponement, 

to increase the flexibility of the organization, enhance its manufacturing efficiency, and also 

reduce the risks associated with the uncertain environment of the global markets. Environmental 

uncertainty is an essential factor with respect to information sharing and coordination within the 

supply chain partners (Ellram, 1990; Grover, 1993). It is directly associated with fast changing 

customer demand as well as mass customization and flexibility of the products (Tan et al., 1998), 

often easily leading to the adoption of the postponement strategy (Waller et al., 2000). This 

argument leads to: 

 

Hypothesis l: Environmental uncertainty positively affects the supply chain management 

practices. 

 

3.2 Research Hypothesis 2 (SCM Practices and Eco-Innovation) 

In the last few decades, India has seen an unprecedented economic growth. However, this has 

also led to environmental degradation and resource depletion. It is the pollution caused by the 

manufacturing sector which is mainly responsible for this negative byproduct of India's economic 

miracle. It has been reported that nearly 80% of the environmental contamination comes from the 

production processes and other operations of the firms. Due to this immense risk inherent in the 

economic growth and industrial up-gradation, it is essential for the Indian companies to actively 

collaborate to measure the environmental as well as economic performances in order to balance 

them and achieve sustainable development. "One possible solution is eco-innovation, that is, the 

creation or application of novel products, processes, services, organizational structures, 

institutional arrangement, as well as social structure, with lower environmental impacts." Hence, 

eco-innovation has received considerable academic attention and, among its various aspects, 

motivation research is the most flourishing one. There are plenty of empirical studies on issues 
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ranging from environmental regulations (e.g., tax, emission charge and standard, emission trade 

permit) and market and technology push (e.g., retail or requirement, customer satisfaction, export 

orientation, and external competitive pressure) (Cleff and Rennings, 1999; Popp, 2001; Rehfeld, et 

al., 2007; Frondel, et al., 2008) to integrated cooperative practices to manage raw materials, 

components, product designs as well as logistics. Information sharing, information quality, and 

knowledge and technology sharing are very important to enhance eco-innovation and improve the 

supply chain collaboration (Ding, 2014). Several empirical studies have affirmed that supply chain 

collaboration positively affects eco-innovation, for example, the study of Geffen and Rothenberg 

(2000) that focused on collaboration between eco-innovation and the suppliers for the adoption of 

advanced environmental technologies. This assertion leads to: 

 
Hypothesis 2: The SCM practices positively affect eco-innovation. 

 

3.3   Research Hypothesis 3 (SCM Practices and SCM Performance) 

  It has been observed that effective SCM practices lead to an improved SCM performance 

(Narasimhan and Jayaram, 1998). Most researchers and practitioners suggest that the “SCM 

practices are directly connected to the organizational performance without explicitly considering 

any intermediate measures, such as the SCM performance and competitive advantage, but a direct 

link from the SCM practices to the SCM performance is plausible”. Research shows that a sound 

implementation of SCM practices provides a high level of supply chain flexibility and integration 

(Jarrell, 1998). A sound implementation of SCM practices is also responsible for customer 

satisfaction, market changes, and best designs for manufacturing processes (Doyle, 1998). 

Research also shows that information sharing and information quality greatly contribute to a 

positive effect on customer satisfaction (Rai and Pedersen, 2010; Spekman et al., 1998) and 

partnership quality (Walton, 1996; Lee and Kim, 1999), and dramatically improve performance 

(Towill, 1997). The literature bears out that the implementation of the postponement strategy 

enhances the flexibility of the supply chain, and balances global efficiency and customer 

responsiveness (Van Hoek et al., 1999). This argument leads to: 

  

Hypothesis 3: Supply chain management practices positively affect the supply chain 

management performance.  
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3.4 Research Hypotheses 4 and 5 (SCM Practices, Supplier Selection  and 

SCM Performance) 

 

SCM practices have been defined as a set of activities undertaken in an organization to 

promote the effective management of its supply chain. Donlon (1996) focuses on the latest trends 

in the evolution of SCM practices, which include supplier partnership, outsourcing, cycle time 

compression, continuous process flow, and information technology (IT) sharing. On the other 

hand, Chen and Paulraj (2004) discuss supplier base reduction, long-term relationship, 

communication, cross-functional teams and involvement of the supplier to measure the relationship 

between the buyer and the supplier. Min and Mentzer (2004) further elaborate the concept of SCM 

as including agreed vision and goals, information sharing, risk and award sharing, cooperation, 

process integration, long-term relationships and agreed supply chain leadership. Thus, the literature 

throws light on the SCM practices from a variety of perspectives, with the common goal of 

improving organizational performance (Li, S. et al., 2006).  
 

 Supplier selection is an important part of the supply chain for a variety of reasons. Various 

practitioners have highlighted different criteria for supplier evaluation, in order to enhance the 

SCM performance. Xu and Xiang-yang (2007) focus on a multiple phase supplier sorting model 

based on supplier development orientation, using multiphase selection methods and a combination 

of unconventional criteria. Schurr and Ozanne (2007) have studied the important interactions that 

fundamentally strengthen, or fatally weaken, the development of relationships. On the other hand, 

Cormican and Cunningham (2007) discuss the environmental issues in supplier evaluation. The 

literature shows that the cost of raw materials and component parts, in itself, is responsible for 

around 70 percent of the total cost of the product (Punniyamoorty et al., 2012). Thus, supplier 

selection is an important requirement in the flow of supply chain practices and performance 

(Punniyamoorty et al., 2012).  

 

 The supplier selection process can be categorized into pre-selection, selection and post-

selection procedures (Davidrajuh, 2003). "Supplier selection is MCDM problem containing both 

quantitative and qualitative criteria which, together, are in conflict" (Kannan et al., 2013). "Over 

the last few years, many researchers have worked on the supplier selection problem to develop 

suitable decision making methods which can deal with the problem effectively"                     
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(Zeydan et al., 2011; Ho et al., 2010). Thus, the literature is very clear about the influence of the 

SCM practices on supplier selection, and the influence of supplier selection on the SCM 

performance. It affirms that managing the supplier involvement well can lead to better supplier 

performance, improved manufacturing, and product and process advancements, which, in turn, 

enhance customer satisfaction and the firm’s performance (Epatko, 1994; Schilling and Hill, 1998; 

Vonderembse and Tracey, 1999). This leads to the following two hypotheses: 

 

Hypothesis 4: Supply chain management practices positively affect supplier selection. 
 

Hypothesis 5: Supplier selection positively affects the supply chain management performance.  

 

3.5 Research Hypothesis 6 (SCM Performance and Eco-Innovation) 

  The literature shows that there is a strong correlation between eco-innovation and the 

supply chain. The collaboration of the two is a positive process that generates synergies and 

competitiveness through strategic alliances and collaboration among organizations and their 

external environment, including the suppliers, customers, training bodies and government agencies 

(Liao and Kuo, 2014). In recent years, the significance of eco-innovation has been recognized and 

many organizations have engaged in supply chain collaboration for eco-innovation. For example, 

to comply with the environmental regulations of the WEFE and ROHS of the European Union, 

Shanghai General Motors has implemented the "Green Future" strategy; Skyworth has signed the 

"Green Supply Chain Agreement" with 500 suppliers; Sony, IBM, Dell and HP require their 

suppliers to refrain from supplying the regulated materials and have launched the programme of 

"Supply Chain Collaboration Innovation" (De-hai, 2009). Eco-innovation represents a peculiar 

category of innovation, not only due to its "double externality problem" (Rennings, 2000) which 

implies market failure and the necessity of government regulation but also due to its dependence 

on cooperative effort defined as "systemic environmental innovation" (Foxon and Andersen, 

2009).    

  Eco-innovation is characterized by integrated enhancement, ranging from the raw materials 

and components to the design, logistics and recycling. The eco-friendly attributes of eco-

innovation are not sufficient in the current market, and hence the need to span the demand of the 

supplier, manufacturer and vendor-manufacturer collaboration (Geffen and Rothenberg, 2000). 

The collaboration is also at the level of the "life cycle perspective" to the recyclability of the 
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manufacturer's product (De Marchi, 2012). Eco-innovation is essential to meet the current market 

requirements for better customer responsiveness, and is integrated with the supply chain. In other 

words, eco-innovation is led by the supply chain performance to meet the demands of the 

customers (Ding, 2014). This leads to: 

 

Hypothesis 6: The SCM performance positively affects eco-innovation. 

 

3.6  Research Hypothesis 7 (Eco-Innovation and Manufacturing 

 Competitiveness) 

In the last few decades, there has been an ever increasing interest in eco-innovation. “Eco-

innovation can be defined as an innovation that consists of new or modified processes, practices, 

systems and products which benefit the environment and contribute to environmental 

sustainability” (Rennings, 2000). The needs of the hour are innovation (Raymond et al., 2014; Lau 

et al., 2013; Yam et al., 2011), effective technologies (Liu, 2013), manufacturing flexibility (Hung 

et al., 2014, Vokurka et al., 2000), and reconfiguration of capabilities in the manufacturing sector 

(Chengen, 2000). In order to sustain the competitiveness in the global market, the manufacturing 

companies need to engage in a continuous process of improvement in technologies as well as 

innovation (Johnson et al., 2004) as innovation plays a vital role in today's rapidly-changing 

business environment (Von, 2007). Most of the literature supports the view that innovation means 

"rewiring organizations for creativity and growth" (Balsano et al., 2008; McGregor, 2006). Eco-

innovation is also referred to as ecological, environmental, green or sustainable innovation (Angelo 

et al., 2012; Schiederig et al., 2012), with all these terms pointing to the same objective of reducing 

the environmental impact (Schiederig et al., 2012). The drivers of eco-innovation have to achieve 

sustainability (Angelo et al., 2012; Carrillo et al., 2010) especially in the manufacturing industries 

(Sezen and Çankaya, 2013). Meanwhile, many academicians and managers are keen on learning 

“how companies are performing environmental innovation in the manufacturing process and in 

developing eco-products” (Carrillo et al., 2010).  

 Innovation has played an important role in enhancing the manufacturing competitiveness in 

India (Dewangan et al., 2015a). Due to the excessive pressure of the global markets, and of 

regional players, the application of technology has become more competitive. It has been observed 

that without major efforts in innovation, R&D, marketing and financial approaches, the 
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manufacturing sector loses its competence and competitiveness in the global market (Raymond et 

al., 2014; Lau et al., 2013). This is why many researchers and academicians have focused on 

innovation, open innovation and eco-innovation (Savitskaya and Torkkeli, 2011). This leads to: 

 

Hypothesis 7: Eco-Innovation positively affects the manufacturing competitiveness. 

 

3.7  Research Hypothesis 8 (SCM Performance and Manufacturing 

 Competitiveness) 

 The literature makes it clear that the traditional dimensions of manufacturing 

competitiveness are not enough to sustain the competitive perform 

ance in today’s business environment (Liu, 2013). So, the researchers have proposed a number of 

integrated systems to overcome the limitations of the traditional competitiveness dimensions (Liu, 

2013). Hence, most of the researchers and practitioners have focused on new manufacturing 

competitive performance dimensions. Many researchers (Stevens, 1990; Chandra and Kumar, 

2000; Tan, 2001) affirm that a good SCM performance can provide an organization with 

competitive advantage. A good supply chain management similarly provides flexibility in the 

system and supports the introduction of new products and features in the global market. A supply 

chain distinguished by quick customer response and supplier performance will be competitive in 

terms of time and quality. The best integration of both the suppliers and the customers has the 

strongest association with improvement in performance, including cost, time, speed of product 

development, delivery dependability, etc. (Frohlich and Westbrook, 2001). There is a direct 

relationship between supply chain performance and manufacturing competitiveness in terms of 

price/cost, continuous improvement, research and development, new product development and 

lead time, etc. These are “improvement initiatives that increase successes and reduce failures” 

(Terziovski and Samson, 2000).  

 The basic concept of CI is improvement in the quality or process, or both, in order to 

minimize the waste, shorten the production line, and improve the quality (Bhuiyan, and Baghel, 

2005).). It has been argued that the integration of manufacturing and R&D is challenging for the 

manufacturing companies (Bruch et al., 2014). Yet, over the last decades, R&D (Bruch and 

Bellgran, 2014; Lööf et al., 2014) has played an important role in enhancing the competitiveness of 

the manufacturing industries. The above argument leads to: 
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 Hypothesis 8: Supply chain management performance positively affects the manufacturing 

competitiveness. 

 

3.8   Research Hypothesis 9 (Supplier Selection and Manufacturing 

 Competitiveness) 
 

   In the global market, supplier selection plays a crucial role in supply chain management 

(Lee, et al., 2001). In the 1960s, many academicians and purchase practitioners focused on the 

selection and measurement of the performance of suppliers in the supply chain, in order to enhance 

the competitiveness of the manufacturing companies. One of the major objectives of supplier 

selection is to enhance manufacturing competitiveness. Purchasing is one of the most important 

activities, and an important research topic, in supply chain management. In the present scenario, 

purchasing is closely linked to strategy formulation by the senior management (Moses, 2011), and 

effective management of the supply chain partners positively affects the firm performance (Collins 

et al., 2010). It is usually operationalized through the triple bottom line, a concept developed by 

Elkington (1998b), which simultaneously considers and balances the economic, environmental and 

social issues from a micro-economic point of view. "Nowadays, many of the companies are 

making efforts to implement the environmental and social aspects in their supply chain for the 

future generations to meet their desired needs" (Bowen et al., 2001). Most of the academic and 

industry experts suggest that they are concentrating more on the social aspects, and many 

organizations are implementing the supplier assessment tools, codes of conduct, and better 

collaboration with the suppliers (Keating et al., 2008; Andersen and Skjoett-Larsen, 2009). 
 

 The main goal of the supplier selection process is to structure a good relationship between 

the buyers and the suppliers minimizing the purchasing risks, enhancing the manufacturing 

competitiveness, and maximizing the overall efficiency of the purchasing system which is very 

valuable for the achievement of Just in Time (JIT) production system (Li  et al., 1997). Moreover, 

in the use of the concepts of Just in Time (JIT) and Total Quality Management (TQM) by different 

manufacturing companies, the supplier selection process is very important (Petroni and Braglia, 

2000). Evaluation and selection of suppliers is a very crucial factor in enhancing the 

competitiveness of the manufacturing sector (Motwani et al., 1999). Chou and Chang (2008) focus 

on supplier selection on the basis of four distinct phases – defining the appropriate problem, 
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formulating different criteria and qualifications, and selecting the supplier for the manufacturing 

industry. During the last three decades, the supplier selection process has witnessed drastic 

changes. In the present global scenario, it is not possible to produce low cost, high quality products 

without supplier support. Therefore, supplier selection decisions form a very crucial component of 

production and logistics management for an organization. Researchers have incorporated different 

criteria in the process of supplier selection. It has been argued that the purpose of identification of 

the supplier evaluation and selection criteria in the general contexts is to enhance the competitive 

advantage of the manufacturing industries in India. This gives rise to: 

 

Hypothesis 9: Supplier selection positively affects the manufacturing competitiveness. 

 

3.9  Conclusion  

Combining Hypothesis 1, 3 and 8, a causal path can be drawn from the environmental 

uncertainty and SCM practices, through the SCM performance, to the manufacturing 

competitiveness, which specifies the direct or indirect impact of the SCM performance on 

manufacturing competitiveness. Therefore, it can be concluded that supply chain management is 

very significant to enhance manufacturing competitiveness.  

 In sum, this chapter delivers a theoretical framework for understanding the background to, 

and significance of, SCM and develops nine hypotheses based on the literature review. The next 

chapter will discuss the research methodology for generating items for the measurement 

instruments. 
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CHAPTER – 4 
 

INSTRUMENT DEVELOPMENT PHASE I - ITEM GENERATION 

AND PILOT TEST  

 

 

 

Preview  

The objective of this chapter is to develop the scale for manufacturing competitiveness, 

particularly in the context of Indian manufacturing companies. This chapter also provides the 

outlines of quantitative research conducted for the same. A scale development process has been 

done for previously discussed research model (Chapter 3). Validation and assessment of variables 

are also discussed. In addition, this chapter provides details of the research methodology, and 

research design.  

 

4      Introduction  

   The first stage for conducting any empirical study is setting out the theoretical base. It may 

be either theory development (exploratory) or theory verification (confirmatory) or may be the 

combination of both (Flynn and Pearcy, 1990). Based on the review of literature presented in 

Chapter 2 and Chapter 3, a conceptual framework has been presented as shown in Figure 3.1. In 

this study, supply chain management and manufacturing competitiveness are the two major 

constructs of interests (Heaton et al., 2004).  

 This chapter deals with the instruments for this research work, which includes developing 

questionnaires and testing of questionnaires for reliability and validity. Literature shows that 

various researchers have focused on scale development processes. Likert and Bowers (1969), 

defined the three general steps in scale development, including initial survey design, questionnaire 

development, and data analysis. Later, Spector (1992), has sub-divided Likert’s three stages into 

five steps: (i) define the construct, (ii) design the scale, (iii) pilot test the scale, (iv) administers the 

scale and perform item analysis to determine whether the items form scales, and (v) validate and 

norm the measures. Schwab (1980), identified three stages: item generation, scale development, 

and scale evaluation.  
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 Since few of the constructs have already been tested in previous studies and were found to 

be valid and reliable. But, they were again tested in the pilot study, re-validated in the large-scale 

analysis in Indian context. The instruments to measure environment uncertainty, SCM Practices, 

eco-innovation, SCM performance, supplier selection, and manufacturing competitiveness were 

developed and pilot tested in this chapter.  The instrument development process can be divided into 

three stages: first, item generation; second, structured interview and pre-test; and third, a pilot 

study (Churchill, 1979; Segars and Grover, 1993). The Initial pool of items was pre-tested with 

twenty practitioners and seven academicians. After pre-tested by the experts, interactions with the 

respondent was doing and asked to provide the feedback regarding the clarity of questions, 

instructions, as well as the length of the questionnaires. So, based on the feedback, items were 

modified or discarded to strengthen the constructs and content validity. In the second stage, scale 

development and testing was done through a pilot study. The instruments were further redefined 

based on the pilot study outcomes. The third stage is described later, including all the validity and 

reliability tests using the data from a large-scale sample. Research hypotheses were then tested 

based on the large-scale data analysis. To test the hypothesized relationships among the constructs 

as shown in Figure 3.2., a reliability and validity measure for each and every construct must first 

be developed. The instruments to measure (1) Environmental Uncertainty (EU), (2) SCM Practices 

(SCMPR), (3) Eco-Innovation (ECO), (4) SCM Performance (SCMP), (5) Supplier Selection (SS), 

and (6) Manufacturing Competitiveness (MC), were adopted from previous studies with minor 

modifications (Nahm, 2000; Krause et al., 1998; Tan, 2001; Monczka et al., 1998; Augusto et al., 

2014; Lau et al., 2013; Sezen & Çankaya, 2013; Schiederig et al., 2012; Berkhout, 2011; Kemp, 

2010; Holmberg, 2000; Gunasekam et al., 2001; Zeydan et al., 2011;  Punniyamoorty, M et al., 

2012; Zouggari and Benyoucef,  2012;  Kannan, D. et al., 2013; Zouggari and Benyoucef,  2012;  

Kannan, D et al., 2013; Singh et al., 2008; Liu, 2013). The scale development process is discussed 

in the next section. 

  

4.1    Scale Development Process  

Churchil (1979), proposed a well-defined scale development process. Further, this process 

was refined by various researchers (Peter, 1981; Bentler and Bonnet, 1980; Bagozzi, 1980; 

Nunnally and Bernstein, 1994). This process consists of two phases (Figure 4.1). These phases are 

described in detail below: 
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4.1.1 Item Generation and Selection Phase  

From the literature review and expert opinions, new items and constructs were extracted. 

The development stages to develop items are as followed:  

 Content analysis and categorization 

 Generation of initial pool of items  

 Assessment of content and face validity through experts’ judgments  

 

4.1.2 Scale Refinement Phase 

 

The scale refinement phase has been categorized into two sub phases, i.e., pilot-testing 

stage and purification stage. The steps in these stages are as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

  "The very basic requirement for a good measure is to have content validity, which means 

the measurement items contained in an instrument should cover the major content of a construct" 

(Churchill, 1979; Hinkin, 1995). Content validity can be achieved through a comprehensive 

literature review and interviews with practitioners and academic research experts (Fink, 1998; 

Hinkin, 1995). Therefore, the content validity was achieved through a rigorous literature review as 

well as interviews with practitioners and academicians. Literature shows that there is a clear 

linkage between theoretical literature and description of the process for items generation. Spector 

(1992) focused on the inductive approach which is consistent with defining the construct which is 

Items Generation and Selection 

Pilot Test Sample  

Calibration  

Item Generation 

& 

Selection Phase 

Scale Refinement 
Phase 

Qualitative Inquiry  

Stage 

Pilot-testing  

Stage 

Purification 
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 Figure 4.1 Scale Development Procedure 
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based on the theory and developing items and if the construct is complex then it is advisable to 

sub-divided the construct into sub-construct which is relevant to the research work. The method of 

content validity assessment may be done successfully by the experience person or researcher who 

is being researched in the specific area (Schriesheim and Hinkin, 1990). The initial items for each 

construct have been generated on the basis of rigorous literature review of relevant literature. The 

list of initial items for each construct was created based on a comprehensive review of relevant 

literature. Then, items are systematized into groups to measure a particular dimension of a 

construct domain. The literature based for items in each construct are described below: 

 To achieve the content validity for environment uncertainty (EU), previous literature on 

institutional theory is reviewed. Burgess, (1998), Tan et al. (1998), Thomas and Griffin (1996), 

Krause et al. (1998), Oswald et al. (1997), Miller and Droge (1986), Nahm (2000) are some of the 

important contributions in the area of environment uncertainty. The environment uncertainty 

includes three domains: (1) Technology Uncertainty (Evan et al., 1993; Tan et al., 1998; Tattum, 

1999; van Hoek et al., 1999), (2) Demand Uncertainty (Boyaci and Gallego, 2002; Alonso-Ayuso 

et al.,  2005; Zuckerman, 2005; Xiao, T. et al., 2008; Kunnumkal and Topaloglu, 2008) and (3) 

Supply uncertainty (Lau, G. et al., 1999; Chandrasekar, S. et al., 2002; Pyke, et al., 2003; Tan, 

2004). On the basis of the definition presented in Table 2.10, initial pools of items are generated to 

measure the three dimensions of environment uncertainty. A five-point Likert scale is used to 

measure the importance of these constructs (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = 

agree, 5 = strongly agree, NA = not applicable). 

 The contribution from Donlon (1996), Tan et al. (1998), Alvarado and Kotzad (2001), Tan 

(2001), Monczka et al. (1998) are used to generate items from SCM practices (SCMPR). The SCM 

Practices includes four domains: (1) Customer Relationship (Tan et al., 1998; Claycomb et al., 

1999; Aggarwal, 1997; Bommer et al., 2001; Magretta, 1998a; 1998b; Noble, 1997; Wines, 1996), 

(2) Information Sharing (Humphreys et al., 2004; Carr and Kaynak, 2008; Chopra and Meindl, 

2007; Zhou et al.,  2007; Ballou et al., 2000; Mentzer, 2000), (3) Information Quality (Monczka et 

al., 1998; Holmberg, 2000; Me Adam and McCormack, 2001), and (4) Supply Chain Integration 

(Stock et al., 1998; Narasimhan and Jayaram, 1998; Magretta, 1998a; Stevens,1990; Wood, 1997; 

Frohlich & Westbrook, 2001) as shown in Table 2.11. A five-point Likert scale is used to measure 

the importance of these constructs (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree,        

5 = strongly agree, NA = not applicable). 
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 Previous work of Rennings (2000), Angelo et al. (2012), Schiederig et al. (2012), Carrill et 

al. (2010), Sezen and Çankaya (2013) was referred to get items for eco-innovation (ECO) as 

shown in Table 2.9.  The items which are related to eco-innovation are shown in Appendix 5. A 

five-point Likert scale is used to measure the importance of these constructs (1 = strongly disagree, 

2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree, NA = not applicable). 

 The authors like Beamon (1999), Kiefer and Novack (1999), Garwood (1999), Holmberg 

(2000), Gunasekam et al. (2001) are contributed in developing items for SCM performance 

(SCMP). The SCM Performance includes two domains: (1) Customer responsiveness (CRs) 

(Narasimham & Jayaram, 1998; Beamon, 1998; Spekman et al., 1998a; Stevens, 1990; Lee and 

Billington, 1992; Kiefer and Novack, 1999; Gunasekran et al., 2001), (2) Supply chain efficiency 

(SCE) (Cohen and Lee,1988; Beamon, 1999; Schroeder and Flynn, 2001; Shah and Ward, 2003; 

Vonderembse et al., 2006; Modi and Mabert, 2010)  as shown in Table 2.12. A five-point Likert 

scale is used to measure the importance of these constructs (1 = strongly disagree, 2 = disagree, 3 = 

neutral, 4 = agree, 5 = strongly agree, NA = not applicable). 

 The items for Supplier selection (SS) are shown in Table 2.9.  These items are selected 

from the work of Dickson (1966), Timmerman (1986), Aissaoui et al. (2007), Tahriri et al. (2008), 

Andersen and Skjoett-Larsen (2009), Ho et al.  (2010), Amid et al. (2011), Punniyamoorty et al. 

(2012), Kannan et al. (2013). The items which are related to eco-innovation are shown in 

Appendix 5. A five-point Likert scale is used to measure the importance of these constructs (1 = 

strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree, NA = not applicable). 

 The authors like Tefertiller and Ward (1995), Porter (1996), Boltho (1996), Singh et al. 

(2008), Carpinetti et al. (2000), Clark et al. (2005), Dacko (2000), Liu (2013) are contributed in 

developing items for Manufacturing Competitiveness (MC). The Manufacturing Competitiveness 

includes five domains: (1) Price/Cost (P/C) (Koufteros, 1995; Wood et al., 1990; Miller et al., 

1992, Hall et al., 1993; Rondeau et al., 2000), (2) Continuous Improvement (CI) (Jaca et al., 2014; 

McLean et al., 2014; Bhuiyan et al., 2005; Terziovski et al., 2000; Juergensen, 2000), (3) New 

Product Development (NPD) (Bruch et al.,2014; Schrettle et al., 2001), and (4) Manufacturing 

Flexibility (MF) (Swamidass and Newell, 1987; Sethi and Sethi, 1990; Skipper and Hanna, 2009; 

Camis´on and L´opez, 2010; Patel, 2011; Goyal et al., 2012; Oke, 2013; Mishra et al., 2014) as 

shown in Table 2.13. A five-point Likert scale is used to measure the importance of these 

constructs (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree, NA = not 

applicable). 
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4.2  Structured Interview and Pre-test 

Once the item pools for the various construct were developed, then construct were 

reviewed by the seven academicians, doctoral students in the fields of operation management/SCM 

and re-evaluated through structured interviews with ten industry experts. The objective was to 

check the significance of every construct’s definition and clarity of the wordings of sample 

questionnaire items. The redundant and ambiguous items are either modified or eliminated after 

the feedback from academicians and practitioners. New items were added wherever required. 

Then, the practitioners act as judges and sort the items into separate sub-constructs. Items are 

subject to two sorting rounds by two independent judges per round. Each item is printed on a 3 × 

2.6-inch index card. By random order the cards are shuffled for presentation to the judges. Then 

judges categorized the card on the basis of their judgement and put each and every card into 

specific categories. A “not available (NA)” category is included to ensure that the judges do not 

force any item into a particular category. “Before sorting the cards, the judges are briefed with a 

standard set of instructions that were previously tested with a separate judge to ensure 

comprehensiveness of the instructions. Judges are allowed to ask any questions related to model, 

definition, and procedures to ensure that they understand the procedures correctly”. After the 

sorting items by judges the overall, 150 questionnaire items are ready to be sent out for the pilot 

study. The Q-sort results are not incorporated in this dissertation, because a more comprehensive 

pilot study was conducted. The methodology, procedures, and results of the pilot study are 

reported in the next section. 

 The total number of pools and items outcomes after the feedback from academicians and 

practitioners are as described below: The total numbers of pools 15 and 80 items are as shown in 

Table 4.1. The survey questionnaire items are provided in Appendix 5. 
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S. No. Code Number of pools Number of items 

 (EU) Environmental Uncertainty   

1.  (TU) Technology Uncertainty  05 

2.  (DU) Demand Uncertainty  05 

3.  (SU) Supply Uncertainty 05 

 (SCMPR) SCM Practices  

4.  (CR)  Customer Relationship  10 

5.  (IS) Information Sharing  07 

6.  (IQ) Information Quality  04 

7.  (SCI) Supply Chain Integration 04 

8.  (ECO) Eco-Innovation  05 

 (SCMP) SCM Performance   

9.  (CRs) Customer Responsiveness  05 

10.  (SCE) Supply Chain Efficiency  04 

11.  (SS) Supplier Selection  05 

 (MC) Manufacturing Competitiveness   

12.  (P/C) Price/Cost  05 

13.  (CI) Continuous Improvement  06 

14.  (NPD) New Product Development  06 

15.  (MC) Manufacturing Flexibility 04 

Total 15 Pools 80 items 

 
 

4.3    Pilot Study Methodology 

 

A Pilot study was conducted with a small number of respondents (preferably, the sample 

size of 40 or more) before the large-scale survey administration provides valuable preliminary 

information about the reliability and validity of the measurement scales. It offers a last opportunity 

to further purify the scales. The manufacturing companies and its supply chain are the research unit 

for this study. To obtain a representative sample, we used the CMIE (Centre for Monitoring Indian 

Economy Pvt. Ltd.) and Prowess database of Indian directory as our sampling pool. We selected 

randomly manufacturer and identified a key informant, who typically had a title such as Operation 

managers, supply chain managers, CEO/president, vice president or director, and was 

knowledgeable about the company’s internal and external processes. Further, we contacted the key 

informants by telephone, in order to obtain their preliminary agreement to participate. 

 

 The questionnaire has been mailed to concerning companies, along with a cover letter 

highlighting the study’s objectives and potential contributions. After that follow-up procedure was 

Table 4.1 List of Pools and Items with Code 
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done through telephone calls and mailings were used to improve the response rate and addressed 

potential missing data issues (Frohlich and Westbrook, 2002). There are approximately 4200 

manufacturing companies in India, which relates to our study (CMIE, 2014). Hence, the sample 

size taken is, for more than 10% of the population, i.e., 420 manufacturing companies (Malhotra, 

2008). Out of 4200 manufacturing companies contacted, a total of 420 questionnaires was 

distributed, and around 50 questionnaires had missing data and some 20 questionnaires had 

multiple responses, so those data were not considered. Hence, 350 usable responses were found.   

 

4.3.1 Pilot-testing Stage 

In the pilot-testing stage, the items selected in the earlier stage were tested on a pilot 

sample. The following steps were taken at this stage are as follows:  

 Item analysis 

 Exploratory factor analysis  

 Consistency and reliability assessment  

  After getting the responses from various companies, the pilot analysis was done with the 

following objectives in mind: purification, uni-dimensionality, and reliability. 

 The purification of data needs to be done before conducting factor analysis. Churchill 

(1979), suggested the need for the purification of the item. He argues that “when factor analysis is 

done before purification, there seems to be a tendency for factor analysis to produce many more 

dimensions than can be conceptually identified, confounding the interpretation of the factor 

analysis" (Koufteros et al., 1998). For the item purification, the Corrected Item Total Correlation 

(CITC) is calculated for each item (Kerlinger, 1978). The items are eliminated whose value of 

CITC is less than or equal to 0.4 (Hair et al., 2013). Those items are accepted whose values are 

lower CITC, if that item is considered to be important to the construct. 

 Second, after purifying the items, an exploratory factor analysis (EFA) (i.e., dimension 

level factor analysis) of the remaining items for each construct is conducted to assess the uni-

dimensionality of each sub-construct and to eliminate the cross-loading items. “Dimension level 

factor analysis can also provide useful directions for possible merge or split of existing constructs 

dimensions. If a construct-level factor analysis is not possible because of small sample size, 

correlation coefficients are checked to ensure discriminant validity of measurement scales. Items 

with loadings on more than one factor of 0.40 or higher are considered to be eliminated            
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(Hair et al., 2013). If a certain sub-dimension has two factors or more, the items for this sub-

dimension are closely examined”. 

Third, after uni-dimensionality is obtained, then check internal consistency or reliability for 

remaining items using Cronbach’s alpha (Cronbach, 1951). According to Nunnally (1978) items 

are considered and the acceptable whose value of Alpha is greater than 0.7. In the next section, the 

results of the pilot test for each construct are present, which is used in the model. 

 

4.3.2 Refinement and Validation Stage  

 The items obtained from section 4.3.1 were polled for consistency and reliability. They 

were further purified on a representative sample as follows: 

 Confirmatory factor analysis  

 Unidimensionality and reliability assessment  

 Convergent and discriminant validity assessment  

The above stages are used for the scale development. The scale development process is 

explained in detail in chapter 5.  

 

4.4    Research Methodology  

 The main objective of the research methodology is to guide the researcher at each and 

every step of his study, and to achieve the objective of the study. The research methodology is like 

strong foundation platform which gives the answer to the research questions. According to, 

Malhotra and Dash (2010), the basic steps of the research methodology includes the research 

design, sample design, data collection and analysis process. These are shown in Figure 4.2.  

 

4.5     Research Design  

 According to Yin (1994 “A research design is the logical sequence that connects the 

empirical data to the study’s initial research questions and ultimately its conclusions”. According 

to Malhotra and Dash (2010) research design can be classified into three categories, i.e., 

exploratory, descriptive and causal (Amartunga et al., 2001). The listed questionnaires in the 

(Appendix 5) are required to examine through exploratory, descriptive and causal research design. 

First, the objective of exploratory research is a thorough study of the literature on supply chain 

management and manufacturing competitiveness, and interview was conducted by various experts 
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of industry and academic. It is very essential to list out all the factors of supply chain management 

and manufacturing competitiveness.  Apart from that, the exploratory research design has been 

used to achieve the objective of the study (Objective 1 and 2) as shown in Chapter 1.  

 Second, in the present study, the research design has adopted was cross sectional 

descriptive and multiple cross sectional. It has been observed that the data collection by multiple 

cross sectional method is too much costly, so, the data collection has been done from different 

sample elements only once. For the collection of data, a personal telephone and a mail survey were 

conducted for the various managerial level employees of the manufacturing companies in India as 

discussed in (Section 5.1).  

 Third, the causal research design has been used to understand the relationship between 

dependent and independent variables. In this study, supply chain management is independent 

variable and manufacturing competitiveness is acting as a dependent variable. Thus, to identify the 

causal relationship between these two variables, a causal research design was developed.  

 In brief, a combination of all three research design exploratory, descriptive and causal has 

been adopted in the present study. In the present study, the application of both qualitative and 

quantitative methodologies have been used to identify the nature of problems, different variables 

and the relationship between these variables. The mixed research design has been used for holistic 

and structured preview of the research problems. The three designs (exploratory, descriptive and 

causal) complement each other and supported each other in attaining the present research 

objective. The overview of research methodology followed in the present research as shown in 

Figure 4.2. The details of the research methodology have been described in the next chapter. 

4.6   Conclusion  

  In the beginning of this chapter, initially, scale development process, i.e., (item generation 

and selection phase, structured interview and pre-test, pilot study methodology, pilot-testing stage, 

refinement and validation stage) has been done, to measure the manufacturing competitiveness. 

Further, a details step of research methodology has been discussed. 
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CHAPTER – 5 

   INSTRUMENT DEVELOPMENT PHASE II – LARGE SCALE 

ADMINISTRATION AND INSTRUMENT VALIDATION 

 

 

Preview  

 This chapter deals with data collection of large-scale survey after item generation and 

structured interview.  The main objective of large-scale survey is to collect the data for 

validation of the instrument developed and to test the hypothesized relationships among 

variables in the research model. This chapter presents the research methodology used in the 

large-scale survey (section 5.1) and the steps of research methodology includes the research 

design, data collection methods, questionnaire design, sampling design, data analysis procedure 

and demographic profile of the respondents and companies. For the analysis of the data, the 

different steps, and tests were performed, to check for the discriminant validity, convergent 

validity, test of reliability, exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA) of all reflective scales in the model (which include the independent scales of 

Environmental Uncertainty, SCM practices, Eco-Innovation, SCM performance, Supplier 

Selection, and Manufacturing Competitiveness). For each construct and sub-construct, the data 

has been collected through the survey method by a Likert scale (5 point). This chapter describes 

the procedures used in testing the structural model. Anderson and Gerbing (1988) 

recommended a two-step approach to test hypotheses. In the first step, the confirmatory factor 

analysis (CFA) measurement models were tested to establish the validity and reliability of the 

scales as described in Chapter 4.  

5.       Large-scale Data Collection: Methods 

 The literature shows that there are different methods of data collections. These are 

discussed earlier. It has been observed that there are various earlier studies has adopted a 

questionnaire method for data collection in this field of study (Benito and Benito, 2005; 

Herremans et al., 1993; Russo & Fouts, 1997). The main advantage of questionnaire method is 

low cost, accurate, covers a wide range, and quick in data collection (Zikmund, 2000; 

Cresswell, 2003). Apart from that, an online survey method is also a better option for data 

collection for internal consistency and predictive validity (Sethuraman et al., 2005; 

Schillewaert and Meulemeester, 2005).  

 



104 

 

  The respondent is one of the most important resources for data collection. The quality 

of the respondents is one of the most important factors in an empirical study. In this study, the 

respondents are expected to have the best knowledge about the operation and management of 

the supply chain in his/her organization. On the basis of literature review and recommendations 

from industry experts, it was decided to choose Chief Executive Officer (CEO)/President, Vice 

President or  Director, Operation Managers, Supply Chain Managers, and Purchasing 

Managers, etc., as the respondents for the current study. The survey approach was used for data 

collection in the current study. The survey method is an attractive method of data collection, 

because of its potential to afford the researcher a large amount of information that can be 

analyzed to test relationships between two or more variables. The survey method is also an 

attractive method to generate a great deal of information from a large sample of the subjects 

under study (Kerlinger, 1986). This survey method presents the opportunity to validate a 

researcher's  psychometric measurement scale. In this study, our target respondents are all 

upper-level managers or C-level executives who are well off. All survey respondents are on a 

voluntary basis. In this study, each potential respondent was contacted via telephone and asked 

about their willingness to participate in the survey to prequalify them. It has been observed that 

personalized emails can increase the response rate (Erdos, 1970; Dillman et al., 2009). The 

individual mail to the respondent is more effective rather than bulk, messages. Literature shows 

that to test the effectiveness of email invitation personalization (Heerwegh, 2005)  and the 

personalized invitations resulted in nearly an 8-percentage point increase in response rates over 

the un-personalized invitations (Heerwegh, 2005).  

5.1    Large-scale Data Collection: Procedures 

 The large-scale data collection procedure is very important for the data collection from 

the organization. In this study, data were collected through a structured questionnaire because 

of even nature of the results, the analysis and interpretation is comparative ease. The large-scale 

data have been obtained from CMIE and Prowess database and personal contact via e-mails and 

telephone to renowned organization of manufacturing companies. The details of the company 

name and their manufacturing area and other details are obtained from the CMIE and Prowess 

database. From, the CMIE and  Prowess database, 4200 manufacturing companies were 

randomly selected. Initially, the turnover of selected companies is more than 100 crore (INR) 

and the list was limited to companies with more than 1000 employees for companies with less 

than 1000 employees are unlikely to engage in this study. The respondent of this study are 
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purchasing/manufacturing/materials executives and included CEOs, presidents, vice presidents, 

managers, and directors.  

 A structured questionnaires were sent to the respondents through e-mail with cover 

letter and reference letter from the thesis supervisor. To collect the data from respondents the 

following steps were followed:   

 The questionnaires were sent through e-mail along with cover letter. The  cover 

 letter contains the brief introduction of researcher, purpose of the research, and their 

significance. To verify the authenticity of the researcher, a formal letter from the 

supervisor were sent to each of the respondents (Appendix 1).  

 The cover letter was addressed to the name and designation of the particular of the 

responsible employee who is involved in operations or supply chain management 

(Appendix 2). 

 After sending the questionnaires with cover letter, after three weeks again reminder 

e-mail cover letter (Appendix 3) were sent to the employee who had not given the 

reply. 

 The reminder e-mail has been working, so, the same process has been adopted to 

enhance the response rate of the respondent (Appendix 4). 

 The response rate is less via reminder e-mail, finally, the researcher contacted 

respondents through telephonic appointment followed by personal meetings at 

different places for data collection across the country.  
 

5.2   Scaling Techniques  

 According to Malhotra and Dash (2010), Scaling involves creating a continuum upon 

which measured objects are located”. Literature shows that scaling techniques are categories 

into two ways: comparative scales and non-comparative scales (Malhotra  and Dash, 2009). For 

the achievement of the objective of this present study, the data has been collected through a 

structured questionnaire for three levels of scale development. With the help of structured 

questionnaire the data were collected in two stages, i.e., scale refinement and scale validation 

stage of the scale development process. Initially, 80 item questionnaire (Appendix 5) was 

applied to pilot test. Out of the 80 items, 49 items were usable (Appendix 6) for first order 

confirmation analysis. A 5-point Likert scale was used for items scored because it is best suited 

for the present study. The various reasons behind the adoption of 5 point Likert scale. The main 

reason is the scale construction and administration is very easy. This scale is very suitable for 

personal, mail and telephonic interview (Malhotra and Dash, 2009). Literature shows that the 
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adoption of  Likert scale is that highest number of studies have adopted the 5-point Likert scale 

for collecting of data on SCM performance and manufacturing competitiveness (Rettab et. al., 

2009; Benito and Benito, 2005). 
 

5.3     Questionnaire Design 

  The questionnaire design was started with the total number of pools and items 

outcomes from experts. The unwanted items were deleted through an initial screening process, 

details of the screening process and the pilot study have been explained in (section 4.3). Hence, 

a total number of pools are 15 and 49 were developed which was tested again by the pilot 

survey as shown in Table 5.1. The detail of these activities is given in the next chapter. 

Table 5.1 List of Pools and Items 

S. No. Code Number of pools Number of items 

 (EU) Environmental Uncertainty   

1.  (TU) Technology Uncertainty  05 

2.  (DU) Demand Uncertainty  04 

3.  (SU) Supply Uncertainty 02 

 (SCMPR) SCM Practices  

4.  (CR)  Customer Relationship  05 

5.  (IS) Information Sharing  02 

6.  (IQ) Information Quality  01 

7.  (SCI) Supply Chain Integration 03 

8.  (ECO) Eco-Innovation  05 

 (SCMP) SCM Performance   

9.  (CR) Customer Responsiveness  02 

10.  (SCE) Supply Chain Efficiency  04 

11.  (SS) Supplier Selection  05 

 (MC) Manufacturing Competitiveness   

12.  (P/C) Price/Cost  05 

13.  (CI) Continuous Improvement  02 

14.  (NPD) New Product Development  02 

15.  (MC) Manufacturing Flexibility 02 

Total 15 pools 49 items 
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5.4      Sampling Design  

 After the questionnaire design, the next step is sampling design, to achieve the 

objective of this study, choose the suitable sample data. Literature shows that there are numbers 

of techniques to decide the sample size with different criteria. In sampling techniques, there are 

two types, sampling design, i.e., probability sampling and non-probability sampling. Malhotra 

and Dash (2009), suggested five steps in the sample design process, they defined as the target 

population, determination of sampling frames, selection of sampling technique suitable for the 

particular study, an estimation of the sample size and last but not least the execution of sample 

process. The most important issues in this stage are that the issues that comes into the picture or 

whether this research should be specific industry oriented or not.  Second, the success of this 

research totally depends on the right selection of the respondent. In this study, respondents 

were managers of various functional area and top level managers of the companies.  Both the 

upper and high levels of managers are taking part and members from functional teams and top 

management were incorporated to understand the managerial perception of supply chain 

management and manufacturing competitiveness. Hence, the survey questionnaires were 

designed to get more and specific information about supply chain management and 

manufacturing competitiveness. At least 5 times of the items, observations are to be analyzed, it 

is more appropriate if the observation is more than 10 times of the items (Hair et al., 2013). 

With respect to this theory, the sample size is in between 200 to 400. In this study, the same 

size has taken is 350. 

 

5.4.1    Target Population 

 Target population refers to the entire group of individuals or objects to which 

researchers are interested in generalizing the conclusions. The target population usually has 

varying characteristics and it is also known as the theoretical population. Malhotra and Dash 

(2010) focused on the target population, and it is defined in terms of elements, sampling units, 

extent and time. In the present study, the target population has classified in two ways: 

Elements- Managers, Sampling units.  

 

5.4.1.1 Elements- Managers  

  The elements of the present study are managers of Indian manufacturing companies. 

The targeted elements/respondent are Chief Executive Officer (CEO)/President, Vice President 

or Director, Operation Managers, Supply Chain Managers, and Purchasing Managers, etc. The 

main reason for the selection of managers was that they provide the appropriate information 

https://explorable.com/what-is-generalization
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about their company. The frequency of managers and executives are shown in Table 5.2. The 

frequency of Chief Executive Officer (CEO)/President is 52, Vice President or  Director is 103, 

Operation Managers is 53, Supply Chain Managers is 77, and Purchasing Managers is 65, etc., 

are managers (respondents), who  provides the appropriate information regarding this research 

work as shown in Table 5.2., etc. 

 

 

 

Job Title Frequency 

CEO/President 52 

Vice President or  Director 103 

Operation Managers 53 

Supply Chain Managers 77 

Purchasing Managers 65 

Total  350 

 

5.4.1.2  Sampling Units- Why Manufacturing Companies?  

 In this study, for the sampling unit, manufacturing industries was selected for a 

variety of reasons. These are stated as follows: It has been observed that a number of studies 

have been available to the manufacturing industry across the globe for supply chain and 

manufacturing competitiveness using different techniques. These kind of studies with new 

dimensions of SCM and manufacturing competitiveness are still not common in the Indian 

manufacturing sector. So, due to this reason, the present study was conducted in the Indian 

manufacturing sector.  

 

5.4.2   Sampling Frame  

 The sampling frame denotes the elements of the target population. "It comprises of the 

list of guidelines to mark the target population" (Malhotra and Dash, 2009). The manufacturing 

companies are the targeted sector in this study. The list of companies were selected from the 

directory of Indian manufacturing companies published by CMIE and Prowess database. The 

two criteria have been adopted for the company selection. First, the company has more than 5 

years of manufacturing operations and Second, the net profit is more than 50 million in year 

2013-2014. In the CMIE and Prowess database, there are approximately  4200 manufacturing 

companies in India were found. According to the survey of Government of India National 

Manufacturing Competitiveness Council, report (2011),  the manufacturing sector contributes 

15.24% of the country's Gross Domestic Product (GDP) and the major sector manufacturing 

includes. The seven sectors are Automobiles & Auto Ancillaries Industry, Cement Industry, 

Table 5.2 List of Managers/Respondent, Frequency and Their Percentage   
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Food and Beverages Industry, Metal and Non Metals Industry, Pharmaceuticals Industry, 

Power & Energy Industry, and Textiles Industry, etc. 

 

5.4.3 Sampling Method  

 The sampling method is different for different stages. The convenience sampling 

method is the best method of pilot survey. There are different types of respondents from 

different sectors as earlier mentioned in (table 5.2) and respondent were contacted through 

telephone and e-mail mentioned in (section 5). These respondents are working at the top 

management position in the different types of companies. In this study, the data were collected 

in between January to June, 2015.  In this study, the target population (N) consists of the ten 

sectors. The variable used for the stratification was ‘type of industry’. The list of the companies 

has been identified from CMIE (CMIE, 2015) and Prowess data base, (2015).  The seven 

sectors are Automobiles & Auto Ancillaries Industry (65), Cement Industry (150), Food and 

Beverages Industry (30), Metal and Non Metals Industry (50), Pharmaceuticals Industry (75), 

Power & Energy Industry (60), and Textiles Industry (70), etc., and their percentage is shown 

in Table 5.3., and the percentage wise industries are shown in Figure 5.1.  

 

 

Name of Industries Frequency Percentage 

Automobiles & Auto Ancillaries 

Industry 

65 13.0 

Cement Industry 150 30.0 

Food and Beverages Industry 30 6.0 

Metal and Non Metals Industry 50 10.0 

Pharmaceuticals Industry 75 15.0 

Power & Energy Industry 60 12.0 

Textiles Industry 70 14.0 

Total 500 100 

 

 

5.4.4 Sample Size  

5.4.4.1 For Pilot Testing Stage  

             The pilot testing stage provides the basic idea of conducting the exploratory factor 

analysis with Principal Component Analysis along with the an assessment of the consistency 

and reliability of the items. The pilot study was conducted in a very few number of 

Table 5.3 List of Industries, Frequency and their Percentage   
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respondents, This stage has been considered for the preliminary development of the scale. The 

refinement and the validation stage was discussed in next section. 
 

 

 

 

5.4.4.2 For Refinement and Validation Stage  

             The author Green (1991) focused on a desirable sample size (n) should be:  

                             n >50 + 8V  

Where ‘V’ is the number of independent variables for testing the multiple regression and the 'n' 

is number of respondent.  For, the sample size of the respondent, the different authors may 

suggest differently, but the desirable ration should in the range of 15 to 20 for each independent 

variable. According to Hair et al. (1998), a lower ratio like 5:1 could be also be considered. The 

minimum sample size should be 300 for the exploratory factor analysis (Tabachnick and Fidell, 

2001). The sample size of the population is 1:10 to ensure the factor reliability (Nunnally, 

1978). The minimum sample size of the respondent for the SEM should be 150                    

(Hair et al., 2006). 

 

5.5 Final Data Collection Procedure 

  This final data procedure is conducted through primary source. The data were collected in 

two stages, First, The pilot study was conducted, for the standard validity and reliability of 
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data. Second, the stage was purification and validation phase. The Pilot survey was conducted 

on the top level respondent in the different manufacturing companies in India. The pilot survey 

has conducted in the month of January to June, 2015. The questionnaires were sent by e-mail 

and follow the steps in section 5.1. With the questionnaires a cover letter (Appendix 1 & 2) has 

been explained with the research objective and questionnaires (Appendix 5). A reminder letter 

(See Appendix 3 and 4) has been sent along with the instrument to the respondent after three 

weeks. To improve the response rate of the survey, other methods like telephone, personal 

contact, and personal visit after telephonic appointments were also used to improve the 

response rate. A total 380 instrument was returned, resulting in 20% rate of response and the 

literature shows that this rate of response is well accepted (Fraj-Andre´s et al., 2009; Rettab et 

al., 2009). The response rate, in the first round 2.1%, in second round 2.4%, and third round 

3.3%, were received. After the third round, it has been observed that there is an immense rate 

of responses were received by 3.7%, 4.9%, and 5.5%, respectively, as shown in (Table 5.4, 

Figure 5.5). In this study, to enhance the response rate, a continuing follow up action like 

telephone, and personal visits have been conducted. Hence, the overall response rate has 

considerably increased up to 20% as shown in (Table 5.4). Once the response rate was 

received, the number has been assigned to each and all questionnaires in the sequence of 

receipt, and to maintain the uniformity, the unusable questionnaires were deleted from the 

system. Finally, after the deletion of unusable questionnaires, the total number of complete and 

usable responses are 350 were found, representing a response rate of 20% as shown in        

(Table 5.5 and Figure 5.2).  
 

5.6  Data Analysis Procedure  

  In this study, the data analysis has been conducted by using Structural Equation 

Modeling (SEM).  The SEM is a statistical tool, designed to test a conceptual or theoretical 

model. The SEM is a combination of exploratory confirmatory factor analysis, path analysis, 

and latent growth modeling, etc. The basic fundamental of SEM is to analyze the data and to 

set the hypothesized relationship among the variables. The SEM is appropriate techniques 

because the purpose of this study is to examine a series of interrelationships between 

simultaneous endogenous and exogenous variables in defining multifaceted constructs and 

studying path dependent variances (Hair et al., 1998). For testing the hypothesized relationships 

among the variables a two-step approach of SEM has been defined by the Anderson, (Anderson 

and Gerbing’s, 1988). First, the measurement model is tested to establish validity and reliability 

of the scales used in the analysis; and Second, the structural relationships are tested.  

https://en.wikipedia.org/wiki/Confirmatory_factor_analysis
https://en.wikipedia.org/wiki/Path_analysis_%28statistics%29
https://en.wikipedia.org/wiki/Latent_growth_modeling
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Table 5.4 Manufacturing Industry Category-wise Break-up of Responses Received 

  

 Industry 

Category/ Responses 

Automobiles 

& Auto 

Ancillaries 

Industry 

Cement 

Industry 

Food and 

Beverages 

Industry 

Metal 

and Non 

Metals 

Industry 

Pharmaceuticals 

Industry 

Power 

& 

Energy 

Industry 

Textiles 

Industry 

Total Percentage  

First Wave   400 550 150 140 200 250 210 1900   

Received 8 15 3 5 4 2 3 40 2.1 

Second 

Wave 

Delivered 392 535 147 135 196 248 207 1860   

Received 9 17 4 5 4 3 3 45 2.4 

Third Wave Delivered 383 518 143 130 192 245 204 1815   

Received 10 19 8 7 6 5 5 60 3.3 

Final 

(Telephonic 

Follow up) 

Delivered 373 499 135 123 186 240 199 1755   

Received 11 22 8 8 6 5 5 65 3.7 

Final 

(Personal 

Contacts) 

Delivered 362 477 127 115 180 235 194 1690   

Received 9 25 10 10 11 8 9 82 4.9 

Final 

(Personal 

Visit) 

Delivered 353 452 117 105 169 227 185 1608   

Received 10 27 11 10 12 9 9 88 5.5 

Total Delivered 400 550 150 140 200 250 210 1900   

Received 57 125 44 45 43 32 34 380 20.0 
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In this study, the total number of constructs is six and 49 items are related to these constructs. 

Therefore, the SEM is a useful technique for the present study.  

 In the present study, useful data were found from 350 manufacturing companies, the final 

population, frequency and percentage of the manufacturing industries as shown in the (Table 5.5 

and Figure 5.2). The collected data are huge than the required sample size. After finalizing the 

sample size, for the validation of the data, various reliability and validity tests were conducted to 

analyze and validate both measurement and structural model. 

 

 

Name of Industries Frequency Percentage 

Automobiles & Auto Ancillaries Industry 30 8.6 

Cement Industry 113 32.3 

Food and Beverages Industry 20 5.7 

Metal and Non Metals Industry 25 7.1 

Pharmaceuticals Industry 45 12.9 

Power & Energy Industry 53 15.1 

Textiles Industry 64 18.3 

Total 350 100.0 

 

 

 

Table 5.5 Final Population, Frequency and their Percentage   



114 

 

 

 

 

5.7   Demographic Profile of the Respondents and Companies 

 The demographic data provide the relevant information regarding the characteristics of the 

respondents and satisfactory information to make a clear picture of the respondents. This 

information is very necessary to make the generalization of the respondent. In the first section, the 

data related to the demographic have been collected, which includes few questions which is related 

to various characteristics of the respondent and companies. 

 

5.7.1  Individual Job Function  

   This study has been performed on the basis of managerial perceptions of the supply chain 

management and manufacturing competitiveness. It has been assumed that the top level and middle 

level managers possess the relevant information related to this study. The survey has been made on 

the behalf of 350 manufacturing companies, and the top managers and middle managers are 
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categories into CEO/President (15%), Vice President or Director (29%), Operation Managers 

(15%), Supply Chain Managers (22%), and Purchasing Manager (19%), respectively, as shown in 

Figure 5.3. This predicts that the responses of the respondent are relevant and significant up to 

some context.  

 

 

 

 

 

5.7.2 Job Experience of Respondents  

 This demographic survey reveals the characteristic of manufacturing organizations, having 

low or high turnover rate. In this study, the job experience of the respondent is 37% were found to 

have an experience of 1to 4 years, 32% were found to have an experience of 5to10 years, and 31% 

were found to have more than 10 years of experience (Figure 5.4) 

 

CEO/President

15%

Vice President 

or Director

29%

Operation 

Managers

15%

Supply Chain 

Managers

22%

Purchasing 

Manager

19%

Job Position

Figure 5.3 Description of Job Position of Respondent 



116 

 

 

 

 

5.7.3 Gender Bias  

 In this study, the respondents are both male and female. This study found that, there are 

304 male respondents (87%) and 46 female respondents (13%), have participated in the survey as 

shown in Figure 5.5. The study shows that an Indian manufacturing companies favour male 

candidates in their recruitment practices at various levels as compared to female candidates. The 

study reveals that the ratio of the male respondent is much higher as compared than female 

respondents. Stephens and Greer (1995) also supported this bias-ness in the recruitment.  
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5.7.4 Company Ownership  

 The study shows that out of the 350 companies, 35 were public companies (10%) and 315 

were private companies (90%) as shown in Figure 5.6. Further, most of the public companies were 

cement companies and metal and non-metal companies which were governed by both state and 

central government. The figure 5.6., shows that ownership of the companies in terms of 

percentage. 

 

 

 

 

5.7.5 Number of Employees  

 In any manufacturing companies, the number of employees has significant values. With 

respect to the information collected the number of employees categorized into five categories.  The 

result shows that the manufacturing companies which have less than 499 employees are only 17%, 

in between 500 to 999 employees are 16%, 1000 to 1999 employees are only 5%, 2000 to 4999 

employees are 45%, and more than 5000 employees are 16% respectively as shown in Figure 5.7.  
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5.8 Non Response Bias Test   

   For the assessment of non-response bias in the data collection through mail survey, 

statistical difference tests between earliest and latest responses is applied (Kureshi et al., 2010; 

Krause and Scannel, 2002; Armstrong and Overton, 1977).  The information collected from the 

respondent through the survey methodology might cause a non-response bias. The non- 

respondents change the sample frame and can be lead to a sample that does not represent the 

population (Forza, 2002). Hence, the non-respondents can limit the generalizability of results. The 

non-response bias testing is an important step before the sample is generalized to the population 

(Armstrong and Overton, 1977). In this study, it is not possible to investigate non response bias 

directly, because it had a limited access to any information regarding the organizational details 

except name, phone, and individual details. The late return of the survey, represents the opinion of 

non-respondent (Armstrong and Overton, 1977; Lambert and Harrington 1990). In a study the 

following assumption has been considered, and compared between those respondents who reply 

early and those whose reply late (e.g., those who responded after the initial emails) with those who 

responded late (e.g., those who responded to the follow-up emails). Literature shows that, similar 

methodology has been used in previous studies of operations management and supply chain 

management (Handfield and Bechtel, 2002; Narasimhan and Kim, 2001).  

 The detailed procedure of the data collection was discussed in section 5.5 and the details of 

responses as shown in the Table 5.4. Commonly, there are two types of methods in operations 
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management research are discussed in the previous literature. First, independent t tests (Armstrong 

and Overton, 1977; Modi and Mabert, 2007) and, Second, the chi-square test (Meyer and Collier, 

2001). To examine the mean differences between items of early and late respondents, the 

independent t tests were conducted. After dividing 380 respondents into two groups (145 early 

responses and 235 late responses) as shown in (Table 5.4), 350 variables were selected as shown in 

(Table 5.5), and t tests were performed between the two groups. The result showed that there are 

no statistically significant differences among those variables. Using  X2  test statistics and P <0.05, 

it has been observed that there were no significant differences between the two groups in terms of 

firm size (i.e., number of employees), and annual revenue (Table 5.6).  This analysis represents, 

the received respondent are unbiased sample are shown in Table 5.6.  

The calculation formula:  χ2 = 
2

1

( )i i

i

k

i

f e

e


 ,   where, fi = observed frequency for category i, 

ei = expected frequency for category i, k = number of categories, and degrees of freedom = k-1. 

 

 

Variables Early 

Respondents 

(Initial E-mails) 

Late Respondents (Follow-up E-

mails) 

Chi-

square 

Test 

 Frequency (%) Expected 

Frequency (%) 

Observed 

Frequency (%) 

 

Firm size (n=350) 

< 499 60 (46) 88 (40) 83 (38)    

 χ2 = 3.38 

d.f. = 4 

p>0.01 

500-999 30 (23) 50 (23) 52 (24) 

1000-1999 20 (15) 40 (18) 42 (19) 

2000-4999 15 (12) 25 (11) 26 (12) 

Over 5000 5 (4) 17 (8) 18 (8) 

Annual revenue (Rs in Crores) (n=350)  

<50 31 (24) 44 (20) 25 (11)   

 χ2 = 9.08 

d.f. = 4 

p>0.01 

51-100 45 (35) 72 (33) 95 (43) 

101-200 19 (15) 39 (18) 53 (24) 

201-299 21 (16) 35 (16) 28 (13) 

Over 300 14 (11) 30 (14) 20 (9) 

 

 

Table 5.6 Comparison of Sample and Respondents: Non-Response Bias Test 
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5.9   Test of Common Method Bias (CMB) 

In the present study, the nature of research questions require to collect data on multiple 

construct from a single respondent at the same time, so, one of the most important issues, with 

using self-reported data are common methods or single source bias (Spector, 1987). The common 

method bias (CMB) is also known as common method variance (CMV); therefore, these two terms 

are interchangeably used. The common method variance CMV occurs because all data are self-

reported and collected through the same questionnaire during the same period of time with the 

cross-sectional research design. CMB is concern of organizational researcher (Heaton and Harung, 

1999), and has to come out with the mixed results concerning the seriousness of the problem. 

When considering the self-reporting methodologies, the researchers of management address two 

types of problems (Podsakoff et al., 2003). First, how much relevant is self-report for the 

measurement of particular constructs in the context of study. Literature shows that secondary index 

is unavailable in case of emerging economies like India (Mishra and Suar, 2010). Hence, the 

managers who are working in the manufacturing company, only provides the information related to 

the company's data towards the supply chain and manufacturing competitiveness. Meanwhile, this 

study is based on the perception of managers on the supply chain performance. Hence, the 

methodology of self-reported was an appropriate way to assess all constructs in the model. 

 Second, problem deals with the practical and ethical concern of the data collected from the 

respondents. In this study, anonymity and confidentiality of the data were assured to the 

respondents and this motivated respondents for the honest and open answer regarding their 

perception on the construct of interest. These are one way methods, in which common method bias 

(CMB) will be tested. Other methods have been described in the literature which are as follows:  

 It has been observed from the literature that there are two methods used to test the (CMB). 

First, post hoc statistical tests are used. In this method, all the variables are entered into an 

exploratory factor analysis (EFA), using un-rotated principal components factor analysis, principal 

component analysis with varimax rotation, and principal axis analysis with varimax rotation to 

determine the number of factors that are necessary to account for the variance in the variables. If a 

significant amount of common method variance (CMV) is present, either (i) a single factor will 

emerge from the factor analysis, or (ii) one general factor will account for most of the covariance 

among the variables (Andersson and Bateman, 1997; Podsakoff et al., 2003).  
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 Second, the Harman’s single factor test is using confirmatory Factor Analysis (CFA) is 

conducted to test the hypothesis that a single factor accounts for all the variance in the data 

(Podsakoff et al., 2003). If CMV is fully responsible, among the variables, the single-factor CFA 

model should fit the data well (Posdakoff et al., 2003). Although the results of these analyses do 

not preclude the possibility of CMB, they do suggest that CMV is not of great concern and thus is 

likely to confound the interpretations of results. Hence, it has been assumed that this study doesn't 

suffer from the overestimation of the responses. 

 

5.10 Large-scale Instrument Validation Methodology  

In the large scale instrument validation, the survey instrument was subjected to rigorous 

reliability and validity assessment using the 350 survey responses. This section describes the 

procedures used during the instrument validation process and the consequent statistical results. 

 

5.10.1 Measurement Model, Validity, and Reliability 

 The main objective of the survey instruments is validity and reliability. The validity 

measures the extent to which the item or scale truly measure what is exactly to measure (Flynn et 

al., 1990). The reliability represents the extent to which researchers all measure the same thing 

(Flynn et al., 1990; Hair et al., 2006). The instruments which are reliable, produce the same 

measurable results, and it is capable to replicate the whole study over time and populations (Flynn 

et al., 1990). It has been observed that a construct cannot be valid if it is failing to be reliable, 

although that same construct can be reliable in the absence of validity (Gordis, 2009). Thus, 

confirmatory factor analysis (CFA) incorporating IBM Statistical Package for the Social Sciences 

(SPSS) Statistics 20 and Analysis of Moment Structures (AMOS 20), was used to evaluate the 

properties of the measures addressing the latent first-order constructs in this study. The content 

validity assesses the representativeness of each measurement item in relation to its theoretical 

posited construct. When the measurement items are a sample of a universe in which the researchers 

are interested than content analysis is established (Cronbach and Meehli, 1955) and when the items 

of the construct sufficiently cover the domain of that construct (Churchill, 1979). The content 

validity has been examined by literature review comprehensively (Nunnally, 1978) and having 

expert judges like academicians and practitioners, evaluate the measurement items with the 

structured interviewed (Moore and Banbasat, 1991). This study used these procedures to ensure the 
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content validity of the constructs. In the assessment of convergent validity, the measurement items 

in one construct come together to form a single common dimension and thus is assessed by 

checking the value of the loading for an item (Bagozzi and Yi, 1998).  

 To assess the validity of the first-order measurement models, the CFA method has been 

used. It has been observed that the multiple fit of the indices can be used to assess the model fit 

(Shah and Goldstein, 2006). The literature shows that there are two types of model fit indices are 

reported. First,  Absolute fit indices imply to (χ2, goodness-of-fit index [GFI], root mean square 

error of approximation [RMSEA], and standardized root mean square residual [SRMR]) measure 

how well the hypothesized model fits the sample data. Second, Incremental fit indices, implies to 

(normal fit index [NFI], comparative fit index [CFI], and incremental fit index [IFI]) compares the 

hypothesized model to two alternative baseline models: a null model, which assumes there are no 

correlated constructs, and an ideal model, which perfectly matches the hypothesized model 

(Talwar 2011a, 2011b; Shah and Goldstein, 2006).  

 The literature shows appropriate and acceptable cutoff values for model fit indices (Hu and 

Bentler, 1998; Modi and Mabert, 2006). Generally, "values of GFI >0.80 are considered acceptable 

for model fit, and scores of 0.90 or higher are evidence of good fit (Hair et al., 1998; Papke-Shields 

et al., 2002). SRMR is an error fit indicator and thus lower values represent adequacy in the model. 

SRMR values <0.05 indicate good fit, whereas values <0.08 represent reasonably acceptable errors 

of approximation (Browne and Cudeck, 1993). RMSEA values <0.05 indicate good fit, and values 

up to 0.09 indicate acceptable errors of approximation. This study also uses NFI, CFI, and IFI as 

widely accepted incremental model fit indices, and values of 0.90 or higher are associated with 

good model fit" (Hair et al., 2006). In the confirmatory factor analysis (CFA), the average variance 

extracted (AVE) among a set of construct items may also be used as an indicator of convergence 

and thus AVE is provided for each first-order measurement model (Hair et al., 2006). The 

literature suggested that values of 0.5 or higher are an adequate measure of convergence and will 

represent the target threshold for convergent validity. "Discriminant validity examines the extent to 

which the measurement items from a unique dimension of a construct that is independent of all 

other dimensions" (Bagozzi and Phillips, 1982). If the value of AVE of each construct is greater 

than the square of the correlations, so it means that the evidence of discriminant validity exist 

(Braunscheidel and Suresh, 2009). Reliability can be measured, if the construct can produce the 

same results in repeated attempts. The values of reliability >0.7 are preferable, values >0.60 are 
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acceptable for newly developed scales (Cronbach, 1951; Nunnally, 1978). Cronbach’s α and 

composite reliability (Fornell and Larcker, 1981) are used to examine the reliability values. The 

targeted CFA statistical cut-off values used in this study are summarized as shown in Table 5.7 

 

 

Fit statistic Recommended cut-off values 

 

Root Mean Square Error of Approximation (RMSEA) < 0.09 

Goodness-of-Fit Index (GFI) > 0.85 

Comparative Fit Index (CFI) > 0.90 

Normal Fit Index (NFI) > 0.90 

Incremental Fit Index (IFI) > 0.90 

Standardized Root Mean Square Residual (SRMR) > 0.08 

Average Variance Extracted (AVE) > 0.50 

Cronbach’s  Alpha (Reliability)    > 0.7 are preferable, 

> 0.60 are acceptable for newly 

developed scales 

 

5.10.2 Large-scale Measurement Results 

   In this section, the large-scale instrument results have been presented on each of the six 

constructs: Eco-Innovation (ECO), Environment Uncertainty (EU), Manufacturing 

Competitiveness (MC), SCM Performance (SCMP), SCM Practices (SCMPR), Supplier Selection 

(SS), and, etc. For each construct, the methodology for instrument assessment was applied. 

 In the next section, the analysis of the construct and there items has been discussed. After, 

the first order confirmation analysis, there are 21 items found to be usable for further analysis as 

shown in the Table 5.8, and questionnaires are shown in (Appendix 7). The analysis has been 

started with purification using Corrected Item-Total Correlation (CITC) analysis. The initial CITC, 

final CITC and Cronbach’s alpha (reliability) α, for each item and its corresponding code name are 

shown in Table 5.8. The analysis began with purification using CITC analysis and the value of 

CITC for ECO1, ECO2, ECO4, and ECO5 are more than 0.50 and significant, except the item 

ECO3 indicating sufficient evidence of acceptable reliability 0.493, but it's very important items 

so, it was not eliminated (Hair et al., 2013). Hence, the items having more than 0.50 CITC value 

and important for this study have been taken for further analysis. 

 

Table 5.7 Fit statistics for Validating the Measurement 

models 
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E

C
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) ECO1 
Our company made eco-innovation 

products 

2.794 1.293 0.519 0.990 

 

 

 

0.892 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECO2 
Environmental patent applications 

position among peers 

2.780 1.278 0.520 0.912 

ECO3 After-tax returns among peers 2.789 1.290 0.493 0.888 

ECO4 
Reductions of energy compared to 

peer companies 

2.777 1.270 0.513 0.912 

ECO5 
Waste reduction ratio compares with 

peer companies 

2.774 1.299 0.514 0.989 

E
n

v
ir

o
n

m
en

ta
l 

U
n

ce
rt

a
in

ty
 (

E
U

) 

EU1 
Our company is characterized by 

rapidly shifting technology. 

2.966 1.130 0.648 0.860 

EU2 

Our company frequently changes our 

process and production technology. 

So the rate of process obsolescence is 

high in our company 

2.889 1.202 0.606 0.836 

EU3 

Our master production schedule has a 

high percentage of variation in 

demand 

2.940 1.128 0.617 0.823 

EU4 
Our demands are fluctuating radically 

from week to week 

2.869 1.190 0.602 0.837 

EU5 

We maintain our inventory of critical 

material to fulfil the changing 

demand 

3.000 1.289 0.661 0.766 

EU6 Stability of quality of critical material  2.971 1.260 0.654 0.732 

M
a
n

u
fa

ct
u

ri
n

g
 

C
o
m

p
et

it
iv

en
es

s 

(M
C

) 

MC1 

Our company offers, product at 

competitive price/cost, lower than our 

competitors 

2.934 1.215 0.402 0.483 

MC2 
We try to reduce the R&D and 

production price/cost of the product 

2.743 1.236 0.417 0.349 

MC4 

Our company uses empowers 

employees for continuous 

improvement 

2.989 1.271 0.507 0.488 

Table 5.8 Item Purification Results (CITC/Alpha) 
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S
C

M
 

P
er

fo
rm

a
n

ce
 

(S
C

M
P

) SCMP3 

Our company supply chain is 

successful in minimizing inventory 

levels and overall cost 

3.066 1.304 0.149 0.155 

SCMP5 

Our company supply chain is 

successful in meeting quality 

specifications 

3.103 1.292 0.272 0.228 

S
C

M
  
P

ra
ct

ic
e 

(S
C

M
P

R
) 

SCMPR1 

We regularly assess the formal and 

informal complaints of our customers 

2.834 1.183 0.416 0.475 

SCMPR2 

We often interact with clients to 

determine reliability, responsiveness 

other standards for us  

2.803 1.160 0.501 0.487 

SCMPR4 
Our trading partners share proprietary 

information with us 

2.826 1.168 0.572 0.524 

S
u

p
p

li
er

 

S
el

ec
ti

o
n

 

(S
S

) 

SS1 

Our supply chain is characterized by 

full system visibility from suppliers’ 

suppliers to customers’ customers 

2.860 1.199 0.485 0.557 

SS4 
Our suppliers provide high quality, 

responsive service to us. 

2.860 1.178 0.512 0.584 

 

 Environmental Uncertainty (EU) construct was initially represented by initial (six items), 

and their corresponding code names are shown in Table 5.8. The scores of initial CITC for all the 

items in EUs are well near above 0.60., indicating sufficient evidence of acceptable reliability as 

shown in Table 5.8., these items have been taken for further analysis. Hence, those items having 

more than 0.50 CITC value have been taken for further analysis. 

 The Manufacturing Competitiveness (MC) construct was initially represented by three 

items. The three items and their corresponding code names are shown in Table 5.8. Initially, the 

analysis has been started with purification using Corrected Item-Total Correlation (CITC) analysis. 

The initial score of CITC for item MC4 is well near above 0.50, whereas the value of initial CITC 

for MC1 and MC2 is less than 0.50, except the item MC1and MC2 is 0.402 and 0.417 respectively, 

indicating insufficient evidence of acceptable reliability, but it's very important items so, it was not 

eliminated. Hence, the items having more than 0.50 CITC value and it is important for this study 

has been taken for further analysis (Hair et al., 2013). 
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 The Supply Chain Management Performance (SCMP) construct was initially represented 

by two items. The initial value of CITC for items SCMP3 and SCMP5 is 0.149 and 0.2725 which 

less is than 0.50, but these items are very important for this analysis, so the data are not eliminated 

as shown in Table 5.8. The Cronbach's alpha (reliability) α for these items are satisfactory. Hence, 

these items are important for the analysis so it has been taken to the next level. 

 The Supply Chain Management Practice (SCMPR) construct was initially represented by 

three items. The initial three items and their corresponding code names are shown in Table 5.8. 

The initial value of CITC for SCMPR1 is less than 0.50, but this item is very important for this 

analysis, so the item is not eliminated. The value of CITC for SCMPR2, and SCMPR4 is more 

than 0.50 and significant as shown in Table 5.8. The Cronbach's alpha (reliability) α for these items 

are satisfactory. Hence, these items have been taken to the next level. 

 The supplier selection construct was dimension less and initially represented by two items. 

The initial two items and their corresponding code names are shown in Table 5.8. The initial value 

of CITC for SS4 is greater than 0.50, and significant, whereas the value for SS1 is less than 0.5, 

but this item is important for this study. The Cronbach's alpha (reliability) α for these items are 

satisfactory as shown in Table 5.8. Hence, the expectable value of CITC and reliability is more 

than standard value, so, it is acceptable for further analysis. 

 The Cronbach's alpha  (reliability) α for these twenty one items are 0.892, which is more 

than satisfactory and considered reliable also, considering that the scale is relatively exploratory, 

having been adapted to a new context for the purposes of this research as shown in Table 5.8. The 

mean and standard deviation of each item are satisfactory. Hence, all scales used in this study are 

considered reliable based on their alpha coefficients.  

 After the analysis of reliability, an exploratory factor analysis was done using principal 

components as a means of extraction and varimax as a method of rotation. The evaluation of the 

correlation matrix through the KMO and Bartlett’s test resulted in high KMO statistics (ranging 

from 0.79 to 0.92) and a significant probability level (p, 0.001) for the Bartlett’s test of all 

constructs. The result of the analysis of KMO and Bartlett’s test is 0.800 and 0.0000 respectively, 

shows in Table 5.9. This analysis indicates that sufficient correlations were found within the 

correlation matrix for factor analysis to proceed.  
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Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.800 

Approx. Chi-Square 6681.151 

Bartlett's Test of Sphericity  df 210 

Sig. 0.000 

 

   The factor analysis shows the cumulative % of variance explained by the six constructs 

(EU, ECO, SCMPR, MC, SS, and SCMP) are 75.703%. In this study, loading factor for each item 

is more than 0.4 (Hair et al., 2013). All the factors and there were no items with cross loadings 

greater than 0.40 as shown in Table 5.10. Further, the test of uni-dimensionality for each construct 

(EU, ECO, SCMPR, MC, SS, and SCMP) was tested using AMOS 20.0.  According to Sethi and 

King (1994), "iterative modifications were made for each of the sub-constructs by observing 

modification indices and coefficients to improve key model fit statistics". Further, Joreskog and 

Sorbom (1989), has as recommended, only one item was altered at a time to avoid over-

modification of the model. This iterative process continued until all model parameters and key fit 

indices met recommended criteria. It has been observed that if the constructs have less than 4 

items, the statistics of the model fit could not be obtained. To overcome this problem the two-

factor model was tested by adding the items of another construct.  

 

 

 

 

 

 

 

 

 

 

 

Table 5.9 KMO and Bartlett's Test  
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Items Factors 

Loadings 

Environmental 

Uncertainty  

(EU) 

Factors 

Loadings 

Eco-

Innovation 

(ECO) 

Factors 

Loadings 

SCM 

Practices 

(SMPPR) 

Factors 

Loadings 

Manufacturi

ng 

Competitive 

ness (MC) 

Factors 

Loadings 

Supplier 

Selection 

(SS) 

Factors 

Loading

s SCM 

Perform

ance 

(SCMP) 

EU4 0.887 
     

EU1 0.874 
     

EU2 0.868 
     

EU3 0.848 
     

EU5 0.749 
     

EU6 0.718 
     

ECO1 
 

0.926 
    

ECO5 
 

0.923 
    

ECO3 
 

0.897 
    

ECO4 
 

0.792 
    

ECO2 
 

0.785 
    

SCMPR1 
  

0.840 
   

SCMPR2 
  

0.772 
   

SCMPR4 
  

0.701 
   

MC1 
   

0.837 
  

MC4 
   

0.768 
  

MC2 
   

0.745 
  

SS1 
    

0.825 
 

SS4 
    

0.789 
 

SCMP3 
     

0.825 

SCMP5 
     

0.747 

Eigen 

value 
4.589 3.971 2.173 2.052 1.729 1.383 

% of 

Variance 
21.854 18.912 10.347 9.774 8.231 6.586 

Cumulative  

% of 

Variance 

21.854 40.765 51.112 60.886 69.117 75.703 

 

 

 

Table 5.10 Factor Analysis (within each variable) for Retained Items 
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5.11 Summary of Large-scale Analysis Results 

 The summary of large-scale analysis shows the details summary of the analysis. In this 

section, the details of each construct and the number of final constructs measurement items, mean, 

standard deviation, initial CITC, final CITC, Cronbach's alpha  (reliability) α, and their factor 

loadings are displayed as shown in Table 5.11. It has been observed from the table that the mean, 

standard deviation, initial CITC, final CITC, final score of the Cronbach's alpha (reliability) α, and 

loading factors are for all the constructs are acceptable value. The overall final measurement 

instrument for all six constructs in this study were found to be valid and reliable and thus can be 

used in future research. In the next section, construct-level correlation analysis has been discussed. 

 

 

D
im

en
si

o
n

s 

It
em

s 
 C

o
d

e
 

Item Descriptions 
M

ea
n

 

S
td

. 
D

ev
ia

ti
o
n

 

In
it

ia
l 

C
o
rr

ec
te

d
 

It
em

-T
o
ta

l 

C
o
rr

el
a
ti

o
n

 

 (
C

IT
C

) 

F
in

a
l 

C
IT

C
 

C
ro

n
b

a
ch

's
 A

lp
h

a
 

(α
) 

F
a
ct

o
r 

L
o
a
d

in
g
s 

E
co

-I
n

n
o
v
a
ti

o
n

 (
E

C
O

) 

ECO1 
Our company made eco-

innovation products 
2.794 1.293 0.519 0.990 

0.892 

 

0.926 

ECO2 

Environmental patent 

application’s position 

among peers 

2.780 1.278 0.520 0.912 0.785 

ECO3 
After-tax returns among 

peers 
2.789 1.290 0.493 0.888 0.897 

ECO4 

Reductions of energy 

compared to peer 

companies 

2.777 1.270 0.513 0.912 0.792 

ECO5 

Waste reduction ratio 

compares with peer 

companies 

2.774 1.299 0.514 0.989 0.923 

E
n

v
ir

o
n

m
en

ta
l 

U
n

ce
rt

a
in

ty
 (

E
U

) EU1 

Our company is 

characterized by rapidly 

shifting technology. 

2.966 1.130 0.648 0.860 0.874 

EU2 

Our company frequently 

changes our process and 

production technology.  

So the rate of process 

obsolescence is high in 

our company 

2.889 1.202 0.606 0.836 0.868 

Table 5.11 Summary of Analysis 
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EU3 

Our master production 

schedule has a high 

percentage of variation 

in demand 

2.940 1.128 0.617 0.823 0.848 

EU4 

Our demands are 

fluctuating radically 

from week to week 

2.869 1.190 0.602 0.837 0.887 

EU5 

We maintain our 

inventory of critical 

material to fulfil the 

changing demand 

3.000 1.289 0.661 0.766 0.749 

EU6 

Stability of quality of 

critical material  

 

2.971 1.260 0.654 0.732 

 

0.718 

M
a
n

u
fa

ct
u

ri
n

g
 

C
o
m

p
et

it
iv

en
es

s 
(M

C
) 

MC1 

Our company offers, 

product at competitive 

price/cost, lower than 

our competitors 

2.934 1.215 0.402 0.483 0.837 

MC2 

We try to reduce the 

R&D and production 

price/cost of the product 

2.743 1.236 0.417 0.349 0.745 

MC4 

Our company uses 

empowers employees for 

continuous improvement 

2.989 1.271 0.507 0.488 0.768 

S
C

M
 P

er
fo

rm
a
n

c
e 

(S
C

M
P

) 

SCMP3 

Our company supply 

chain is successful in 

minimizing inventory 

levels and overall cost 

3.066 1.304 0.149 0.155 0.825 

SCMP5 

Our company supply 

chain is successful in 

meeting quality 

specifications 

 

3.103 1.292 0.272 0.228 0.747 

S
C

M
  
P

ra
ct

ic
e 

(S
C

M
P

R
) SCMPR1 

We regularly assess the 

formal and informal 

complaints of our 

customers 

2.834 1.183 0.416 0.475 0.840 

SCMPR2 

We often interact with 

clients to determine 

reliability, 

responsiveness other 

standards for us  

2.803 1.160 0.501 0.487 0.772 

SCMPR4 

Our trading partners 

share proprietary 

information with us 

2.826 1.168 0.572 0.524 0.701 
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(S
S

) 

SS1 

Our supply chain is 

characterized by full 

system visibility from 

suppliers’ suppliers to 

customers’ customers 

2.860 1.199 0.485 0.557 0.825 

SS4 

Our suppliers provide 

high quality, responsive 

service to us. 

2.860 1.178 0.512 0.584 0.789 

 

5.12  Construct-Level Correlation Analysis 

  The Pearson correlation (i.e., no causal relationships are specified) was used to check for 

the preliminary statistical validity of the 9 hypotheses presented in Chapter 3. Thus, each construct 

was represented by a composite score, computed by taking the mean scores of all items in a 

specific construct and the result shown in Table 5.12. The results show that all the correlations are 

statistically significant at the 0.01 level except the correlation 0.023 (Supply Chain Management 

Performance and Eco-Innovation) (H6) which is less significant as compared to others.  

Table 5.12 Construct – Level Correlation Analysis Results  

Hypothesis Independent Variables Dependent Variables Pearson 

Correlation 

H1 
Environmental 

Uncertainty 

Supply Chain Management 

Practice 
0.478** 

H2 
Supply Chain 

Management Practice 
Eco-Innovation 0.229** 

H3 
Supply Chain 

Management Practice 

Supply Chain Management 

Performance 
0.193** 

H4 
Supply Chain 

Management Practice 
Supplier Selection 0.443** 

H5 Supplier Selection 
Supply Chain Management 

Performance 
0.151** 

H6 

Supply Chain 

Management 

Performance 

Eco-Innovation 0.023 

H7 Eco-Innovation 
Manufacturing 

Competitiveness 
0.379** 

H8 

Supply Chain 

Management 

Performance 

Manufacturing 

Competitiveness 

0.182** 

 

H9 Supplier Selection 
Manufacturing 

Competitiveness 
0.298** 

**. Correlation is significant at the 0.01 level (2-tailed) 
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  The correlation coefficients in descending order are: 0.478 (Environmental Uncertainty to 

Supply Chain Management Practice), 0.443 (Supply Chain Management Practice to Supplier 

Selection), 0.379 (Eco-Innovation to Manufacturing Competitiveness), 0.298 (Supplier Selection 

to Manufacturing Competitiveness), 0.229  (Supply Chain Management Practice to Eco-

Innovation), 0.193 (Supply Chain Management Practice to Supply Chain Management 

Performance), 0.182 (Supply Chain Management Performance to Manufacturing 

Competitiveness),  0.151 (Supplier Selection to Supply Chain Management Performance), 0.023  

(Supply Chain Management Performance to Eco-Innovation) as shown in Table 5.13. It has been 

observed from the Table 5.13 that there are high correlations between the constructs for most 

hypothesized relationships; the test for causal relationships between the constructs using structural 

equation modeling will be discussed in the next chapter. 

 

 

Hypothesis Independent Variables Dependent Variables Pearson 

Correlation 

H1 
Environmental 

Uncertainty 

Supply Chain Management 

Practice 
0.478** 

H4 
Supply Chain 

Management Practice 
Supplier Selection 0.443** 

H7 Eco-Innovation 
Manufacturing 

Competitiveness 
0.379** 

H9 Supplier Selection 
Manufacturing 

Competitiveness 
0.298** 

H2 
Supply Chain 

Management Practice 
Eco-Innovation 0.229** 

H3 
Supply Chain 

Management Practice 

Supply Chain Management 

Performance 
0.193** 

H8 

Supply Chain 

Management 

Performance 

Manufacturing 

Competitiveness 

0.182** 

 

H5 Supplier Selection 
Supply Chain Management 

Performance 
0.151** 

H6 

Supply Chain 

Management 

Performance 

Eco-Innovation 0.023 

**. Correlation is significant at the 0.01 level (2-tailed) 

 

 

Table 5.13  Construct-Level Correlation Analysis as per Pearson Correlation 

Ranking 
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5.13      Conclusion  

 At the beginning of this chapter, initially, data collection via a large-scale survey after 

item generation, and structured interview were conducted. This chapter deals with the validation of 

the instrument development, and also discussed the research methodology, including research 

design, data collection methods, questionnaire design, sampling design, data analysis procedure 

and demographic profile of the respondents and companies. A chapter provides a brief detail of the 

large-scale instrument validation methodology. The analysis has been done to test the convergent, 

discriminant validity, test of reliability, exploratory factor analysis (EFA) and confirmatory factor 

analysis (CFA) of all reflective scales in the model. Further, the hypothetical relationships were 

tested among the construct by Pearson Correlation, which is the focus of this chapter. From, the 

analysis the correlations are statistically significant among the construct, except (H6) hypothesis. A 

detailed description of the data analysis process is given in the subsequent chapter of the present 

thesis. 

 



134 

 

CHAPTER – 6 

STRUCTURAL EQUATION MODELING AND DISCUSSION  

 

 

 

Preview  

 This chapter deals with a brief background of causal model and hypothesis testing. 

From the analysis, it has been observed that the bivariate correlations (Pearson correlation) are 

statistically significant for most pairs of the constructs considered for the hypotheses (8 out of 

9) (Chapter-5). Now, there is a need for attention, to explore the significance of these 

hypothesized relationships, when all the relationships are put together in a multivariate 

complex model due to the interactions among variables. A structural equation modeling (SEM) 

has been used for testing the hypotheses (Joreskog and Sorbom, 1989).  

 The standard Structural Equation Modeling (SEM) is categories into two parts. First, the 

measurement model (a sub-model in SEM that specifies the indicators of each construct and 

assesses the reliability of each construct for later use in estimating the causal relationships). 

Second, the structural model (the set of dependent relationships linking the model constructs). 

Meanwhile, the analysis of the measurement properties of each construct have already been 

evaluated through rigorous validity and reliability analysis. To test the proposed hypotheses, 

the Structural Equation Modeling (SEM) has been used, and, more specifically, AMOS 

package version 20. Software. A proposed structural model was tested and the overall 

goodness-of-fit of the entire structural equation model is assessed as well. 

 

6.      The Proposed Researched Model  

The proposed research model and their hypothesis are shown in Figure 6.1. In this 

study, six latent constructs are taken in the model. The variables in the model are: 

environmental uncertainty (EU), SCM Practices (SCMPR), eco-innovation (ECO), SCM 

performance (SCMP), supplier selection (SS), and manufacturing competitiveness (MC). The 

environmental uncertainty (EU) is regarded as independent (exogenous) variables, and all 

others like (SCMPR, ECO, SCMP, SS, MC) are dependent (endogenous) variables. The 9 

hypotheses proposed in the Chapter 3 (Figure 3.1) are represented by 9 causal relationships in 

the model. The Hypothesis H1 is the relationship of Environmental Uncertainty (EU) and SCM 

Practices (SCMPR), hypothesis H2 is the relationship of SCM Practices (SCMPR) and Eco-

Innovation (ECO), hypothesis H3 is the relationship of SCM Practices (SCMPR), and SCM 
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Performance (SCMP), hypothesis H4 is the relationship of  SCM Practices (SCMPR) and 

Supplier Selection (SS), hypothesis H5 is the relationship of Supplier Selection (SS) and SCM 

Performance (SCMP), hypothesis H6 is the relationship of SCM Performance (SCMP) and 

Eco-Innovation (ECO), hypothesis H7 is the relationship of Eco-Innovation (ECO) and 

Manufacturing Competitiveness (MC), hypothesis H8 is the relationship of SCM Performance 

(SCMP) and Manufacturing Competitiveness (MC), hypothesis H9 is the relationship of 

Supplier Selection (SS) and Manufacturing Competitiveness (MC), etc., as shown in Figure 

6.1.  

 The various indices can be used, to assess the fit of the hypothesized model to the data. 

The various indices are Chi-square, GFI, AGFI, CFI, NFI, and RMSEA. These indices are 

already described in the Chapter 5, the first four indices (GFI, AGFI, CFI, and NFI) in the 

range of 0.80-0.89 represents a reasonable fit; scores of 0.90 or higher are considered as 

evidence of good fit. The RMSEA values range from 0 to 1, with smaller values indicating a 

better model; values below 0.05 signify good fit (Hair et al., 2013) as shown in Table 5.7. 
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Figure 6.1 A Proposed Research Model (detailed) 
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6.1    Convergent and Discriminant Validity of Research Instruments 

 The manufacturing competitiveness has been assessed by adopting a 21-items scale 

developed and validated. The name of original scale developed as manufacturing 

competitiveness scale which is designed to measure the competitiveness of manufacturing in an 

organization. The first order measurement model of the present study is shown in Figure 6.2. 

For the measurement of the manufacturing competitiveness, the six dimensions has been used, 

they are eco-innovation (ECO), environment uncertainty (EU), SCM performance (SCMP), 

SCM Practices (SCMPR), supplier selection (SS), and Manufacturing Competitiveness (MC).  

The details of dimensions and their items have been displaced in Table 6.2. The confirmatory 

factor analysis (CFA) has been deployed at the scale, to test the convergent and discriminant 

validity of the scale in Indian context.  According to Hair et al. (2013), "Convergent validity 

means the extent to which indicators of a specific construct converge or share a high proportion 

of variance in common".   

 For testing the convergent validity of the manufacturing competitiveness  scale, a 

confirmatory factor analysis has been done to test the measurement model with six dimension, 

i.e., (Environmental Uncertainty (EU), SCM Practices (SCMPR), Eco-Innovation (ECO), SCM 

Performance (SCMP), Supplier Selection (SS), and Manufacturing Competitiveness (MC) are 

shown in Figure 6.2. The model fit measures for first order are: Chi square= 329.665, df=167, 

GFI=0.922, AGFI=0.892, NFI=0.952, and RMSEA =0.053, and the model fit measures for 

second order are Chi square= 368.256, df=176, GFI=0.914, AGFI=0.886, NFI=0.946, and 

RMSEA =0.056 as shown in Table 6.1., the value of GFI, AGFI and NFI are more than 

recommended value of 0.90, expect AGFI and RMSEA is also a significant as per 

recommended value of 0.08. The goodness of fit indexes for the first order model is more 

accurate as compared to second order model as shown in Table 6.1. So, in this study, the 

goodness of fit indexes for the first order model has been considered. 

 The regression weight of the item is as shown in Table 6.2. All the items relationship of 

items has been significant p>0.01.  
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Model Chi-

Square 

(df) 

Chi-

Square/ 

(df) 

NFI GFI AGFI RMSEA 

First Order 329.665 167 0.952 0.922 0.892 0.053 

 
 

 

       

  
Items 

Relation   Estimate S.E. 

C.R. or t 

value P 

EU4 <--- EU 1 

   EU1 <--- EU 1.125 0.05 22.656 *** 

EU2 <--- EU 1.118 0.053 21.025 *** 

EU3 <--- EU 0.962 0.035 27.492 *** 

EU5 <--- EU 1.052 0.058 18.27 *** 

EU6 <--- EU 1.171 0.063 18.57 *** 

ECO1 <--- ECO 1 

   ECO5 <--- ECO 0.999 0.006 162.212 *** 

ECO3 <--- ECO 0.934 0.019 49.598 *** 

ECO4 <--- ECO 0.58 0.042 13.646 *** 

ECO2 <--- ECO 0.578 0.043 13.462 *** 

SCMPR1 <--- SCMPR 1 

   SCMPR2 <--- SCMPR 1.118 0.097 11.551 *** 

SCMPR4 <--- SCMPR 1.358 0.146 9.295 *** 

MC1 <--- MC 1 

   MC4 <--- MC 1.122 0.098 11.457 *** 

MC2 <--- MC 0.819 0.083 9.878 *** 

SS1 <--- SS 1 

   SS4 <--- SS 1.096 0.089 12.283 *** 

SCMP3 <--- SCMP 1 

   SCMP5 <--- SCMP 1.925 0.57 3.378 *** 

 

 

 The Mean, Standard Deviation, Factor loadings, composite reliability (CR), the average 

variance extracted (AVE), maximum shared variance (MSV), and average shared variance 

(ASV) are shown in Table 6.3. The items loaded are significantly on its respective dimensions. 

According, to Hair et al. (2013),  convergent validity of a construct is established if it prevails 

that composite reliability (CR) of the construct is greater than its average variance extracted 

Table 6.2 Regression Weights of Items 

Table 6.1 Goodness of Fit Indexes for First Order Model 
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(AVE) and AVE is greater than 0.05. The composite reliability is greater than the average 

variance extracted for all the constructs as shown in Table 6.3., indicating the constructs to be 

convergent validity. Further, discriminant validity means the extent to which a construct is truly 

distinct from other constructs (Hair et al., 2013). The discriminant validity can be established 

by comparing the maximum shared variance (MSV) and average shared variance (ASV) with 

an average variance extracted (AVE). As prescribed, discriminant validity exists when the 

values of MSV and ASV are smaller than the values of AVE (Hair et al., 2013). As can be seen 

from the Table 6.3 below, all the values satisfies these above mentioned conditions. Thus, 

discriminant validity of the factor model is again confirmed in the present study. 
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Figure 6.2 First Order Measurement Model- Results 
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Table 6.3 Results of Confirmatory Factor Analysis and Overall Reliability and Validity Indices 
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E
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ECO1 

Our company made 

eco-innovation 

products 

2.794 1.293 0.926 

0.921 0.711 0.167 0.059 

ECO2 

Environmental patent 

applications position 

among peers 

2.780 1.278 0.785 

ECO3 
After-tax returns 

among peers 
2.789 1.290 0.897 

ECO4 

Reductions of energy 

compared to peer 

companies 

2.777 1.270 0.792 

ECO5 

Waste reduction ratio 

compares with peer 

companies 

2.774 1.299 0.923 

E
n

v
ir

o
n

m
en

ta
l 

U
n

ce
rt

a
in

ty
 (

E
U

) 

EU1 

Our company is 

characterized by 

rapidly shifting 

technology. 

2.966 1.130 0.874 

0.944 0.737 0.252 0.143 
EU2 

Our company 

frequently changes 

our process and 

production 

technology.  

So the rate of process 

obsolescence is high 

in our company 

2.889 1.202 0.868 

EU3 

Our master 

production schedule 

has a high percentage 

of variation in 

demand 

2.940 1.128 0.848 

EU4 

Our demands are 

fluctuating radically 

from week to week 

2.869 1.190 0.887 

    

EU5 

We maintain our 

inventory of critical 

material to fulfill the 

changing demand 

3.000 1.289 0.749 

 

EU6 

Stability of quality of 

critical material  

 

2.971 1.260 0.718 
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C
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(M
C

) MC1 

Our company offers, 

product at 

competitive 

price/cost, lower than 

our competitors 

2.934 1.215 0.837 

0.767 0.527 0.167 0.116 
MC2 

We try to reduce the 

R&D and production 

price/cost of the 

product 

2.743 1.236 0.745 

MC4 

Our company uses 

empowers employees 

for continuous 

improvement 

2.989 1.271 0.768 

S
C

M
 P

er
fo

rm
a

n
ce

 (
S

C
M

P
) 

SCMP3 

Our company supply 

chain is successful in 

minimizing 

inventory levels and 

overall cost 

3.066 1.304 0.825 

0.702 0.501 0.112 0.066 

SCMP5 

Our company supply 

chain is successful in 

meeting quality 

specifications 

 

3.103 1.292 0.747 

S
C

M
  

P
ra

ct
ic

e 
(S

C
M

P
R

) SCMPR1 

We regularly assess 

the formal and 

informal complaints 

of our customers 

2.834 1.183 0.840 0.763 0.522 0.346 0.178 

SCMPR2 

We often interact 

with clients to 

determine reliability, 

responsiveness other 

standards for us  

2.803 1.160 0.772 

    

SCMPR4 

Our trading partners 

share proprietary 

information with us 

2.826 1.168 0.701 

S
u

p
p

li
er

 S
el

ec
ti

o
n

 (
S

S
) 

SS1 

Our supply chain is 

characterized by full 

system visibility 

from suppliers’ 

suppliers to 

customers’ 

customers 

2.860 1.199 0.825 

0.831 0.712 0.346 0.155 

SS4 

Our suppliers provide 

high quality, 

responsive service to 

us. 

2.860 1.178 0.789 

 

Notes: N= 350, AVE: Average variance extracted, MSV: Maximum shared 

variance, ASV: Average shared variance 
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6.2    Structural Equation Model (SEM) Result Using AMOS 

 The Structural Equation Modeling (SEM) is used to analyze the data and to test 

hypothesized relationships among the variables. The data for this study consist primarily of 

perceptual measures, and the hypotheses represent a series of simultaneous relationships that 

include exogenous and endogenous variables. SEM techniques offer more advantages over 

discriminant analysis and multiple regressions, because SEM have more flexibility to represent 

the interplay between data and theory. Hair et al. (1998), focused that "SEM is an appropriate 

technique to examine a series of interrelationships between simultaneous endogenous and 

exogenous variables in defining multifaceted constructs and studying path dependent 

variances". The analysis of data is tested by two steps, first, measurement model is tested to 

establish the validity and reliability and second, the structural relationships are tested (Budhwar 

and Debrah, 2001). The details of the proposed research model and structural relationships are 

discussed next. 

 The path diagram resulting from the structural modeling is displaying analysis using 

AMOS 20. as shown in Figure 6.3. The model fit index measures are: GFI=0.913, 

AGFI=0.883, NFI=0.947, and RMSEA=0.056. GFI and NFI are above the recommended value 

of 0.90; RMSEA is below the suggested maximum value of 0.08; only the AGFI is slightly 

below the recommended 0.90 levels. These results indicate a good fit of the model to the data.  
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Legends:  

EU- Environmental Uncertainty  

SCMPR- SCM Practices  

ECO- Eco- Innovation  

SCMP- SCM Performance  

SS- Supplier Selection  

MC- Manufacturing     

        Competitiveness  

  

 

Figure 6.3 Structural Equation Model- Results 
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These results indicate a good fit of the proposed model to the data. The findings of the 

structural equation model are presented in Table 6.4. In this study, 9 hypothesis have been used. 

Out of 9 hypothesized relationships, 7 were found to be significant at the 0.01 level.  The 

hypothesis include H1 (direct impact of Environmental Uncertainty on and SCM Practices, 

hypothesis H2 (direct impact of SCM Practices on Eco-Innovation),  hypothesis H3 (direct impact 

of SCM Practices on SCM Performance), hypothesis H4 (direct impact of SCM Practices on 

Supplier Selection (SS), hypothesis H5 (direct impact of Supplier Selection on SCM Performance 

(SCMP), hypothesis H6 (direct impact of SCM Performance on Eco-Innovation (ECO), hypothesis 

H7 (direct impact of Eco-Innovation (ECO) on Manufacturing Competitiveness (MC), hypothesis 

H8 (direct impact of SCM Performance on Manufacturing Competitiveness), hypothesis H9 (direct 

impact of Supplier Selection on Manufacturing Competitiveness), etc., as shown in Figure 6.1. 

 The findings of the structural equation model are presented in Table 6.4. The hypothesis 

H1, H2, H3, H4, H7, H8, and H9 are supported and H5 and H6 are not supported as shown in 

Table 6.4. Among the seven significant relationships of hypothesis, the top to the bottom of most 

standardized coefficients are 0.675 (H4- SCM Practices to Supplier Selection), 0.574 (H1- 

Environmental Uncertainty to SCM Practices, 0.388 (H3- SCM Practices to SCM Performance), 

0.377 (H7- Eco-Innovation to Manufacturing Competitiveness), 0.259 (H2- SCM Practices to Eco-

Innovation). On the other hand, the bottom three standardized coefficients are 0.209 (H9- Supplier 

Selection to Manufacturing Competitiveness), 0.167 (H8- SCM Performance to Manufacturing 

Competitiveness), 0.012 (H5- Supplier Selection to SCM Performance), and -0.15 (H6- SCM 

Performance with Eco-Innovation) have indicated no direct relationship between SCM 

performance and eco-innovation as shown in Table 6.4. The hypothesis H4- SCM Practices to 

Supplier Selection have the strongest link in the proposed model. 

 Hence, it can be concluded that there is a strong relationship between SCM Practices and 

supplier selection (H4) as shown in Table 6.4. The SCM Practices will greatly lead to improved 

supplier selection and are statistically significant. These two constructs (SCM Practices and 

supplier selection) are more significant to enhance the manufacturing competitiveness. 
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Hypothesis Relationship Direct 

Effects 

Indirect 

Effects 

Total 

Effects 

Hypothesis 

Results 

H1 EU                    SCMPR 0.574  0.574 Supported 

H2 SCMPR    ECO 0.318 - 0.059 0.259 Supported 

H3 SCMPR  SCMP 0.380 0.008 0.388 Supported 

H4 SCMPR            SS 0.675  0.657 Supported 

H5 SS                     SCMP 0.012  0.012 Not  Supported 

H6 SCMP               ECO (- 0.152)  (- 0.152) Not  Supported 

H7 ECO                 MC 0.377  0.377 Supported 

H8 SCMP              MC 0.224 - 0.057 0.167 Supported 

H9 SS                    MC 0.207 0.002 0.209 Supported 

  
Note: * significant at a <0.05, ** significant at a <0.01 

(one-tailed test), t-values are in parentheses. 

 

6.2.1 Hypotheses with Direct and Indirect Effects 

 It has been observed from the Table 6.4 that SCM Practices has an indirect relationship, but 

it has significant influence on Eco-Innovation. The coefficients of the indirect effect and total 

effect are -0.059 and 0.259 respectively. Both the effects are significant at 0.05 level. This 

indicates that SCM Practices has a direct influence on Eco-Innovation.  

 SCM Practices has an indirect relationship to SCM Performance and their coefficient of the 

indirect effect and total effects are 0.008 and 0.388 respectively. Both the effects are significant at 

0.05 level.  

  SCM Performance has an indirect relationship to Manufacturing Competitiveness, and their 

coefficient of the indirect effect and total effects are - 0.057 and 0.167 respectively. Both the 

effects are significant at 0.05 level.  

 Supplier Selection has an indirect relationship to Manufacturing Competitiveness and their 

coefficient of the indirect effect and total effects are 0.002 and 0.209 respectively. Both the effects 

are significant at 0.05 level as shown in Table 6.4. Hence, it is clear from the analysis that the 

SCM performance and supplier selection can directly impact on manufacturing competitiveness. 

 

 

 

Table 6.4 Structural Equation Model - Results 
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6.3   Discussion of Structural Equation Model and Hypotheses Testing Result 

  The Amos structural modeling hypotheses testing results on the proposed model have been 

discussed in the previous section. The 7 hypothesized relationships were significant at the 0.05 

level out of 9 hypotheses, and the final structural model displayed very good fit to the data. 

Meanwhile, the statistical significant and model fit are not a main objective of this academic 

research. They are just the means to achieve the end, which is better understanding of the subject 

under investigation and discovery of new relationships. The results from this research can be used 

not only by academicians in further exploring and testing the causal relations (linkages) in supply 

chain management, but also by practitioners for guiding the implementation of SCM Practices and 

the evaluation of SCM performance. The theoretical and practical implications of the analysis of 

each hypothesis was discussed in this section. 

 

Hypothesis l: Environmental uncertainty positively affects the supply chain management 

practices. 

  This relationship was found to be significant with standardized coefficients (γ) = 0.574, 

critical ratio (t) = 8, which indicates that there is a direct positive relationship between 

environmental uncertainty and SCM Practices. It has been observed from the literature that 

researches and academicians have considered environmental uncertainty as an important driver to 

enhance the implementation of SCM Practices (Chandra & Kumar, 2000). In present scenario, the 

market is very uncertain and unstable, so many of the organizations are adopting various SCM 

Practices. Scanning the environment of an organization is necessary in making appropriate 

decisions and adapting strategies in a context of constant evolution (Sun et al., 2009). The three 

possible dimensions of environmental uncertainty are market demand, supply and technology 

uncertainty for strengthening strategic supply management (Paulraj and Chen, 2007).  The author 

Lee (2002) focused on environmental uncertainty framework for companies within a SC when 

seeking to devise the right SC strategy. Demand uncertainty is linked to the predictability of 

demand for a product (Fisher, 1997). In the supply process of the product supply uncertainty is 

another kind of uncertainty revolving around the supply process and is an equally important driver 

for the right SC practices (Lee, 2002). Hence it was hypothesized that environmental uncertainty 

positively affects the supply chain management practices. This study provides untested statements 
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regarding the impacts of environmental uncertainty and SCM practices and supporting evidence to 

the conceptual and prescriptive literature previous untested statements regarding the impacts of 

SCM practices. The results show that the environmental uncertainty positively affects the supply 

chain management practice, and further enhanced manufacturing competitiveness. The results of 

this study give empirical support and further provide the justifications for the same. It can be 

concluded that environmental uncertainty is a very effective construct to enhance the 

manufacturing competitiveness in India and will provide sustainable competitive advantage for the 

manufacturing organizations in the 21st century.  

Hypothesis 2: The SCM Practices positively affects the eco-innovation 

 This relationship was found to be significant with standardized coefficients (γ) = 0.259, 

critical ratio (t) = 4.293, which indicates that there is a direct positive relationship between SCM 

practices and eco-innovation (Popp, 2001; Rehfeld, et al., 2007; Frondel, et al., 2008). There are 

strong relationship between supply chain collaboration and eco-innovation (Ding, 2014; Geffen 

and Rothenberg, 2000). Hence, it was hypothesized that SCM practices positively affects the eco-

innovation. The SCM practices positively affect the eco-innovation (Frondel, et al., 2008). This is 

a very valuable findings since the collaboration of SCM practices and eco-innovation has received 

less attention in the manufacturing organization. The innovation is an economic and social 

progress driver of national (macro) level and a driver of business success and competitive 

advantage of the firm (micro) level (Ding, 2014). Many governments now regard eco-innovation 

as part of their growth strategy. Finally, it can be concluded that eco-innovation is major drivers to 

enhance competitive advantage in India and will sustain for the Indian manufacturing industries in 

the 21st century.  

Hypothesis 3: Supply chain management practices positively affects the supply chain 

management performance.  

 The relationship of SCM Practices and SCM performance is found to be significant (γ) = 

0.388, critical ratio (t) =2.542. After the empirical analysis, it has been confirmed the theoretical 

notion that a well-managed and well-executed supply chain directly leads to improved SCM 

performance. The literature shows that there is a positive links between SCM Practices and 

organizational performance (Shin et al., 2000; Narasimhan and Jayaram, 1998; Tan et al., 1998) 

without explicitly considering any intermediate variable such as SCM performance and       
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(Talwar, 2008) advantage. The result shows that there exists an immediate impact of SCM 

practices on the performance of SCM. The literature reveals that SCM practices and SCM 

performance are two major construct which can be directly or indirectly supported to each other 

and it also helps to enhance the competitiveness of Indian manufacturing sectors (Dewangan et al., 

2015a). The research identified there is a positive relationship between SCM practices and SCM 

performance. Hence, it can be concluded that this two construct are more important drivers for 

manufacturing competitiveness in 21st century.  

 

Hypothesis 4: Supply chain management practices positively affects the supplier selection. 

 There is a strong relationship between SCM practices and supplier selection is found to be 

significant (γ) = 0.675, critical ratio (t) =7.433. Supplier selection is an important requirement in 

the flow of supply chain (Dewangan et al., 2015b; Dewangan et al., 2015d; Punniyamoorty et al., 

2012). The role of supplier selection is very crucial in supply chain management (Lee et al., 2001). 

The coordination between a manufacturer and suppliers is very difficult and important link in the 

channel of distribution in supply chains. Literature shows that supplier selection is one of the most 

important drivers for supply chains and it is also supportive drivers to enhance the manufacturing 

competitiveness in India. The result shows that it was hypothesized that SCM practices positively 

affects the supplier selection. Hence it can be concluded that supplier selection is more important 

drivers for manufacturing competitiveness in 21st century. 

 

Hypothesis 5: Supplier selection positively affects the supply chain management performance.  

 There is a relationship between supplier selection and SCM performance and is found to be 

non-significant (γ) = 0.012, critical ratio (t) =0.118, which indicates that there is no direct, positive 

relationship between supplier selection and SCM performance. This non-significant relationship 

may be explained by the following: There are a wide variety of supplier selection and evaluation 

criteria in the supply chain for competitive advantage. 

 The main objective of the process of the supplier selection is cost reduction, optimize 

overall performance, build a long term relationship to the trading (Monczka et al., 1998). Thus, 

once a supplier becomes part of a well-managed and established supply chain, the relationship 

between supplier and manufacturer have a long term effect on the manufacturing competitiveness 
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of the entire supply chain performance. For the preparation of their products, the company 

procures raw materials from different suppliers. Merely, the question arises which supplier is the 

best for the company. However, it seems that there should be a positive relationship between 

supplier selection and SCM performance. But, the current research does not support this 

hypothesis and therefore, it is recommended to create awareness for the Indian manufacturing 

companies to understand the importance of supplier selection.  As, supplier selection will effects 

low cost, flexibility, new product development, lead time and all these parameters are major 

constituents of SCM performance.  

 

Hypothesis 6: The SCM performance positively affects the eco-innovation. 

 It has to be found from the analysis that there is a no relationship between SCM performance 

and eco-innovation is found to be insignificant (γ) = -0.152, critical ratio (t) = -1.954, which 

indicates that there is no direct, positive relationship between SCM performance and eco-

innovation. Eco-innovation issues are related to environmental, which consists of modified 

processes, practices, systems and products which gives advantages to the environment and for 

sustainability (Rennings, 2000). A very few of the industries have been fulfilling the requirement 

for the implementation of the eco-innovation. Due to the lack of eco-innovative products, the most 

of the manufacturing industries face lots of troubles in their supply chain with respect to the 

customer satisfaction and environmental issues (Dewangan et al., 2015c). With the help of 

literature review and expert discussions, it was hypothesized that SCM performance affects the 

eco-innovation. But current research doesn't support this hypothesis. Actually, the concept of eco-

innovation is not well known by Indian manufacturing organizations. During the research it was 

felt that Indian manufacturing companies have a negative perception about ecological issues. They 

consider any initiative in the direction of eco-innovation as extra cost of their manufacturing 

system. Therefore, it was felt that most of the respondents were following eco-practices only under 

the rule of law. Unfortunately, no respondent was practicing anything innovative with respect to 

environmental issues on its own. Therefore, more such practical evidences are required, which can 

high light the benefits of eco-logically innovative practices. SCM performance can be a very good 

instrument in giving the message of importance of eco-innovation.  
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Hypothesis 7: Eco-Innovation positively affects the manufacturing competitiveness. 

 There is a relationship between eco-innovation and manufacturing competitiveness and is 

found to be significant (γ) = 0.377, critical ratio (t) =6.4. Now a day's eco-innovation has played an 

important role in enhancing the manufacturing competitiveness in India (Dewangan et al., 2015c). 

Due to the excessive pressure in global markets and regional players, application of technology 

becomes more competitive. It has been observed that without the major efforts for innovation, 

R&D, marketing and financial approaches, the manufacturing sector loses its competence and its 

competitiveness in the global market (Raymond et al., 2014; Lau et al., 2013). The literature 

reveals that few work was done that show the relationship between eco-innovation and 

manufacturing competitiveness in India. Today's scenario, eco-innovation has played a crucial role 

in enhancing the manufacturing competitiveness in India (Dewangan et al., 2015a; Dewangan et 

al., 2015c). The literature reveals that the manufacturing sector loses its competence and its 

competitiveness in the global market without the major efforts of eco- innovation, R&D, marketing 

and financial approaches (Raymond et al., 2014; Lau et al., 2013). All the media reports and top 

global leaders are regularly emphasizing the need of ecological innovations. Ecological 

innovations will result in minimization of waste, optimization utilization of energy, minimization 

of the carbon footprint of an entire cycle life product. All these things will help the organization to 

reduce the cost of the product considerably. Thus, eco-innovation will be a major driver for 

manufacturing competitiveness in the 21st century.  

 
 Hypothesis 8: The supply chain management performance positively affects the manufacturing 

competitiveness. 

 There is a relationship between SCM performance and manufacturing competitiveness and 

is found to be significant (γ) = 0.167, critical ratio (t) =2.822. The dual purpose of SCM is to 

enhance the performance of an individual, organization and that of the entire supply chain (Li, 

Ragu-Nathan et al., 2006). The SCM integrates information and goods flow seamlessly between 

trading partners as an effective competitive weapon (Childhouse & Towill, 2003; Feldmann and 

Muller, 2003). The main objective of SCM performance is to provide a strategic weapon to build 

up and enhance sustainable competitive advantage by cost reduction without compromising 

customer satisfaction (Mentzer et al., 2001). It has been observed from the literature that the SCM 

integrates the information and flow of goods seamlessly between trading partners as an effective 
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competitive weapon (Childhouse & Towill, 2003). The main goal of SCM performance is to 

provide a strategic weapon to build up and enhance sustainable manufacturing competitive by cost 

reduction without compromising customer satisfaction (Mentzer et al., 2001). SCM is most 

important driver to boost up the manufacturing competitiveness and reduce the cost of the products 

in the 21st century.  

 

Hypothesis 9: Supplier selection positively affects the manufacturing  competitiveness. 

 There is a relationship between supplier selection and manufacturing competitiveness and 

is found to be significant (γ) = 0.209, critical ratio (t) =3.099. In today's global competitive 

scenario, supplier selection is very crucial for a competitive advantage in manufacturing sector in 

India. There are a wide variety of supplier selection and evaluation criteria in the supply chain for 

competitive advantage, due to the diversity of the purchasing context (Dewangan et al., 2015b). 

The effective supplier selection process will help to enhance the manufacturing competitiveness in 

India. Thus, from the analysis it has been observed that supplier selection have positively affected 

the manufacturing competitiveness. Literature shows that there are a variety of the evaluation 

criteria for supplier selection to enhance the manufacturing competitiveness in India        

(Dewangan et al., 2015b). Literature shows that right supplier selection is also one of the best 

criteria to boost up the competitive advantage in manufacturing industries in the 21st century.  

 

6.4   Summary of Results  

 The overall analysis indicates that environmental uncertainty will lead to SCM practices 

and finally on the way to enhance the manufacturing competitiveness. The SCM practices will lead 

to improved eco-innovation, SCM performance, and supplier selection will enhance the 

manufacturing competitiveness. However, the findings did not support the direct impact of supplier 

selection to SCM performance, and SCM performance have also not directly associated with eco-

innovation. Moreover, the findings reveal that manufacturing competitiveness is directly associated 

with the eco-innovation, SCM performance, and supplier selection.  
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6.5 Conclusion 

 The chapter started with the brief background causal model and hypothesis testing. A 

measurement scale has been developed which envelops the measuring issue of the research problem. 

To serve this purpose, A structural equation modeling (SEM) has been used for testing the hypotheses 

and different process has been followed. Various reliability and validity tests have been conducted for 

the refinement and validation of the scale. In addition, to this, hypothesis testing was also performed by 

using structural equation modeling (SEM) 20, software. A proposed structural model, and the 

overall goodness-of-fit of the entire structural equation model have been tested. Finally, the results 

of the study have been discussed. The next chapter will conclude with the summary of research 

findings and major contributions, implications for managers, limitations of the research, and 

recommendations for future research. 
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CHAPTER – 7 

RESEARCH SUMMARY, IMPLICATIONS, LIMITATIONS  

AND FUTURE SCOPE 

 

 

Preview  

 This chapter provides an overview of the research work conducted in the present study by 

discussing major research outcomes and key results. The research findings and major contributions 

of this research are discussed. The implications of results from different methodologies are also 

provided. These implications of this study will ensure its use by both practitioners and 

academicians.  The limitations associated with this research are provided and  discussion of future 

research questions that have been brought about by this research study. 
 

7.   Outline of the Present Research 

 This study is an attempt to fill the gaps identified in the available literature on the 

association of SCM performance and manufacturing competitiveness. The present study measured 

the SCM performance and its impact on manufacturing competitiveness in the Indian 

manufacturing sector. The different models have been designed to investigate and measure the 

SCM performance and its impact on manufacturing competitiveness. For investigation purposes, a 

qualitative model has been developed and presented in (Chapter 3). The model is prioritized the 

various factors of manufacturing competitiveness in the context of the manufacturing sector. 

Further, the measurement aspect of manufacturing competitiveness was addressed by the 

development of a quantitative model shown in Chapter 6. The measurement model has been 

utilized to develop and validate the scale for the measurement of manufacturing competitiveness of 

the Indian manufacturing companies. The present study consists of the following:  

 A very broad and thorough literature review has been conducted on the association of 

SCM performance and manufacturing competitiveness. The literature review consists of evolution 

and definitions of SCM, the theoretical backgrounds which is supported to SCM, eco-innovation, 

supplier selection, manufacturing competitiveness, etc. Based on the basis of literature review, 

various gaps, and research agenda has been identified which provided a sound base to conduct the 

present study.  
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 A literature review of the different methodologies used in this field of study was also 

conducted. These methodologies were Exploratory and Confirmatory Factor analysis, Correlation 

analysis, and Structural Equation Modeling. These methodologies were further discussed.  

 On the basis of literature review, a brainstorming session, interviews and meetings with the 

academicians and industry experts was carried out to get information regarding the different issues 

related to SCM performance and manufacturing competitiveness.  

 A model has been developed to measure the manufacturing competitiveness of the Indian 

manufacturing sector. For the measurement of the manufacturing competitiveness, the 

measurement scale was developed with the help of identifying factors and their underlying items. 

This model is very useful to assess the impact of SCM performance on manufacturing 

competitiveness. For the scale development, the data were extracted from the available literature 

for each construct.  

 The items for the scale development were extracted from the available literature on each 

factor of manufacturing competitiveness. After the generation of the items, face validity and 

content validity of these items were evaluated. During this process a large number of items were 

deleted. A questionnaire was developed with the remaining items. The questionnaire has been sent 

to the respondents through e-mail (Budhwar, 2000). For the refinements of the items a pilot survey 

was conducted. Then initial items were pre-tested with twenty practitioners and seven 

academicians. After pre-tested by the experts, interactions with respondent and asked to provide 

the feedback regarding the clarity of questions, instructions, as well as the length of the 

questionnaires. To ensure the internal consistency and reliability of the items up to the 

standardization of the scale, exploratory factor analysis (EFA) have been performed.   

 After the EFA, a confirmatory factor analysis (CFA) has been performed for the validation 

and purification of the scale. For this the data has been collected from 350 respondents from Indian 

manufacturing companies. The validity of the scale has been examined after the assessment of uni-

dimensionality and reliability of the refined items. Further, the convergent and discriminant 

validity of the scale were evaluated. Finally, six factors  and 21 items scale have been built up for 

the measurement of manufacturing competitiveness of Indian manufacturing companies. Further, 

the Amos structural modeling hypotheses testing results on the proposed model have been 

discussed. 
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7.1.  Research Contribution  

 The manufacturing competitiveness is moving from among organizations to between 

supply chains, more and more organizations are increasingly adopting SCM Practices, in the hope 

of reducing SCM cost and securing competitive advantage. But there exist doubts about the 

potential benefits from SCM. The results of this research assure the practitioners that SCM is an 

effective way of competing, and the implementation of SCM Practices does have a strong impact 

on manufacturing competitiveness and organizational performance. The final outcomes of the 

present research add to the existing body of literature on manufacturing competitiveness 

measurement. The outcomes of the research work provide a path for the both academicians and 

practitioners for the improvement of SCM performance in the long run as well its impact on a 

manufacturing competitiveness bottom line. 

 The main objective of this current study was to provide a measurement model for 

manufacturing competitiveness and a possible association between SCM performance and 

manufacturing competitiveness. In this study, both qualitative and quantitative models were 

developed with the help of academicians, industry practitioners and decision makers of the 

manufacturing sector in India. The model of this study will also help those researchers whose are 

working in this field. Hence, the model of this study  is an attempt to fulfil the gaps in the existing 

literature, and also help to achieve the objective of the present study.  

 

7.1.1  Implications/ Contribution for Academia 

   The present research is a useful contribution from the point of view of future researchers. 

The present research has used qualitative as well quantitative method. In qualitative method, the 

three most common methods were used, i.e., participant observation, in-depth interviews, and 

focus group discussion. Each method is particularly suited for obtaining a specific type of data. In 

quantitative methods a systematic empirical investigation of observable phenomena via statistical, 

mathematical or computational techniques was used. The objective of quantitative research is to 

develop and employ mathematical models, theories and/or hypotheses pertaining to phenomena. 

This will help academicians to understand the use of qualitative as well quantitative methodology 

simultaneously. The research has also identified a large number of factors which will affect 

manufacturing competitiveness in the  21st century in India.  These factors are developed on the 

basis of expert discussions as well as literature review.  

https://en.wikipedia.org/wiki/Mathematical_model
https://en.wikipedia.org/wiki/Theories
https://en.wikipedia.org/wiki/Hypotheses
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 The different factors of manufacturing competitiveness were derived from a further perusal 

of the present study. These factors are environmental uncertainty, SCM Practices, eco-innovation, 

SCM performance, and supplier selection, etc. Academician will take the advantage of this 

research to directly get the factors from these research for future researches. 

 After the identification of different factors of manufacturing competitiveness in the context 

of the manufacturing sector, a qualitative model has been developed. The model of this study 

covers two aspects, First, the measurement of SCM performance and Second, to evaluate the 

association between SCM performance and manufacturing competitiveness.  

 After the analysis, the scales are shown to fulfil  the requirements for reliability and validity 

and thus, can be utilized in future research. The valid and reliable scales for manufacturing 

competitiveness with different dimensions have been otherwise lacking in the literature of 

empirical research. The development of these theory/measurements will greatly stimulate and 

facilitate the theory development in the field of SCM and manufacturing competitiveness. 

 A well-defined scale development procedure has been adopted for the development of the 

scale. The scale development process consists of two stages; item generation and selection, scale 

refinement and validation.  

 In the primary stage, items which are related to the different factors were extracted  from 

the existing literature. For this purpose different techniques were adopted such as content analysis, 

production of the primary pool of items and evaluation of content and face validity through 

academician and industry expert's judgment. The present research presents the  use of advanced 

statistical techniques using latest software such as SPSS 20., and AMOS 20., for  The academician 

and future researchers can learn the use of such techniques from the present research.  

Further, a pilot survey has been conducted for the analysis of items with the help of exploratory 

factor analysis (EFA) and reliability of the items.  

 This initial refinement process has been done for the purification stage. In this stage 

reliability, CFA, uni-dimensionality, convergent and discriminant validity assessment has been 

done. The scale has been developed for the measurement of manufacturing competitiveness of the 

Indian manufacturing industry. The different test has been used to test the internal consistency and 

reliability.  

 In the present study, the exclusivity is that it has strived to fill major gaps in existing field 

of manufacturing competitiveness measurement. In this study, the modeling techniques, developed 

a reliable and valid measurement of scale for manufacturing competitiveness measurement has 
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been used. This scale has not been developed in any study in the existing literature. Apart from 

that, this research is also an extension of the highly debatable issue, i.e. the relationship between 

SCM performance and manufacturing competitiveness measurement in context of Indian 

manufacturing sector.  

The present research has identified various factors for manufacturing competitiveness. One 

of the factor i.e. environmental uncertainties is one of the important factors in the list. This will 

result in more future researches where advanced modelling can be used to handle environmental 

uncertainties. The research also tells that country like India can’t run behind for concepts like make 

in India unless until issues related to environmental uncertainties are properly addressed.  
 

 

7.1.2  Structural Equation Modeling (SEM) output 

 The scale of measuring the relationship of supply chain performance with manufacturing 

competitiveness will help academicians to develop theories and empirically validate various 

constructs of scale for different types of industrial setups. 

 The manufacturing competitiveness or competing through manufacturing is not a widely 

discuss the subject. Most of the people even from the operations management background believe 

that the role of operation management is reactive but as proposed by Skinner (1969) "missing link 

is the corporate strategy". The current research can ignite interest of academia to further investigate 

into the issues related to  manufacturing competitiveness.    

7.1.3 Implications/Contributions for Practitioners  

  The research is incomplete if it doesn't have practical implications. Though, research done 

for PhD. degrees should mainly contribute to theory development. But, at the same time research 

should also have practical utility. The present research is directly useful to the industries in more 

than one way.  The present research gives factors to the  environmental uncertainty, SCM 

practices, eco-innovation, SCM performance, supplier selection, and manufacturing 

competitiveness, etc. such factors which will define the manufacturing competitiveness of the 21st 

century. Therefore, Indian manufacturer should work hard to achieve these enablers of 

manufacturing competitiveness. This research has done through nine hypotheses, which is 

established important relationship between SCM performance and manufacturing competitiveness. 

Therefore, in order to improve the manufacturing competitiveness, which is an important agenda 

of the Government of India also, that SCM practices need to strengthen.  Government of India 
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should develop better infrastructures for speedy movement of the products, development of 

infrastructure, storage and distribution channels, economical and environmentally supportive, 

mode of transportation need to be developed.  

 Practitioners of the research want economic benefits and then only suggestions of the 

research can be implemented in a sustained manner. The present research is helpful in improving 

the competitiveness which is directly getting the benefit to the industries for the improvement of 

market share, competitions, to achieve better customer satisfaction. Therefore, it is expected that 

industry will accept the result of this research with open arms. 

Indian is working rapidly towards becoming a manufacturing hub. To become a 

manufacturing hub enabling environment which includes supply chain and logistics infrastructure 

is mandatory. It is, therefore, required to have good supply chain for the competitiveness of 

manufacturing. But, all the same time it is known to all us that supply chain cost is among the 

highest in India. Therefore, the Indian manufacturing industry is not that competitive. Working on 

the factors identified in this research supply chain systems can be improved which will help Indian 

manufacturing to become globally competitive. 
 

 

7.2 Limitations of the Research 

 The current research made significant contributions from both a theoretical and practical 

point of view, it also has some limitations. This limitation may be a time limitation, sample, 

availability of data, techniques applied, etc. The limitations of the present study may provide 

various useful inputs that can be addressed in future studies. The limitation of this research work 

which are described below. 

 First, this research only focuses on the certain big companies by applying various 

dimensions in the sample selection. In this study, the sample size was limited to manufacturing 

companies, which potentially limits its application for small firms and service companies. 

 Second, in this research, single respondent (Chief Executive Officer/President, Vice 

President or  Director, Operation Managers, Supply Chain Managers, and Purchasing Managers, 

etc.) in an organization was asked to respond to complex SCM issues dealing with all the 

participants along the supply chain, including upstream suppliers and downstream customers. But 

none of the respondent has the appropriate position, hold in the manufacturing organization, for 

example, suppose purchasing managers are mainly responsible for purchasing and supply 

operations side, and then has not in appropriate position who resolve the customers-related 
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questions. Meanwhile, the main area of manufacturing managers is production area, but they don't 

have much knowledge of their other parameters like supplier and customers. Hence, the single 

respondent may create some  measurement inaccuracy. 

 Third, the supplier selection, SCM performance and eco-innovation constructs in this 

research suffered from measurement issues. Because of this limitation, this research have been not 

able to verify the impact of supplier selection on SCM performance and SCM performance on eco-

innovation. There is a need to revise these constructs from the measurement angle and then explore 

the relationships among these constructs. In this research, there are a limited number of 

observations (350), the revalidation of the constructs was not carried out.  

 Fourth, the scale development is a generalized scale of the entire manufacturing sector. 

There may be variations in the terms of factors from manufacturing industry to industry. Hence, 

the study is conducted in the Indian scenario, the result may be different in the case of the other 

country. 

 Fifth, in this research, the constructs and dimensions are identified from reputed articles, 

inputs from manufacturing industry experts and discussed by academicians rather than more 

dimensions have not been contemplated and classified. The outcomes of this study are obtained 

through the judgments of academician and few industry experts.  

 Sixth, this research is totally based on the data collected from India only; therefore, it is 

necessary to validate the results before generalizing the study to other countries also. Further, this 

study may be extended for the Small Medium Enterprises (SMEs) to obtain better and more 

generalized results for the manufacturing sector.  

 Finally, this study is entirely subjective judgment and one of the most important things in 

this study is that the causal relationships of construct have achieved in the course of the judgment 

of industry experts as well as reputed academicians, and it is kind of personal judgment, and any 

prejudicing by the individual who is judging the SCM performance and manufacturing 

competitiveness might manipulate the final conclusion. 
 
 

7.3 Recommendations for Future Research 

 Some of the important dimensions for future will emerge. Limitations of the current 

research are discussed in previous sections. The future research is expected to identify more 

dimensions which are specific to a particular manufacturing sector. The current research is a kind 

of generalized research on overall Indian manufacturing, but it is recommended that sector specific 

https://www.google.co.in/search?client=firefox-a&rls=org.mozilla:en-US:official&channel=sb&q=define+contemplate&sa=X&ei=c6TXU_fpJZOwuATomYCABA&sqi=2&ved=0CBwQ_SowAA&biw=1120&bih=519
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researches will have better usefulness to the practitioners. Some more specific recommendation for 

future research as follows:    

 First, as previously pointed out in this study, supplier selection suffered from the 

measurement issues and may not be appropriate for SCM performance (Theodorakopoulos et al., 

2013). So, there is need of attention for better construct definition and measurement items should 

be developed supplier selection construct. 

 Second, SCM performance suffered from the measurement issues and it has not given the 

positive effects on eco-innovation. Hence, it is required to better definition of constructs and 

measurement items, and should be developed for SCM performance and eco-innovation. In the 

future research, there is a need for attention to verify and developing better definition and sub-

dimensions of this construct.  

 Third, after the finalization, if the constructs and sub-construct as mentioned above, there is 

a need to re-validate measurement scales developed through different populations.  

Fourth, for future research direction, to enhance the reliability of the research findings, it 

will require to utilize multiple respondents from each participating in an organization. Hence,  once 

a construct is measured with multiple methods, random error and method variance may be assessed 

using a multitrait-multi method approach. 

 Fifth, the drivers and barriers can be identified for improving manufacturing 

competitiveness. The interrelationship issues among three dimensions, i.e. (supplier selection, 

SCM performance and eco-innovation) need to address in the future studies. 

 Sixth, to identifying different types of dimensions for existing constructs of different 

industries of different sectors in India or abroad. Further, multiple criteria decision analysis making 

(MCDM) techniques like other integrated techniques like Fuzzy MICMAC, Analytic Network 

Process (ANP), Fuzzy Analytical Hierarchy Process (AHP), Fuzzy ANP, Fuzzy Axiomatic Design 

(FAD), Quality Function Deployment (QFD), Fuzzy QFD, Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS) can be applied to verify the results of this study. 

 Finally, the developmental scale can be used, to conduct a comparative study between two 

different sectors. Further, this scale can be modified as per the requirement of a particular 

manufacturing sector for the assessment of manufacturing competitiveness.  
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7.4   Conclusion  

 This chapter provides an amalgamate picture of the entire study. It also provides the outline 

of the present research, significant research contribution and key findings, the implications of the 

present study, implication for academicians, implications for practitioners, limitations and 

recommendations for future research. It is expected that the modified scale of this study will work 

as an attracting tool to measure the manufacturing competitiveness in the Indian manufacturing 

sector. This study helps to develop a strategy and policy formulation to enhance the manufacturing 

competitiveness.  
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the survey. I would like to repeat how grateful I would be if you could assist Mr. Devendra Kumar 

Dewangan.  

  

Thanking you in anticipation,  

Yours Sincerely,  

Dr. Rajat Agrawal  

Assistant Professor  

 

 

 

Department of Management Studies 

Indian Institute of Technology Roorkee, Roorkee 

Phone: Tel: 01332-285014, 285617 Fax: 01332-285565 
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Appendix-2 

 

 

 

 

First Cover Letter,  

January 01, 2014  

 

Subject: Enhancing the Competitiveness of Manufacturing Sector Through Supply Chains in India 

 

Dear [Name and Title]:  

[Address]  

 

I am a research scholar in the Department of Management Studies, Indian Institute of Technology, Roorkee 

(IITR), Uttarakhand, India working on my Ph.D. thesis under the supervision of Dr. Rajat Agrawal, 

Assistant Professor in the same department. I am writing to ask for your cooperation in participating in my 

research work. I would appreciate it if you could take some time to complete the attached questionnaire and 

return the same within three weeks.  

 My research work is on enhancing the competitiveness in select India manufacturing companies. 

The purpose of this study is to evaluate the impact of supply chain performance on the manufacturing 

competitiveness in Indian companies. It will evaluate the company manufacturing competitiveness on the 

basis of the various parameters presented in the attached questionnaire. Finally, a scale will be developed 

for the measurement of manufacturing competitiveness for the Indian manufacturing companies which 

could be helpful in the measurement of the company’s manufacturing competitiveness.  

 You have been identified as one of the respondents in your company who will be able to provide 

the necessary data/information for this study. I would also like to ensure that your response would be kept 

strictly confidential. Information from this survey will be generalized and participating companies will not 

be identified. The questionnaire takes 20-30 minutes to complete.  

Please, indicate your decision by placing a “tick” or “cross” in the appropriate number/space against 

each question/item.  

If you have any enquiries or questions about this research, please feel free to contact me at +91-7669735848 

or at my e-mail ID (deva.iitr@gmail.com). My department fax number is +91-1332-285565, 273560. I hope 

that you will assist in adding to the body of knowledge regarding the manufacturing competitiveness of the 

Indian manufacturing companies. Thank you very much for your valuable time.  

 

Yours Faithfully,  

Devendra Kumar Dewangan 

Research Scholar  

Indian Institute of Technology Roorkee (IITR)  

Roorkee, District Haridwar, Uttarakhand, India-247667 

 

 

 

Department of Management Studies 

Indian Institute of Technology Roorkee, Roorkee 

Phone: Tel: 01332-285014, 285617 Fax: 01332-285565 

 

 

 

 

Department of Management Studies 

Indian Institute of Technology Roorkee, Roorkee 

Phone: Tel: 01332-285014, 285617 Fax: 01332-285565 
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Appendix-3 

 

 

First Reminder Letter (Follow-up Letter)  

 

Monday, 3 February, 2014  

 

Subject: Enhancing the Competitiveness of Manufacturing Sector Through Supply Chains in India 

 

Dear [Name and Title]:  

[Address]  

 

 

 I am a research scholar in the Department of Management Studies, Indian Institute of Technology, 

Roorkee (IITR), Uttarakhand, India. I am writing to ask you to assist me in my research. Three weeks ago I 

sent you a questionnaire asking you the questions on manufacturing competitiveness in your company.  

 I would be very grateful if you could take some time to complete the attached questionnaire and 

return it to me within a week. If you have already returned your questionnaire, please ignore this 

letter.  

 

Thank you very much for your valuable time and cooperation.  

 

 

Yours Faithfully,  

Devendra Kumar Dewangan 

Research Scholar  

Indian Institute of Technology Roorkee (IITR)  

Roorkee-247667  

District Haridwar, Uttarakhand, India 

 

 

 

 

 

 

Department of Management Studies 

Indian Institute of Technology Roorkee, Roorkee 

Phone: Tel: 01332-285014, 285617 Fax: 01332-285565 
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Appendix-4 

 

 

Second Reminder Letter (Follow-up Letter)  

 

Friday, 14 March, 2014  

 

Subject: Enhancing the Competitiveness of Manufacturing Sector Through Supply Chains in India 

 

Dear [Name and Title]:  

[Address]  

 

 

I am a research scholar in the Department of Management Studies, Indian Institute of Technology, Roorkee 

(IITR), Uttarakhand, India. I am writing to ask you to assist me in my research. Last month I sent you a 

questionnaire asking you the questions on manufacturing competitiveness in your company.  

 I would be very grateful if you could take some time to complete the attached questionnaire and 

return it to me within a week. If you have already returned your questionnaire, please ignore this 

letter.  

 

Thank you very much for your valuable time and cooperation.  

 

 

Yours Faithfully,  

Devendra Kumar Dewangan 

Research Scholar  

Indian Institute of Technology Roorkee (IITR)  

Roorkee-247667  

District Haridwar, Uttarakhand, India 

 

 

 

 

 

 

 

 

Department of Management Studies 

Indian Institute of Technology Roorkee, Roorkee 

Phone: Tel: 01332-285014, 285617 Fax: 01332-285565 
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Appendix-5 

Introduction 

 This questionnaire is a part of a study of supply chain performance and its impact of 

manufacturing competitiveness in Indian manufacturing companies. The study address factors and 

items which need to assess for the measurement of manufacturing competitiveness of the company 

which may be part of your work and many other processes of implementing and improving 

manufacturing competitiveness, therefore your responses are very important.  

 

Purpose  

 The main objective of this study of supply chain performance and its impact of 

manufacturing competitiveness in Indian manufacturing companies. All responses given will be 

treated with the utmost confidence. The results of the present study will be used for research 

purposes only and no attempts will be made to identify any individual or company in any 

publication. Please do not place your name on any part of this questionnaire.  

 

About Questionnaire  

 The present questionnaire is divided into three (03) sections. Each section is supposed to 

collect particular information. Section –I consist of questions related to a brief profile of the 

respondents and the firm he/she is working in. Section –II comprise of questions related to the 

supply chain performance and manufacturing competitiveness.  

 

Instructions  

1. Please read each item carefully before answering them.  

2. Indicate your decision by placing a tick (“√”) or cross (“×”) in the box to the right of the items.  

3. Make sure to complete ALL items.  

4. Please answer the items which suit your company. If you are not sure, please answer to the best 

of your ability.  

5. Please, return the completely filled questionnaire within three weeks from the date of receipt of 

this questionnaire on the following e-mail ID: deva.iitr@gmail.com.  
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Section-I Demographic Information of the respondent and the company 

Please provide the following information: 

1. Position or Job title 

 

i) CEO/President    

ii) Vice President or  Director 

iii) Operation Managers     

iv) Supply Chain Managers 

v) Purchasing Managers 

 

2. Gender  

 

i) Male        ii)  Female 

 

3. Job Experience of Respondents 

 

i) 1-4 Years 

ii) 5-10 Years 

iii) More than 10 Years 

 

4. Category of Company  
 

i) Automobiles & Auto ancillaries Industry   

ii) Cement Industry 

iii) Food and Beverages Industry 

iv) Metal and Non Metals Industry 

v) Pharmaceuticals Industry 

vi) Power & Energy Industry 

vii) Textiles Industry 

viii) Other Industries (Please Specify) 

 

5. Company Ownership 

 i)    Public      ii)  Private 
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6. No. of Employees  

 

i) < 499 

ii) 500 to 999 

iii) 1000 to 1999 

iv) 2000 to 4999 

v) >5000 

Section –II is related to Supply chain performance and Manufacturing competitiveness  

Please indicate the degree to which you agree to the following statements in five-point Likert 

Scales, (1= Strongly Disagree. 2=Disagree, 3=Neither Agree nor Disagree, 4=Agree, 5=Strongly 

Agree, N/A= Not Applicable) 

S. No. Questionnaires 1 2 3 4 5 N/A 

 Environmental Uncertainty       

 Technology Uncertainty       

1.  Our company is characterized by rapidly shifting technology       

2.  If we don’t keep up with changes in technology, it will be hard 

for us to stay competitive 

      

3.  The rate of process obsolescence is high in our industry       

4.  Our company frequently changes our production technology        

5.  Our company frequently changes our process technology       

        

 Demand Uncertainty       

6.  Our master production schedule has a high percentage of 

variation in demand 

      

7.  Our demands are fluctuating radically from week to week       

8.  Our supply requirements vary drastically from week to week       

9.  We maintain our inventory of critical material to fulfil the 

changing demand 

      

10.  The volume and/or composition of demand is difficult to predict       

        

 Supply Uncertainty        

11.  Stability of quality of critical material        

12.  Delivery frequency of critical material        

13.  Complexity of critical material       

14.  Variance of material supply lead-time       

15.  Delay of critical material delivery       

        

 Supply Chain Management Practice       

 Customer Relationship       

16.  We regularly assess the formal and informal complaints of our 

customers 
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17.  We often interact with clients to determine reliability and other 

standards for us  

      

18.  We often interact with clients to determine responsiveness and 

other standards for us  

      

19.  We have regular follow up with our customers for quality 

/service feedback  

      

20.  We regularly measure and evaluate customer satisfaction       

21.  We have frequently determined future customer expectations        

22.  Firm's geographical proximity to suppliers       

23.  We have successfully resolved customer complaints       

24.  We believe to form a long term contracts with customers       

25.  Willingness to increase delivery frequencies       

        

 Information Sharing       

26.  We inform trading partners in advance of changing needs       

27.  Our trading partners share proprietary information with us       

28.  Our trading partners keep us fully informed about issues that 

affect our business 

      

29.  Our trading partners share business knowledge of core business 

processes with us 

      

30.  We and our trading partners exchange information that helps the 

establishment of business planning 

      

31.  We and our trading partners keep each other informed about 

events or changes that may affect the other partners. 

      

32.  The level of information exchange with our major supplier 

through information networks 

      

        

 Information Quality       

33.  The exchange of information between our trading partners is 

timely 

      

34.  The exchange of information between our trading partners is 

accurate 

      

35.  The exchange of information between our trading partners is 

complete 

      

36.  The exchange of information between our trading partners is 

reliable 

      

        

 Supply Chain Integration       

37.  There is a high level of communication and coordination between 

all functions in our company 

      

38.  Cross-functional teams are frequently used for process design 

and improvement in our company  

      

39.  There is a high level of integration of information systems in our 

company 

      

40.  Our supply chain is characterized by full system visibility from 

suppliers’ suppliers to customers’ customers 
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 Eco-Innovation        

41.  Our company made eco-innovation products       

42.  Environmental patent applications position among peers       

43.  After-tax returns among peers       

44.  Reductions of energy compared to peer companies       

45.  Waste reduction ratio compares with peer companies       

        

 Supply Chain Management Performance       

 Customers Responsiveness        

46.  Our company fills customer orders on time       

47.  Our company has short order-to-delivery cycle time       

48.  Our company has fast customer response time       

49.  Our company have customer satisfaction measurement system       

50.  Our company have been determining key factors for improving 

customer satisfaction  

      

        

 Supply Chain Efficiency       

51.  Our company supply chain is successful in minimizing overall 

cost 

      

52.  Our company supply chain is successful in minimizing inventory 

levels 

      

53.  Our company supply chain is successful in providing reliable 

delivery 

      

54.  Our company supply chain is successful in meeting quality 

specifications 

      

        

 Supplier Selection       

55.  Our supply chain is characterized by full system visibility from 

suppliers’ suppliers to customers’ customers 

      

56.  Our suppliers deliver innovative materials/components/products 

to us 

      

57.  Our suppliers provide materials/components/products to us at a 

reasonable price 

      

58.  Our suppliers provide high quality, responsive service to us.       

59.  Our suppliers provide materials/components/products to us on 

demand  based to satisfy the customer requirement 

      

        

 Manufacturing Competitiveness        

 Price/Cost        

60.  Our company offers, product at competitive price/cost       

61.  Our company able to offer price/cost as low or lower than our 

competitors 

      

62.  We try to reduce the production price/cost of the product       

63.  We constantly stress to reduce Research and Development cost       

64.  We always focus to reduce distribution cost of products       
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 Continuous Improvement       

65.  Our company always tries to continuous improvement of the 

quality of a product 

      

66.  Our company uses empowers employees for continuous 

improvement 

      

67.  Our company uses statistical quality control tools for continuous 

improvement  

      

68.  Our company follows total quality management for continuous 

improvement 

      

69.  Our employees go for regular training and development for 

continuous improvement 

      

70.  Our company hires an external counselor for continuous 

improvement 

      

        

 New Product Development        

71.  Our new products are very different to existing products in the 

market  

      

72.  Our new products are radical improvements of existing products       

73.  Our new products create platforms for new product lines       

74.  There are a large number of modified products produced each 

year 

      

75.  Our existing product lines are repeatedly improved       

76.  Our modified products can be made rapidly       

        

 Manufacturing Flexibility       

77.  Our company frequently utilizes job rotation for workers       

78.  Our company have a number of operations and which gives 

higher performance 

      

79.  In our company changes in machining processes can be handled 

by existing machines 

      

80.  In our company machine setup times between operations are 

relatively quick 
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Appendix 6 

Questionnaires after pilot study and this item are usable for first order confirmation analysis 

S. No. Questionnaires 1 2 3 4 5 N/A 

 Environmental Uncertainty       

 Technology Uncertainty       

1.  Our company is characterized by rapidly shifting technology       

2.  If we don’t keep up with changes in technology, it will be hard 

for us to stay competitive 

      

3.  The rate of process obsolescence is high in our industry       

4.  Our company frequently changes our production technology        

5.  Our company frequently changes our process technology       

        

 Demand Uncertainty       

6.  Our master production schedule has a high percentage of 

variation in demand 

      

7.  Our demands are fluctuating radically from week to week       

8.  Our supply requirements vary drastically from week to week       

9.  We maintain our inventory of critical material to fulfil the 

changing demand 

      

        

 Supply Uncertainty        

10.  Complexity of critical material       

11.  Delay of critical material delivery       

        

 Supply Chain Management Practice       

 Customer Relationship       

12.  We regularly assess the formal and informal complaints of our 

customers 

      

13.  We often interact with clients to determine reliability and other 

standards for us  

      

14.  We often interact with clients to determine responsiveness and 

other standards for us  

      

15.  We have regular follow up with our customers for quality 

/service feedback  

      

16.  We regularly measure and evaluate customer satisfaction       

        

 Information Sharing       

17.  We inform trading partners in advance of changing needs       

18.  Our trading partners share proprietary information with us       

        

 Information Quality       

19.  The exchange of information between our trading partners is 

complete 
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 Supply Chain Integration       

20.  Cross-functional teams are frequently used for process design 

and improvement in our company  

      

21.  There is a high level of integration of information systems in our 

company 

      

22.  Our supply chain is characterized by full system visibility from 

suppliers’ suppliers to customers’ customers 

      

        

 Eco-Innovation        

23.  Our company made eco-innovation products       

24.  Environmental patent applications position among peers       

25.  After-tax returns among peers       

26.  Reductions of energy compared to peer companies       

27.  Waste reduction ratio compares with peer companies       

        

 Supply Chain Management Performance       

 Customers Responsiveness        

28.  Our company have customer satisfaction measurement system       

29.  Our company has short order-to-delivery cycle time       

 Supply Chain Efficiency       

30.  Our company supply chain is successful in minimizing overall 

cost 

      

31.  Our company supply chain is successful in minimizing inventory 

levels 

      

32.  Our company supply chain is successful in providing reliable 

delivery 

      

33.  Our company supply chain is successful in meeting quality 

specifications 

      

        

 Supplier Selection       

34.  Our supply chain is characterized by full system visibility from 

suppliers’ suppliers to customers’ customers 

      

35.  Our suppliers deliver innovative materials/components/products 

to us 

      

36.  Our suppliers provide materials/components/products to us at a 

reasonable price 

      

37.  Our suppliers provide high quality, responsive service to us.       

38.  Our suppliers provide materials/components/products to us on 

demand  based to satisfy the customer requirement 

      

        

 Manufacturing Competitiveness        

 Price/Cost        

39.  Our company offers, product at competitive price/cost       

40.  Our company able to offer price/cost as low or lower than our 

competitors 
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41.  We try to reduce the production price/cost of the product       

42.  We constantly stress to reduce Research and Development cost       

43.  We always focus to reduce distribution cost of products       

 Continuous Improvement       

44.  Our company always tries to continuous improvement of the 

quality of a product 

      

45.  Our company uses empowers employees for continuous 

improvement 

      

        

 New Product Development        

46.  Our new products create platforms for new product lines       

47.  Our existing product lines are repeatedly improved       

        

 Manufacturing Flexibility       

48.  In our company changes in machining processes can be handled 

by existing machines 

      

49.  In our company machine setup times between operations are 

relatively quick 
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Appendix 7 

Questionnaires after first order confirmation analysis 

D
im

en
si
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n

s 

It
em

s 
 

C
o
d

e 

Item Descriptions 

E
co

-

In
n

o
v
a
ti

o
n

 

(E
C

O
) 

ECO1 Our company made eco-innovation products 

ECO2 Environmental patent applications position among peers 

ECO3 After-tax returns among peers 

ECO4 Reductions of energy compared to peer companies 

ECO5 Waste reduction ratio compares with peer companies 

E
n

v
ir

o
n

m
en

ta
l 

U
n

ce
rt

a
in

ty
 (

E
U

) 

EU1 Our company is characterized by rapidly shifting technology. 

EU2 
Our company frequently changes our process and production technology. 

So the rate of process obsolescence is high in our company 

EU3 
Our master production schedule has a high percentage of variation in 

demand 

EU4 Our demands are fluctuating radically from week to week 

EU5 We maintain our inventory of critical material to fulfil the changing demand 

EU6 Stability of quality of critical material  

M
a
n

u
fa

ct
u

ri
n

g
 

C
o
m

p
et

it
iv

en
es

s 

(M
C

) 

MC1 
Our company offers, product at competitive price/cost, lower than our 

competitors 

MC2 We try to reduce the R&D and production price/cost of the product 

MC4 

Our company uses empowers employees for continuous improvement 

S
C

M
 

P
er

fo
rm

a
n

ce
 

(S
C

M
P

) 

SCMP3 
Our company supply chain is successful in minimizing inventory levels and 

overall cost 

SCMP5 

Our company supply chain is successful in meeting quality specifications 

 

S
C

M
  

P
ra

ct
ic

e 

(S
C

M
P

R
) 

SCMPR1 
We regularly assess the formal and informal complaints of our customers 

SCMPR2 
We often interact with clients to determine reliability, responsiveness other 

standards for us  

SCMPR4 
Our trading partners share proprietary information with us 

S
u

p
p

li
er

 

S
el

ec
ti

o
n

 

(S
S

) 

SS1 
Our supply chain is characterized by full system visibility from suppliers’ 

suppliers to customers’ customers 

SS4 
Our suppliers provide high quality, responsive service to us. 

 


