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CHAPTER 1  

INTRODUCTION 

This chapter presents the contextual narrative of the research. The problem & its 

significance, the scope & delimitation of the research are depicted in this chapter. The 

goals & objective of the research and a background of supply-chain-integration (SCI) 

are furnished to comprehend of the work under investigation. The contingency theory 

and associated views of supply-chain management (SCM) is also presented in this 

Chapter. The domain area of this research is information system and focus area is 

supply-chain-integration (SCI) and the scope of this research is restricted to 

downstream supply-chain (SC). Through this dissertation, this research wants to 

establish the following key associations backed by empirical evidence.   

1. SCI (supply chain integration) is essential to boost SCE (supply chain 

efficiency) and PER (organization performance).   

2. DIS (selective disintegration) is required to boost SCE (supply chain 

efficiency) and PER (organization performance).  

3. SCE (supply chain efficiency) is linked to PER (organization performance).  

In the cutthroat business environment today all the worldwide organizations are 

rivaling each other and adjusting new technological advancements to remain 

competitive over others. From an oil & gas industry perspective, considering an 

increasing demand for fuel in developing nations like India & China clubbing with 

today's hostile surroundings, supply network and logistics are the determinant 

component for the competitiveness.  SCI which is business and system integration is 

key determinant factor for efficient supply chain (SC) network because unless there is 

a process approach, the improving the product flow cannot be accomplished (Gupta, 

2011). 
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The links shown in Fig 1.1 epitomize the key SC links in the oil & gas industry 

because SC optimization can benefit the oil & gas industries the most. 

 

 

Figure 1.1 Supply chain link 

The weakness in the above link is that each of the process mentioned, work in silo 

and act as the best interest to optimize their own profit. Therefore, integration is 

necessary for SC which brings all the business processes under one umbrella. 

However, the integration is a complex work where IT is at the forefront. A number of 

business processes are integrated to SC with the help of IT and the degree of 

integration is much debatable subject in IS literatures.  

This research has worked on a downstream network which is, post refinery 

generation to dissemination to present a pragmatic investigation on this issue and 

proposed research hypotheses based on research questions. Moreover, this research 

has empirically examined the conceptual framework and proposed hypotheses to 

accomplish the research goal. The downstream network chain was chosen because it 

is more docile in nature than the upstream and therefore exist the scope for 

improvement (Hassen & Szucs, 2012; Gainsborough, 2006; Hussain et al., 2006). The 

next section highlights on the principles of SCI.  

1.1 Definition & Principles of Supply Chain Integration (SCI) 

In order to understand and research the impact supply chain integration, it is first 

necessary to define it. The business world is characterized by a high level of 

competition and it is significant in the oil industry because of the enormous amount of 

money involved in this business (Anderson, 2003; Gainsborough, 2006). For instance, 

in the year 2011, globally out of around US$ 1.5 trillion business, Exxon Mobile 

alone made US$ 41 billion annual profit (Taxpayer, 2011). The complexity and 

difficulty in doing business has posed several challenges for this industry. Moreover, 

Refinery Transport

ation 

Storage/di

stribution 

Sales 
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the complexity is multiplied by very hostile circumstances surrounding the industry. 

Unforeseen events, for instance, political changes such as the Syria & Libyan 

situation, turbulence in the Middle East or governmental decisions have an 

impingement on the cost of the petroleum. The fluctuated oil prices affect the accurate 

demand forecasting which leads to the distortion in the supply (Anderson, 2003). 

Besides operational resulting from demand growth, technological growth have built a 

strong competition among the petroleum corporations (Hassen & Szucs, 2012; 

Himola, 2011).  

Compared to other industries, oil SC is quite complex (Hussain et al., 2006). The 

whole SC is segmented into up and downstream operations based on before and after 

the refining process. The SC having longer lead time because of the distance from the 

oil exploitation to the end users could often be several thousands of kilometers. The 

crude oil goes through a complex, capital intensive refinery process as well 

(Gainsborough, 2006; Ribas et al., 2011). The long lead time involving various means 

of transport e.g. ships, pipelines, rail and road lead to high transportation cost 

(Hussain et al., 2006; Ribas et al., 2011). Thus, oil & gas industries goes through the 

SC optimization process by means of business process integration. This is 

predominant in the downstream sector. 

Integration is meant as systems integration here, which normally join diverse 

business processes and IT programming frameworks to bring them under one 

database (Prajogo & Olhager, 2012; Scheer, 2012). Integration is primarily a business 

decision with strategic implications as it is a high-end technical matter. There are a 

number of business processes exist along the line of SC to establish an effective 

supply network possible. Integration comes into effect of connecting the business 

processes in order to have data exchange and seamless information flow throughout 

the chain. The cutting-edge IT has helped companies to re-engineer the business 

processes which has led to SCI. Although SCI is supposed to reduce cost, improve 

responsiveness to changes, increase service level and facilitate decision making 

(Cheng et al., 2010); but the confusion started with SCM marvel which is a multi-

layered, multi-dimensional phenomenon with a plethora of multi-disciplinary frames, 

theories and methodologies available in scholarly articles. The outcome is ineffectual 

integration both in concept and practice (Dwyer, 2011).  
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In the supply-chain and IS literatures, most of the authors used the term 

integration without characterizing it categorically. The outcome of having such 

rhetorical definitions is that pivotal to the process of integration are the unchallenged 

presumptions from both scholastic and practitioner in the SCM context. The phase 

‘integration’ has its own repercussions, which is implied as ‘good’ (New, 2004), and 

hereafter disintegration is seen to be ‘no good’ (Mouritsen, et al., 2003). The words 

are intriguing in the sense, it is obvious that an integrated system is more efficient 

than a fragmented one. Although the terminology may be captivating, the term SCI 

operates from a critical point in the literature, seeking to portray simply a concept that 

in reality can be quite complex (Dwyer, 2011). 

In the current business scenario, the dynamic changes in a business environment 

contributed to the development of SC networks. First, the globalization effect and the 

proliferation of multi-national companies, joint ventures, strategic alliances and 

business partnerships. Second, affordability of cutting edge information technology, 

particularly the dramatic fall in information, communication costs, which are a 

paramount component of transaction costs, have led to changes in coordination among 

the members of the SC network (Awad & Nassar, 2010). These factors created many 

challenges to the integration of SC network. A series of new age system integrators 

started offering software systems and application to enhance the productivity. 

Therefore, the highly complex integrated architecture followed with the innate 

challenges in connecting the series of various existing frameworks made by different 

system integrators. An absence of an intelligible information structure is another 

challenge which can connect the majority of the diverse frameworks, age old legacy 

structure of numerous distinctive applications and the sheer age of the diverse 

frameworks and the real conveyance of the data to business units that need it. These 

challenges disrupts the information flow among the business units and thus hinder the 

performance of SC network. 

SC in this research is a captive model within the focus industry, where the 

organization distributes and sell their own manufactured products either by 

themselves or through franchises. The logistic function is crucial because most of the 

high value products are in liquid form and highly flammable. The role of logistics 

function is to transport and store materials so they are available whenever needed. It is 
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not as easy as it sounds though. Sophisticated software systems like warehouse 

management, transport management, inventory management and order management 

are employed to manage logistics activity. The marketing function manages the 

downstream relationships with clients, distinguish their requirements and 

communicate as how the company can fulfill those demands. The entire process needs 

skilled human resources and therefore the human resource department of the 

organization design the systems used to hire, train, and develop the company’s 

employees. The business records are maintained by finance & accounts. Therefore, 

the function of finance & accounts is vital to provide information required to control 

operations. IT develops and maintains the required systems to capture and 

communicate data among decision makers. Research & Development (R&D) is 

responsible for new product design. So, all these actions constitute a complex network 

of chain as shown in Fig 1.2. 

 

Figure 1.2 Web of Supply Chain 

(Source: Fawcett et al. 2014) 

So, in simple term, the goal of SCM is to apply technology and teamwork to 

formulate an efficient process to create value for the customer. But the goal is often 

compromised when processes, value chain elements and companies work toward local 

rather than global target. The bullwhip effect which is the variation in demand is 
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exaggerated due to infrequent demand & store level information exchange and order 

batching. The effect happens when changes in consumer demand triggers the 

companies in a supply chain to order more goods to meet the new demand. In fact the 

bullwhip impact expenses can be as high as 12 to 25%; and this can be adequately 

moderated by sharing right information, working together and estimating (Fawcett et 

al., 2014). An efficient SC requires consistent data stream in an extremely compelling 

way without causing any stress on the chain. There are various internal business 

processes are integrated with the chain, few of which are shown in Fig 1.1. As already 

mentioned that, integration is about connecting different disparate systems to work 

together in a cohesive manner. This research has attempted to probe the diverse 

business processes integrated with SC by adapting contingency approach to 

accomplish research objective. 

While discussing SCI, obviously the performance or efficiency of SC comes into 

sight. The whole objective of SCI is to improve supply chain efficiency (SCE) and 

SCE is directly linked to organization performance (PER). The whole objective of 

business world is to service and satisfy the consumers and the product actually 

reaches to the consumers through and efficient supply chain process. Thus, a 

discussion about SCI is never complete without measuring its efficiency and benefits 

to the organization in terms of PER. 

1.2 Purpose & Motivation  of the Research 

The focal point of this research is on the challenge of reaching an efficient lean & 

agile SC system rather than having a state-of-the-art fully integrated SC. In the view 

of the problem proclamation, the fundamental motivation behind this research is to 

pose out the choices of SCI by and large in the oil downstream business by 

investigating previous literature in the pertinent area of this research so as to discover 

and layout basic qualities and current arrangements of SC optimization through 

integration.  
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In oil & gas business, refining technique and technology is by and large similar 

for all the organizations. The SC roadmap emphasize the alignment of SC with the 

business strategy in the organization (Perez, 2013). The roadmap reflects that, an 

efficient SC could be the key determinant factor for an organization to stay 

competitive. The modern business is more reactive and customers do not offer waiting 

time period. Therefore, product life cycles have been shortened, product introductions 

are rapid. Moreover, customers are becoming increasingly knowledgeable and well 

informed in this internet age frcing companies have to be creative to win steady 

customer base (Thatte, 2007). The modern supply chains are expected to function in 

an efficient and timely manner so that a credible and sustainable competitive 

advantage is created. The organizations cannot always stay local or regional now-a-

days, but have to participate in the global market to stay competitive. Thusly, 

encountering numerous challenges which incorporate competition from bigger 

organization, worldwide rivalry, expanding client desires and on the highest point of 

all this, the supply chain network unpredictability. To cope with these challenges, 

organizations are using cutting-edge information technology (IT) to move toward 

ever-increasing integrated supply chain.  

The importance of SCI thus comes into the picture in alignment with the 

organization's business strategy. Fig 1.3 illustrates how national and outside 

environmental factors drives the decision areas of SC strategy and organizations are 

thriving for competitive factor to stay in marketplace. 

 

Figure 1.3 Environmental consideration 

(Source: Fawcett et al. 2014) 



8 

Of all the factors involved, the Information Technology (IT) has the highest level 

of ranking and an essential element for the success of the SCI (Barut et al., 2002). It is 

practically impossible to achieve an efficient SC without involving IT to integrate the 

necessary business processes.  

The uncertainty in markets is forcing more companies to adopt an integrated 

supply chain architectures to deal with supply & demand variation. Therefore, a cross 

functional communication is absolutely necessary for an effective SCM. But, the 

degree of integration and the structure of the organizations within the SC is important 

for the cross functional correspondence and data sharing. There has to be a definite 

strategy and tactic required for integration, which is a complex enterprise wide 

activity involving multiple stakeholders. Regardless of such multifaceted nature and 

difficulties connected with SC, the attention in business system integration and SCM 

research is not quite significant and which is the key inspiration for this research.  

1.3 Research Questions 

This research has made an effort through this dissertation to understand the 

occurrence by which business processes have been integrated with the help of IT in 

the SC context and examine how SCI linked to SCE and PER. Moreover, this research 

suggests that, under high level of integration, selective disintegration (DIS) delivers a 

direct relation with SCE and PER. The primary question is - “under a higher level of 

integration, what options does the oil industry have for optimizing the supply chain”? 

Through the association of the research constructs, the primary question has been split 

in five research questions as shown in Table 1.1. This research endeavors to answer 

the questions through this dissertation- 
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Table 1.1 Research questions 

Question 1 What is the relationship between the SCI and SCE? 

Question 2 What is the relationship between the SCI and PER?  

Question 3 What is the impact of DIS (selective disintegration) on SCE?  

Question 4 What is the impact of DIS on PER?  

Question 5 Is SCE directly linked to PER? 

 

The following section has attempted to turn the above questions into a problem 

statement which identifies the dependent and independent variables of this research. 

1.4 Problem Statements 

Albeit, many organizations trust that integration can expand market intensity and give 

different points of interest (Awad, 2010; Hussein et al., 2010; Wong et al., 2011b), but 

in real life scenario, a blended accomplishment on the end results and the quality or 

level of achievement have been experienced. The academic circle is divided between 

the effects of total integration and performance factor. Theoretically, systems 

integration is fragile, i.e., effectively fall flat when confronted with slight annoyances 

to the data executed and hard to keep up as the frameworks included are required 

upgradation. They are harder proportional when the necessities for the extra data 

capacity or extra constituent frameworks emerge. Despite the fact that from a 

frameworks point, a perplexing system structure can be developed into individual 

segment firms (Zhang & Dilts, 2004) however, it is not clear what kind of execution 

affects diverse supply system structures could have on firms and little is thought about 

the coordination conditions and exchange offs that may subsist among the members. 

There are reports available which insisted the reassessment of the notion of 

integration (Bask & Juga, 2001; Cheng et al., 2010; Fabbe-costs & Jahre, 2008; Awad 

& Nassar, 2010). The lack of clarity and consistency in definitions have been reported 

in SCI literature (Van der Vaart & van Donk, 2008, Chen et al., 2004, Cao & Zhang, 
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2011, Alfalla et al., 2013). There are very few articles with empirical evidence on 

business processes are available in support of SCI to SCE and PER. Therefore, a clear 

gap in relation to the contingency theory exist and need an investigation in the subject 

matter. Moreover, stemming from the increasing complexity of SC networks, supply 

chain uncertainty is an issue and concern with which every practicing manager 

(Simangunsong et al., 2012). SC uncertainty primes to delivery delays and quality 

problems (Bhatnagar & Sohal, 2005). 

The oil & gas industry is the world’s most pervasive and biggest business industry 

(Yergin, 2011). Such significant industry is working through a number of challenges. 

For instance, ongoing conflicts in the Middle East, volatile production capacity of 

refineries who produces finished products such as petroleum, long and unpredictable 

lead times due to the demand and supply variations, transportation constraints and on 

the top of that the price fluctuations, amongst many other challenges. Every one of 

these difficulties has made this industry as a standout amongst the most dynamic and 

essential enterprise (Mitchell et al., 2012). These challenges have resulted in 

inflexible SC linkages throughout the industry (Mitchell et al., 2012; Morton, 2003), 

which is not a good sign for the optimization. 

This research has aimed DIS to improve efficiency. Although, the notion of 

disintegration is intriguing; however, the use of this notion in the different scholarly 

articles is unclear; many authors have used “fragmentation” to define “disintegration”. 

In real-life scenario, because of lack of any analytical framework, the IT experts and 

business analyst spends months to understand the business processes integrated with 

SC, the key performance variables of SC and organization.  

Thus the scope of this research is to troubleshoot the above problems and provide 

empirical suggestions. The below section presents the research scope.  

1.5 Research scope 

Through the gap in knowledge, this research aims to troubleshoot the problems in the 

following steps:  
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¶ To demonstrate and carry out a research project supported by empirical 

evidence to study system integration in the oil & gas industry and how an 

effective SCI can be applied to derive advantage. There are two sub problems 

are covered in the above statement which are stated as below- 

o To find the business processes as variables linked with SC, which are 

causing overload and not allowing the SC systems functioning to the 

optimized level. 

o To analyze and evaluate the impact of both integrated and disintegrated 

variables on SCE and PER with empirical evidence. 

1.6 Research Goals & Objectives 

The concept and definitions of SCI, SCE and PER are still evolving. This has resulted 

in diverse effects in the association between SCI and PER (Germain et al., 2008; 

Koufteros et al., 2007b; Lin & Germain, 2003); as well as SCE and PER (Danese & 

Romano, 2011; Devaraj et al., 2007; Koufteros et al., 2005 & 2010, 2010). To help 

alleviate the complex system integration this research claims that, while SCI improves 

SCE and PER, DIS is necessary for a lean and agile SC system. Therefore, an 

investigation into the relationship between SCI & SCE, DIS & SCE and their effect 

on PER has been done in this research.  To summarize the goals of this research is - 

¶ Determine which variables affect the solution to the problem. 

¶ Determine the degree to which each variable can be controlled. 

¶ Determine the functional relationships between the variables and which 

variables are critical to the solution of the problem. 

SCI can also be termed as business system integration and one of the aim of this 

research is to identify the relevant business processes and information technology 

systems that integrate with supply chain systems. However, with the research 

questions in mind, this research has framed the following specific objectives-  
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¶ Objective 1:  In order to identify the areas where this research evidence could 

make the most difference, this research aims to establish the direct relation of 

SCI with SCE and PER by identifying the significant SCI, SCE and PER 

variables in supply chains.  

¶ Objective 2: To establish that DIS (selective disintegration) has a positive 

impact on SCE and PER and thus start a new research agenda on the level of 

integration needed for better performance. In doing so, this research will 

ensure that, existing research evidence is used optimally 

¶ Objective 3: To develop and test a theoretical framework and hypotheses in 

view of the initial two goals and with a specific end goal to reassess the 

current perception of SCI in supply chains. Through this objective, this 

dissertation wants to establish a new research to contribute to the planning of 

SCI and evaluation of existing integrated supply chain in oil & gas industry. 

Hence, this research first attempts to address the effectiveness of SCI and second, 

discusses about DIS towards a lean & an agile supply chain system.  

1.7 Research Significance & Contri bution  

The problem statements intend to reassess the SCI and examine the sources of mixed 

successes reported by various authors. In continuation of the problems as mentioned 

in section 1.3, the significance of this research rests in solving the research questions.  

A key finding in this research is that, SCE and PER are both persuaded by SCI 

and DIS. This finding has a number of implications for managers. First, it highlights 

the important role of business-system integration in the functioning of supply chain 

systems. Based upon this finding, the degree and level of integration should be given 

higher priority for supply chain performance. The proactive acceptance, 

implementation and effective utilization of necessary advanced IT systems, such as 

ERP (enterprise resource planning), EDI (electronic data interchange), RFID (radio 

frequency), CRM (customer relations management) and APO (advanced planning and 
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optimization) and the alignment of IT philosophies, patterns and practices among 

supply chain members should result in better SCI. However, logistics is an important 

function in SC and some elements such as inventory management system (IMS) and 

transport management system (TMS) can be disintegrated to reduce stress on core SC 

system and to create a lean and agile SC.  

By adapting an inductive approach this research analyzes the role of SCI and DIS 

on the SCE and PER. A data sample of the process industries is used in this research 

which is discussed in chapter 3 & 4. This research expects to make the following 

contributions to the SCM linking PER in the investigated industry- 

¶ First this research identifies significant dimensions of SCI and examine the 

direct relationship between SCI → SCE and SCI → PER. Moreover, the 

dimensions of SCE and PER are also examined.   

¶ Second, this research establishes that DIS have a positive impact on SCE and 

PER.  

¶ Third by identifying the SCE and PER dimensions and examine the 

relationship between SCE and PER.   

¶ Finally, this research proposes a theoretical framework supported by empirical 

test results to study the effects of SCI and DIS. 

Therefore, this research provides threefold contribution. First, it offers a unique 

topology, which groups all the different possible IS related applications connected 

with supply chain to form SCI and highlights their impact on SCE and PER.  

Second, this research takes into account the main challenge faced by the Chief 

Information Officer and SC Heads and provides relevant clues to foster rational 

selection of IS application integrated with SC system and improve the success of SC 

optimization. It is definitely a recent topic because of the growing pressure of clients 

on the IT vendors and in the general context of financial pressure that tend to kill a lot 

of innovative Information Technology projects. 
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Finally, the findings from this research are significant for SC managers and 

decision makers, since the findings offer insights on SCI strategies. Therefore, 

somehow opposite to viewing SCI always as performance booster, this research 

recommends that, downstream SCI should be looked as a cycle of integration and 

selective disintegration. 

The relationship between all the constructs (SCI, DIS, SCE and PER) are 

presented in this research with empirical back-up which is a significant contribution 

of this research. The empirical analysis will have both managerial and academic 

implications in the pertinent business domain. 

1.8 Supply Chain Integration- Contingency & Configuration approach 

A contingency theory is an organizational theory that claims that there is no safer 

means to run a company (Morgan, 2007). Rather, the optimal form of activity is 

dependent (contingent) upon the internal and external situation and utilizes a 

reductionist methodology (Sinha & Van de Ven, 2005). Contingency theory also 

claims that, no theory can be applied in all instances and there is no better approach to 

plan a theory (Cole & Scott, 2000). Both the theory and practice can be drawn by 

illustrating a more distinctive findings from a contingency perspective. This research 

has employed structural contingency theory to ensure that, the individual variables of 

SCI should be aligned to enhance SCE & PER. 

However, Flynn et al., 2010 have found certain shortcomings of contingency 

approach. They found that, although contingency study allowed detail examinations 

of the relationship between the variables of SCI and performance but unable to handle 

complex efficiency and performance marvels from an all-inclusive standpoint. 

Therefore, multicollinearity between the independent variables that compromise SCI 

construct is always present. Cao et al., 2015; Flynn et al., 2010; Harland et al., 2007 

suggested both contingency and configuration approach to study SCI and 

organizational performance related study.  
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Thus, additional analysis based on configuration approach was conducted to 

analyze the relationship between SCI, DIS, SCE & PER. Findings from a contingency 

perspective and a configuration perspective may be complementary, which is likely to 

help us interpret the inconsistency in existing literature (Song et al., 2017).  

Configuration approach evolved as an extension of contingency theory. The 

complex relationship between SCI, efficiency, performance are better captured in 

configuration approach (Jeyavelu, 2007). However, research in the field of SCI is still 

lacking from the configuration perspective (Song, 2017). 

This research has investigated the impacts of supply chain integration (SCI) and 

selective disintegration (DIS) on supply chain efficiency (SCE) and organization 

performance (PER) from both a contingency and a configuration perspective. From 

the contingency perspective, this research has examined the impacts of SCI & DIS on 

SCE and PER using ordinary least squares (OLS) regression. To measure the 

performance, organizations need to select the relevant variables to evaluate the 

different aspects of SC. Therefore, this research has expanded to spearman rank 

correlation and canonical correlation from configuration perspective to determine the 

associations between the variables of SCE and PER. 

1.9 Research Methodology   

A methodological approach is imperative to accomplish the research goal. Keeping in 

view of that, the development of the instruments of SCI, DIS, SCE and PER 

constructs was carried out in four phases: 1) literature review and item generation, 2) 

qualitative survey to validate the generated items and research framework 

development, 3) pilot study followed by large scale quantitative survey and 4) data 

analysis and instrument validation.  

1.  A comprehensive literature review was conducted to identify the indicators of 

the primary constructs in the research framework. Initial items and the 

definitions of each construct were generated from the literature review.  
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2. Qualitative survey was conducted to validate the generated items from 

industry practitioners. This also has helped in the theoretical model 

development and refinement of the theory which was the primary objective of 

this survey. Hypotheses development was carried out in this phase. 

3. The third phase is quantitative research based on large scale data collection. 

The pilot study was conducted using OLS regressions. The limitations of the 

model and the weak indicators have been identified through pilot study.  

4. The Partial Least Square-Structural Equation Modeling (PLS-SEM) has been 

used to examine the research hypotheses and accomplish the research goal. 

The research process workflow is exemplified in Fig 1.4. 

5. The hypothesized associations is tested for significance in chapter 5, which 

include:  

a. impact of supply chain integration on supply chain efficiency;  

b. impact of supply chain integration on organization performance; 

c. impact of selective disintegration on supply chain efficiency;  

d. impact of selective disintegration on organization performance;  

e. impact of supply chain efficiency on organization performance.
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Figure 1.4 Research Process Workflow 
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1.10 Justification 

Any type of research presents its own need for reasoning. Qualitative research battles 

with notions of subjectivity in its pursuit for academic yet sensitive rigor of analytic 

thinking (Stockman, 2015). Similarly, quantitative research faces allegations of data 

manipulation (Gitelman, 2013), credulous reports (Deacon, 2008) and thus on.  

Therefore, this research has followed an organized effort towards a strict awareness 

and explicit motivation for what type of research is done, why and how. However, the 

academic circle is filled with opposing views and multiple perspectives which keeps 

the field alive and stimulating at the same time (Stockman 2015). Since, no previous 

research was available on DIS, therefore, it was necessary to conduct a qualitative 

analysis to capture industry practitioners’ view on the subject. 

1.11 Chapter Summary & Dissertation Overview 

This chapter has provided a preface and foundation to this research. The formal 

definition and principles of SCI have been discussed. The research aims, research 

inquiries and objectives have been exhibited in separate sections. In the end, the 

significance of the research has been discussed and a brief outline of research 

methodology has been presented.  

The subsequent chapters of this dissertation are arranged in below manner- 

¶ The second chapter provides the literature review. The literature review provides a 

detailed discussion of theoretical arguments for supply chain integration (SCI), 

selective disintegration (DIS), supply chain efficiency (SCE) and organization 

performance (PER). The gaps in the existing literatures are identified and 

presented in the second chapter.     

¶ The third chapter demonstrates the qualitative survey and theoretical framework. 

The testable research hypotheses under investigation are also presented in this 
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chapter. The conceptual framework is shown in this chapter, which is developed 

through literature review and qualitative survey. 

¶ The fourth chapter presents the research methodology. The development of 

quantitative questionnaire and survey instruments are presented in this chapter. A 

discussions on different statistical analysis and a brief introduction to structural 

equation modeling are also presented in the fourth chapter.   

¶ The fifth chapter presents the inclusive data analysis that has been conducted in 

this research which includes, a descriptive analysis and pragmatic investigation 

for all the constructs. The reliability and validity of the data have been reassessed 

in this chapter with large scale data. The structural equation model, structural path 

significance and hypothesis test results are discussed in this chapter. 

¶ The sixth and last chapter discusses the limitations, implications and 

recommendation for the future research. The managerial and academic 

contributions are presented in this chapter. The chapter ends with research 

conclusions. 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Introduction  

In order to deal with the research questions and to identify the key variables of SCI, 

SCE, DIS and PER, a thorough literature review is essential (Denyer & Tranfield, 

2009). Therefore, this chapter delves deep into the past literatures to examine the 

work of different authors in related fields and examine the dimensions of SCI, DIS, 

SCE and PER. Through critical literature review on the subject matter, this chapter 

wants to achieve the following- 

1. Significance of the constructs (SCI, DIS, SCE and PER) and identify the 

dimensions which have been discussed and investigated based on previous 

literature in the pertinent domain of research. 

2. Find the research gap and attempt to formulate the conceptual framework for 

this research.  

 To recapitulate, this research seeks to answer the following five questions taken 

from Table 1.1: 

Question 1 What is the relationship between the SCI and SCE? 

Question 2 What is the relationship between the SCI and PER?  

Question 3 What is the impact of DIS (selective disintegration) on SCE??  

Question 4 What is the impact of DIS on PER?  

Question 5 Is SCE directly linked to PER? 
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In the oil & gas industry, the business processes and applications are 

exceptionally complex (Scheer, 2012). Moreover, though the integration of these 

systems creates a standardized and balanced, but at the same time a highly complex 

architecture. SCI plays an important role to attain competitive advantage; also it 

serves to solve many constraints and challenges caused by the many variables in the 

business (Hassen & Szucs, 2012). Thus, within Academe, SCI has always been a 

subject of research interest and open deliberation (Childerhouse & Towill 2011; Flynn 

et al., 2010). 

SCI enables systems to oversee the effective and efficient flow of merchandise, 

services, information, finance and decisions (Frohlich & Westbrook, 2001). The final 

goal of the supply chain is to provide maximum value to the customers and remove 

any obstacles that affects the supply chain flow (Childerhouse & Towill. 2011). But 

which are the processes need to be integrated and which obstacles causing inefficient 

flow has not been specified by above authors in their articles. However, the majority 

of processes which do not allow the supply chain to be competitive are internal 

processes (Walker et al., 2008). The internal processes are within the control of the 

organizations compared to external processes and thereby it makes sense to focus on 

internal processes (Glenn et al., 2009) for this research. This research examines the 

internal processes that are integrated with supply chain to achieve research goal. It is a 

salient feature of this research because the majority of the papers focuses on external 

supply chain integration. 

Supply chain integration literature is quite standardized and theoretical; academic 

research in the SCI related subject is still at its infancy stage (Linton et al., 2007; 

Devaraj et al., 2007; Li at al., 2009; Wong et al., 2011b; Jede & Teuteberg, 2015). 

Most of the studies are primarily based on case studies or literature review (Holweg, 

2005; Storey et al., 2005), with less pragmatic research in SCM business process and 

information technology integration. Moreover, it has been discussed in Chapter 1 that, 

system integration in itself a complicated, complex and risky affairs with several 

disparate systems, business processes and multiple stakeholder are involved. A 

cautious examination of the business processes between and inside the organizations 

is imperative to comprehend the hindrance in SCI and this is agreed by many authors 

too (Giménez, 2004; Storey et al., 2005; Pagell, 2004; Walker et al., 2008). Having 
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said so, a comprehensive study of the factors enabling integration among the key 

internal supply chain functions is lacking (Bakker et al., 2012).  

There is no consistent theory available on SCI, the available concepts of business 

processes to SCI appeared in multiple formations (Jharkharia & Shankar, 2005). Thus, 

a pragmatic investigation of SCI is much needed. The importance of efficient supply 

chain in modern business world is such that, current enterprise level business 

environment the competition is between supply chains (Li et al., 2005; Alfalla-

Luquea, 2013) than between organizations and this is evident especially in oil & gas 

industries; moreover, the concept of supply chains is not direct, but instead a complex 

relationship systems (Winter & Knemeyer, 2013; Fawcett et al., 2014). The logistics 

function is at the core structure and concept of the supply chain. It is extremely 

critical, expensive and complex too, considering handling highly inflammable end 

product of oil & gas. The logistics are a collective function of warehouse 

management, distribution or transport management, order management, inventory 

management and customer relationships (Alvarado & Kotzab, 2001; Rudberg & 

Olhager, 2003).  

This chapter thus a comprehensive and critical literature review on SCI 

dimensions, SCE dimensions and PER dimensions. Prior work in related areas are 

discussed in this chapter, also at the same time through literature review an attempt 

was made to develop fundamental concepts of SCI, business processes involved, IT 

role and complexities involved, SCE and PER. These were necessary to achieve 

research goal. The literature review has helped to identify the key independent 

variables for this research associated with the constructs. Very few studies have been 

conducted to-date on the DIS and little have been written that deals with the degree of 

integration required for supply chain optimization. A broad base of such research 

papers published in international reputed journals e.g. Science Directory, Google 

Scholar, Research Gates and IEEE Explore among others have been thoroughly 

analyzed keeping the research agenda in mind. 

Despite the significant amount of investment in information technology and SCI, 

the direct linkages between SCI → SCE and SCE→ PER are subtle. Therefore, this 
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review has attempted to explain the missing link using the information system and 

information management concept. 

2.2 Literature R eview Method 

The review was conducted to find out what has been discussed on the variables of 

supply chain integration (SCI), selective disintegration (DIS), supply chain efficiency 

(SCE) and organization performance (PER) in oil & the gas industry with an objective 

of developing a theoretical framework for this research. There are various articles 

found (Mackelprang et al., 2014; FabbeȤCostes & Jahre 2008; Van-Der Vaart et al., 

2006; Jiang et al., 2006; Bask & Juga, 2001) which have direct or indirect relationship 

with the current research under investigation. Review of these articles which have 

opposed the positive viewpoint of integration, has provided a logical foundation for 

the present research work arguing that, SCI is not always a success story. 

Combining SCI, SCE, PER is a vast area with different contextual analyses, 

research papers, white papers and so on are accessible and growing rapidly (Alfalla-

Luque & Medina-Lopez, 2009). Therefore, a systematic and meticulous Literature 

review (LR) was conducted to execute the research goal. Articles published from the 

year 2000 onwards till date were investigated. It was necessary to focus on the papers 

that deal with supply chain and information technology or information system 

integration. The selection of the primary journals for this research is guided by 

SCOPUS and Google Scholar. SCOPUS and Google Scholar have contributed in 

offering an inclusive representation of the extent of international and interdisciplinary 

nature of academic discussions (Yang & Meho, 2006). SCOPUS provided a 

considerable realistic discussions on information science whereas, Google Scholar 

provided discussions on information and operation management. Limited number of 

literatures are available in pertinent business domain. Therefore, this research 

reviewed literatures from different business domain e.g. manufacturing and retail to 

examine the methodological approach and tried to correlate them with current 

research under investigation. 
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This research have examined the subject areas in both SCI and SCM. To start 

with, a list was prepared with a broad base of peer reviewed journals that have 

contributed towards SCI and SCM from different viewpoints in last two decades since 

year 2000 onwards. Table 2.1 displays the list of journals that have been chosen based 

on their citation reports and ranking. 

Table 2.1 List of Journals 

Sl no Journals 

1 American journal of engineering and applied sciences 

2 Asian Academy of Management Journal 

3 Benchmarking: An International Journal 

4 Competitiveness Review: An International Business Journal 

5 Computers & Industrial Engineering 

6 European Journal of Operational Research 

7 European Online Journal of Natural and Social Sciences 

8 Industrial Management & Data Systems 

10 Industrial Marketing Management 

11 Interdisciplinary Journal of Contemporary Research in Business 

12 International Journal of Business and Management 

14 International Journal of Business Performance and Supply Chain Modelling 

15 International Journal of Engineering, Science and technology 

16 International Journal of Information Systems and Supply Chain Management  

17 International Journal of Innovation, Management and Technology 

18 International journal of logistics research and application 

19 International Journal of Operations and Production Management 

20 International Journal of Physical Distribution & Logistics Management 

21 International Journal of Productivity and Performance Management 

23 International Journal of Production Economics 

24 International Journal of Production Research 

25 International Journal of Supply Chain Management 

26 Journal of Business & Economics Research 

27 Journal of Business Logistics 

28 Journal of Enterprise Information Management 

29 Journal of Logistics Management 

30 Journal of Management Information Systems 

31 Journal of Manufacturing Technology Management 

32 Journal of Operation Management 

33 Journal of Supply Chain Management 

34 Journal of Systems and Information Technology  

35 Journal of the American Society for Information Science and Technology 

36 Journal of the Association for Information Science and Technology 

38 Management Decision 

39 Omega 

40 Springer Science & Business Media 

41 Supply Chain Management: An International Journal 

42 Taylor & Francis online Journal 

43 The International Journal of Logistic Management 

44 Wiley online library 
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 A partial overlapping on the subject areas that are discussed in this chapter. In fact, 

the same topic can be considered from different viewpoints in more than one subject 

area. However, less scholarly articles were found on the topic of the SCI theory and 

the effect of integration. Some theories are available, but no empirical evidence was 

found on the concept of the disintegration. Conceptually, SCI is related to 

optimization and to the efficient management, thus, it also has to cover the whole of 

supply chain network, thus makes it more complex to examine. The main processes in 

oil & gas industries are upstream and downstream which includes: exploration, 

extraction, refining, transportation and distribution (Inkpen & Moffett, 2011). The 

downstream sector consists of refining, storage, transportation, marketing and 

distribution of petroleum products (Hackward & Shore, 2004). This research study 

has looked at the supply chain flow from refining to distribution. 

In an attempt to clarify the agenda and methodology for this research a content 

overview of the existing literature is presented. Such analysis may prove complex 

because of multiple viewpoints surrounding topics are available, such as supply chain 

excellence, supply chain management, supply chain optimization, supply chain 

strategies & practices etc. amongst many others. This review thus presented an 

indicative description in the below Table 2.2 and is based on a computerized search 

by using the keywords “supply chain integration”, “supply chain efficiency” and 

“organization performance” in two databases (SCOPUS and Google Scholar).  

Table 2.2 Principal component bodies of supply chain literature 

Supply chain integration 

¶ Supply chain collaboration and logistical 

service performance. 

¶ Information technology and logistics 

integration. 

¶ Supply chain integration and performance. 

¶ SCI and operational performance. 

¶ Information systems in supply chain 

integration and management. 

¶ Supply chain logistics management. 

¶ Enterprise architectural framework for 

Supply chain efficiency 

¶ Supply chain performance measurement. 

¶ Supply chain efficiency evaluation. 

¶ Supply chain management on 

competitive advantage and 

organizational performance. 

¶ Inventory inaccuracy and supply chain 

performance. 

¶ Increasing efficiency in the supply chain. 

¶ Performance measurement in a supply 

chain. 
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supply-chain integration. 

¶ Collaborative supply chain. 

¶ Supply chains and networks. 

¶ Supply chain modeling. 

¶ Resilient supply chain 

¶ Angles of integration. 

¶ Agile supply chain. 

¶ Supply chain to demand chain: the role 

of lead time reduction in improving 

demand chain performance. 

¶ Strategic supply chain performance. 

¶ Supply chain performance: current 

research and future directions. 

¶ Performance measures and metrics in a 

supply chain 

¶ Supply chain performance in transport 

logistics. 

¶ Supply Chain Performance: Trends and 

Challenges. 

Organization performance 

¶ SCM practices on competitive advantage and 

organizational performance 

¶ IT on supply chain capabilities and firm 

performance. 

¶ IT impact on the supply chain and its effect 

on firm performance 

¶ Logistics performance on organizational 

performance in a supply chain. 

¶ Just in time and supply chain management: 

linkages and impact on business 

performance. 

Supply chain collaboration and firm 

performance. 

Selective disintegration 

¶ Semi-integrated supply chain 

Several scholars have echoed the description similar to Table 2.1 (Prajogo & 

Olhager, 2012; Devaraj et al., 2007; Flynn et al., 2010; Trkman, 2007; Sezen, 2008; 

Cai et al., 2010), but all these studies have adopted varied methodological approach 

and different theories of SCI dimensions. This has led to an ambiguous delineation of 

SCI. The antagonistic viewpoints of the favorable outcome of SCI on SCE and PER 

have been presented by different authors (Fabbe-casts & Jahre 2008; Awad & Nassar, 

2010), but all these are theoretical arguments and there are no empirical basis have 

been found in their studies. However, these arguments have certainly helped to 
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develop the foundation of the disintegration theory for this research. The intention is 

to identify the selective indicators which can be disintegrated to improve performance 

and which will be used for pragmatic investigation in this research. 

This research has started with organizing the articles published in the journals 

displayed in Table 2.1. In that process, 104 research papers of diffident authors have 

been identified from 43 journals as displayed in Table 2.3, which have research focus 

in the relevant subject matter of this research. The articles written by the listed authors 

cited maximum number of times in SCM and SCI related research. 

The literatures included in the review were classified into 9 sub-groups according 

to their discussions to achieve the research goal. 

1. Relationship between SCI and SCE. 

2. Relationship between SCI and PER. 

3. IT effect on SCI and performance. 

4. SCI variables 

5. PER variables 

6. SCE variables 

7. Hybrid integration (Selective disintegration) 

8. SCI and supply chain practice 

9. Supply chain issues and challenges 
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Table 2.3 Authors with research focus 

Authors Research focus 

(1) Flynn et al., 2010; (2) Prajogo & Olhager 2012; (3) Fabbe-

Costes & Jahre, 2008; (4) Wong et al, 2011; (5) Van der Vaart & 

van Donk 2008; (6) Leuschner et al., 2013; (7) Moshkdanian & 

Molahosseini, 2013; (8) Wong et al., 2013; (9) Bagchi, 2005; (10) 

Koufteros et al., 2007a; (11) Kim, 2009; (12) Vijayasarathy, 2010; 

(13) Kaliani et al., 2016; 

Relationship between 

SCI and SCE. 

 

(14) Li et al., 2009; (15) Trkman et al., 2007; (16) Hussein et al., 

2010; (17) Sherer, 2010; (18) Yang & Su, 2009; (19) Saleh Shata, 

& Zulkifli, 2012; (20) Gunasekaran & Ngai, 2004; (21) Zhang et 

al., 2011; (22) Qrunfleh & Tarafdar 2014; (23) Devaraj et al., 2007; 

(24) Maruping et al., 2017; (25) Buckland, 2012; (26) Helo & 

Szekely, 2005; (27) Jenatabadi et al., 2013; (28) Saleh & 

Mohamed, 2012; 

 

Impact of IT 

implementation on SCI 

and performance. 

 

(29) Akyuz & Erkan, 2010; (30) Jabari et al., 2015; (31) 

Kaabinezhad et al., 2014; (32) Shepherd & Gunter, 2010; (33) 

Chima, 2011; (34) Martin & Patterson, 2009; (35) Horatiu Cirtita 

& Daniel, 2012; (36) Katunzi, 2011; (37) Gunasekaran & Kobu, 

2007; (38) Shepherd & Gunter, 2010; (39) Green, 2008; (40) 

Bigliardi & Bottani, 2014; (41) Agarwal & Shankar, 2005; (42) 

Duclos et al., 2003; (43) Estampe et al., 2013; (44) Chae, 2009; 

(45) Gopal & Thakkar, 2012; (46) Moreira & Tjahjono, 2016; (47) 

Madhavan & Kaliaperumal, 2017; (48) Stevenson & Spring, 2007; 

 

SCE significance  and 

measurement 

 

(49) Alfalla-Luque et al., 2013; (50) Cousins & Menguc, 2006; 

(51) Cagliano et al., 2006; (52) Sezen, 2008; (53) Shub & 

Stonebraker, 2009; (54) Vachon & Klassen, 2006; (55) Croxton et 

al., 2001; (56) Badole et al., 2013; (57) Yusuf et al., 2014; 

 

Dimensions and 

variables for SCI  

 

(58) Kannan & Tan, 2010; (59) Yusuf et al., 2014; (60) Madhavan 

& Kaliaperumal, 2017; (61) Croxton, et al., 2001; (62) Taticchi et 

al., 2015; (63) Veloso & Kumar, 2002; (64) Thun, 2010; (65) 

Kaliani et al., 2016; (66) Chen et al., 2007; (67) Ali et al, 2008; 

(68) Storey et al., 2006; (69) Awad & Nassar, 2010; (70) Awad & 

Nassar, 2010a; (71) Chima et al, 2011; (72) Stadler, 2005; (73) 

MacCarthy et. al., 2016; 

 

SCI and supply chain 

practice 

 

(74) Hussein et al., 2010; (75) Zhao et al., 2013; (76) Schoenherr & 

Swink, 2012; (77) Das et al., 2006; (78) Lee et al., 2007; (79) 

Petersen et al., 2005; (80) Swink et al., 2007; (81) Chen et al., 

2007; (82) Gimenez et al., 2012; (83) Rosenzweig et al., 2003; (84) 

Vickery et al., 2003; (85) Koufteros et al., 2005; (86) Danese & 

Romano, 2011; (87) Huang et al., 2014; 

 

 

Relationship between 

SCI and performance. 
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Table 2.3 continues- 

 

Authors Research focus 

 

(88) Popova & Sharpanskykh, 2010; (89) Deshpande, 2012; (90) 

Kannan & Tan, 2005; (91) Hubbard, 2009; (92) Gunasekaran et al., 

2004; (93) Chen et al., 2009; (94) Rungtusanatham et al., 2014; 

(95) Wiengarten, 2016; (96) Wong et al., 2011b; (97) Ali et al., 

2008; 

 

PER indicators. 

 

(98) Jayaram & Tan, 2010; (99) Samara, 2015; (100) Lambert, 

2008; (101) Swafford et al., 2008; (102) Yu et al., 2013; (103) 

Christopher, 2016; 

 

Discussions on hybrid 

integration 

 

. 

 

(104) Simangunsong et al., 2012; 

 

Supply chain 

uncertainty 

Moreover, various authors have conducted a study on critical literature reviews 

related to SCI. However, besides above literatures, reviewed papers from conferences, 

Google books and Pearson education books (Schryen et al., 2015; Dwyer, 2011; 

Samara, 2015; Christopher, 2016). 

2.3 Supply Chain Integration (SCI) 

This section examines previous literatures relevant to this research domain to have an 

intelligibility on SCI and the effect on performance.  

The term integration has come up to define the SC concept in various writings and 

was altogether considered as another methodology of business procedure keeping in 

mind the end goal to make viability (Kannan & Tan, 2010). The appropriate 

integration required to meet customers demand, reduced logistics cost which includes 

delivery time, level of inventories, improve workforce efficiency and market share 

(Sezen, 2008; Wong et al., 2013). In this context, primarily there are two forms of 

interrelated SCI (Frohlich & Westbrook, 2001). The first form of integration involves 

coordinating and integrating the forward physical flow of deliveries between 

suppliers, manufacturers and customers. The other form of integration involves the 

backward coordination of IT and the flow of data from customers to suppliers. 
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The results associated with SCI have been investigated by various authors 

(Leuschner et al., 2013; Flynn et al., 2010; Prajogo & Olhager 2012; Fabbe-Costes & 

Jahre, 2008; Alfalla-Luque et al., 2013). Some authors (Leuschner et al., 2013; Flynn 

et al., 2010) agreed on the positive linkage between SCI and organization 

performance. Based on resource based theory, Leuschner et al., 2013 have done an 

extensive review of past literature to establish the positive and significant relationship 

between SCI and organization performance. Their study helps to understand the type 

of SCI require to the highest benefits in organization performance. Flynn et al., 2010 

too have conducted body of literature review and used contingency & configuration 

approach to examine the impact of SCI on organization performance. Their finding 

broadly indicated that SCI is related to performance.  

However, Fabbe-Costes & Jahre, 2008 have conducted a literature review to 

investigate the link between SCI and performance and found that, SCI does not 

always improve performance. Alfalla-Luque et al., 2013 have done an extensive 

literature review to investigate the SCI dimensions, variables and framework. They 

found from their study that, SCI is a complex and poorly-defined construct. Although, 

their investigation have concluded with a SCI framework with the variables and the 

level of integration for SC, however, no primary research was carried out to validate 

the framework.  

Yet, all the said studies are based the significant body of literature to 

quantitatively summarize the results and therefore, empirical basis cannot be 

confirmed. Prajogo & Olhager, 2012 have investigated the relationship of logistics 

and information integration and their effect on SC performance. Their findings 

indicate that, external logistics and internal information in SC are dependent on each 

other and need a solid integration mechanism between the business entities. However, 

their study was based on information and logistics flow in the SC in opposite ways 

with logistics towards forward direction and information having backward direction. 

In today’s context both logistics and information have swelled into both directions 

and logistics going back and forth as in reverse logistics. Therefore, a bidirectional 

flow may require a different SCI model.  
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SCI is widely regarded by both practitioners and researchers a primary contributor 

to supply chain performance (Moshkdanian & Molahosseini, 2013).  Although, the 

characteristics of what and with whom to integrate are somewhat not very well 

covered in the literature (Näslund & Hulthen, 2012). IT is in the forefront of SCI and 

the subject on embracing IT is one of the most investigated area in the information 

science (IS) literature (Maruping et al, 2017); without IT, the SCI study is incomplete 

(Maruping et al., 2017; Buckland, 2012). In the SCI & IT context, Thun, 2010 has 

found that, most of the organizations IT implementation is not aligned with their SC 

strategy after analyzing different integration strategies. Li et al., 2009 have found that, 

IT implementation has a positive effect on SCI but their study covers overall IT, did 

not focus on any specific supply chain related IT systems related to SCI. Zhang et al., 

2011 found despite differences in measurement and constructs proposed by different 

authors for IT, SCM and SCE, but, there is a positive direct or indirect effect of IT on 

SCM and SCE. But, their study is based on survey based literature review. Despite 

point of interest been talked about by researchers, there is little accord on the most 

proficient method to catch the embodiment of SCI (Van der Vaart & Van Donk, 

2008).  

Flynn et al., 2010 have done an extensive literature review to find numerous 

different definitions and measures related to SCI exist in academic literature. Even, 

Ho et al., 2002, Van der Vaart & Van Donk, 2008 too have found significant 

differences in the dimensions and variables used to measure SCI in various studies. 

They have found that, different authors have developed new models with new 

constructs and new measurement scales. In one side, Cousins & Menguc, 2006; Sezen 

2008 have considered unidimensional constructs, on the other hand Bagchi, 2005; 

Koufteros et al., 2007a; Kim, 2009; Vijayasarathy, 2010 have used multi-dimensional 

constructs for measuring SCI. Some were attentive on individual variables of SCI 

(Koufteros et al., 2007; Cousins & Menguc, 2006), others used various compilations 

of explanation (Rosenzweig et al., 2003) while examining SCI as single construct. 

Therefore, it can be argued that, there is a lack of clarity exists among academic circle 

on SCI and the benefits associated with it. Not a solitary writing found, which has 

talked about the required variables to be integrated in proficient SCM. Hussein et al., 

2010 continued to notice that, SCI in the oil industry in its early stage of maturity. 
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Although they have agreed that huge amount intricacies are involved in the SCM in 

large enterprise environment. However, this is clear from above reviews that, the sole 

objective of SCI is to improve SCE and PER. SCI is an important element of long-

term business goal & competitiveness (Awad & Nassar, 2010a), so it is practical to 

consider how SCI relates to SCE & PER This research will examine more studies to 

identify the SCI related variables and their significance. 

2.4 Supply Chain Efficiency (SCE) 

The main aim of this section is to understand the significance of performance 

measurement and examine the key variables used by different authors. SCE is also 

termed as supply chain performance by many academics (Akyuz & Erkan, 2010; 

Gimenez et al., 2012; Estampe et al., 2013; Qrunfleh, & Tarafdar, 2014). SCE is 

important to ensure the effectual distribution of products and services. Pavlov & 

Bourne, 2011 proclaimed that, unless measured things cannot be improved. The 

modernization of performance measurement can benefit organizations through the 

strategically aligned logistics (Moreira & Tjahjono, 2016). Moreover, the 

performance measurement enables executions of policy and focus on strategic goals 

(Akyuz & Erkan, 2010). However, the efficiency measurement is a much discussed 

topic in the academic literature. Different authors have used different approaches to 

assist organizations in measuring SCE.  

Akyuz & Erkan, 2010 have provided a critical literature review on supply chain 

performance measurement. Their study has discussed the problems and requirements 

of today’s broadened, e-enabled SC performance measurements systems and revealed 

that, SC performance measurement is still a rewarding research area. They have found 

the evidence of immaturity of the frameworks and models development in this area. 

Their study has emphasized the significance of SC Operations References (SCOR) 

model for supply chain performance measurement. The SCOR model has been framed 

by Supply Chain Council (SCC) * is widely acknowledged by SC managers. The 

model enables users to address, improve and communicate SCM practices within and 

between all members of supply chain. Jabari et al., 2015 have found a drawback of 
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SCOR model. They have carried a study on performance evaluation of the SC in 

Persian Gulf Petrochemical Holding Company. Their work indicates that, the 

planning process is the most important drawback in the SC, from the standpoint of 

SCOR model. Kaabinezhad et al., 2014 have investigated supply chain performance 

in Persian Gulf Petrochemical Holding Company. They have found that, the cost and 

flexibility factors of supply chain are the important variables for supply chain 

performance in oil & gas industry. Chima, 2011 also has emphasized on cost and has 

indicated that efficient integration leads to cost reduction, but cost reduction does not 

always mean efficient supply chain. Although, the author has investigated the role of 

SCM in the oil & gas industry, but the study do not cover any empirical analysis. 

Although, much of the attention in SCM has been on cost reduction, but performance 

in real-world supply chains has multiple attributes. Martin & Patterson, 2009 have 

found inventory and cycle time as the most significant variables for SC performance 

measurement. Merschmann & Thonemann, 2011 have found that flexible SC perform 

better than inflexible SC and therefore flexibility should be the most important factor 

for SCE. They have found a direct linkage between SC flexibility and organization 

performance. However, their study have used a mixed-mode survey that have 

generated deviations in sample means between the two samples. Horatiu Cirtita & 

Daniel, 2012 have used the SCOR model comprising of five supply chain 

performance attributes - reliability, responsiveness, flexibility, cost and assets (SCC*, 

2004). However, their sampling plan restricted generalization beyond US 

organizations. Moreira & Tjahjono, 2016 have proposed a framework drawing on the 

existing literature as well as the case study and emphasized on supply chain flexibility 

as significant for performance measure.  

In order to understand SC flexibility, Stevenson & Spring, 2007 have done a 

comprehensive literature review. They have gathered following five elements to 

provide an explanation of flexible supply chains:  

1. ñRobust network flexibilityò. The range of events that the existing SC 

structure is able to cope with.  

2. ñRe-configuration flexibilityò. The ease with which the SC can be re-

configured.  
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3. ñActive flexibilityò. The reactive or proactive capability.  

4. ñDormant flexibilityò. The SC does not have to be a demonstrable 

capability. 

5. ñNetwork alignmentò. Entities are focused on aligning their capabilities in 

order to meet the objectives of the SC and compete as a chain. 

Katunzi, 2011 has introduced range of measures for SCE from literature review – 

(1) Increased market share and sales growth, (2) Reduced inventory levels, (3) 

Reduced SCM costs, (4) Decreased order cycle/fulfillment time, (5) Increased asset 

and capital utilization, (6) Improved delivery performance, (7) Flexibility in 

meeting/responding to customer requirements, (8) Improved return on assets and 

sales, (9) Increased forecast accuracy, (10) Reduced cash-to-cash cycle time. 

Swafford et al., 2008 have investigated the relationship between IT integration and 

SCE measures such as SC flexibility, SC agility and business performance. Their 

study reveals the chain of effect among IT integration, SC flexibility, SC agility and 

competitive business performance. 

However, Olugu & Wong, 2009 have found a number of problems linked to the 

measures used for SCE. They have found the fragmented performance measurement 

criteria within and across the organization. Shepherd & Gunter, 2010 have argued 

that, most of the organizations lack a clear vision to develop effective SCE measures. 

Most of the studies stressed upon on the flexibility, cost, cycle time as most important 

variables for SCE. However, Gunasekaran et al., 2004; Martin & Patterson, 2009; 

Gunasekaran & Kobu, 2007; Ho, 2007; Shepherd & Gunter, 2010; Akyuz & Erkan, 

2010 etc. have emphasized the need for the formation of a new performance 

measurement. Chae, 2009 investigated the key performance indicators (KPI) for SC 

industry perspective and recommended to focus on the critical list of KPIs which are 

critical for their operations management, customer service and financial viability. 

Gopal & Thakkar, 2012 have examined 10 years studies from the databases Scopus 

and ISI Web of Knowledge and argued that, despite considerable evidence from the 

literature in SCE measurement, there is a large scope for research to address the issues 

in supply chain performance measurement. However, above discussions presents the 

theoretical concept of SCE and measurement variables preferred by various authors.   
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2.5 Selective Disintegration  

A thorough findings from different journal articles and research papers since year 

2000 reveal the growing necessity of the SCI for the benefit of business performance. 

Several authors have claimed that SCI enhances business performance in terms of 

profitability, financial stability, and customers’ satisfaction and, at the top of all, 

accomplishment of business goals and objectives (Lambert, 2008; Swafford et al., 

2008; Flynn et al., 2010; Zhao et al., 2008; Christopher, 2016; Jayaram & Tan, 2010; 

Yu et al., 2013; Kim, 2009). Nonetheless, empirical evidences are not substantial to 

support such claims. In this context, it is interesting to notice that, there are few 

authors have strongly opposed the argument of SCI leads to better business 

performance (Samara, 2015; Fabbe-costes & Jahre, 2008; Bask & Juga, 2001). 

Various authors have written about the degree and the maturity of system integration. 

This research has drawn attention to the degree of IS integration in the downstream 

supply chain and proposed selective disintegration (DIS) for improved efficiency. 

Merely a few writers have talked about the possibility of a way backward or a 

regression from integration toward selective disintegration (Samara, 2015 on ERP 

disintegration; Fabbe-Costes & Jahre, 2010 on logistics disintegration; Bask & Juga, 

2001 on business-system disintegration). But, there is no empirical back-up available 

to such claims. Furthermore, there is barely any formal definition of disintegration is 

available in information science literatures.  

In a recent article, Samara, 2015 has made an effort to provide a formal definition 

of disintegration which means not at all integrated or weakly integrated. This often 

encompasses disparate applications, legacy systems and ERP systems and these 

applications are not developed in a coordinated manner, but have introduced at 

different point of time depending on needs and technological advancement. The level 

of integration depends on the necessity and power of all subsystems to exchange 

information, whereas, disintegration does not permit information exchange (Samara, 

2015). For the purpose of this research, DIS means disintegrated from central SC 

system but essential data can still be transmitted from the disintegrated processes 

through an Advanced Communication Protocol. The kind of Communication Protocol 
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normally used when outsourcing contracts are awarded to IT vendors to develop work 

on their premises. 

In order to have more insights of the disintegration related work, the research 

papers opposes the opinion of total integration have been reviewed. This has helped to 

provide an acumen of both sides of the debate.  

Fabbe-Costes & Jahre, 2006 has presented a framework is to help with analysis 

into what, where and to which degree there should be integration in logistics and 

SCM. Kemppainen & Vepsäläinen, 2003 have argued that supply chains and 

networks are too large and complex to be controlled by only one company. It has been 

suggested that one way of getting around this is actually to ‘break up the value chain’ 

Fabbe-Costes & Jahre, 2008 have presented their viewpoints by carrying on a 

compilation of research papers. They have performed a systematic analysis of 38 

papers published during 2000-2006. Their findings reveal that definitions and 

measures of SCI and performance are diverse to the extent that a conclusion such as 

“the more SCI the better the performance cannot be drawn”.  Bask & Juga, 2001; 

Power, 2005; Pagell, 2004 took the issue with the idea that, SCI will always deliver a 

positive impact on PER but the potential benefits that associated with SCI are 

ambiguous. Bask & Juga, 2001 have emphasized to reassess the notion of integration 

and indicated about semi-integrated supply chains, but did not provide any empirical 

analysis. Bagchi et al., 2006 have found that, SCI is more rhetoric than in reality. 

Sambasivan et al., 2011 have reported that “70% of supply chain relationship tend to 

fail”. This in turn has led to a negative importance of system integration on firm’s 

operational performance in terms of flexibility, delivery, price and quality. A study 

conducted by Van Der Vaart et al., 2006 reveals an interesting finding that “supply 

chain integration need tailored approach in order to be successful”. Recently, 

Mackelprang et al., 2014 have resounded to some degree comparable perspective, 

expressing that integration ought not to be all around saw as performance enhancer. 

More investigation on the problem reveal that, there are few authors have found 

no direct relationship between SCI and financial performance (Rosenzweig et al., 

2003; Vickery et al., 2003). Therefore, it cannot be not be potted from the literature 

review that, SCI always led to better performance. Though several writers have 
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researched on SC optimization and the essence of integration, but impending benefits 

associated with integration are unclear. Most studies suffer from weak measures either 

of SCI or of SCE or from both. Moreover, the number of papers that are used as 

evidence for the assumption that SCI offers higher performance is very limited. 

It has been experienced that, the intonation of most of the organizations is to focus 

and excel in core competencies (e.g. producing petroleum products are the core 

competencies of the oil refineries, dealing with software solutions is the core 

competency of IT companies etc.). Therefore, the outsourcing of non-core activities 

which will lead to disintegration could be helpful in the context of better focus and 

manage the core competencies. This is obvious that, considering the complexity and 

uncertainty in business like oil & gas industry, the principle company not likely to be 

capable of managing advanced IT which is associated with SCI. This may dilute the 

company’s focus and ultimately ceding market share to rivals with focused and better 

strategy (Stonebraker & Liao, 2006). The infrastructure of oil & gas industry is in 

such a way that, the principle company’s operation involves multiple locations such 

as geographic location, the actual location of the refinery plant, the key suppliers & 

customers etc. all are at different locations. So, such kind of business environment 

with multi-locational presence demands an integrated environment for seamless data 

flow (Alfalla-Luque et al., 2013; Frohlich & Westbrook, 2001; Swink et al., 2007). 

Wolf, 2008 brought in conjunction with the findings on the disintegration in S, 

proved by the growing contentions as to what SCM actually is and discussed that 

SCM is going through a logical upheaval and henceforth opportunities flourish for 

scholars to establish SCM as an entirely new discipline. Dwyer, 2001 also discussed 

that, academia transitioned through disintegration, integration and again disintegration, 

with the final disintegration being an early index of an approaching paradigm shift 

within SCM. 

However, because of lack of available empirical study on disintegration, this 

research has done a survey with qualitative questions to develop the dimensions for 

disintegration. Schryen et al., 2015 have reviewed 39 IS journals between 2000 and 

2014 and found that, several reviews combine the dominant contributions to theory 
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building based on a combination of literature review and qualitative techniques. This 

has been discussed in details in Chapter 3. 

2.6 Organizational Performance (PER) 

Organization performance is also termed as firm performance by many authors (e.g. 

Cao & Zhang, 2011; Flynn et al., 2010; Prajogo & Olhager, 2012; Qrunfleh & 

Tarafdar, 2014). Assessing and evaluating organizational performance plays a crucial 

act in aiming organizational goals to reality (Popova & Sharpanskykh, 2010). 

However, measuring PER is never easy (Hubbard, 2009). The PER indicators are 

directly linked to the strategies. Organizations cannot one set of a constant strategy in 

today’s dynamic business environment.  Without holding a performance standard, 

organization cannot determine their fiscal ends (Deshpande, 2012; Kannan & Tan, 

2005). The performance is usually evaluated by estimating the values of qualitative 

and quantitative performance indicators (e.g., profit, client acquisition, costs) (Popova 

& Sharpanskykh, 2010). Green et al, 2008 have found that, supply chain efficiency 

positively impact marketing performance, which in turn positively impacts financial 

performance. In their study, SCE was not found to directly impact financial 

performance of the organization. Sanders, 2007 found that, collaboration is the 

foundation of successful SCM but encouraged the use of IT to facilitate the 

collaboration. Many organizations are unsuccessful to formulate their performance 

measures in a fully integrated environment and they are not being able to take the full 

advantage of supply chain (Gunasekaran et al., 2004).  

However, an in-depth literature study was conducted to understand the view-

points of different scholars in this matter. Below section presents comprehensive 

debates from past literature on SCI, SCE and PER. 
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2.7 Detail Examination & Gap in the Knowledge 

Though a vast database of SCM exist, but there is no single source of literature 

available to study SCI and challenges (Awad & Nassar, 2010). Moreover, plenty of 

SCM literature are available but, research at the inter-organizational level is less 

prevalent (Badole et al., 2013). Therefore, it was important to identify the journals 

which has helped to draw a critical analysis on relevant subject to examine the broad 

gap in the knowledge of SCI, SCE & PER. In this section, based on their high quality 

research and superior analysis to the related subject matter under investigation this 

research has identified 49 articles from 25 sources to conduct a systematic and detail 

examination of past literatures and to identify gaps in the current knowledge of SCI. 

Table 2.4 portrays the distribution list and Table 2.5 portrays the systematic review. A 

combination of past literature reviews and empirical analysis have helped to review 

and analyze the challenges in SCI and performance measurement system as indicated 

by academics in the field of SCM. This review also covers the variables discussed by 

different authors to explain SCI, SCE and PER, the methodological approach towards 

empirical analysis and findings. 
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Table 2.4 Journal vs author distribution 

Sl 

no 
Journal 

No. of 

article 
Author  

1 
Asian Academy of Management Journal 

(AAMJ) 
1 Agarwal & Shankar, 2005 

2 Benchmarking: An International Journal 2 
Kaliani et al., 2016; Näslund & 

Hulthen, 2012 

3 
Doctoral dissertation, The University of 

Toledo/ Google Scholar. 
1 Jitpaiboon, 2005. 

4 
Doctoral dissertation, University of 

Sheffield/ Google Scholar. 
1 Ebrahimi , 2015 

5 
European Journal of Operational 

Research (EJOR) 
2 Su & Yang, 2010; Stadtler, 2005 

6 
European Online Journal of Natural and 

Social Sciences (EOJNS) 
1 Jabari et al., 2015. 

7 
Industrial Management & Data Systems 

(IMDS) 
1 Duclos et al., 2003 

8 
International Journal of Business & 

Management (IJBM) 
1 Jenatabadi et al., 2013 

9 

International Journal of Business 

Performance and Supply Chain 

Modelling (IJBPSCM) 

2 
Awad & Nassar, 2010a; 

Madhavan & Kaliaperumal, 2017 

10 
International Journal of Engineering, 

Science and Technology (IJEST) 
1 Bigliardi & Bottani, 2014 

11 

International Journal of Information 

Systems and Supply Chain Management 

(IJISSCM) 

1 Sherer, 2010. 

12 
International Journal of Innovation, 

Management and Technology (IJIMT) 
1 Awad & Nassar, 2010 

13 
International Journal of Production 

Research 
1 Simangunsong et al., 2012 

14 
International Journal of Operations & 

Production Management (IJOPM) 
5 

Cagliano et al., 2006; Gimenez, 

2012; MacCarthy et. al., 2016; 

Stevenson & Spring, 2007; Storey 

et al., 2006 

15 
International Journal of Production 

Economic (IJPE) 
5 

Prajogo & Olhager, 2012; 

Gunasekaran et al., 2004; 

Swafford et al., 2008; Yusuf et al., 

2014; Akyuz & Erkan, 2010 

16 
International Journal of Supply Chain 

Management.(IJSCM) 
1 Badole et al., 2013 

17 
Journal of Business & Economics 

Research (IJER) 
1 Chima, 2011 

18 
Journal of Enterprise Information 

Management (IJIM) 
2 

Saleh & Mohamed, 2012; Yang & 

Su, 2009 

19 
Journal of Operations Management 

(JOM) 
5 

Wagner et al., 2012; Frohlich & 

Westbrook, 2001; Rosenzweig et 

al., 2003; Vickery et al., 2003; 

Schoenherr & Swink, 2012 
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Table 2.4 continues… 

 

Sl 

no 
Journal 

No. of 

article 
Author  

20 
Journal of Physical Distribution & 

Logistics Management (JPDLM) 
1 Fabbe-Costes & Jahre, 2007 

21 
Journal of Supply Chain 

Management.(JSCM) 
1 Thun, 2010 

22 
Journal of Systems and Information 

Technology (JSIT) 
1 Hussein et al., 2010. 

23 

Malaysian Universities Transport 

Research Forum Conference 2008 

(MUTRFCO8) 

1 Ali et al., 2008 

24 
Supply Chain Management: An 

International Journal (SCMAIJ). 
5 

Huang et al., 2014; Lee et al., 

2007; Sezen, B. 2008; Shub & 

Stonebraker, 2009; Zhao et al., 

2013. 

25 
The International Journal of Logistic 

Management (IJLM) 
3 

Bagchi , 2005; Chen et al., 2007; 

Croxton et al., 2001 
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Table 2.5 Systematic Literature review 

Sl 

no 

Authors Purpose Key findings Key factors/contribution Methodology Source 

1 Akyuz & 

Erkan, 

2010 

To provide a critical 

literature review on 

supply chain 

performance 

measurement. 

Supply chain business process 

deserves further attention in any 

future research. 

Partnership, collaboration, agility, 

flexibility, information productivity and 

business excellence metrics. 

Critical literature 

review and analysis. 

 International Journal 

of Production 

Research 

2 Agarwal 

& 

Shankar, 

2005 

To examine the dynamic 

behavior of the variables 

that can play a major role 

in the performance 

improvement in a supply 

chain. 

The proposed model provides an 

effective framework for 

analyzing different variables 

affecting supply chain 

performance. However, the 

performance variables used in 

the model are intangible in 

nature. 

Delivery speed, CPFR, use of IT tools, 

process integration, lead time, cost. 

System dynamic 

methodology 

understand the 

strengths and 

weaknesses against 

each variable.  

Asian Academy of 

Management Journal 

3 Ali et al., 

2008 

To examine the issues 

and challenges in 

logistics and supply 

chain in Malaysia. 

Key issues and problems are the 

operational logistics, service 

response logistics, information 

flow and policy-related issues. 

Key issues related to operational 

logistics, service response and 

information technology which have been 

the hindrance for SCE in Malaysia and 

advised effective IT and integration to 

overcome such challenges. 

Based on limited 

literature, documents 

and websites. 

Malaysian 

Universities 

Transport Research 

Forum Conference 

2008 (MUTRFCO8) 
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4 Awad & 

Nassar, 

2010 

To identify supply chain 

integration challenges. 

Challenges classified in three categories; 

Micro-cost, flexibility, order 

management, logistics management, 

strategy & planning; Macro- business 

process and Technical- application 

integration, data & information 

integration. 

Study uncovers all SCI challenges in an 

organized and complete manner. Also; 

provided a new classification of SCI. 

Critical 

review of the 

literature. 

International Journal 

of Innovation, 

Management and 

Technology 

5 Awad & 

Nassar, 

2010a 

To empirically explore the 

SCI challenges found in 

previous study and the 

relations between them. 

The presence of macro-environment 

ensures micro-environment challenges. 

The presence of micro-environment 

challenges ensures the presence of the 

technical challenges. 

Challenges classified in three categories; 

Micro-cost, flexibility, order 

management, logistics management, 

strategy & planning; Macro- business 

process and Technical- application 

integration, data & information 

integration. 

PLS-path 

modeling. 

International Journal 

of Business 

Performance and 

Supply Chain 

Modelling. 

6 Badole et 

al., 2013 

In-depth critique of supply 

chain modeling literature 

for the development and 

applicability of issues 

related to SC modeling. 

Findings show that, most of the 

researcher prefers mathematical 

modeling using differential equations, 

integration, matrices, and linear 

equations to examine performance. 

Demand forecasting, APO, TMS, 

Collaborative planning forecasting and 

replenishment, ERP, IMS, RFS. 

Critical 

review of the 

broad base of 

literature. 

International Journal 

Of Supply Chain 

Management. 
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7 Bagchi , 

2005 

Examine if high level of SCI 

improves the efficiency. 

SCI affects operational performance and the 

degree of integration influence cost and 

efficiency. However, significant negative 

correlation found on the performance measures 

such as total logistics costs, on‐time delivery and 

rate of return.  While SCI has improved 

performance IMS and CRM, the nature and 

extent of integration has been rather selective. 

Collaborative planning, 

forecasting & replenishment 

(CPFR), inventory 

management (IMS) and 

customer relationship 

management (CRM). 

Statistical 

regression 

analysis. 

The International 

Journal of 

Logistic 

Management 

8 Bigliardi 

& Bottani, 

2014 

To test the use of SC efficiency 

measurement metrics through 

systematic literature review. 

Findings revealed that, the performance metrics 

related delivery performance and logistics cost is 

most adopted. The use of stock-out is seldom by 

the surveyed companies. 

Market share, overall 

competitive position, return 

on investment, quality 

management, forecasting 

accuracy, flexibility, 

information technology 

cost. 

Literature 

review and pilot 

study. 

International 

Journal of 

Engineering, 

Science and 

Technology 

9 Cagliano 

et al., 

2006 

To investigate on an empirical 

basis the relationship between 

two SCI dimensions – the 

integration of information & 

physical flows and  lean model 

& enterprise resource planning 

(ERP) systems in SC. 

Results show that embracing the lean model has 

a strong influence on the integration of both 

information and physical flows, while ERP 

adoption shows no significant influence. 

The findings opened up the 

ERP and information 

integration related issues 

along the supply chain. 

Exploratory 

factor analysis 

and hierarchical 

regression. 

International 

Journal of 

Operations & 

Production 

Management 
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10 Chen et 

al., 

2007 

This study examined the dyadic 

marketing/logistics integration by 

shifting the focus to firm-wide 

process integration.  Special 

attention was given on the scope 

of integration. 

This finding revealed that 

marketing/logistics collaboration does not 

have a direct impact on PER when firm-

wide integration is considered. Moreover, 

the study found that, the dyadic 

collaboration needs the support of broader 

integration to achieve better PER. 

The results indicate that firm-wide 

integration not only improve 

organization’s financial performance 

including sales volume, profit margin, 

and return on assets, also enhance 

customer satisfaction and 

competitiveness in the market. 

Structural 

Equation 

Modeling. 

The International 

Journal of 

Logistics 

Management. 

11 Chima, 

2011 

To investigate the SCM issue in 

the oil & gas industry. 

Improving SC logistics in the oil and gas 

industry can improve efficiency and the 

bottom line and efficient SCM can achieve 

savings of about 25%.    

Case study based theoretical analysis 

and recommendation. The study has 

examined several strategies for 

improving SC in the oil & gas 

industry.   

Case study 

based 

theoretical 

analysis. 

Journal of 

Business & 

Economics 

Research 
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12 Croxton 

et al., 

2001 

To provide a detail on 

the sub-processes and 

activities that involve 

SCI which is key for 

SCM. 

Executive support, leadership and 

commitment to change, understanding of 

the degree of change, agreement on the 

SCM vision and the key processes, 

necessary commitment of resources and 

empowerment to achieve the stated goals, 

performance evaluation matrix. 

Study was based on 8 key processes 

identified by global supply chain 

forum-CRM, order fulfilment, demand 

management, order management, 

manufacturing flow management, 

supplier relationship management, 

product development and returns 

management. 

Presented a 

theoretical 

description on 

strategic and 

operational aspects 

of each of the SC 

processes. 

The International 

Journal of 

Logistics 

Management. 

13 Duclos et 

al., 2003 

To study the 

importance of supply 

chain flexibility (FLX) 

in SCM. 

Organizations must advance SC flexibility 

from operation to strategy which will 

determine the supply chain 

competitiveness. 

Introduced components of flexibility 

such as information science, logistics, 

supply and operations flexibility. 

Presented a 

theoretical model 

through literature 

review. The model 

hasn't empirically 

tested. 

Industrial 

Management & 

Data Systems. 

14 Ebrahimi 

, 2015 

To examine the 

relationship between 

the dimensions of SCI 

and operational 

performance in oil & 

gas supply chain. 

Findings revealed that SCI dimensions 

positively affect the PER in the oil & gas 

supply chains and organizational structure 

negatively impact operational 

performance. 

SCI, organization performance, FLX, 

Cost, Cycle time. 

Structural equation 

modeling. 

Doctoral 

dissertation, 

University of 

Sheffield/ Google 

Scholar. 
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15 Fabbe-Costes 

& Jahre, 2007 

They have analyzed prior 

studies with empirical evidence 

to investigate the contradictory 

statements on SCI and 

performance. 

The analysis indicated that prior studies 

have not provided a clear evidence of 

SCI gives higher performance and more 

research is needed. 

The variables used are based on 

three overall dimensions of SCI, 

including layers, scopes and 

degrees of integration. 

Extensive 

review of 

articles.  

Journal of 

Physical 

Distribution & 

Logistics 

Management. 

16 Frohlich & 

Westbrook, 

2001. 

Examined supplier and customer 

integration strategies in a global 

scenario.   

 

The study revealed that, organizations 

extensively integrate their SC with 

upstream suppliers and downstream 

customers have the strongest association 

with performance improvement. 

Used three types of 

performance indicators- 

marketplace, productivity and 

non-productivity. 

ANOVA & 

Factor analysis. 

Journal of 

Operations 

Management. 

17 Gimenez, 

2012 

This paper has investigated the 

moderating effect of supply 

complexity on the 

integration‐performance 

relationship. 

The finding revealed that SCI increases 

performance if supply complexity is 

high, while limited or no influence of 

SCI detected in low supply complexity.  

The study suggests that, high 

levels of SCI are only necessary 

in environments characterized 

by high supply complexity. 

Factor analysis. International 

Journal of 

Operations & 

Production 

Management 

18 Gunasekaran 

et al., 2004. 

To develop a framework to 

endorse a better support of the 

importance of SCM 

performance measurement and 

metrics. 

The framework is based on strategic 

(cost, cycle time, flexibility, 

productivity), tactical (forecasting, 

planning, order management, delivery 

reliability) and operational (on-time 

delivery, human resource). 

Study was based on literature 

review from the journals in the 

areas of operations 

management, supply chain, 

operations research and 

information systems. 

Critical 

literature review 

International 

Journal of 

Production 

Economics. 
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19 Gunasekaran 

& Ngai, 2004. 

Examination of role and 

implications of IT in SCM 

through critical literature 

review. 

IT is very important for business 

competitiveness and IT has a substantial 

influence on achieving an effective SCM. 

A theoretical discussions on 

the importance of 

implementation of IT, strategic 

planning of IT, knowledge & 

IT management, virtual 

enterprise and e-commerce. 

Critical 

literature 

review. 

European Journal 

of Operational 

Research 

20 Helo & 

Szekely, 2005 

To review the development 

of software applications and 

their functionalities for 

SCM. 

The study suggested flexible IT system that 

can deal with large amount of data and easy 

to interconnect. 

WMS, TMS, ERP, RFID, EDI Review of 

academic and 

non-academic 

articles. 

Industrial 

Management & 

Data Systems 

21 Huang et al., 

2014 

This paper proposed a 

contingency framework to 

re-examine the SCI-supplier 

performance relationship 

under demand and 

technological uncertainties. 

Evidence indicated that, SCI has a significant 

positive effect on the suppliers' performance. 

The positive SCI-performance relationship 

can be moderately weakened by demand 

uncertainty; however, this positive SCI-

performance relationship will be strengthened 

by technological uncertainty. 

Study offers a framework to 

solve efficiency-flexibility 

arguments and helps to re-

examine the inconsistent SCI-

performance relationship. 

Hierarchical 

regression 

analysis 

Supply Chain 

Management: An 

International 

Journal. 
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22 Hussein et 

al., 2010. 

To identify the association 

between SCI and 

organization performance 

(PER) in Malaysia industry 

perspective. 

The findings reveal that all three dimensions 

(information, physical and financial) of SCI 

integration are statistically significant to PER. 

Furthermore, information flow integration 

shows a greater influence than physical and 

financial flow integration. 

SCI-financial flow, physical 

flow and information flow 

integration. PER- operations 

excellence, customer 

relationship & revenue 

growth. 

Multivariate 

analysis. 

Journal of Systems 

and Information 

Technology 

23 Jabari et al., 

2015. 

To evaluate the SC 

performance in the Holding 

company of Persian Gulf 

Petrochemical using SCOR 

model. 

95% confidence that SCE will improve with 

proper execution of process integration. Also, 

the efficiency assessment has to be in line 

with strategic and operational aspects of the 

organization and organization has to be 

adaptable with the changes. 

Delivery reliability, supply 

chain flexibility, supply chain 

cost, quality. 

Wilcoxon's Signed 

Rank Test has been 

used to test the 

hypothesis. 

European Online 

Journal of Natural 

and Social 

Sciences 

24 Jenatabadi 

et al., 2013 

This study has investigated 

the ERP adoption and its 

influence on PER through 

SCM. 

The finding through empirical evidences 

support the positive influence of ERP on the 

SC which ultimately results in improved 

overall performance of the organizations. 

They have used organization 

performance as Financial, 

Marketing and Partnership 

Performance besides ERP and 

SCM as other constructs. 

Structural Equation 

Modeling 

International 

Journal of 

Business and 

Management 
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25 Jitpaiboon, 

2005. 

To examine causes and 

effects of SCI from an 

information system 

perspective and examine the 

effects of SCI on PER. 

The effective SCI will improve organization 

performance. However, the findings did not 

support the direct impact of internal 

information systems integration on SCI and 

organization performance. 

PER- Market share, return of 

investment, customer 

satisfaction, sales growth, 

profit margin and overall 

competition position. SCE- 

Delivery, flexibility, price, 

quality. 

Structural 

Equation 

Modeling 

Doctoral 

dissertation, The 

University of 

Toledo/ Google 

Scholar. 

26 Kaliani et 

al., 2016. 

The purpose is to employ a 

framework to examine the 

relationship between 

different components of 

supply chain practices, (SCI) 

and SCE in Malaysia. 

SCI fully mediates the relationship between 

SCP and three of the SCM Practices-

information quality, goals & objectives and 

strategies. The relationship of supply strategic 

partnership, customer relation management, 

information sharing with SCE were partially 

mediated by SCI. 

Paper is one of the first to 

address the mediating effect of 

SCI between SCM Practices 

and SCE. 

PLS-SEM Benchmarking: An 

International Journal 

27 Lee et al., 

2007 

The paper examined the 

relationship between supply 

chain linkages and supply 

chain performance. 

Finding reveal that, internal integration is 

important contributor to cost‐containment. 

Moreover, access to the inventory information 

creates the most favorable environment in 

internal integration. 

This finding from this paper 

guide management to pursue 

better supply chain strategies 

applicable directly to their 

business environment. 

Multivariate 

regression 

analysis. 

Supply Chain 

Management: An 

International 

Journal. 
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28 MacCarthy et. 

al., 2016. 

To examine the nature of 

new and changing SC and 

their impact and address 

the broad question “What 

makes a supply chain like 

it is?”. 

The paper developed key aspects, 

concepts, and principal themes 

concerning the emergence and 

evolution of supply chains over their 

life cycle.  

The authors have identified six 

key factor - SC strategy & re-

engineering, procurement & 

sourcing, policy & regulation, 

markets & competition, 

economics, technology & 

innovation. 

Theoretical 

analysis and 

suggestions. 

International Journal 

of Operations & 

Production 

Management. 

29 Madhavan & 

Kaliaperumal, 

2017. 

Their study tried to 

develop and validate a 

measurement model for 

logistics and supply chain 

practices. 

The finding reports significant 

association between logistics in supply 

chain to competitive advantage and 

organization performance. 

Flexibility, cost, delivery, 

reliability and quality. 

System 

Dynamics 

simulation 

method 

International Journal 

of Business 

Performance and 

Supply Chain 

Modelling 

30 Näslund & 

Hulthen, 2012. 

To examine various 

aspects of integration in 

order to structure and 

define the concept of SCI. 

Reported significant confusion 

regarding the term SCI. A limited 

empirical study beyond the dyadic level 

and less empirical evidence to support 

the benefits of SCI. Also, a lack of 

frameworks and tangible references for 

how SC can become more integrated. 

SCI improves financial 

performance and competitiveness. 

SCE effects sales, market shares, 

profit, cycle time, inventory 

levels, and stock-returns. 

Literature 

review. 

Benchmarking: An 

International Journal 
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31 Prajogo & 

Olhager, 2012. 

Investigated the information and 

logistics integration and their 

effect on operational 

performance. 

Their findings indicate that, external 

logistics and internal information in SC 

are dependent on each other and need a 

solid integration mechanism between 

the business entities. 

Information technology and 

logistics (Cost, flexibility, 

delivery and cost) 

Structural 

equation 

modeling. 

International 

Journal of 

Production 

Economic 

32 Rosenzweig et 

al.,, 2003 

Expanded the research by 

Frohlich & Westbrook, 

investigated the relationship 

between integration intensity and 

business performance, as 

mediated by manufacturing-

based competitive capabilities. 

This study theoretically and 

empirically established that SCI leads 

to increases in competitive capabilities 

and improved business performance. 

However, no evidence of direct effect 

between integration intensity and sales 

growth and customer satisfaction. 

Competitive capabilities-product 

quality, delivery reliability, 

process flexibility, cost; 

Business performance-return on 

assets, sales growth, customer 

satisfaction, revenue from new 

products; SCI intensity. 

Descriptive 

statistics & 

Pearson 

Correlation. 

Journal of 

Operations 

Management. 

33 Simangunsong, 

et al., 2012 

Review the literature in SC 

uncertainty area and develop a 

theoretical foundation for future 

research. 

The review identifies a comprehensive 

list of uncertainty and approaches to 

managing the sources of uncertainty to 

minimize its impact on performance. 

Identified three primary groups 

of uncertainties-organization 

uncertainty, SC uncertainty, 

external uncertainty. 

Literature 

review. 

International 

Journal of 

Production 

Research 
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34 Sezen, 2008. The study empirically 

investigated the relative 

effects of SCI, supply chain 

information sharing and 

supply chain design on SCE. 

The findings show that supply chain 

design has a higher influence on the 

SCE measures compared to 

integration and information sharing. 

High levels of integration may 

reduce their ability and willingness 

to make rapid changes thereby 

effects the flexibility. 

Exploratory and 

confirmatory 

factor analysis and 

regressions 

analysis. 

Supply Chain 

Management: An 

International 

Journal. 

35 Sherer, 2010. To study the types of 

enterprise applications that 

requires to support the 

supply chain. 

This study has provided a starting 

point to consolidate all the SCM 

related applications in a single 

framework for better understanding 

of SCI. Study claimed that, without 

integrating of these applications, 

effective analysis of SCI is not 

possible. 

Advanced planning and 

optimization, Transportation 

management systems, Warehouse 

management system, Customer 

relationship management, Business 

intelligence and data warehouse, 

Radio-frequency identification. 

Offered a 

theoretical 

framework based 

in theoretical 

analysis 

International 

Journal of 

Information 

Systems and 

Supply Chain 

Management 

36 Shub & 

Stonebraker, 

2009 

The purpose of this paper is 

to contrast traditional 

transaction based SC 

strategies with relationship 

based strategies in human 

resource and organizational 

areas. 

Study reveals the relationship of 

human resource and organization 

variables with SCI and performance. 

Theoretical study and empirical 

testing yet to be done. 

Offered a 

theoretical 

framework based 

in theoretical 

analysis. 

Supply Chain 

Management: An 

International 

Journal. 
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37 Stevenson 

& Spring, 

2007 

To understand supply chain 

flexibility and provide a 

comprehensive review of the 

available literature. 

Supply chain flexibility which has 

emerged from the manufacturing 

flexibility literature and largely ignored 

the role of services. Empirical research 

failed to explore the inter-

organizational components of supply 

chain flexibility. 

Study argued that future research 

should approach research design 

from a SC perspective and 

develop a complete 

understanding of the effects of 

flexibility across the SC. 

Extensive review 

of the body on 

literature. 

International 

Journal of 

Operations & 

Production 

Management. 

38 Saleh & 

Mohamed, 

2012 

The purpose is to improve SC 

performance through the 

successful usage of ERP 

system in the context of 

Malaysian companies. 

Finding suggests that, there is a positive 

and significant relationship between 

ERP system (integration, material 

management, production planning and 

controlling) and SCM performance. 

ERP variables-Integration, 

Material management, 

Production planning, 

Controlling, Workflow 

management.  

 

Factor analysis 

and multiple 

regression 

analysis. 

Journal of 

Enterprise 

Information 

Management 

39 Stadtler, 

2005 

Study aimed at mining the 

principle of SCM and 

advanced planning in the form 

of conceptual frameworks: 

SCM and the supply chain 

planning matrix. 

Advanced planning is an important 

attribute to the success of the SC. 

However, study suggested linking 

advance planning with manufacturing 

and finance in order to have complete 

benefit. 

Recommended future of advance 

planning- (demand, master, 

production, purchasing & 

material requirement, production 

& scheduling planning). 

Thorough 

theoretical 

analysis and 

theoretical model 

presentation 

European Journal 

of Operational 

Research. 
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40 Swafford et 

al., 2008 

To examine supply chain agility 

through IT integration and 

flexibility 

Results indicate that, IT integration 

enables a firm to tap its SC flexibility 

which in turn results in higher SC 

agility and ultimately higher 

competitive business performance. 

The finding provides an 

indication that, organizations need 

to invest in IT for integrating 

information before investing in 

flexible processes. 

Structural 

equation 

Modeling. 

International Journal 

of Production 

Economics. 

41 Su & Yang, 

2010 

To investigate the significant of 

ERP system for SC competency. 

ERP system as the backbone of 

company operations before deploying 

other enterprise systems (ES), such as 

the SCM system. 

ERP benefits-operational, 

managerial and strategic are key 

benefits from ERP 

implementation. 

Structural 

equation 

Modeling. 

European Journal of 

Operational 

Research 

42 Storey et al., 

2006 

Critically review existing 

developments in the theory and 

practice of SCM and to identify 

the possibilities in supply chain 

optimization. 

Study reveals that SCM is still 

emerging, a substantial gaps exist 

between theory and practices.  

Barriers to effective SCM were 

identified and some practical steps 

were suggested. 

The study is original in the way it 

conducts an extensive study to 

critically assess the current theory 

and developments. 

Literature 

review. 

International Journal 

of Operations & 

Production 

Management. 

43 Schoenherr 

& Swink, 

2012 

Reexamined Frohlich & 

Westbrook's integration concept 

and cross-validated with a 

broader sample utilizing multi-

dimensional performance 

measures. 

The results indicated that internal 

integration strengthens the positive 

impacts of both delivery and 

flexibility. However, the theory is not 

supported for either quality or cost 

performance. 

They have considered delivery, 

flexibility, quality & cost are key 

measure for SC performance. 

ANOVA & 

Factor 

analysis 

Journal of 

Operations 

Management.  
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44 Thun, 

2010 

Examined a relationship between the 

degree of IT applications and the SCI. 

With respect to SCI and IT implementation, 

the analysis of different integration strategies 

shows that most of the plants do not align 

their IT implementation with their SC 

strategy. 

SCI, SCE and PER. The 

study has provided 

possible reasons for a 

potential disparity of 

strategies. 

Factor, 

percentile and 

cluster 

analyses 

Journal of 

Supply Chain 

Management. 

45 Vickery 

et al., 

2003 

The purpose to examine the 

performance implications of an 

integrated supply chain strategy, with 

customer service and financial 

performance as performance 

constructs. 

The results showed positive direct 

relationships between SCI and customer 

service and customer service and PER. The 

relationship of SCI to financial performance 

was indirect, through customer service. 

Customer service was 

found to fully mediate the 

relationship between SCI 

and PER. 

Through 

regression 

analysis. 

Journal of 

Operations 

Management. 

46 Wagner 

et al., 

2012 

To investigate the relationship 

between efficient SC and the 

financial performance of the firm. 

Findings revealed that, the higher the 

efficiency, the higher the Return on 

Investment (ROI) of the organization and that 

organizations with negative misfit show a 

lower performance. 

Cost, transportation 

reliability, flexibility, 

forecasting, stock-out, 

competitive priority. 

OLS 

regression. 

Journal of 

Operations 

Management 
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47 Yang 

& Su, 

2009 

Provided a critical insight 

into the relationship between 

ERP systems 

implementation and the 

impacts on PER of SCM. 

The results confirm the operational, tactical, and 

strategic benefits of ERP for the PER, except for the 

strategic benefits of ERP are not significant of SCM 

performance in the external business process. 

Organization performance, ERP 

and SCM.  ERP benefits and 

SCM performance are not 

surprising but differ from other 

studies in terms of ERP’s benefit 

is not significant in external 

business processes. 

Structural 

equation 

modeling 

Journal of 

Enterprise 

Information 

Management. 

48 Yusuf 

et al., 

2014 

To assess the link between 

dimensions of agile supply 

chain, competitive objectives 

and business performance in 

upstream oil & gas industry. 

This paper has provided oil & gas industry-focused 

insights into agility. Specifically, this comprehensive 

study reveals the empirical   relations between 

dimensions of agility and the attainment of 

competitive objectives and business performance. 

Thus, the paper has explicitly demonstrated that 

agility has a significant influence on competitive 

objectives and business performance. 

SC agility (i.e., customer 

enrichment, cooperating to 

compete, mastering change and 

leveraging the impact of people 

& information), moderate 

competitive objectives and 

business performance. 

Pearson 

correlation 

and one way 

ANOVA. 

International 

Journal of 

Production 

Economics. 

49 Zhao 

et al., 

2013.  

The paper has examined the 

relationships among supply 

chain risks (SCRs), supply 

chain integration (SCI), and 

organization performance 

(PER). 

Results show that supply delivery risk are negatively 

related to SCI. There is a contingent relationship 

between SCI and PER. Supply delivery risk is an 

extension of SCR. 

Supplier, internal and customer 

integration are the most 

important drivers to attain 

competitive performance and 

customer satisfaction. 

Structural 

equation 

modeling 

Supply Chain 

Management-An 

International 

Journal 
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2.7.1 Problems & Challenges 

A number of authors have discussed the problems and challenges associated with 

supply chain performance (e.g. Akyuz & Erkan, 2010; Agarwal & Shankar, 2005; Ali 

et al., 2008; Chima, 2011; Jabari et al., 2015; Kaliani et al., 2016; Su & Yang, 2010) 

and concluded that, academic research on supply chain performance (or efficiency as 

used in this research) still needs a considerable attention. Storey et al., 2006 

concluded that, SCM is still emerging, a substantial gaps exist between theory and 

practices. However, it is noticeable that, one of the primary subject in the SCM 

related literature has been SCI. Many authors agreed that, integrative practices and a 

high level of integration have a positive influence on SCE (Lee et al., 2007; 

MacCarthy et. al., 2016; Madhavan & Kaliaperumal, 2017; Näslund & Hulthen, 

2012). However, a portion of the literature qualms the results and approach taken in 

SCI research and an increasing number of researchers have realized that SCI might 

need a more tailored approach in order to be successful (Bagchi, 2005; Sezen, 2008; 

Vickery et al., 2003). 

Though, Jitpaiboon, 2005 found effective SCI will improve organization 

performance. However, the findings did not support the direct impact of internal 

information systems integration on SCI and organization performance. The study of 

Kaliani et al., 2016 is one of the first to address the mediating effect of SCI between 

SCM Practices and SCE. The finding revealed that, SCI fully mediates the 

relationship between SC performance and three of the SCM Practices-information 

quality, goals & objectives and strategies. The relationship of supply strategic 

partnership, customer relation management, information sharing with SCE were 

partially mediated by SCI. Thun, 2010 examined the relationship between the degree 

of IT applications and the SCI and provided possible reasons for a potential disparity 

of strategies. They found that, most of the organizations do not align their IT 

implementation with their SC strategy. Simangunsong et al., 2012 have conducted an 

exhaustive literature review to examine SC uncertainty. They have argued that, 

although IT solves some problems, ironically it can also increase SC vulnerability in 

some cases due to increasing complexity and reliance on IT. 
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Hussein et al., 2010 have found that, information, physical and financial 

dimensions of SCI are statistically significant to PER. Huang et al., 2014 argued that, 

the positive SCI-performance relationship can be moderately weakened by demand 

uncertainty and the positive SCI-performance relationship will be strengthened by 

technological uncertainty.  

  Although it was argued that SCI is the end of uncertainty and considered to 

enhance efficiency and organizational performance but unavailability of a clear 

concept and theories of integration posed significant challenges in the organizations. 

 

2.7.2 SCI Variables Discussions 

SCI is a subset of SCM through which companies are attempting to improve their 

agility and flexibility to meet the dynamic market requirements (Gunasekaran & Ngai, 

2004). They also have defined SCM as the integration of key business processes from 

end user through original suppliers that provides products, services, and information 

and hence add value for customers and other stakeholders.  

ERP comes to the forefront while discussing about SCI variables and there is a 

positive & significant relationship between ERP and SCM performance found by 

various authors (Yang & Su, 2009; Su & Yang, 2010; Saleh & Mohamed, 2012; 

Jenatabadi et al., 2013). Although, for the strategic benefits of ERP are not significant 

of SCM performance in the external business process (Yang & Su, 2009). However, 

the studies have not examined the different modules of ERP and their impact, rather 

considered ERP as a single construct. Modern ERP system contain different 

functional area and several modules in ERP system support different business 

functions such materials management, asset management, production planning, plant 

maintenance, project system, controlling, quality management, industry solutions, 

financials, human resources, sales and distribution (Saleh & Mohamed, 2012). 

Organizations normally employ some modules of ERP system based on their 

requirement & business objectives and not all the ERP modules (Saleh & Mohamed, 

2012). 
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However, Cagliano et al., 2006 have investigated the empirical basis the 

relationship between two SCI dimensions – the integration of information & physical 

flows and lean model & ERP systems in SC and found that, the lean model has a 

strong influence on the integration of both information and physical flows, while ERP 

adoption shows no significant influence. Sherer, 2010 have examined the types of 

enterprise applications that requires to support the SC. They have identified the 

applications as advanced planning and optimization, transportation management 

systems, warehouse management system, customer relationship management, 

business intelligence and data warehouse, radio-frequency identification. Study 

claimed that, without integrating of these applications, effective analysis of SCI is not 

possible. Stadtler, 2005 emphasized in their study that, advanced planning is 

important for SC success. The major activity for every stage of SC includes planning 

the supply, subsequently to the demand (Badole et al., 2013). Shub & Stonebraker, 

2009 have examined the importance of human resource for SCI. However, their study 

is based on theoretical analysis and empirical analysis is yet to be conducted. Helo & 

Szekely, 2005 have argued that, to improve performance (improved productivity, 

increased revenue and reduce cost) organizations have to merge SCM, ERP, 

WMS/TMS (warehouse management system/ transport management system) software 

applications sooner or later. They have mentioned from their observations that, 

famous ERP (enterprise resource planning) software maker SAP has already 

developed software capable of functioning as WMS and TMS and SAP-APO 

(Advanced planning & optimizing) software targeted towards SCM optimization. 

They also have argued that, because of ERP software increasingly including logistics 

module (WMS/TMS) and SCM software increasingly incorporating ERP software, 

thereby integration of legacy systems or other information system becoming another 

issue in facilitation and functioning business models and software applications. 

Badole et al., 2013 also found that, different transportation modes have a significant 

impact on the flexibility of the SC. Thus, this can be argued that, transportation is an 

important variable for SCM. 

However, integration not only involves not implementing and connecting ERP 

systems with legacy systems, but also involves integrating ERP and SCM systems 

with customer relationship management (CRM) (Awad & Nassar, 2010a). Badole et 
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al, 2013 found that, the literature related to SC planning and management covers 

includes issues related to demand forecasting, supply & demand planning, operational 

planning and scheduling, risk management and social/environmental. They defined 

demand forecasting as a base for future business activities and subsequently 

forecasting has a distinct effect on management’s key decisions. They also have 

introduced radio frequency identification (RFID) in SC due to its added advantages 

and found world-class industries have already adapted RFID to gain competitive 

advantage. Moreover, Badole et al., 2013 have highlighted the importance of IT 

implementation for SCM and found that IT-driven variables integrate and coordinate 

various phases of SC planning on a real-time basis using application software. The 

variables they discussed include transportation management systems (TMS), 

collaborative planning forecasting and replenishment (CPFR), enterprise resource 

planning (ERP). Bagchi, 2005 has highlighted the significance of collaborative 

planning, forecasting & replenishment (CPFR), inventory management (IMS) and 

customer relationship management (CRM) for SCI in their study. Hussein et al., 2010 

have found the importance of financial system integration in SC. 

Gunasekaran & Ngai, 2004 explained the importance of information sharing in SC 

and advised to integrated electronic data interchange (EDI) to reduce uncertainty and 

enhance shipment performance. However, they have examined the importance if IT in 

SCM and reasoned that, to achieve this agility and flexibility, many companies have 

decentralized their value-adding activities by outsourcing and developing virtual 

enterprise. 

Thus it can reasoned that, different authors have used different dimensions to 

integrate with SC based on their respective research context. This has opened up an 

opportunity to research on SCI, examine and present the key variables in a 

consolidated form and concise manner linking SCE and PER. 

2.7.3 SCE & PER Variables & Discussions 

Organization Performance is the level to which organization can attain delivery 

reliability, process flexibility, cost reduction, product/process innovation, and product 
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quality (Jitpaiboon, 2005; Frohlich and Westbrook, 2001; Rosenzweig et al., 2003). 

Jitpaiboon, 2005 has referred to organization performance as the ability of an 

organization to accomplish its market and financial goals. Many of the authors used 

inclusive set of indicators to explain SCE and PER (e.g. Wagner et al., 2012; 

Schoenherr & Swink, 2012; Agarwal & Shankar, 2005; Awad & Nassar, 2010a; Saleh 

& Mohamed, 2012; Sherer, 2010; Ebrahimi, 2015; Croxton et al., 2001). 

Frohlich & Westbrook, 2001 have used three types of SC performance indicators 

e.g. marketplace- market share, return on investment, profitability; productivity-

manufacturing cost & led time, delivery lead time, inventory turnover; non-

productivity-customer satisfaction & service, on-time delivery, supplier quality, 

product development speed. Schoenherr & Swink, 2012 re-examined Frohlich & 

Westbrook's integration concept and cross-validated with a broader sample utilizing 

multi-dimensional performance measures. Their finding revealed that, internal 

integration strengthens the positive impacts of both delivery and flexibility. However, 

the theory was not supported for either quality or cost performance. Rosenzweig et al., 

2003 expanded the research by Frohlich & Westbrook and investigated the 

relationship between integration intensity and business performance, as mediated by 

manufacturing-based competitive capabilities. Their study theoretically and 

empirically established that, SCI leads to increases in competitive capabilities and 

improved business performance. Rather, it appears that the benefits of integration 

must first be translated into operational capabilities such as product quality, delivery 

reliability and process flexibility. However, along with flexibility (Stevenson & 

Spring, 2007), agility is important too for an efficiency supply chain (Yusuf et al., 

2014). 

Bigliardi & Bottani, 2014 found that, the SC performance metrics related delivery 

performance and logistics cost is most adopted in the academic literatures. The use of 

stock-out is seldom by the surveyed companies. However, they have identified the 

other SC performance variables as market share, overall competitive position, return 

on investment, quality management, forecasting accuracy, flexibility, information 

technology cost. Gunasekaran et al., 2004 have developed a SC performance 

measurement framework based on (1) strategic (cost, cycle time, flexibility, 

productivity), (2) tactical (forecasting, planning, order management, delivery 
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reliability) and (3) operational (on-time delivery, human resource). Jabari et al., 2015 

have worked on the SC efficiency measurement as delivery reliability, supply chain 

flexibility, supply chain cost, quality. Order management is directly linked to 

customer service and in current business scenario customers are demanding with high 

level of service expectation (Awad & Nassar, 2010a). They also found that, improved 

profitability drives order management. 

Jitpaiboon, 2005 has examined the causes and effects of SCI from an information 

system perspective and examine the effects of SCI on PER. The variables used by 

them are PER (Market share, return of investment, customer satisfaction, sales 

growth, profit margin and overall competition position) and SCE (Delivery, 

flexibility, price, quality). SCE is most important for finance performance of the 

organization (Wagner et al., 2012). Inventory is a major source of cost in SC and 

plays a significant role in the competitive strategy of the organization (Badole et al., 

2013). Quality, Cost, Flexibility, Delivery, lead-time and cycle time related 

performance variables featured mostly to measure supply chain performance (Jabari 

et. al., 2015; Kaabinezhad et. al., 2014. 

Thus it can be argued that, although SCE or PER is the final objective of 

integration, but there is a lack in performance measurement related dimensions. 

Different authors have used different variables to suit their respective studies and 

thereby a consistent measurement variables are missing. 

2.7.4 Methodologies for Model Validation 

A number of studies presented theory or past literature review and missing empirical 

analysis. Table 2.6 presents the comparison between empirical and theoretical 

approach. There is a gap in empirical analysis and analytical discussions in SCI 

involving SCE & PER. Storey et al., 2006 have critically reviewed existing 

developments in the theory and practice of SCM and concluded that SCM is still 

emerging. This leads to the fact that, in spite of having several discussions on SCM 

and SCI, the empirical investigation is a definite requirement into the subject matter. 
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Most of the empirical studies have one thing in common is that, they have used 

regression analysis or SEM for hypotheses and research model validation. 

Table 2.6 Empirical and Theoretical studies 

Empirical Theoretical analysis & Literature review & 

examination 

Agarwal & Shankar, 2005; Awad & Nassar, 

2010a; Bagchi, 2005; Cagliano et al., 2006; 

Chen et al., 2007; Ebrahimi , 2015; Frohlich 

& Westbrook, 2001; Gimenez, 2012; Huang 

et al., 2014; Hussein et al., 2010; Jabari et al., 

2015; Jenatabadi et al., 2013; Jitpaiboon, 

2005; Kaliani et al., 2016; Lee et al., 2007; 

Madhavan & Kaliaperumal, 2017; Prajogo & 

Olhager, 2012; Rosenzweig et al., 2003; 

Sezen, 2008; Saleh & Mohamed, 2012; 

Swafford et al., 2008; Su & Yang, 2010; 

Schoenherr & Swink, 2012; Thun, 2010; 

Vickery et al., 2003; Wagner et al., 2012; 

Yang & Su, 2009; 

Akyuz & Erkan, 2010; Ali et al., 2008; Awad 

& Nassar, 2010; Badole et al., 2013; Bigliardi 

& Bottani, 2014; Chima, 2011; Croxton et 

al., 2001; Duclos et al., 2003; Fabbe-Costes 

& Jahre, 2007; Gunasekaran et al., 2004; 

Gunasekaran & Ngai, 2004; Helo & Szekely, 

2005; MacCarthy et. al., 2016; Näslund & 

Hulthen, 2012; Sherer, 2010; Shub & 

Stonebraker, 2009; Stevenson & Spring, 

2007; Stadtler, 2005; Storey et al., 2006; 

Literature review was also conducted to examine the findings on this research 

constructs (SCI, SCE and PER) and model validation approach. This has been 

presented in below section. 

2.8 Relationship between the constructs 

A number of authors have presented their academic publications on SCM and 

discussed about SCI, SCE and PER. It is quite impractical to review the vast range of 

articles to determine their findings and model validation approach. Therefore, after 

further categorization the articles examined on SCI, SCE and PER based on a random 

selection are tabulated in Table 2.7. This research has chosen 10 publications for 6 

reputed journals to examine the discussions on constructs SCI, SCE, PER. These 
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articles were cited number of times in management articles in the respective research 

category. Table 2.7 presents a report of these reviews. 

Table 2.7 Journal name & description 

Sl No Journal Author  Cited by 

1 Journal of Operation Management Schoenherr & Swink, 

2012 

201; 

2 Decision Support System Yao et al., 2007; Liu et 

al., 2013; 

368; 190; 

3 European Journal of Operational 

Research 

Brandenburg et al., 2014; 293 

4 International Journal of 

Production Economic 

Prajogo & Olhager, 2012; 

Li et al., 2009; Qrunfleh 

& Tarafdar, 2014; Van 

der Vaart & van Donk, 

2008; 

448; 250; 100; 

462; 

5 

 

International Journal of Logistics 

Management 

Fabbe-Costes & Jahre, 

2008;  

286; 

 

6 Journal of Supply Chain 

Management 

Leuschner et al., 2013; 123; 

Schoenherr & Swink, 2012 have re-examined Frohlich & Westbrook's work on 

arcs of integration concept. Frohlich & Westbrook, 2001 investigated the SCI 

strategies showed credible empirical evidence between integration and operational 

performance. Schoenherr & Swink, 2012 have cross-validated Frohlich & 

Westbrook's framework with 403 responses from supply chain managers conducted 

Hierarchical regression analysis. Significant positive impact was reported in their 

article on both delivery and flexibility because of SCI. However, their argument did 

not support the significant association for either supply chain quality or cost 

performance. Their study expanded the theories used by Frohlich &Westbrook to 

describe SCI and provides practical implications for managers.  

Prajogo & Olhager, 2012 have investigated the integrations of IT on logistics 

integration and supply chain performance. They have tested the theoretical model 

using SEM and data from 232 respondents including supply chain managers. They 

have found IT improves logistics capabilities integration and logistics integration 

improves supply chain performance. However, their study is focused on operational 

performance and did not cover business performance. 
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Fabbe-Costes & Jahre, 2008 analyzed 38 literatures from nine journals published in 

logistics, supply chain and operations management during the period 2000-2006. 

They have examined the empirical relationship between SCI and performance and 

found that more SCI does not always improve performance. Meanings and measures 

of SCI and performance are varied to the degree that a supposition such as “more SCI 

leads to more efficient” cannot be drawn. 

Leuschner et al., 2013 have conducted a meta-analysis of extensive literature base 

to provide a quantitative review of the empirical literature in SCI and studied 

pertinent design and related factors. While general support exists in favor of the 

positive impact of SCI on firm performance in the literature, their work helps to 

clarify the mixed findings that presently exist. Their findings show that there is a 

positive and significant correlation between SCI and PER. The positive relationship 

underpins the importance of SCI construct, but the significant amount of diversity is 

indication that further research is necessary before any general reports can be given. 

The uniqueness of this study is that, the authors were able to obtain a significantly 

larger number of samples than some other published articles using this methodology 

(Mackelprang et al., 2012). 

Liu et al., 2013 have investigated the influence of IT capabilities on firm 

performance in the supply chain context. Their findings do not support the 

relationship between IT capabilities and supply chain agility. However, they have 

recommended that, there may be other IT that can influence firm performance and 

therefore, further investigation is necessary on this subject. 

Van der Vaart & van Donk, 2008 found that, quality research on SCI and 

performance has been published in reliable journals, but confused by some of the 

primary opinions. They have experienced that, some research on SCI considered 

single associations whereas many researchers assessed the integration practices and 

their association with performance as an organizational variable. In their study, Van 

der Vaart & van Donk, 2008 have reviewed 33 literatures from 10 journals to analyze 

the relationship between SCI and performance and found significant variances in the 

constructs exist to measure SCI. They also have noticed that, a considerable number 

of papers combined measures such as return on investment and market share to SCI. 
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Qrunfleh & Tarafdar, 2014 studies the association between supply chain 

information systems (IS) and its impact on SCE and PER by using partial least square 

structural equation modeling (PLS SEM). Their findings reveal that, IS leads the 

supply chain to lean & agile. Moreover, by inserting SCE as the mediating variable 

between lean & agile supply chain and PER they have found that, SCE fully mediated 

the association between agile supply chain and PER. This shows that, superior PER is 

contingent upon superior SCE. The study also have established that, SCE partially 

mediated the relationship between lean supply chain and PER. This indicates that, in 

addition to improving PER indirectly through a positive impact on SCE, the lean 

supply chain can directly enhance PER. However, with relatively stable or predictable 

demand environment, the ‘‘lean-efficiency’’ combination may prevail. The ‘‘agile-

flexibility’’ fit is expected to be particularly relevant in industries that are given to 

short product life cycles and continual technology developments. 

In order to explore on disintegration, this research has reviewed the work of Yao et 

al, 2007. Through an analytical model Yao et al., 2007 have found that, 

implementation of vendor managed inventory (VMI) leads to high SCE. VMI is a 

concept and gaining interest of the researchers where inventory is being managed by 

3rd party vendors. This reduces the supplier order cost and carrying charges 

substantially. This is an important evidence for disintegration theory. However, their 

proposed analytical model runs through several assumptions and affect the extent of 

savings from VMI.  

Brandenburg et al., 2014 provided a content analysis of 134 meticulously classified 

papers on quantitative models which address SCE. They have conducted a 

methodical and laborious process to examine quantitative SCM models and found 

that, a majority of the analytical models are focused on multiple criteria decision 

making. They study found that the advanced modeling approaches such as SEM, PLS-

SEM etc. have been widely neglected so far in SCM research. They have 

recommended that, the research on SCM & SCI is fast progressing and therefore, 

more modeling based research needs to be conducted to fully comprehend and 

integrate SCM into business thought and practice. 
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To find out the effect of IT on SCI and performance, Li et al., 2009 have 

investigated the relationship among IT, SCI and SCE and presented a conceptual 

structure model and tested using LISREL SEM. This is the first study that explores 

the backgrounds of IT implementation, SCI and SCE. The findings recommend that 

IT has no direct effect on SCE but instead that it enhances SCE through its positive 

effect on SCI. Based on the conclusions, IT helps SCI which in turn improve SCE. 

Prior to Li et al., most studies have mainly focused on the IT impact on financial 

performance. In-spite of significant direct effect of IT on SCE, few studies have 

ventured in this area. However, the study was attentive on the effect of principal IT 

and not on any explicit IT usage.  

These findings contribute to deepening the understanding of the system integration 

with supply chain and the impact on SCE and PER. Nevertheless, the need is sensed 

for sound constructs development and methodologies to have a good understanding 

on the relationship between SCI and performance. The conclusions drawn from the 

above reviews provide a basis from which further research can be developed, both in 

respect of research approaches, definitions of main concepts and the choice of 

theoretical basis. Also, it was noticed that, SEM or PLS SEM is mostly preferred 

model evaluation tool by the authors. 

However, SCM research is becoming more complex in recent days and empirical 

research in SCM is increasingly going beyond establishing the relationship between 

an independent variable and a dependent variable to examine complex models 

(Rungtusanatham et al., 2014). Next sections presents a discussions on research 

constructs and associated variables. 

2.9 Research constructs related variables 

In contemplating all the confusions related to SCI and the dimensions, this research 

aims to examine some of the dimensions used in different research article and unite 

them for the current research under investigation. The SCI dimensions found in the 
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work of Badole et al., 2013; Gunasekaran & Ngai, 2004 and Sherer, 2010 have 

provided a great support in uniting the SCI dimensions for this research.  

Badole et al., 2013 have done an extensive study of wide selection of over 690 

papers in the various aspects of supply chain modeling during the past decade. 

Though, their paper presented a comprehensive review of supply chain modeling, but 

provided important information on SCI dimensions too. Their study has been chosen 

because of the thoroughness in the subject matter and considerably a recent 

publication. No other paper in the recent past has provided such a wide selection of 

review. Their articles was chosen from International Journal of Supply Chain 

Management (IJSCM). 

Gunasekaran & Ngai, 2004 have provided a critical review of literature on IT in 

SCM. Although there are numerous articles available on design and development of 

SCM; but few literature survey article available that deals with IT in SCM. 

Gunasekaran & Ngai have classified the literature available on IT in SCM based on 

the major components of IT and then critically reviewed to develop a framework for 

IT in SCM. Their study has provided useful dimensions of IT in SCI. Their article has 

been selected from European Journal of Operational Research (EJOR). 

Sherer, 2010 article was chosen from International Journal of Information 

Systems and Supply Chain Management (IJISSCM). In the article, the author has 

described the various types of systems that make up an information infrastructure for 

supply chain management. The author has provided an overview of all possible types 

of applications that might be considered to support the supply chain in the article 

through which important information on SCI dimensions have been taken. This article 

is unique in the sense that, no peer-reviewed studies have encompassed the range of 

functionality of even the most widely-used commercial SCM IS packages prior to 

this. 

Table 2.8 illustrates the summary of dimensions discussed in the supporting 

studies.
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Table 2.8 Supply Chain Integration construct and variables 

Authors Variables 

Badole et al., 2013; Demand forecasting, Advanced planning, Transportation management 

systems, Collaborative planning forecasting and replenishment, 

Enterprise resource planning, Inventory management, Radio-frequency 

identification. 

Sherer, 2010;  Advanced planning and optimization, Transportation management 

systems, Warehouse management system, Customer relationship 

management, Business intelligence and data warehouse, Radio-

frequency identification. 

Gunasekaran & 

Ngai, 2004;  

Electronic data interchange (EDI), enterprise resource planning (ERP), 

logistics, e-commerce. 

 

Jabari et al., 2015 have conducted a study to identify the effective indicators 

related to supply chain performance in the petrochemical industries of the Persian 

Gulf. They had administered 60 questionnaires among experts and specialists for the 

statistical analysis in their study. Kaabinezhad et al., 2014 administered 100 

questionnaires among experts and specialists of the petrochemical industries of the 

Persian Gulf to examine the SCE in their research. These two articles are quite recent 

and have been chosen from European Online Journal of Natural and Social Sciences 

based on the pertinent business domain of this research. Along with these, dimension 

from SCOR model was taken. SCOR model was chosen because, it is widely accepted 

by academics (Akyuz & Erkan, 2010; Estampe et al., 2013; Qrunfleh & Tarafdar, 

2014; Taticchi et al., 2015, Wiengarten, 2016) and supply chain managers across 

industries. The summary is presented in Table 2.9. 

Table 2.9 Supply Chain Efficiency construct and variables 

Authors Variables 

Performance indicators of 

SCOR model (SCC, 2004) 

Delivery reliability, Flexibility, Supply chain cost, Efficiency 

of asset management. 

Jabari et. al., (2015) Quality, Cost, Flexibility, Delivery. 

Kaabinezhad et. al., (2014) Cycle time, Lead time to deliver, Flexibility, Cost. 
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Jitpaiboon, 2005 has studied the effects of SCI from an IT perspective and the 

impact of SCI on PER. This research has used the same variables for PER from their 

study. Though this study was conducted in the year 2005, but even today, provides an 

important guidelines to the organizations on information system integration issues and 

its role in an integrated supply chain. This study examined the effects of SCI on PER 

and provided a significant contribution to SCM research. A summary of the variables 

discussed by author to measure PER is presented in Table 2.10. 

Table 2.10 Organization Performance construct & variables 

Authors Variables Journal 

Jitpaiboon, 

2005; 

Market share, return of investment, 

customer satisfaction, sales growth, profit 

margin, competitive position. 

 

Doctoral dissertation, The 

University of Toledo; Google 

Scholar online database. 

2.10 Research Gap 

The missing elements in the existing literature on SCI, DIS and SCE and PER have 

been presented as research gap in this section.   

¶ In regard to the SCI and its impact, there are some disagreement which cannot 

be overlooked. Although, some authors agreed that SCI improves performance 

(Zhao et al., 2013; Schoenherr & Swink, 2012; Flynn et al., 2010; Lee et al., 

2007;), but on the contrary, others contradicted such a relationship saying that, 

there is no empirical back-up to support such claims (Chen et al., 2007; Cousins 

& Menguc, 2006; Sezen, 2008, Gimenez et al., 2012). Furthermore, some 

authors even have reported a negative relationship between SCI and PER 

(Rosenzweig et al., 2003; Vickery et al., 2003). Therefore, these mixed findings 

have opened up a gap and simultaneously a scope of empirical research in the 

SCI research. 
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¶ The available examinations in supply chain research appear with a mixed 

findings and are a consequence of raising speculations and assorted 

measurements of SCI. Some authors have focused on individual dimensions of 

SCI (Sezen, 2008; Shub & Stonebraker, 2009; Vachon & Klassen, 2006) and 

others have examined the effects of external integration on performance 

outcomes (Flynn et al., 2010; Koufteros et al., 2005; Wong et al., 2011b), but 

none of the empirical research took no notice on internal supply chain 

integration from system perspective. So, this has opened up another gap in SCI 

research.    

¶ In terms of SCE & performance measure, Gunasekaran et al., 2001 claimed that, 

the performance measures are generally imbalance across organization. This is 

also acknowledged by Moreira & Tjahjono, 2016 who claimed that, 

performance measurement are broadly used for tactical analysis of 

organizational performance, but have not been widely applied at an operational 

level. Therefore, at operational level organization performance linking SCE, SCI 

and DIS would provide a new research aspect. 

¶ This research has studied many articles on SCM to examine the role of SCI in 

improving performance. Most of these are on discrete manufacturing industries 

domain. Similar experience has been reported by Danese & Romano, 2011; 

Devaraj et al., 2007; Flynn et al., 2010; Koufteros et al., 2010. Therefore, 

another gap was found in SCI research where, in spite of significant revenue 

source for the global economy, surprisingly, oil & gas industry lacks pragmatic 

and empirical investigation in SCI and SCE field of research. 

The research questions are stated below, which, summarize the research gaps:  

¶ Question 1 What is the relationship between the SCI and SCE? 

¶ Question 2 What is the relationship between the SCI and PER?  

¶ Question 3 What is the impact of DIS (selective disintegration) on SCE?  

¶ Question 4 What is the impact of DIS on PER?  

¶ Question 5 Is SCE directly linked to PER? 
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There is no published literature found which could methodically and analytically 

answers the above questions linking business process and supply chain integration for 

efficient supply chain and organization performance.  

2.11 Framework Development Process 

This research has attempted to develop the conceptual framework through research 

questions and literature review to address research goals. A sketch of the framework 

involving scope and layers of integration was developed as shown in Fig 2.1. The 

scope and layers of integration conceptualized by Fabbe-Costes & Jahre, 2008 has 

provided the basis of the framework. 

Integration

Disintegration

Supply chain 

efficiency

Organization 

performance

Scope

Layers

 

Figure 2.1 Conceptual framework with scope and layers of integration 

Layers of integration comprise of IT, Business Processes, Supply Chain Flow and 

Supply Chain Members while scope of integration involves internal, external and 

global integration. Considering the complexity and enormity of academic research 

combining both scope and layers of integration, the focus was narrowed down to 

examining the layers of integration as shown in Fig 2.1 which is primarily the process 

integration. Layers of integration comprise of supply chain flow, business process, IT 

and supply chain members where supply chain flow is the driver. This was necessary 

to understand the functions of every layer to relate with research goal and for 

empirical analysis. IT plays a key role in the integration. Business processes, supply 
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chain flow and supply chain members are all connected with each other with the help 

of IT.  

 

Figure 2.2 Description of layers 

Each layer connected to others as shown in Fig 2.2 and the role of each layer has 

been explained in the diagram where in brief, supply chain members connects 

business processes with the help of IT to improve supply chain flow. This research is 

in IT domain and therefore, a further reassessment was made to restrict the focus into 

IT area of the layers of integration. 

However, this research has validated and refined the framework through 

qualitative questionnaire with the industry practitioners to identify disintegration 

components and design hypotheses as accordingly in the coming chapter.  

2.12 Chapter Summary 

This chapter has made an effort to conduct a systematic review of scholarly articles in 

related fields to identify the variables of four constructs: SCI, DIS, SCE and PER. The 

review has found a number of evolving concepts overlapping each other. Among 
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these is “supply chain’, “supply network”, “supplier web” with that of “value chain”, 

“value network” etc. to name a few. The same can be said about “business logistics 

management” and “supply chain management”. As well “supply chain coordination” 

and supply chain synchronization” might include similar elements. On SCE different 

authors have used different terminology, e.g. “supply chain performance”, “supply 

chain competency”. These descriptions made it hard to get a clear impression about 

the functionalities and the functions of each entity as a whole. On the other hand, 

these constellations of words are a sign about the direction of development of 

contemporary business environment.  

There are very few studies available pertinent to the supply chain and SCI in oil & 

gas industries and a limited number of empirical works are available on SCI. 

Moreover, the variables used or cited in different literatures are fragmented like 

supply network in oil & gas. There is a lack of clarity on the indicators or dimensions 

related to SCI. No two studies have used the same dimensions or variables to 

empirical test. The bulk of the studies is on discrete manufacturing industry segments. 

Veloso & Kumar, 2002 found that, because of this fragmented concept, many 

integrated firms are obliged to outsource their supply chain.  

The literature review verifies that many surveys estimated output performance of 

the organization on collective level. The confusion is the value of such an approach, 

precisely if only measures as market share or ROI are used. The importance of SCI is 

not only limited to buyer-supplier relationship, but also to lower response times, to 

expand the perceptibility or to accomplish an effective way of communication. 

Measuring on the level of relationship directly as some papers do (Benton & Maloni, 

2005; Duffy & Fearne, 2004; Humphreys et al., 2004; Johnston et al., 2004; Giménez 

& Ventura, 2003, 2005), can also help in dealing with another measurement issue. A 

large amount of the existing studies uses skewed performance measurement that are 

hard to validate. The direct performance measurement e.g. reduction in inventory 

turns, improved service and shorter lead time could be comparatively easy (Van der 

Vaart et al., 2006). 

Yet, through literature review, this research has examined the fragmented 

dimensions mentioned in different studies and tried to find out relations with the 
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studies of Badole et al., 2012; Gunasekaran & Ngai, 2004 and Sherer, 2010 for SCI 

dimensions, the study of Jabari et al., 2015; Kaabinezhad et al., 2014 and SCOR for 

SCE dimensions and the study of Jitpaiboon, 2005 for PER dimensions.  

However, the main purpose of this research is to address the efficacy of SCI and 

examine DIS towards a lean & and agile supply chain system. The literature review 

was not enough to conclude on the foundational theory and propose research 

hypotheses. Therefore, this research has conducted a qualitative interview with an 

open ended questionnaire for further theory construction and refinement of the theory. 

The identified constructs and variables from this chapter further verified through 

qualitative questionnaire. Next chapter presents a discussions on qualitative survey by 

means of semi-structured interviews. 
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CHAPTER 3  

FRAMEWORK FINALIZATION AND HYPOTHESES DEVELOPMENT 

3.1 Introduction  

The literature review was not enough for theoretical interpretations and theory 

development. Thus, qualitative research was deployed hoping to get a better 

understanding of the subject matter. This chapter presents a discussion on qualitative 

research by means of open ended semi-structured questionnaire which is employed 

for further theory building. The qualitative approach has pulled in an effort to carry 

out the foundational theory and develop research hypotheses. 

From the literature review, it was found that the SCI is still at an evolving stage 

(Zailani & Rajagopal, 2005; Linton et al., 2007; Devaraj et al., 2007; Li at al., 2009; 

Wong et al., 2011b; Jede & Teuteberg, 2015), especially  in oil & gas industry where 

not too many studies are available, the understanding of theoretical concept and 

dimensions are inadequate; even the variables and linkages are not well defined 

(Cousins & Menguc, 2006; Sezen 2008; Bagchi, 2005; Koufteros et al., 2007a; Kim, 

2009; Vijayasarathy, 2010). So, it was necessary to have a profound study on SCI to 

gather some qualitative data to establish the theoretical framework and testable 

hypotheses for this research. Thus, a survey was conducted in this research with data 

collection instruments included an interview guide and open-ended questionnaire 

which was administered personally.  

The questionnaire and interview were structured in a way to facilitate primarily: 

1. A complete map and overview of the SCI and variables that integrate with 

supply chain systems, 
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2. Disintegration (DIS) recommendation to hold opinions of practitioners, 

3. SCE variables,  

4. PER variables.  

Moreover, the qualitative method was employed for such purpose in this research 

with the following assumptions: 

Å Purpose: To describe the situation and gain insight to supply chain system and 

systems integration practice. 

Å Format: No pre-determined response categories. 

Å Data: In-depth explanatory data from a small sample. 

Å Analysis: To draw out patterns from concepts and insights. 

Å Result: Illustrative explanation and individual responses. 

Å Sampling: Theoretical 

The interviews were done in tandem with more literature review in this chapter to 

have a better understanding of the downstream supply chain flow in oil & gas industry 

and systems integration to facilitate the flow. Information gathered from the literature 

review in the previous chapter are used to support the interview data from few key 

stakeholders in the sector.  

One of the key advantage with qualitative research method is that, qualitative 

methods are interpretative and provide an insight of the subject matter under 

investigation (Creswell, 2013). Although, qualitative survey is time consuming and 

expensive, but helps to develop better understandings of the subject in real life 

scenario (Barr, 2004).  

The conceptual framework development process for empirical analysis has been 

presented in last chapter. The below section discusses about the qualitative 

questionnaire instrument development.  
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3.2 Questionnaire Development & Validation  

The open ended semi-structured questionnaire was developed for qualitative survey 

with an aim of this survey was theory building especially on disintegration 

components and refinement of the theory. Appendix A presents the cover letter and 

questionnaire. Data confidentiality clause was added in the cover letter to ensure 

respondents do not feel insecure about revealing the data. 

However, a credible and meaningful questionnaire development was most 

important for this survey. Therefore, a team 3 experts were identified to review the 

questions. The experts are from industry best practices of SCM and not only from oil 

& gas industries. After going through the questionnaire, the experts recommended 

quite a few changes to assure that respondents find the questions are both credible and 

meaningful.  

Experts recommended a change in the cover letter too. The changed cover letter 

was prepared as per recommendation from the experts as displayed in Appendix-B. 

The cover letter explains a clear objective of the survey. All the necessary contact 

information was provided in the cover letter, for the respondents if any would like to 

validate the legitimacy of the study. This is to diminish the threat in construct validity 

by possible errors between researcher and interviewers  

The revised set of questionnaire was prepared as displayed in Appendix-C 

consists of 21 questions, including demographic questions. An additional question 

number 22 was added for any suggestions which respondents can offer pertinent to 

the integration and disintegration context. Pictorial views were enclosed with two 

questions to provide more clarity to respondents on those particular questions. 

3.3 Qualitative survey design 

The researcher as research instrument was involved in every step and thereby was 

responsive, research flexible, adaptive and good listener. The review was conducted 

up to the saturation stage where the additional interview or observation is believed to 
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add no new information-enough. In-depth case study, white paper review, group 

discussions, blogs, etc. were also a part of the design. 

3.4 Sampling in qualitative survey 

The sampling was generated to understand the SCI process and the subsequent impact 

on organizational functioning in the organization. The technique used was purposive 

sampling in which research participants were selected for study with a specific 

purpose in mind. Two useful subcategories of purposive sampling include snowball 

sampling and expert sampling (Simion, 2016). Snowball sampling is generally used 

for theoretical sampling by qualitative interviewers, where one respondent is located 

who fulfills the theoretical criteria, then that person helps to locate others through 

their social networks (Eseryel & Eseryel, 2013). The sampling consists of identifying 

respondents who referred to other respondents. The ones that adequately answers the 

survey questions and support the theoretical framework and hypotheses development, 

were considered in the survey. Snowball sampling was used because of hidden and 

inaccessible populations and participants were involved in the research process to 

increase the credibility of the research. The research was intended to choose 

participants with adequate (over 15 years) experience in SCM and implementation of 

SCM system and from process industry background. 

3.5 Data Collection 

The data collection was done through interviews (either in-person or over video call 

or phone) with semi-structured interview protocol and prior appointment was taken 

from 10 senior supply chain managers in Malaysia and Singapore. The interviews 

involved asking questions, listening to and recording answers from an individual or 

group. Interactive discussion sessions was also conducted with a group small enough 

for everyone to have a chance to talk and large enough to provide diversity of 

opinions. The questionnaire with cover letter was sent to the interviewers before 
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conducting the interview. The sources were selected based on the researcher’s 

network and further using the snowball technique.  This is because knowing the 

informant well is very important in Malaysian and Singapore culture in order to get 

the broad picture from them. 

Besides personal interview questionnaire was distributed among 150 identified 

supply chain managers who have >10 years’ experience in SCM in the process 

industries (chemical, petrochemical and refinery, pharmaceutical) and responses were 

registered for 90 days. These 150 managers were referred by 10 interviewees. The 

objective was to reach out to as many professionals as possible, the mail survey was 

conducted in tandem with telephone interviews.  A word text document of 

questionnaire was attached with every email. These professionals were identified 

through different network such as through LinkedIn professional network, through 

personal contacts, through meeting and conferences attended. Although mailed 

questionnaires have the advantages of cost savings and mailed questionnaire can be 

filled out at the respondent’s convenience and reduce interviewer bias (Forza, 2002), 

but did not fetch encouraging results in this research. 

A close attention was given on qualitative data collection methods (with/without 

participation) usually to understand whether people actually do what they say they do 

and to access tacit knowledge of subjects.  

Table 3.1 displays the survey participant’s data from personal interview and Fig 

3.3 shows a screenshot on the Survio on-line survey. Sl. No. 1, 5 & 7 were identified 

through researcher’s own network.  Rest were through snowball method. Participants 

were chosen based their years of experience and expertise in the subject matter. 
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Table 3.1 Survey participants 

Sl. 

no 

Functional 

domain 
Designation and role Experience Interview focus 

1 
Information 

Technology 

Software architect- supply 

chain system 

implementation 

17 years 
Supply chain 

and IS aspects 

2 
Logistics & 

inventory planning 
Head-Logistics & inventory 19 years 

Logistics, 

inventory and 

IS aspects 

3 Logistics Managers- Logistics 15 years 
Logistics and IS 

aspects 

4 
Distribution & 

planning 
Head- Distribution 20 years 

Distribution and 

IS aspects 

5 
Oil & Gas- 

downstream 

Vice president –Downstream 

supply chain (retired) 
32 years 

Supply chain 

and IS aspects 

6 
Information system 

strategy 

Consultant- System 

integration 
15 years 

Supply chain, 

ERP and IS 

aspects 

7 
Downstream 

supply chain 

Manager-downstream supply 

chain 
16 years 

Supply chain 

and IS aspects. 

8 
Oil & Gas- 

downstream  

CEO- downstream supply 

chain (retired)  
39 years 

Supply chain 

integration 

aspects 

9 
Operation 

management 

Manager- supply chain 

operation 
21 years 

Supply chain 

and IS aspects 

10 
Business process 

enhancements 

Business analyst- 

downstream supply chain 
17 years 

Business 

process and IS 

aspects 

 

 

Figure 3.1 Screen-shot Survio online survey 



87 

In order to eliminate single respondent bias, discussed two reasons for this- 

single-respondent bias, people from different functional groups within a project team 

were interviewed. The assessment was done from a cross-functional perspective and 

provided opportunity for consensus and team building (Fraser et al., 2007).  

All the respondents were also communicated during questionnaire distribution 

that, they are more than welcome to go through the survey together with colleagues 

within the supply chain or logistics function. However, since the key respondents are 

holding Director/ Sr. Manager Positions therefore, single respondent bias is not 

considered significant. Such positions are well informed and having necessary 

knowledge concerning processes and strategy within the organization because they 

get necessary inputs and reports from employees reporting to them. Each manager 

was telephoned and requested for their participation. Approximately 25% telephone 

numbers were inaccurate. The mailing list was adjusted as accordingly before the 

survey was sent out. Through a trial run it was found that, questionnaire will take ≤ 30 

minutes to complete. A .docx document of the questionnaire was attached to the email 

along with the survey hyperlink considering the .docx file will help respondents to 

answer part by part and save work for completion later.  

To collect more information and involving interested participants to join in 

discussions, a group name “System Disintegration & Supply Chain” was created on 

Linked-in professional network and invited IT and Supply Chain professionals to 

debate on the discussions initiated on this research title. All these were necessary, as 

there are no academic research with empirical analysis available on disintegration. 

Moreover, available academic research on system integration was not enough for 

conceptual clarity which was necessary for this research work. This rigorous exercise 

was kept on for 3 months.  

Two weeks after the first mail survey was sent to a respondent, a follow-up mail 

was sent to non-respondents to ensure that the survey had reached its intended target 

and to give them a reminder. This increased the response rate to some extent. This 

procedure was repeated after another two weeks without response from the contacted 

key respondents. Some non-respondents were also contacted by phone.  
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More and more, companies and respondents are being taken to fill out 

questionnaires, and are therefore often ignoring these. Hence, it was essential to figure 

out how to obtain collaboration with companies and key professionals. It was 

communicated to all the professionals that the response to the questionnaire is 

confidential and that no data would be identified in the research. The purpose for this 

was to increase the possibility of receiving answers.  

To make it more attractive for the professionals to participate in the survey, it was 

also promised an executive summary of the research with findings and conclusions. 

Few of the professionals found that awarding and positive. It was also important to 

highlight the possible benefits of the responding companies could have by completing 

the survey. That is, by mapping the integration of their supply distribution operations, 

they could focus on improvement projects in the decision areas that scored low.  

The survey was mailed to 150 respondents, of which 112 participated but not all 

attempted to fill in all the questions, some had filled-in irrelevant answers; 20 

participants who filled out the survey have found relevant and usable data; besides 10 

interviews and review of case studies. Nearly 50% of the respondents are from 

refinery or petrochemical industries. At this rate, this was appeared as moderate 

response to survey and has helped to finalize the framework. Statistics for survey 

completion automatically appears on Survio response menu. 

Since, the questionnaire was distributed via electronic mail, it needed to be easy to 

understand and not too time-consuming for the participants. The questionnaire is 

estimated to get no longer than 30 minutes for completion. But in actuality 23% 

respondents required >60 minutes to complete the survey.  Nevertheless, attempts 

were made to collect more responses. Some 50 respondents were telephoned to 

investigate that why they have opted not to take part in the study. Three answers 

dominated the response: 

1. The manager was too busy 

2. The manager was inundated by surveys and no longer participate in the survey 
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3. The manager’s organization has yet to adopt a supply chain integration 

strategy 

Response rates are more important when the research’s purpose is to measure 

effects, less important if the purpose is to gain insight. So, qualitative approach was 

for insight purpose. The interpretations are presented in the following sections which 

led to the theoretical framework and research hypotheses. 

3.6 Qualitative Data analysis 

Qualitative data are iterative and progressive; therefore, the data collection and 

analysis were done simultaneously. The data were descriptive and include related to 

concepts, suggestions and advices of individual interviews and focus groups, field 

notes from observations of certain activities. A range of processes and procedures 

have been followed for data analysis whereby the collected data have been moved 

into some form of explanation, understanding or interpretation of the respondents. 

The degree to which respondents represented actual vs hypothetical experience 

was recorded. Microsoft excel data slicing technique was used to run through each set 

of data to make theoretical assumptions. This was possible because of low volume of 

data. Data slicing allows to run through each and every data in order to interpret the 

survey goal.  Therefore, a substantial amount of time was spent on organizing the 

descriptive data.  

The interpretations have been presented in the following sections which led to the 

theoretical framework and research hypotheses. 

3.6.1 Supply Chain Model in Oil & Gas Industry 

It has been found through the interaction with the respondents that, there are two kind 

of the supply chain model namely marketplace model and inventory-based model are 

available, which are commonly used by supply chain players. Marketplace model of 

the supply chain means providing of an IT platform by a supply chain entity on a 
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digital and electronic network to act as a facilitator between buyer and seller. This 

kind of model is popular among B2C (business to consumer) or retail business. The 

inventory-based model of the supply chain means supply chain activity where the 

inventory of goods and services owned by supply chain entity and is sold to 

consumers directly. The oil & gas industries normally follow inventory-based model. 

Therefore, logistics and inventory is one of the crucial activities in downstream oil & 

gas supply chain. 

3.6.2 Supply Chain Management Software Application 

Most of the SCM systems are ready made computer software- applications usually 

targeted for dealing with a certain tasks. These ready-made package software 

applications are mass customized products and unable to address the specific 

requirement of a certain business sector. Many companies, thus use of a mix of ready-

made and custom-built software applications to manage their business.  

From information management point of view of supply chain software, 

application can be grouped into two classes - transactional and analytical software 

applications. Transactional software applications are engaged in acquiring, processing 

and communicating organizations raw data about the past and current supply network 

operations. This group of software builds up POS, e-Commerce, sales report, etc. 

Analytical software applications deal with developing and applying systems for 

evaluation and disseminating decision models based on SC decision database such as 

forecasting system etc.  

“From a process point of view, supply chain software is about planning and 

execution. Advanced planning, Data warehouse, etc. comes under planning SCM 

software and for strategic and tactical level usage” (collected from interviews). Some 

of the major software being used by the organizations are listed below. However, 

without logistics management, supply chain system is incomplete. Below section 

presents the important activities under logistics management. 
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3.6.2.1 Important activities of Logistics Management 

The most important activities under Logistics Management System are Warehouse 

management system (WMS) and transport management system (TMS). These systems 

offer tracking and keeping note of the movement and storage of material inside a 

warehouse facilitating the optimal use of space, labor and equipment and thus provide 

a real-time views on material flow within warehouse. “A WMS enables to optimize 

transactions to and from warehouse operators, recognize problem areas and major 

shifts in activity level and patterns, while making it possible to continuously 

determining performance indicators, such as productivity, shipping and inventory 

accuracy, warehouse order cycle time and storage density”. The studies from Frazelle 

& Frazelle, 2002 and Lee et al., 2003 have presented a similar concept on WMS. 

 

Typically the “WMS system is well connected to the material handling automation 

and transportation system. The WMS system includes a route planning functionality 

which relates them to the TMS system”. TMS is a planning and optimization of 

transportation activities and facilitate transportation plans (Rider, 2003).  

3.6.2.2 Enterprise resource planning system (ERP) 

“Oil & gas industries are heavily dependent on ERP for their business process 

automation”. The feature of ERP was found from the studies of Hsu & Chen, 2004. 

They have explained that, ERP is a business management system made up from a 

collection of applications that integrates all facets like marketing, finance, human 

resource, sales, logistics etc. of the company into a common database. The knowledge 

gathered from qualitative study is that, “each part of the ERP software has an 

interface and all the data is stored in a key database. Duplicate records are avoided 

by linking the data in a single database and it is multisite, multiuser and multi-

language systems”. However, extreme care should be taken because, ERP system 

implementation is quite an expensive affairs and failure would result a substantial 

amount of money drain (Wailgum, 2009).  
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3.6.2.3 Planning & Scheduling Software 

Most of the respondents interviewed from oil & gas industries, have indicated that, 

they are using readymade “SCM software application for optimization of future 

planning and scheduling activities of material flow related processes such as 

procurement, production, transportation, sales & distribution, inventory management, 

order management and warehouse management. This as popularly known as 

advanced planning & scheduling (APS)”. 

Stadtler, 2005 have shown that, though developed independently by different 

software vendors APS exhibit a common architecture based on the principles of 

hierarchical planning. High data loads and demanding analysis requirements place 

robust data storage and processing capabilities into a critical position in this 

application. “The APS is one of the SCM optimization software, which help scheduling 

and order processing in large networkò. 

3.6.2.4 Enterprise application integration (EAI) 

The software application within an enterprise share information among other systems. 

“EAI creates an interaction between the systems and allows the business process to be 

automated also when the information flows between two systems. EAI use data 

warehouse system (DWS) for reporting and analysis of data combined from several 

sources”. 

3.6.3 Supply chain integration variables identification  

The variables of SCI, which have already been identified through literature review are 

being verified with the industry experts during the interview and mail responses of 

qualitative survey.  

In response to the query- “What all enterprise systems and job procedures are 

included in the supply chain at your company?”  The data collected are almost in line 

with literature review. If a consolidated view is taken, following results are concluded 
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from the above question─ “ERP, transport management, warehouse management, 

order management, inventory management, data warehouse, in-house system, 

financial, pointïof-sales, advanced planning, radio frequency identification, customer 

relationship management, electronic data interchange, demand forecasting, legacy 

system”. This has ensured the dimensions for SCI for this research. 

Since disintegration has never been discussed prior to this interview with the 

supply chain managers, neither there is any academic research with empirical findings 

are available, therefor a lot of focus was given to explore the disintegration concept. 

In response to the question, “In supply/ distribution flow, which are the business 

processes in your organization are vendor managed and what is/was your integration 

strategy for those?” Majority of the respondents talked about the components of 

logistics management and pointed out the elements of logistics such as─ “inventory 

management, transportation management and order management. Oil & gas 

companies do not possess the expertise to handle these components especially 

inventory and transport processes. Thus, in spite of having a state-of-the-art fully 

integrated supply chain system, the organization faces frequent problem related to 

these fields”.  

Moreover, the answers on these logistics elements were cross verified with 

academic literatures to examine if there is any empirical studies available which 

indicate outsourcing or vendor managed inventory, transportation and order 

management in the supply chain. There are some findings which are explained in 

below paragraphs. 

The practice of outsourcing logistics operations has grown significantly over the 

past few years. Development of logistics in SCM can lead to new profits and sustain 

competitive advantage because logistics have been considered as the last boundary 

line for SCM (Vasiliauskas & Jakubauskas, 2007). There are few studies available on 

supply chain initiatives to boost revenues and cut costs (Al-Ameri et al., 2008; 

Craighead et al., 2007; Tang, 2006; Wagner & Bode, 2006; Zsidisin et al., 2005). Yao 

et al., 2007 have examined the vendor managed inventory in the supply chain and 

their findings reveal that benefits in the form of inventory cost reductions, may be 

generated from integration. Disney et al., 2003 have examined the impact of vendor 
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managed inventory on transport operations and their finding reveal that, the holistic 

nature of inventory management within vendor managed inventory minimize 

transport demand without negatively effecting the dynamic performance of the supply 

chain. Vasiliauskas & Jakubauskas, 2007 have analyzed the benefits and drawbacks 

of third party logistics (3PL) concept application and have indicated that by 

outsourcing logistics activities, companies can pull through on capital investments, 

and thus reduce financial risks. Investment in logistics assets, such as physical 

distribution centers or data networks, usually needs large and capital costs, which 

involves financial risks. Sanchez et al., 2007 have informed the need for empirical 

research in the area of transport uncertainty and hence logistics flexibility as a means 

for accommodating such uncertainty. Normally oil & and gas companies employ a 

mixed strategy regarding logistics and retain important logistics activities (e.g. Order 

management) in-house (Wilding & Juriado, 2004). While it is reported that users of 

3PL, which includes order management, enhance their flexibility with regard to 

market (investments) and demand (volume flexibility) changes and improve the 

responsiveness to customer needs. Inventory and order management can create 

uncertainty in transport operations in different ways (Sanchez et al., 2007). 

Warehouse capacity can be an important constraint for transport optimization (Gomes 

et al., 2007). Therefore, it is argued to outsource order management if transport and 

inventory is managed by a third party to have better synchronization among all three 

activities. Awad & Nassar, 2010 have indicated in their study that, increased 

profitability which is increased revenue and reduced cost is the top driver of order 

management performance. 

Hence, a theoretical picture about the disintegration of selective components e.g. 

inventory management, order management and transport management has emerged at 

this stage to support the research framework. 

Fig 3.2 was devised from literature review and the responses of qualitative survey 

to offer a visual representation of the supply chain flow from refinery to sales, i.e. 

consumer point and different business processes are required during this stream at 

different levels.  
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Figure 3.2 Oil & Gas Supply Chain Flow 

 Table 3.2 presents a retrospective panorama of the SCI variables identified in 

Chapter 2, Literature Review.  

Table 3.2 SCI Dimension identified through literature review 

Authors SCI Dimensions  

Badole et al., (2013)  Demand forecasting, Advanced planning, Transportation 

management systems, Collaborative planning forecasting, 

Enterprise resource planning, Inventory management, Radio-

frequency identification. 

Sherer, (2010)  Advanced planning and optimization, Transportation 

management systems, Warehouse management system, Customer 

relationship management, Business intelligence and data 

warehouse, Radio-frequency identification. 

Gunasekaran & Ngai, 

(2004)  

Enterprise resource planning, Electronic data interchange, 

Customer relationship management. 

Additional variables such as Legacy systems, In-House software, Point-of–Sales, 

Order Management, Financial System and Supply Management have been identified 

through the survey. Therefore, 16 key variables of SCI as listed below, have been 

identified to continue with this research. Below list is not in any particular order. 
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1. Demand forecasting,  

2. Advanced planning,  

3. Transportation management systems,  

4. Collaborative planning forecasting,  

5. Order management,  

6. Inventory management,  

7. Radio-frequency identification,  

8. Advanced planning and optimization,  

9. Financial systems,  

10. Warehouse management system,  

11. Supply management,  

12. Business intelligence and data warehouse,  

13. Point-of-sales,   

14. Legacy system,  

15. Electronic data interchange,  

16. Customer relationship management.  

3.6.4 Supply chain Efficiency & Organization Performance variables  

The variables of SCE and PER have been validated through qualitative questionnaire. 

In response to Q 14 “What are your supply chain performance criteria?” The 

interviewees stressed upon on “flexibility & cost”. However the “cycle Time and 

fulfillment criteria” also considered as performance criteria by interviewees. 

Moreover, most of them have linked “delivery mechanism and out of stock situationò. 

“The business success is indissolubly related to the supply chain productivity”. 

Productivity is a simple theory of output vs input. A survey conducted by Deloitte in 

2014 shows that, profit growth of 79% of organizations with highly productive supply 

chains is greater than the average within their industries. This leads us to understand 

how essential it is to improve productivity in supply chains.  

Table 3.3 presents the SCE variables are identified in Chapter 2. 
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Table 3.3 SCE variables identified through literature review 

Authors Variables 

Performance indicators 

of SCOR model (SCC, 

2004) 

Delivery reliability in the supply chain, Flexibility of supply chain, 

Supply chain cost, Efficiency of asset management in the supply 

chain. 

Jabari et. al., (2015) Quality, Cost, Flexibility, Delivery. 

Kaabinezhad et. al., 

(2014) 

Cycle time, Lead time to deliver, Flexibility, Cost. 

Therefore, clubbing the two, this research has identified the list of 7 key SCE 

variables for this research as shown below. 

1. Supply Chain Flexibility, 

2. Supply Chain Cost, 

3. Supply Chain Cycle Time, 

4. On-Time Delivery, 

5. Sock Out Situation, 

6. Productivity, 

7. Fulfillment Efficiency. 

Organization performance measurement is a complex phenomenon involving 

multiple stakeholders and operation, functional, financial, human resource 

involvements. Therefore, the survey has deliberately avoided the question on 

organization performance and relied on academic review. The PER variables as 

presented in Chapter 2 is displayed in Table 3.4. 

Table 3.4 PER variables identified through literature review 

Authors Variables Journal 

Jitpaiboon, 

2005; 

Market share, return of investment, 

customer satisfaction, sales growth, profit 

margin, competitive position. 

 

Doctoral dissertation, The 

University of Toledo; Google 

Scholar online database. 

 

So, the organization performance variables are listed as below- 

1. Market share, 
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2. Sales growth, 

3. Competitive position, 

4. Profit margin, 

5. Return on investment, 

6. Return on sales. 

3.7 Final Research Framework  

The final research framework which is the foundational theory of this research, is 

depicted in Fig 3.5. The framework has been developed with the help of the literature 

review, qualitative survey and using exploratory method. Exploratory method is 

followed because the subject of integration and disintegration is new and the data is 

hard to gather. It describes the underlying variables for each construct and the 

theorized causal relationships among constructs based on the literature review. The 

hypothesized relationships among the different constructs include SCI, DIS, SCE, and 

PER are shown in Fig 3.5. The framework has focused on the IT and business 

processes of layer of integration.  

Each of the variables and corresponding labels are listed in Table 3.2. Each of 

these constructs will be considered in the following section. 
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Figure 3.3 Final Conceptual Framework 

The indicators related to logistics (Transport management system-TMS, Order 

management system-OMS, Inventory management system-IMS) are added to SCI, 

which are shown in selective disintegration as well. Qualitative interviews have 

helped to formulate the possible disintegration components of supply chain.  

Moreover, most of the organizations surveyed, are using enterprise resource planning 

(ERP) software for efficient planning and management. ERP offers a package of 

software systems which includes advanced planning, client relationship management, 

business/data warehouse, logistics management (TMS, OMS, IMS) besides a whole 

bunch of other software like sales & distribution, financial information systems, 

human resource management etc. Table 3.5 shows an initial recognition of the major 

indicators which have been identified through literature review and from qualitative 

interviews. 
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Table 3.5  Summary of variables 

Constructs Attributes/Dimensions Label 

Supply Chain 

Integration (SCI) 

Advanced planning APO 

Electronic data interchange EDI 

Demand Forecasting DFS 

Legacy system LGS 

Financial systems FIS 

Supply Management SMT 

Customer relationship management CRM 

Collaborative planning & forecasting CPS 

Inventory management system IMS 

In-house systems HIS 

Point-of-Sales POS 

Transport management system TMS 

Radio Frequency RFI 

Data warehouse system DWS 

Radio frequency system RFI 

Electronic Data Interchange EDI 

Order management system OMS 

Sales & distribution system SDS 

Human resource system HRS 

Disintegration (DIS) 

Order management OMS 

Inventory management  IMS 

Transportation management TMS 

Supply Chain 

Efficiency (SCE) 

Supply chain flexibility FLX 

Supply chain cost SCC 

Supply chain cycle time SCT 

On-time delivery OTD 

Organizational 

Performance (PER) 

Market share MKT 

Sales growth SGT 

Profit margin PMR 

Return on investment ROI 

Return on sales ROS 

Most of the respondents (80% of 30 respondents) have favored the idea of “un-

bundling and disassembling of the Enterprise Resource Planning (ERP) mega ï 

system, especially the logistics modules such as order management system (OMS), 
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inventory management system (IMS), and transport management system (TMS) 

stating that this unbundling will offer flexibility and data exchange and interfaces 

between organizations. Moreover, response time of the system and data capturing will 

be faster and only necessary data will flow to the ERP Mega systemò. Respondents 

also specified that for “organizations doing major business with supply chain 

partners, instead of relying on one big ERP, some of the ERP functionality can be 

split and move to cloud for supply chain flexibility and more reliable performance, 

easy care and less capital costò. More or less of the respondents also mentioned that 

“core functionalities which requires frequent usage should be in a single instance of 

ERP, non-core areas, external work areas catering largely to few key process 

wherever possible, can be placed on the cloud, and this presents a quicker approach 

to maintain the supply chain lean and manage variations in a safer direction. In 

answer to the query – “Are there any aspects of your supply chain that you trust are 

too integrated to a point that hinders the operational efficacy?” there are responses 

for instance, “order management and warehouse managements, master data and 

inventory managements, authority checks and transactionsò. Respondents indicate 

that there should be a “fine balance between operational easiness and end to end 

integration aspectsò. This research work has considered the selective elements of 

logistics modules - transport management, order management and inventory 

management as disintegration variables to examine the effect on performance. 

The aim of this research is to empirically test the association between important 

constructs of SCM which are identified in this research. These are supply chain 

integration (SCI), and selective disintegration (DIS) and how these critical factors 

influence supply chain efficiency (SCE) and organization performance (PER). SCI 

and DIS have been taken as independent variables, while SCE acts as both dependent 

and independent and organization performance has been considered as dependent or 

endogenous variable in this research. SCE is dependent on SCI and DIS and driving 

PER as independent variable. 
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3.8 Hypotheses Formulation  

The hypotheses are a tentative explanation of the research problem and a possible 

outcome of the research. The problem cannot be methodically solved unless it is 

condensed into hypotheses form. This research has formulated the hypotheses 

partially based on literature review and partially from the information & knowledge 

gathered through qualitative survey. Fig 3.4 illustrates the hypotheses generation 

process. 

 Preliminary ideas
(Mostly vague & 

general)

Preliminary 
observations

Literature 
review

Problem statement

Operational definitions 
of constructs

Research hypotheses ( a specific 
deductive prediction)

 

Figure 3.4 Generation of Research Hypotheses 

** Source: Prasad et al., 2001 

In their study of Royal Dutch Shell Group, Lasschuit & Thijssen, 2004 have 

supported SCI in terms of planning and scheduling decisions in the oil & chemical 

industry using a mixed-integer non-linear programming model. Their findings show 

substantial benefits not only in economic terms, but also in an improved 

understanding of the interactions between the various components of the business. 
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Amin & Benyamin, 2015 have conducted a case study on the Abadan 

Petrochemical Company, Iran. Their findings confirmed the significant positive 

relationship between SCI and PER. Huo et al., 2014 have found that, 1) both direct 

and collateral effects of SCI on PER, 2) SCI practices and competitive strategies 

influence PER. Kristal et al., 2010 have also found that, the direct and indirect effect 

of SCI on PER. However, their studies examined mostly operational aspects of SCI 

and their effect on PER. 

Qrunfleh & Tarafdar, 2012 have investigated the relationship between SCE and 

PER and found a significant relationship between SCE and PER. Chow et al., 2008 

also found a positive relationship between SCE and PER in the USA and Taiwan 

manufacturing sectors. Although, their study examined the supply chain information 

system strategy for SCE and PER, but their study did not include SCI for that matter. 

Deshpande, 2012 has conducted a literature review on SCM, SCE and PER. The 

findings reveal linkage of SCM on SCE and the linkage of the SCE on PER. The 

direct effect of SCI on SCE or PER is missing in their study. 

Flynn et al., 2010 have examined the relationship between SCI and PER and 

found that SCI has a significant relation with PER. However, their study based on 

literature review and no empirical examination was carried out. 

 Therefore, on the effect SCI on supply chain efficiency and organization 

performance, the following hypotheses were formulated based on structured literature 

review and further exploratory research: 

(H1) Ÿ Supply chain efficiency is positively influenced by supply chain integration. 

(H2) Ÿ Supply chain integration has a significant positive influence on 

organizational performance. 

Van Der Vaart et al., 2006 have conducted an analysis of the different dimensions 

under the integration construct and analyze integration. They have recommended a 

tailored approach for SCI to be successful. FabbeȤCostes & Jahre, 2008 have 

conducted a literature review and their findings revealed that more SCI does not 

always improve performance. In outsourcing context, Jiang et al., 2006 have 
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conducted an empirical investigation on the effect of outsourcing on PER. Their 

findings provide evidence that outsourcing can improve a firm's costȤefficiency. 

Mackelprang et al., 2014 have conducted meta-analysis correlation to find the impact 

of supply chain integration on supply chain efficiency. They have found that, the 

complex relationship of SCI and PER. They also have hinted that, integration should 

not be a performance enhancer unanimous. Kim, 2009 has examined the causal 

associations among SCM practice, competition capability, the level of the supply 

chain (SC) integration, and firm performance. The author has recommended the 

importance systemic SCI may in the early stage of integration. Some researchers have 

sounded concerns over the right level of SCI required to maximize PER in both 

practice and research. Stank et al., 2001 did not find a direct association between SCI 

and PER. Koufteros et al., 2005; Swink et al., 2007 found a negative association 

between SCI and PER. 

Therefore, the below hypotheses have been derived from such adverse discussions 

on SCI effect. 

(H3) ï Selective disintegration has a significant positive influence on supply chain 

efficiency. 

(H4) ŸSelective dis-integration has significant positive impact on organizational 

performance. 

Lee et al., 2007 have found an association between PER and SC innovation factor 

constructs, while Ellinger et al., 2012 have found out the positive impact of the SCE 

on PER. Li et al., 2005 have conducted a study on the impact of the SCE on PER. 

Their findings supported the SCE improved competitive advantage and PER. Hult et 

al., 2004 have conducted a study on the supply chain cycle and their findings reveal 

that reduced supply chain cycle time improves chain performance, which is directly 

linked with PER. Martínez Sánchez & Pérez, 2005 have identified a positive relation 

between a superior performance in flexibility capabilities in supply chain and firm 

performance. However, their study focused on one or two particular aspect of 

performance criteria and mostly on qualitative aspect such as customer satisfaction, 

shareholders value, supplier & internal stakeholder satisfaction etc. The empirical 

association is hard to find in academic literature between SCE and PER.  
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Therefore, the final set hypotheses can be drawn on the impact of SCE on PER:  

(H5) Ÿ Supply chain efficiency has a significant positive influence on organizational 

performance. 

The research questions are resolved based on the above formulated hypotheses. 

Table 3.4 presents the answer table. 

Table 3.6 Research questions and hypotheses 

Research Questions Research hypotheses 

Question 1: What is the relationship 

between the SCI and SCE? 

(H1) → Supply chain efficiency is positively 

influenced by supply chain integration. 

Question 2: What is the relationship 

between the SCI and PER?  

(H2) → Supply chain integration has 

significant positive influence on organization 

performance 

Question 3: What is the impact of DIS 

(selective disintegration) on SCE??  

(H3) → Selective disintegration has significant 

positive influence supply chain efficiency 

Question 4: What is the impact of DIS on 

PER?  

(H4)→Selective dis-integration has significant 

positive impact on organization performance 

Question 5: Is SCE directly linked to PER? 

(H5) → Supply chain efficiency has significant 

positive influence on organization 

performance. 

Final survey questions, quantitative in nature and with rating scale will be 

prepared for framework testing. Quantitative analysis will be done using XLSTAT 

(reliability, component analysis, exploratory factor analysis (EFA), correlations and 

factor analysis. Finally, all the above hypotheses shall be tested to examine the 

relationships among the proposed variables using SEM.  

3.9 Chapter Summary 

This chapter was primarily absorbed in developing a semi-structured questionnaire 

sampling to conduct interviews to drive final theoretical framework and research 

hypotheses. The qualitative interview produced results provided meaning, experience 
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and views on all four constructs and variables associated. Actual data on SCI 

concerned to supply chain optimization is hard to gather and compare between 

companies.  

It has been observed from different technical journals that the convergence of 

different technologies and prominence of internet-based solutions influencing the 

business scenario. At the same time, it was felt that, the information systems and 

related business processes at the enterprise level, becoming more complex and more 

science based. Many organizations are choosing for custom-built applications such as 

Enterprise resource planning (ERP) systems as a part of their performance, CRM for 

the relationship management, etc. ERP gradually adding logistics modules such as 

WMS, IMS, TMS and OMS. Normally, SCM systems integrate ERP functionality 

whilst utilizing internet technologies in unvarying platform creation. Integration is 

thus having a vital role at the heart of these systems. As a result, the integration of 

different in-house built legacy system and other information systems becomes the 

core issue in terms of facilitating the functioning of the business models and software 

applications in question. The problem coupled with this, is the formation of an 

appropriate standard, which adopts data exchange syntax, the parameter of 

middleware, enterprise integration and of legacy integration adapters in the context of 

mixture enterprise systems in use. However, the data exchange syntax is beyond the 

scope of this research. This research has identified the primary constructs SCI, DIS, 

SCE and PER and variables associated with them through literature review and 

validated through semi-structured questionnaire and will move forward to research 

methodology. The research methodology, quantitative survey and data analysis, 

statistical packages and tools used for analyzing the data are explained in the next 

chapter.
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CHAPTER 4  

RESEARCH DESIGN & METHODOLOGY 

4.1 Introduction  

This chapter presents a detail discussions on the methodological approach that has 

been taken to examine the research framework and hypotheses. The methodology has 

been carefully planned to suit the research, which involves selecting and applying 

appropriate procedure for information collection, parameter estimation and research 

tool. Quantitative data collection is essential to meet the research goal. 

Prior to large scale data collection method, development & purification of data 

collection instruments has been presented in this chapter followed by basic statistical 

and advanced analytical tests. In the end, this chapter offers a descriptive discussion 

on statistical software and statistical tools employed for to empirically examine the 

proposed hypotheses. Therefore, through this chapter, this research wants to establish 

the methodological approach for this research and accomplish the reliability and 

validity of research instruments. 

4.2 Research Design 

The research design is exploratory keeping in mind to confront new problems on 

which very less or no previous research has been performed. To meet the research 

goal, this research aims to test the relationship among the primary constructs - supply 

chain integration, selective disintegration and supply chain efficiency and 

organization performance. The project consists of examining the existing supply chain 
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integration, investigate and identify variables that cause an overload and can therefore  

be disintegrated from the distribution process to form a lean and agile efficient 

system.  

4.3 Justification for Selecting Supply Chain Integration in Oil & Gas I ndustries 

The challenges facing by oil & gas industries with fluctuating prices, Government 

regulations, Iraq and Syria, which are the two large crude oil producing nations are 

severely disturbed, black market influence, etc. has already been discussed in chapter 

1. In order to endure and  stay economical in the market place, oil & gas industries are 

revamping their supply network which is an important activity post refining in 

downstream. So, this research has looked into some of the statistics to understand the 

oil business especially in Malaysia and Singapore. 

Oil contributes to a considerable part of the world’s energy utilization, going from 

a low of 32% for Europe and Asia, to a high of 53% for the Middle East (Ref: from 

Neo-Science and Group website -http://www.gsneoscience.com/Industries/OilGas). 

As per Malaysia Petrochemical Country Report, 2014, “Malaysia is the second largest 

oil and natural gas producer in Southeast Asia, and is strategically located among 

important routes for seaborne energy trade.” Therefore, Malaysia has the potential to 

be a key pillar in energy strategy by becoming a regional oil storage, trading and 

development hub that will attract technical expertise and downstream services to be 

able to compete within Asia” (Ref: US energy information administration-

www.eia.gov). The state-owned oil & gas company PETRONAS and the privately 

owned Lotte Chemical Titan dominate the Malaysian petrochemicals companies. 

From Singapore perspective, the petroleum industry has been an integral component 

of country’s economy, ever since oil trading activities started in 1891. Over the years, 

oil has been the catalyst for which the refineries provide advantaged feedstock, 

therefore maintaining the competitiveness of the chemical industry.  Today, Singapore 

is the undisputed oil hub in Asia and is one of the world’s top three export refining 

centers. “Singapore is the region’s premier hub for oil & gas – a valuable sector that 

http://www.gsneoscience.com/Industries/OilGas
http://www.eia.gov/
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contributed nearly 5% of Singapore’s gross domestic product in 2015” 

(https://www.edb.gov.sg).  As the competitiveness of the energy industry in Singapore 

is continuously thriving to grow, the regime is expecting to develop innovative 

logistics solutions to enhance the synergies of refining, trading, and logistics activities 

to satisfy worldwide energy need. Historically, the manufacturing industry is over 

27% of Singapore GDP and chemical industry contributes 45% of manufacturing 

output. A McKinsey 2016 report confirms that, in last 24 months, companies in the oil 

& gas supply chain have gone from boom to bust. However, the report says that, 

supply chains will play the key role in oil and gas sector recovery. Academics have 

observed that, the current business competition is all about supply chain vs. supply 

chain. The supply chain is a significant influential factor in the overall effectiveness 

and success in industries like oil & gas. Hence, this research felt the necessity to study 

the SCI process in oil & gas industry, which is contributing a significant amount to 

the nation’s economy. 

4.4 Research Ontology & approach 

Research ontology is more or less how the facts are interpreted and evaluated in this 

research. Ontology refers to methods and tools to help the identification the basic 

constructs of information systems, as well as the invariants that are present in an 

information system (Fonseca, 2007). The objectivism is the main feature of ontology. 

Identification of ontology at the outset of the research process was essentially 

important because this will influence the choice of the research plan. 

Fig 4.1 exemplified the choice of objectivism ontology leads to positivism 

epistemology, which is connected with an inductive research approach and 

accordingly, quantitative research method is used. 
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Figure 4.1 Research ontology diagram 

 In accordance with Saunders et al., 2011 where management in itself is an 

objective entity, the objectivism and positivism perspective is more significant to this 

research with a specific end goal to empirically investigate the part of SCI and DIS in 

association with SCE and PER. Fig 4.2 illustrates the inductive approach. 

 

Figure 4. 2 Inductive approach 

This research has started with the examinations and from the findings, theories are 

proposed towards the middle of the research process. No theories or hypotheses were 

applied in the beginning of this research. Moreover, this approach targeted to create a 

meanings from the data set to identify patterns and association to build a theory. It is 

not an easy task to inspect the associations between all these variables, especially 

investigating the association through a contingency approach. This research has 

attempted to find that, the casual connections between SCI and SCE; SCI and PER; 

DIS and SCE; DIS and PER; SCE and PER.   
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4.5 Nature and Origin of Information  

This research is based on primary data collection. Primary data pertaining to the SCI, 

SCE measures, disintegration theory and PER were collected using structured survey 

method of administering quantitative questionnaires to the senior executives in 

Refinery, petrochemical, Chemical, Information Technology and other process 

industries located in Malaysia and Singapore. Chemical and other process industries 

were chosen because of similarities in the nature of business and supply chain flow. 

IT industries were selected because system integrators or consultants are primarily 

from IT companies. This has helped to eliminate biases and to collect assorted data.  

4.6 Research Instrument  

The primary goal of this research is to investigate into the relationship between SCI & 

SCE, DIS & SCE and their effect on PER in the oil & gas industry. Well-structured 

questionnaire was prepared and reviewed by academicians (two research scholars) 

and industry experts (5 vice presidents from process industries in supply chain & 

logistics management and system integration). Final set of questionnaire was 

administered personally to the identified senior executives which is based on 

quantitative aspect and measurement scales (Likhart scale 1-5) relating to SCI and 

SCE, SCI and PER, SCE measures, DIS and likely impact on SCE. Any double 

barreled questions were avoided and focus was on one question with one subject only. 

The data were used to estimate the measurements developed in the proposed 

framework. The survey planned to be carried for 3-6 months. The data are 

confidential in nature and only the researcher and research team will have access to 

the collected data. 

Fig 4.3 presents a research methodology workflow to strategize the work and to 

prepare a guideline for the process to be adopted. The workflow is an easy 

understandable diagram and needs no major explanation. Briefly, the work began with 

literature review and interview with 5 vice presidents of SCM and end with internal 
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consistency test using Cronbach’s α and DG rho.  Research methodology will strictly 

follow the guideline set by the workflow to achieve research goal. 

 

LR and interview 
with 5 VPs of SCM

Initial instrument for SC 
layers, variables and 

performance criteria

Pre-test with academecians 
and SCM practioners

Establishing content 
validity

Pilot testing using 15 
practioners

Testing for reliability & 
construct validity

Establishing 
content validity

Refinement

Data collection with 
full questionnaire

Test for internal 
consistency (DGρ

and Cronbach's α)

Test for unidimensioality 
and validity using PLS-PM

Structural Equation
Modeling and Hypothesis 

test.
 

Figure 4.3 Research workflow 

4.7 Development and Purification of Data Collection Instrument 

An attempt was made to ensure a reliable and valid research instrument for this 

research. Valid research instrument refers to how well an assessment actually 

measures what it plans to measure. This has ensured the accuracy of data collection 

and the development process of the survey questionnaire. Therefore, content validity, 

reliability test and construct validity assessments were examined. 
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4.7.1 Content Validity Measurement 

The content validity measurement was important for this research to ensure the match 

between survey questions and the subject area. Through this validation, this research 

has tested if the questions really assess the constructs or are the responses of the 

person answering the questions influenced by other factors? 

Therefore, after generating the required variables, the next step is to ensure that 

the statement included in this research instrument is easily understandable and 

commands the required content validity measurement. A careful validation, 

measurement process was employed by relying on the knowledge of people who are 

familiar with the construct being measured. These subject-matter experts were 

provided with access to the measurement tool and are asked to provide feedback on 

how well each question measures the constructs. Their feedback was then analyzed, 

and decisions are made about the effectiveness of each question. 

The instrument was given to two academicians with information science and 

supply chain background and their remarks about the questionnaire were obtained. 

Next, five professionals who are expert in the field of operational efficiency, SCM, IT 

& SCI, business intelligence & data warehouse and statistical analysis, were requested 

to examine the instrument. Finally, 5 practitioners from different industries includes: 

3 from Refinery, 1 from Chemical and 1 from IT were requested to run through the 

instrument and their comments were also recorded. These suggestions were given due 

consideration and the variables included in the questionnaire were modified as 

accordingly. Thus, the validity of the content was confirmed this way based on the 

opinion and suggestion of the subject matter experts. The following changes were 

made to make the questionnaire clear and more understandable and meaningful for 

this research. 

1) Demographic questions were added (type of industry, number of employees, 

number of years in business). 

2) Some of the indicators in supply chain integration were clubbed under one 

head, as these have similar functionalities. Demand forecasting and Supply 
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Management were clubbed with Collaborative Planning & forecasting (CPS), 

Legacy System was clubbed with In-house software (IHS).   

3) Human resource system (HRS) was removed, as this software has very little 

contribution to supply chain management.  

4) Two questions related to supply chain integration, information technology and 

supply chain performance were deleted. 

5) The phrasing of some questions with respect to supply chain efficiency, 

selective disintegration were reformed to keep off the bias of response. 

6) In summation to the system integration impact of supply chain efficiency, 

another inquiry with respect to supply chain integration impact toward supply 

chain efficiency, was added.  

7) Question with instances of logistics models which can be disintegrated was 

added to provide more clarity to the respondents. 

8) Dimensions on organizational performance was appended as extra question. 

The above changes were incorporated after extensive consultations with subject 

matter experts to assure that, the aims of the research shall be effectively and 

efficiently achieved by the data collection through administering the tool. Thus, a 

format of the questionnaire was arrived. Questionnaire was set in two parts- part 1 

constitutes demographics containing type of industry, number of employees, number 

of years in business, type of ownership and usage of SCM software;  these are to 

assess business and supply chain maturity of the organization;  part 2 constitutes 

questions related to IT models integrated with supply chain, business processes 

integrated with supply chain, impact of system integration in supply chain, integration 

and disintegration towards supply chain efficiency, logistics functionalities 

disintegration, variables of SCE measures and PER variables. So, 13 sets of questions 

were selected for the final survey. This includes 3 questions related to demographics. 

The questionnaire is mixed on single choice and multiple choices and based on 

Likhart scale. Out of 10 questions, 1st three are demographics and then- 
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1. The 4th question is related to IT models that are integrated with supply chain 

which is a multiple choice and consists of 13 choices. The aim is to collect 

insight about business processes and information technology integration with 

supply chain.  

2. The 5th question is about business processes/ERP modules integrated with 

supply chain. The aim is to set the atmosphere and make a background on 

disintegration factors. 

3. 6th and 7th questions are related to impact of system integration with respect to 

supply chain efficiency; these questions are very similar and asked in different 

ways. The objective is to collect perception of the respondents on supply 

chain integration and estimate psychometric analysis on the issue.   

4. 8th, 9th and 10th questions are related to system disintegration and are 

interlinked. 8th and 9th questions are of single choice related to the 

disintegration which sets the atmosphere for seventh question and collects 

perception of the respondents on disintegration subject. Aim of 10th question 

is to garner the opinion on selective disintegration.  

5. 11th question is linked to supply chain efficiency, which is a multiple choice 

question. Its purpose is to collect perception about an efficient supply chain 

from respondents. 

6. 12th and 13th questions are related to organizational performance, where the 

12th question creates an ambience for the 13th question. 13th and final question 

is a multiple choice question and aim is to collect perception of organizational 

performance from the respondents. 

Final set of questionnaire is presented in Appendix E. Table 4.1 displays the 

constructs with additional indicators and measurement scale of 1 to 5 with 1 being 

strongly disagree and 5 being strongly agree. The inventory management, order 

management and transport management variables were moved to disintegration block. 

Therefore, the new SCI constructs with 10 variables, DIS constructs with 3 variables, 

SCE constructs with 7 variables and PER constructs with 6 variables. 
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Table 4.1 Revised Constructs and Indicators 

Constructs Attributes/Dimensions Label Scale 

Supply Chain 

Integration (SCI) 

Advanced Planning APO 
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Electronic Data Interchange EDI 

Customer Relationship Management CRM 

Collaborative Planning & Forecasting CPS 

Inventory Management System IMS 

Transport Management System TMS 

Data Warehouse System DWS 

In-House System HIS 

Point Of Sales System POS 

Radio Frequency System RFI 

Financial Information System FIS 

Order Management System OMS 

Sales & Distribution System SDS 

Disintegration 

(DIS) 

Order Management OMS 

Inventory Management  IMS 

Transportation Management TMS 

Supply Chain 

Efficiency (SCE) 

Supply Chain Flexibility FLX 

Supply Chain Cost SCC 

Supply Chain Cycle Time SCT 

On-Time Delivery OTD 

Stock Out Situation SOS 

Productivity PRD 

Fulfillment Efficiency FFE 

Organizational 

Performance 

(PER) 

Market Share MKT 

Sales Growth SGT 

Overall Competitive Position COM 

Profit Margin PMR 

Return On Investment ROI 

Return On Sales ROS 

4.7.2 Reliability Test 

Reliability is the ability of a measuring instrument to give accurate and consistent 

results. In this research, statements are employed to measure SCI related variables, 
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disintegration components which are the variables of DIS, variables of SCE and 

variables of PER. For all the statements five points Likhart scale was used 

(5=Strongly Agree, 4=Agree, 3=Neutral, 2=Disagree, 1=Strongly Disagree) to capture 

the responses. 

Before going for a full-fledged data collection, a small pilot study was conducted 

to test the needed reliability of the constructs SCI, DIS, SCE and PER using XLSTAT 

PLS-PM. 

4.7.2.1 Psychometric Testing 

Psychometric test was done to ensure that, the constructs included in the questionnaire 

capture the necessary information required for this research. The pilot test was 

conducted with 10 practitioners which has helped to modify the questionnaire to 

ensure a robust and effective survey instrument is circulated. There are two IT 

practitioners were added who were experienced in consultancy of major supply chain 

system implementation and applications integration. The aim was to get a different 

perspective on the matter and to eliminate biases.   

4.7.2.2 Composite Reliability 

There are two different standards to assess the composite reliability are available: DG 

ρ (Dillon-Goldstein’s rho) and Cronbach’s α. Cronbach's alpha will generally increase 

as the inter-correlations among test items increase, and is thus known as an internal 

consistency estimate of the reliability of test scores. Because inter-correlations among 

test items are maximized when all items measure the same construct, Cronbach's 

alpha is widely believed to indirectly indicate the degree to which a set of items 

measure a single unidimensional latent construct.  

The quantitative survey is not only for reliability testing of constructs, but also for 

making necessary changes in the questionnaire so that the required information from 

the target respondents can be produced. The questions were modified according to the 
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feedback given by the respondents during the pilot survey. The changed questionnaire 

was again run through a reliability test with another 5 respondents.  

The directly measured variables are referred to as manifest variables (MV). The 

unobservable constructs referred as latent variables (LV). For, each MV represents 

only one LV, therefore, the LV needs to be unidimensional and LV is considered as 

unidimensional when α and ρ is > 0.7. 

 Cronbach's α of a block of p variables xh when they are all positively correlated. 

Cronbach has proposed the following procedure for standardized variables (equation 

4.1): 

α = p / (p-1) [Ʃh≠h’cor(xh, xh’) / (p + Ʃh≠h’cor(xh, xh’))]  (4.1) 

The Cronbach’s alpha is also defined for original (raw) variables as (Equation 

4.2): 

α = p / (p-1) [Ʃh≠h’cor(xh, xh’) / var(Ʃhxh)]  (4.2) 

Dillon-Goldstein's sign of the correlation between each MV xh and its LV ξ is 

known by construction of the item and is supposed here to be positive. The Goldstein-

Dillon's r is defined by (equation 4.3): 

r = (Ʃh=1..pπh)²Var(ξ) / [(Ʃh=1..pπh)² Var(ξ) + Ʃh=1..pεh]  (4.3) 

Considering that, all the MVs xh and the LV ξ are standardized. An 

approximation of the latent variable ξ can be obtained by standardization of the first 

principal component t1 of the block MVs. The estimation of the Dillon-Goldstein's 

rho can be estimated using the following equation 4.4: 

ȓ = (Ʃh=1..pcor(xh,t1))² / [(Ʃh=1..pcor(xh,t1))² / + Ʃh=1..pVar(εh)]  (4.4) 

ρ is a better indicator than α as it is based on the results from the loadings, rather 

than along the correlation observed between constructs in the dataset. The results 

obtained are reported in Table 4.2. 
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Table 4.2 Reliability test results 

Latent Variables 
Manifest 

Variables 

Pilot study with 10 

respondents 
Next 5 respondents 

  
Cronbach’s 

alpha (α) 
DG rho (ρ) 

Cronbach’s 

alpha (α) 

DG rho 

(ρ) 

 (SCI) 13 0.561 0.701 0.721 0.810 

 (DIS) 3 0.623 0.698 0.747 0.906 

 (SCE) 7 0.514 0.723 0.810 0.861 

 (PER) 6 0.451 0.695 0.884 0.795 

 It is evident from the above table that, α and ρ values have improved over pilot 

study. The α and ρ values of data gathered from the 5 respondents after making 

changes are > 0.8 and >0.7, which means, all the variables are unidimensional. This 

implies that, no change is required to be effected in the research instrument and there 

is no early response bias.  

4.7.3 Construct Validity  

Construct validity refers to whether a scale or test measures the construct adequately 

and is estimated by measuring the respective loadings and cross loadings to evaluate 

if there are any problems with any particular items. Hair et al., 2010 recommended the 

cut-off value for the loadings at minimum 0.5 is significant.  

The estimation of convergent validity and divergent or discriminant validity are 

sub sets of construct validity are presented in below sub sections. 

4.7.3.1 Convergent Validity 

Convergent validity is tested by observing the factor loading level. Further, the 

average variance extracted (AVE) is examined for each factor.  

The AVE measures the amount of variance that is captured by the construct in 

relation to the amount of variance due to measurement error and is calculated as per 

equation 4.5: 
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AVE ranges from 0 to one (Fornell & Larcker, 1981). If the AVE is <0.50, then the 

variance due to measurement error is > variance due to the construct. In that case, the 

convergent validity of the construct is questionable. Table 4.3 represents the weights 

of the relationship between each dimension to its own constructs, together with AVE. 

Table 4.3 Outer weight and Average Variance Extracted 

Latent variable Manifest variable Outer weight 

(Bootstrap) 

AVE 

SCI APO 0.131  

 

0.509 

 

 

 

 

 

 

EDI 0.192 

CRM 0.151 

CPS 0.147 

DWS 0.195 

HIS 0.188 

POS 0.190 

RFI 0.154 

FIS 0.090** 

SDS 0.080** 

DIS OMS 0.202 0.769 

IMS 0.401 

TMS 0.458 

SCE SCT 0.410  

0.563 

 

 

SCC 0.292 

FFE 0.122 

OTD 0.371 

PRD 0.124 

SOS 0.121 

FLX 0.242 

PER 

 

MKS 0.611 0.503 

 

 
SGT 0.094** 

PMR 0.287 

COM 0.790 

ROI 0.079 

ROS 0.068** 

** denotes very weak values 

AVE values > 0.50 are considered acceptable because they indicate the shared 

variance between the LV and its MVs is larger than variance of measurement error. 

Sum of the squared factor 

loadings 

Sum of the squared factor 

loadings 

 

Sum of error 

variances 

 

(4.5) 
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Table 4.3 suggests that, all constructs have met this criteria. Therefore, it can be 

concluded that, convergent validity is established.  

The outer weight measures the impact of the corresponding MV in computing the 

latent variable score as an indicator. It is evident from Table 4.3 that, by means of 

their outer weight value the MV competitive position (COM) and market share 

(MKS) are the most important driver in computing LV organizational performance 

(PER). Based on their outer weight values, these particular MVs have greater effect 

on PER compared to other MVs in this category. The same occurs for MVs on-time 

delivery (OTD) and supply chain cycle time (SCT) are the most important driver for 

LV supply chain efficiency (SCE), for LV disintegration (DIS) the transport 

management system (TMS) and order management system (OMS), for LV supply 

chain integration (SCI) the data warehouse system (DWS), electronic data interchange 

(EDI), point of sales (POS) and in-house software (IHS) are the most important 

drivers (highlighted in bold in the above table).  

Since, all the MVs are representative of their own LVs, therefore the standardized 

bootstrap loadings were examined to assure that all MVs are correlated with respect to 

their latent variables. Bootstrapping is the practice of estimating properties of an 

estimator by measuring those properties when sampling from an approximating 

distribution. Bootstrapping allows assigning measures of accuracy (defined in terms 

of bias, variance, confidence intervals, and prediction error) to sample estimates 

(Efron, 2003). The effects of the Bootstrap estimation of standardized loadings are 

reported in the below Table 4.4. Hulland & Richard, 1999 suggested that MVs should 

be taken out from the model if they standardized loadings are below the threshold 

value of 0.7. The same authors argue that exception can be made in the case of 

exploratory studies in which standardized loadings values above 0.5 are acceptable. 

Hair et al., 2010 have also suggested a cutoff value of 0.5 for the loadings. Henseler et 

al., 2009 have indicated that, care should be taken when eliminating indicators and 

weaker indicators can be sometimes retained on the basis of their contribution to 

content validity (Hair et al., 2011).  
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Table 4.4 Correlation matrices 

Manifest 

variables 

Standardized 

loadings 

Standardized loadings 

(Bootstrap) 

Lower bound 

(95%) 

Upper bound 

(95%) 

Supply chain integration (** denotes weak values) 

APO 0.787 0.752 0.489 0.898 

EDI 0.555 0.559 0.080 0.862 

CRM 0.748 0.714 0.361 0.913 

CPS 0.861 0.830 0.329 0.943 

DWS 0.516 0.534 0.202 0.874 

HIS 0.792 0.763 0.328 0.923 

POS 0.885 0.824 0.541 0.928 

RFI 0.853 0.809 0.499 0.924 

FIS 0.196 0.269** 0.643 0.729 

SDS 0.205 0.291** 0.643 0.763 

Selective disintegration (** denotes weak values) 

OMS 0.633 0.636 0.040 0.992 

IMS 0.971 0.966 0.905 0.995 

TMS 0.982 0.979 0.922 0.996 

Supply chain efficiency (** denotes weak values) 

SCT 0.810 0.843 0.678 0.981 

SCC 0.863 0.872 0.701 0.964 

FFE 0.567 0.545 0.206 0.809 

OTD 0.878 0.883 0.788 0.958 

FLX 0.567 0.545 0.206 0.809 

PRD 0.535 0.498** 0.198 0.768 

SOS 0.561 0.532 0.201 0.798 

. Organization performance (** denotes weak values) 

MKS 0.644 0.634 0.146 0.195 

SGT 0.997 0.858 0.383 0.994 

PMR 0.080 0.054** 0.841 0.905 

COM 0.759 0.735 0.272 0.286 

ROI 0.137 0.121** 0.661 0.507 

ROS 0.055 0.068** 0.750 0.686 

As can be seen from above table, that, standardized loadings of significant 

manifest variables are in the range of 0.534 and 0.979. The weak values are denoted 

by ** mark in the above table which do not correlate with each other in their 
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respective category. The weak variables as a part of construct validation, have been 

identified through pilot test. Still, more on construct validity have been hashed out in 

below section. 

4.7.3.2 Discriminant Validity 

Discriminant validity calculation is usually accepted prerequisite for examining 

associations between latent variables (Henseler et al., 2015). Discriminant validity 

ensures that a construct measure is empirically unique and represents observable of 

interest that other measures in a SEM do not capture (Hair et al., 2010). It indicates 

the point to which the four latent variables used in this research are distinct among 

themselves. Fornell-Larcker, 1999 criteria is used to measure discriminant validity in 

this research. According to the criteria, the AVE of the latent variable should be 

greater than the square of the correlations among the latent variables. In other words, 

more variances should be shared between the latent variable component and its 

variables than with another variable representing a different set of indicators. Cross 

loadings can be another test for discriminant validity, which will testify that each 

variable loads higher for its respective LV than as indicators for other LVs. If an 

indicator has a higher correlation with another LV, then the appropriateness of the 

model may be reconsidered. Table 4.5 report the result of discriminant validity. 

Table 4.5 Discriminant validity (Squared correlations < AVE) 

  PER SCE DIS SCI  (AVE) 

PER 0.709    0.503 

SCE 0.566 0.750   0.563 

DIS 0.233 0.223 0.876 
 

0.769 

SCI 0.276 0.293 0.050 0.713 0.509 

 (AVE) 0.503 0.563 0.769 0.509 0 

Diagonal elements (Bold) are the square root of variances shared between the 

constructs and their measures (AVE). Off-diagonal elements are the correlation 

among constructs. For discriminant validity, the diagonal elements should be larger 

than the off-diagonal elements. 
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Table 4.5 shows that, the square roots of the AVEs for the constructs PER (0.709), 

SCE (0.750), DIS (0.876) and SCI (0.713) are all higher than the respective rows and 

columns of the constructs. Thus, all latent variables met the criterion of discriminant 

validity. 

Therefore, it can be conferred from above results that, all the constructs used 

having valid measures and their respective variables according to their parameter 

estimates having statistical significance. Hence, it can be reasoned that, the research 

instrument is demonstrated as valid. 

4.8 Sampling Process 

This research has chosen the specimen sample by 1) finding the respondents who are 

interested and willing to participate in the survey, 2) finding a frame which is the 

targeted respondents from where this research wants to draw the specimen from, 3) 

defining a process of whether randomly or casually.  

Although, ideal is simple random sampling, but neither it was possible nor 

feasible to examine the entire population. It would have been too expensive and time 

consuming. Therefore, stratified random sampling method was employed for large 

scale quantitative survey in this research by dividing the population up into a set of 

smaller non-overlapping sub-groups (strata), then doing a simple random sample in 

each sub-group. Stratification aims to reduce standard error by providing some control 

over variance. 

The quality of the sample is important when examining the results. The 

respondents are expected to possess detailed knowledge of different technical aspects 

mentioned in the questionnaire. In the present survey, the respondents with experience 

in business process and system integration in a supply chain context, different 

software applications related to SCM was mandatory. The respondents were expected 

to have knowledge of demographics queries such as number of employees in the 

organization, size & revenue turnover of the organization, therefore, should be 

manager or above grade.   
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Once the sampling method was decided, the next was to select the optimal 

sampling frame. This was depending on past experience, cost, useable information, 

advice from the experts’, data authenticity. In this research, the sampling frame was 

taken from the Chemical Industries Council of Malaysia (CICM) and The Singapore 

Chemical Industry Council Limited (SCIC). It was expected that, data from these 

sources likely match the research question. Target respondents were manager in SC or 

supply delivery network or above. A manager has minimum 10 years industry 

experience. 

Sampling validity was imperative, particularly in the information science and 

information management research which are the domain of this research. Below 

section deals with sampling validity and measurement estimation. 

4.8.1 Point and Variance Estimation 

4.8.1.1 Point Estimate for Stratified Random Sampling 

      (4.6) 

= 63/75 = 0.84 or 84 % 

Where,  

 

a= the number of individuals with the attribute of interest 

n= the number of individuals samples 
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4.8.1.2 Variance Estimate for Stratified Random Sampling 
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The (N-n) /N term is called the “finite population correction” or fpc.  If the size of 

the population N is large relative to the number sampled n, then this term will have 

little effect on the variance estimate.  Here, assuming population size was 

approximately 25,000 and 250 individuals were sampled, the fpc is: 

fpc = (25,00-250) /25,000 = 0.99 º 1 

Therefore, in this research, fpc will have little influence on the variance estimate.   

4.8.1.3 Studentôs t-distribution 

The t-distribution is normally used to determine the reliability factor for small sample 

sizes. When the population variance is unknown and the sample is random, the 

distribution that correctly describes the sample mean is known as the t-distribution. 

The distribution is a symmetrical distribution whose probability density function is 

defined by a single parameter known as the degrees of freedom (df). 

4.8.1.4 Point Estimate & Confidence Interval 

Estimators are the generalized mathematical expressions for the calculation of sample 

statistics, and an estimate is a specific outcome of one estimation. Estimates take on a 

single numerical value and are, therefore, referred to as point estimates. 

Confidence Interval (CI) explains the amount of uncertainty associated with the 

sampling method. CIs are normally stated as lower confidence limit or upper 

confidence limit. In this research confidence interval of 95% is chosen to apply. 
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Confidence Interval (CI) = sample statistics ± margin of error. The critical value is 

used to calculate the margin of error.  

4.8.1.5 Estimator Properties 

Unbiasedness is used in this research where, the estimator expected value is equal to 

the value of the parameter being estimated e.g. sample mean and sample standard 

deviation. 

4.8.1.6 Degrees of Freedom 

The degrees of freedom parameter that completely characterizes a t-distribution. The 

degrees of freedom for a given t-distribution are equal to the sample size minus 1. 

4.8.1.7 Sample Size Estimation 

As a thumb rule, larger samples are always safer, but that takes more time and effort 

to do. This research has used Cochran’s (Cochran, 1977) sample size formula 

considering the alpha = 0.050, scale= five point, error margin= 0.030 and standard 

deviation = 1.250. The sample size formula for continuous data is given below- 

 

n0 =  =  =  

t = value for selected alpha level of 0.025 in each tail = 1.96   

s = estimate of standard deviation in the population = 1.250 (estimate of variance 

deviation for 5 point scale calculated by using 5/4 (approximately 98%)  

d = acceptable margin of error for mean being estimated = 0.15 (number of points 

on primary scale * acceptable margin of error; points on primary scale = 5; acceptable 

margin of error = 0.05. 

90 
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Thus this research has targeted to collect around 90 + responses through survey 

instrument to validate the research model and generated hypotheses. 

4.9 Data Collection Method 

The objective of data-collection was to incorporate an assortment of respondents from 

various layers in supply chains, e.g., logistics management, data management, 

integration management, etc. and from process industries such as petroleum, refining, 

chemical, etc. Therefore, a cross-sectional self-administered mail survey was 

conducted and discussed in chapter 5.  The downstream supply chains were targeted 

for responses. The downstream chain caters to refining the crude oil into gasoline, 

petrol, diesel etc. and delivering into retail filling stations. 

For the large scale survey Survio server was hired (http://www.survio.com). The 

final set of questionnaire was uploaded on the server. A cover note stating the 

objective and goal of this survey (Appendix D) and a customized message for each 

individual manager was prepared, so that they should not feel that, their mailbox is 

spammed by the survey questionnaire. The Survio offered an easy to understand 

interface where respondents needed to do simply tap on the hyperlink gave through 

email and it would guide them to the main page of the poll. In the modified message, 

the respondents were educated about the information privacy nature of the research 

too. Survio online stage was likewise designed in a way that it would not record the 

Internet Protocol (IP) neither their location will be tracked. This is to ensure complete 

privacy of the respondents. Fig 4.4 is a screen-shot of the on-line survey using Survio 

server. The choice of Survio setting design elements was set with mandatory 

responses before going to the next question. At the end of the online questionnaire the 

respondents were given an option to enter their email.  

http://www.survio.com/
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4.10 Ethics Point 

The oil & gas industry is quite data sensitive industry. In this manner, it was 

imperative that the data gathered through the survey remain absolutely confidential 

and for academic purpose only. The protection of the respondents was a topmost 

priority in this research and it was done without brokering the privilege of the 

respondent, specialist and the Universty. In this way, care was taken to guarantee that, 

there was no question which could uncover identifiable data of the respondents A data 

confidentiality note was appended to the customize email to each respondent. 

Respondents were given choice to enter their official email to obtain a copy of the 

research. 

4.11 Data Preparation 

Data preparation was done to turn the research questions into measurable pieces. 

Following data preparation tools were used to ensure that data are prepared for further 

analysis. 

¶ Data sampling (sampling technique used in this research is Stratified Random 

Sampling without replacement). 

¶ Distribution sampling 

¶ Missing data 

¶ Survey raking 

¶ Histograms 

¶ Normality test 

The outcomes ought to indicate both measurable and useful ramifications. 
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4.11.1 Checking Assumption 

This section presents the multivariate data analysis (MVA) assumptions. MVA refers 

to analyze data that originate from more than one variable using XLSTAT. Normality 

and Multicollinearity are two most common MVA techniques used in this research to 

check the assumption.  

4.11.1.1 Normality 

Two samples were generated, one following a Normal distribution, the second 

following a Uniform distribution. Shapiro-Wilk test was conducted on these samples 

to test the normality distribution of data. The attributes of SCI, SCE, DIS and PER 

were accounted for this test. 

The null hypothesis for this test was that the data are normally distributed. The 

Prob < W value listed in the output is the p-value. If the chosen alpha level is 0.05 and 

the p < 0.05, then the null hypothesis that the data are not normally distributed. If p > 

0.05, then the null hypothesis is accepted. Table 4.6 presents the test results. 

Table 4.6 Shapiro-Wilk Normality test 

Test  w p-value (two tailed) alpha 

Shapiro-Wilk test (normal(2,2)1) 0.956 0.272 0.05 

Shapiro-Wilk test (Uniform (-1.5,5)1) 0.997 0.134 0.05 

Test interpretation:         

H0: The variable from which the sample was extracted follows a Normal 

distribution.         

Ha: The variable from which the sample was extracted does not follow a Normal 

distribution.         

The p > 0.05, so, null hypothesis cannot be rejected. Therefore, the Shapiro-Wilk 

test confirms that the normality assumption for the sample. However, nonparametric 
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tests do not assume that the outcome is approximately normally distributed. Above 

test was conducted to ascertain if the data show a serious deviation from normality. 

The results displayed in the Q-Q plot in Fig 4.4. The Q-Q plot allows to compare 

the cumulative distribution function (cdf) of the sample to the cumulative distribution 

function of normal distribution with the same mean and standard deviation. In the 

case of sample following a normal distribution, an alignment with the first bisecting 

line is observed which the case here was.  

 

 

 

 

 

 

 

 

 

 

So, to conclude two samples were studied, one coming after a Normal 

distribution, the second following a Uniform distribution. The validity of the Shapiro-

Wilk test was conducted on these samples. The test has confirmed the normality 

assumption for the first sample, and allowed to reject it for the second sample. Hence 

the dataset is supported to be possessing normality.  

4.11.1.2 Multicollinearity  

Multicollinearity is a state of very high inter-correlations among the independent 

variables. It is therefore a type of disturbance in the data, and if present in the data the 

Figure 4.4 Normality distribution (Q-Q plot) 
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statistical inferences made about the data may not be reliable. This research has used 

three independent variables: supply chain integration (SCI) and selective 

disintegration (DIS) are totally independent, supply chain efficiency (SCE), which is 

partially independent variable to predict dependent variable organization performance 

(PER). Collinearity statistics contain Tolerance and its reciprocal called VIF (variance 

inflation factor). The VIF is 1/Tolerance, it is always greater than or equal to 1, the 

threshold values < 5.0 and tolerance is >0.2. Results of multicollinearity test are 

shown in Table 4.7. 

Table 4.7 Multicollinearity statistics (VIF values) 

 DIS PER SCE SCI 

DIS  1.276 1.086  

PER     

SCE  1.649   

SCI  1.407 1.086  

 

Thus, there are no multicollinearity issues on a data set. VIF <5.0 means that, the 

regression coefficients were well estimated. However, multicollinearity does not 

reduce the consistency of the model as a whole; it only affects calculations regarding 

individual predictors.  

Statistic on the quality aspects e.g. “type of industry” and “number of employees” 

are displayed in Table 4.8. 
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Table 4.8 Multicollinearity statistics on qualitative variables 

Statistic Tolerance VIF 

Industry-Chemical 0.946 1.058 

Industry-Information technology 0.943 1.061 

Industry-Other process industry 0.930 1.075 

Industry-Petrochemical 0.802 1.247 

Industry-Refinery 0.886 1.129 

Number of employees -1001-2000 0.921 1.086 

Number of employees -101- 500 0.918 1.089 

Number of employees -2001- 3000 0.926 1.079 

Number of employees -3001- 5000 0.910 1.099 

Number of employees -501-1000 0.966 1.035 

Number of employees -> 5000 0.916 1.092 

The multiple regression on qualitative data analysis results are displayed in Table 

4.10 serve as testimony to the fact that there are no multicollinearity issues in the data 

set as VIF value is < 5.0 and tolerance level is > 0.2.  

Therefore, the key dimensions of the research are consolidated and presented in 

Table 4.9 for an easy understanding. 
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Table 4.9 Major Dimensions of the Research 

Dimensions Quantification 

Research objective Exploratory 

Unit of analysis Individual 

Variables Dependent 

Measurement Ordinal 

Time dimension Cross sectional 

Measurement methods Direct 

Sampling Stratified Random Sampling 

Rating scale 
Likhart scale 1-5; (1) strongly disagree; (2) disagree; (3) neither 

agree/nor disagree; (4) agree; (5) strongly agree. 

Data collection Structured and unstructured 

Questioning On-line questionnaire 

Data analysis Multivariate 

Statistical software XLSTAT v2015 

Statistical features 

Simple Mean, Bootstrapping, Factor Analysis, Analysis of Variance 

(ANOVA), Discriminant Analysis (DA), Correspondence Analysis 

(CA), Canonical correlation analysis 

Model Validation tool 
SmartPLS 3.2.4 (Partial Least Square) – Exploratory Factor 

Analysis (EFA) and Path analysis 

4.11.2 Sample mean 

The sample mean is the commonly used measure of central tendency and used in this 

research on many occasions like ranking the priority of SCI, DIS, SCE and PER. Fig 

4.5 depicts the distribution of sample mean plot. 
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Figure 4.5 Distribution of Sample Mean 

* (Source: CFA institute) 

The samples taken out from the population to derive the distribution should be the 

same size and drawn from the same underlying population. 

4.11.3 Bootstrapping to Examine Structural Path Significance 

This research has decided to use PLS-SEM (Partial least square- Structural equation 

modeling) technique for model validation. PLS-SEM uses bootstrap method to derive 

standard errors, confidence intervals and critical values of the sampling distribution of 

estimators. PLS-SEM always depend-on a non-parametric bootstrap procedure to test 

the coefficients for their significance.   

When the sample size is insufficient, Adèr et al., 2008 recommended the bootstrap 

procedure for straightforward statistical inference. 

Bootstrapping estimates a PLS path model for each subsample: 
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¶ Samples:  Number of random samples drawn from the original sample  

(At minimum should equal the number of observations in the original sample, 

but 5,000 is recommended). 

¶ Cases:  Number of cases drawn in each sample run (should be at least as large 

as the number of valid observations in the original sample). 

¶ Bootstrapping provides mean values and standard errors for: 

o Inner model path coefficients. 

o Weights and loadings of the measurement models. 

A great advantage of bootstrap is its simplicity. It is a straightforward way to 

derive estimates of standard errors and confidence intervals for complex estimators of 

complex parameters of the distribution e.g. percentile points, proportions, odds ratio, 

and correlation coefficients. Bootstrap is also an appropriate way to control and check 

the stability of the results. 

The bootstrap method allows for the statistical testing of the hypothesis that a 

specific outer weight W1 is in fact zero in the population.  Using the standard error 

derived from the bootstrap distribution, a student’s t-test can be calculated to test 

whether W1 is significantly different from zero using the following formula: 

*
=

1
..

1

wes

w
t      (4.9) 

Where, W1 is the weight obtained from the original model estimation using the 

original set of empirical data and is the bootstrap standard error of w1. Since the 

number of bootstrapping subsamples is rather large, the results approximate normality 

and normal (Gaussian) quantiles to be used to determine t-values for significance 

testing.  The recommended t-values for the item loadings (outer model) and for the 

path coefficients are t >1.96 at p < 0.05, t > 2.576 at p < 0.01, t > 3.29 at p < 0.001 for 

two-tailed tests. 
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4.11.4 Sample adequacy test 

Kaiser-Meyer-Olkin (KMO) is most commonly used statistical technique to assess the 

sample adequacy of factor analysis data. KMO (Kaiser-Meyer-Olkin) is 

recommended to check the case to variable ratio for the analysis being conducted. In 

most academic and business studies, KMO test play an important role for accepting 

the sample adequacy. When the KMO is near 1, a factor or factors can probably be 

extracted, since the opposite pattern is visible.  

Principal component analysis (PCA) was used to highlight the variation and 

examine sound patterns in the dataset. It has made the data easy to explore. 

4.11.5 Descriptive Analysis   

Descriptive analysis has helped this research to synopsize and view the sample data 

for observable patterns. The following validations were carried on using descriptive 

analysis:  

¶ To understand the overall response rate and assess the data for possible non-

response bias. 

¶ To determine the demographics associated with the collected data gathered 

4.11.6 ANOVA (Analysis of Variance) 

Analysis of Variance (ANOVA) was used to test differences between the means. 

ANOVA was used to find out the impact of the demographic variables such as type of 

industry and number of employees on latent variables. If the significant value is < 

0.05, then it presumed that categories in the independent variables are differing on the 

mean values of the dependent variable. 
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4.11.7 Discriminant Analysis 

The discriminant analysis was conducted in this research to test the reliability of the 

factors by analyzing whether the factors are typical groups to be studied separately 

and to find out the most influencing variable among all variables. Discriminant 

function analysis is a statistical analysis to predict a categorical dependent variable 

(called a grouping variable) by one or more continuous or binary independent variable 

(called predictor variables). 

4.11.7.1 Eigenvalues 

Eigenvalues are a special set of variables related with a matrix equation. The 

eigenvalues and eigenvectors analysis was important to determine the stability of the 

model. The Eigenvalues table outputs the eigenvalues of the discriminant functions, it 

also reveals the canonical correlation for the discriminant function. The larger the 

eigenvalue is, the more amount of variance shared the linear combination of variables. 

The eigenvalues are sorted in descending order of importance. So the first one always 

explains that majority of variance in the relationship. 

4.11.7.2 Wilks' Lamba Test 

Wilks' Lambda test was done to test which variable contribute significance in 

discriminant function. The closer Wilks' lambda is to 0, the more the variable 

contributes to the discriminant function. The table also has Chi-Square statistic to test 

the significance of Wilk's Lambda. If the p < 0.05, then the corresponding function 

explains the group membership well. 

4.11.8 Correspondence Analysis 

Correspondence Analysis was conducted to study the association between the two 

qualitative variable - type of industry and number of employees. The objective was to 

study the association between the two variables (rows and columns of a contingency 
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table) and the similarities between the categories of each variable respectively (rows 

and columns respectively). 

4.11.9 Canonical Correlation 

Canonical correlation was applied in this research to estimate the relationship between 

two or more sets of variables. These analysis results provide individual relationship 

between two variables and also provide overall relationship between two or more sets 

of variables. 

4.11.9.1 Standardized Canonical Coefficient 

The standardized canonical discriminant coefficient was used to rank the importance 

of each variable. A high standardized discriminant function coefficient might mean 

that the groups differ a lot on that variable 

4.11.9.2 Unstandardized Canonical Coefficient 

The unstandardized canonical coefficient is the estimate of parameters, Cj of the 

equation below. 

DJ = C0 + C1X1j + C2X2j +éé.CnXnj   (4.10) 

Where, 

Dj is the discriminant score for j th observation 

Xi j is the jth observation for the i th variable. 

 

The purpose of canonical discriminant analysis is to find out the best coefficient 

estimated to maximize the difference in mean discriminant score between groups. 
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4.11.9.3 Canonical Structure Matrix 

The canonical structure matrix was used to find the correlations between each variable 

in the model and the discriminant functions. It helped to compare the correlations and 

see how closely a variable is related to each function. Generally, any variant with a 

correlation of 0.3 or more is considered to be important. 

4.12 Structural Equation Modeling- Partial Least Square (PLS-SEM) 

Literature review has revealed that, there are two kinds of SEM commonly used by 

academicians for model validation. These are variance Based (VB-SEM) and 

Covariance Based (CB-SEM). The fundamental difference between the two is that, 

CB-SEM is theory-oriented and emphasizes the transition from exploratory to 

confirmatory analysis. PLS is primarily intended for causal-predictive analysis in 

situations of high complexity but low theoretical information (Joreskog & Wold. 

1982). These two also have great distinction in terms of their measurable 

methodologies: 

1) In particular the non-parametric testing and the parametric testing,  

2) The objective of the study specifically exploratory and confirmatory,  

3) All the more imperatively the calculation utilized in particular Generalized 

Least Square (GLE) and Maximum Likelihood Estimator (MLE).  

This research has employed PLS-SEM for model validation and hypotheses 

testing.  

According to (Hair et al., 2016), the algorithm employed in VB-SEM or popularly 

known as PLS-SEM (Smart-PLS used in this research) is Generalized Least Squares 

(GLS) while the algorithm employed in CB-SEM (Amos & Lisrel) is the Maximum 

Likelihood Estimator (MLE). VB-SEM completely relies on the bootstrapping 

procedure or known as resampling with replacement in obtaining the estimates for 

path coefficients and their respective standard errors (Awang et al., 2015). CB-SEM 
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does not require bootstrapping. However, in a situation where the normality 

assumption is not met or for the analysis of non-normal data, the bootstrapping 

procedure can be followed (Sharma & Kim, 2013). But, in such case, MLE 

bootstrapping require large datasets compared to PLS (Sharma & Kim, 2013). Be that 

as it may, if the researcher comes up short to meet the supposition of parametric test 

in term of sample size prerequisite, then the VB-SEM ought to be utilized as an option 

and the outcomes is esteemed to be exploratory (Awang et al., 2015). In the same 

study Awang et al., 2015 have indicated that, most of the statisticians nowadays 

would not compare the capability of these two SEM approaches (VB-SEM and CB-

SEM), rather the two are supplementing each other. In fact, not all methods would be 

flawless in each perspective and circumstance. Researchers normally will identify the 

flaws in CB-SEM and subsequently promote VB-SEM as an alternative. For instance, 

most of them agree that, the requirements of the CB-SEM are stringent. Nevertheless, 

the four key issues namely the fitness measurement of the model, the sample size, the 

parametric assumptions and the bootstrapping technique are regarded as the 

determinant factors to select either of the modeling technique. 

PLS Path Modeling is a mixture of a priori knowledge and data analysis. In the 

reflective way, the a priori knowledge concerns the unidimensionality of the variables 

and the signs of the loadings. The data have to fit this model. If they do not, they can 

be modified by removing some MVs that are far from the model. 

4.12.1 Reflective model 

This research has used reflective PLS model. In this model each MV reflects its LV. 

Each MV is related to its LV by a simple regression (Equation 4.11): 

xh = πh0+ πhξ + εh     (4.11) 

where, ξ (latent variable) has mean m and standard deviation 1. It is a reflective 

scheme: each manifest variable xh reflects its latent variable ξ. The predictor 

specification condition can be estimated through equation 4.12: 
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E(xh | ξ) = πh0+ πhξ     (4.12) 

This hypothesis implied that the residual εh has a zero mean and is uncorrelated 

with the latent variable ξ. The PCA has been discussed in chapter 5.  

4.13 Chapter Summary 

This chapter discussed in detail about the parameter estimation process. The quality of 

the sample is important while evaluating the results of a study. To draw valid 

inferences, the stratified random sample technique was employed in this research to 

avoid a host of potential, often insidious, biases.  

Bootstrap analysis was conducted and from the correlation matrices, the factor 

loadings were identified. The internal consistency or reliability of the scale was 

assessed by Cronbach’s α and Dillon-Goldstein’s rho (DG ρ).  

The results reported the value of the loadings were > 0.50 (except for FIS, SDS, 

IMS, OMS, TMS under SCI construct and ROI, PMR and ROS under PER construct) 

and all of the t-values were > 1.96. The threshold value of factor loadings is >0.50 

was considered in this research. Factor loading values have established that, all the 

indicators are attached to right constructs.  The AVE of the four constructs is >5.0, 

which established the convergent validity of the constructs. The square roots of the 

AVEs of the constructs PER (0.709), SCE (0.750), DIS (0.876) and SCI (0.713) are all 

higher than the correlations of these constructs with other latent variables. Thus, 

discriminant validity, which represents the independence of the latent variables was 

established. 

It can be inferred from the above discussions that, the research instrument used for 

this research has passed all the tests needed to achieve reliability and validity of the 

data collected. A discussions on the selection of SEM is shown in the end. The 

analysis of path diagram of SEM and test the research hypotheses are presented in the 

next chapter.  
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Hence, this chapter has established the methodological approach and 

accomplished the goal of reliability and validity of research instruments. Next chapter 

presents the empirical analysis of the proposed theoretical model and research 

hypotheses using PLS-SEM. 
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CHAPTER 5  

ANALYSIS AND DISCUSSIONS 

5.1 Introduction  

The previous chapter has explained the research methodology adopted in this research 

and different approaches for research design and data collection. The steps and 

statistical techniques for data analysis was also explained in chapter 4 and with these, 

the research has come to an important juncture of empirical analysis. This chapter 

covers a discussions of the research analysis. The steps involved in data collection 

with the demographics and descriptive analysis involving all the constructs are given 

in this chapter. The outcome of the exploratory factor analysis (EFA) is presented and 

results of the PLS-SEM path diagrams are discussed from a statistical standpoint. The 

direct relationships between supply chain integration (SCI) → supply chain efficiency 

(SCE); supply chain integration (SCI) → organization performance (PER); selective 

disintegration (DIS) → supply chain efficiency (SCE); selective disintegration (DIS) 

→ organization performance (PER); and finally supply chain efficiency (SCE) → 

organization performance (PER) are discussed and in the end, the outcome of the 

hypotheses test results are presented. Thus, through this chapter, this research wants 

to attain the final research goal of model validation using PLS-SEM and hypotheses 

test. 

5.2 Date collection process 

This research employed a systematic sampling approach, where target respondents are 

from petrochemical, refinery, oil and chemical industries. Through sampling frame, 

the contact details of 350 managers were obtained who were involved in SCM in 
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those industries; majority are from oil & gas companies.  Therefore, customized 

emails with cover note as mentioned in chapter 4, were sent out to these 350 

respondents which include Directors, Vice Presidents, Sr. managers and requesting 

their participation in the online survey. The reason that oil & gas industry is 

information sensitive and keeping in mind the end goal of the survey to moderate late 

or no response, this research has made telephone calls wherever possible to present 

the research objective, prior to sending the survey. 

The information accumulation period was from October 2015 until Feb 2016. 

Various notifications were sent between the first email and the end of the response 

collection. This was done keeping to ensure that any issues connected with the study 

or inquiries can be addressed. Majority of the responses received between January and 

February 2016. 

This research had collected email addresses of all the targeted respondents. Thus, 

individual email reminder was mailed with apology note for the repeated reminder. 

The reminder options of Survio was used as well in order to increase response rates. It 

was assumed that all the targeted respondents will be busy and preoccupied with their 

schedules, therefore, a reminder was necessary to increase responses.  

5.3 Data Analysis Process 

Data analysis was conducted in various stages. The following Figure 5.1 illustrates the 

various stages of data analysis process. 
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SCI

DIS

SCE

PER

Exploratory factor analysis

Structural equation modeling

Factor analysis Discriminant Analysis

Demographical

Anova & T-test

Cannonical correlation

Chi-square and 

correspondence analysis

 

Figure 5.1 Data analysis process 

A large-scale instrument validation result is presented in this chapter for each of 

the four constructs: Supply chain integration (SCI), Selective disintegration (DIS), 

Supply chain efficiency (SCE) and Organization performance (PER). In presenting 

the results, all the constructs and indicators are labelled as shown below. 

 

SCI Supply chain integration 

APO Advanced planning 

EDI Electronic data interchange 

CRM Customer relationship management 

CPS Collaborative planning & forecasting record system 

IMS Inventory management system 

TMS Transport management system 

DWS Data warehouse system 
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HIS In-house system 

POS Point of sales system 

RFI Radio frequency system 

FIS Financial information system 

OMS Order management system 

SDS Sales & distribution system 

  

DIS Selective disintegration 

OMS Order management 

IMS Inventory management  

TMS Transportation management 

  

SCE Supply chain efficiency 

FLX Supply chain flexibility 

SCC Supply chain cost 

SCT Supply chain cycle time 

OTD On-time delivery 

SOS Stock out situation 

PRD Productivity 

FFE Fulfillment efficiency 

  

PER Organization performance 

MKS Market share 

SGT Sales growth 

COM Overall competitive position 

PMR Profit margin 

ROI Return on investment 

ROS Return on sales 

5.3.1 Response Rate 

A total number of 68 responses were received in the end of the data gathering process. 

However, not all the responses were usable. Therefore, after an analysis, it is reduced 

to 63 usable responses; 2 responses were eliminated due to irrelevant answers and the 
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3 responses were removed due to significant missing data. Fig 5.2 illustrates the 

survey visit status. 

 

 

112 63 1 49 56.3 % 

Total visits Total completed Total unfinished Displayed only Overall 

completion rate 

 

 

Total Hits Visit Sources Average Time of Completion 

   

 Displayed 

only 

(43.4 %) 

 Unfinished 

(0.9 %) 

 Completed 

(55.8 %) 
 

 

 

 

 

 E-mail Invitation (11.6 %) 

 Twitter (2.9 %) 

 Direct link (58.0 %) 

 Consumer panel (17.4 %) 

 LinkedIn (10.1 %) 
 

 <1 min. 

(1.6 %) 

 1-2 min. 

(12.7 %) 

 2-5 min. 

(61.9 %) 

 5-10 min. 

(12.7 %) 

 10-30 min. 

(3.2 %) 

 30-60 min. 

(3.2 %) 

 >60 min. 

(4.8 %) 
 

 

 

 

 

 

Figure 5.2 Survey Visit History  
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Thus, the survey result was not overwhelming and fall short of target 90 responses 

(Chapter 4, Section 4.8.1.7) to 63 complete responses. This research is confronted 

with several constraints that steered to use small and inadequate sample sizes because 

of practical versus statistical reasons. Barlett et al., 2001 have recommended that, 

aside from reporting both the correct sample sizes along with the sample sizes 

actually used, the reasons are required to be provided for inadequate sample sizes and 

a discussion of the effect on the consequences of the survey.  

The main reason is the accessibility of the respondents in the data sensitive 

industry which is followed by cost and time constraint. More so, it was suspected that, 

the length of questionnaire and multiple survey (qualitative and quantitative) from the 

same respondents could be another reason for low responses. Fig 5.2 shows that, 112 

person visited the survey but only 63 actually completed the survey. In light of the 

time limitation very few top management, supply chain managers and executives 

showed real interest in the protracted study. Moreover, the respondents such as supply 

chain managers and top managements were asked to respond to complex and highly 

technical information systems integration and disintegration related issues. So, this 

could be another reason for low response rate and insufficient sample size for this 

research. 

This research intended to employ factor analysis, which is advisable to be 

conducted with 100+ samples because an increase in sample size will substantially 

decrease the level at which an item loading on a factor. However, Henson & Roberts, 

2006 conducted a review of 60 exploratory factor analysis and found the minimum 

sample size reported was 42, minimum subject to variables ratio reported: 3.25:1. 

This research has rather focused on strong data. Strong data even with small sample 

can lead to an accurate analysis (Osborne, 2014). This research thus has planned to go 

ahead with 63 samples to do the analysis to accomplish the research goal.  

Some of the sections in the analysis part may look repetitive; however, thesis 

writing is not a machine language where repetitive work can be avoided by 

introducing artificial intelligence. Therefore, this research has captured all the details 

to ensure the best possible practices are followed within the several limitations of data 
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collection and response rate. This research has taken descriptive analysis approach to 

explain the study and understanding. 

5.3.2 Non-response bias 

This research has evaluated non-response bias in two ways. First, the research has 

compared the differences in number of employees and annual sales between the 

responding and non-responding firms. The results were not significant at the 0.05 

level, suggesting that non-response bias was not an issue. Second, the responses of 

early and late waves of received surveys were compared to all variables using t-test. 

No significant differences were found, providing further indication of non-response 

bias. These results suggest that non-response bias is not serious. 

5.4 Demographics and Descriptive Analysis   

The descriptive section of this research offers demographic classifications of the oil & 

gas and other process industries in the population sample. The profile of process 

industries includes the nature and type of industry, number of employees in the 

organizations, number of years in business, type of ownership, market coverage and 

scope of market of the organization, software used by the units to manage supply 

chain and the supply chain position of the organization. 

5.4.1 Type of Industry  

Based on the nature of business carried on by the industries studied, the sample units 

may be categorized as those engaged in Refinery, Petrochemical, Chemical, Other 

process industries and Information Technology and distribution have been portrayed 

in Table 5.1. Chemical industry, primarily covers palm oil refinery industry in 

Malaysia. 
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Table 5.1 Demographics sample-Type of industry 

Answer Choices Responses Ratio 

 Refinery 
 

31 49.2 % 

 Petrochemical 
 

18 28.6 % 

 Chemical 
 

4 6.3 % 

 Information technology 
 

5 7.9 % 

 Other process industry 
 

5 7.9 % 

It can be gathered from Table 5.1 that, the majority of the respondents are from oil 

& gas industries- Refinery (49.2%) and Petrochemical industries (28.6%).  

5.4.2 Number of Employees 

The number of employees employed by an organization signifies the size of the 

organization, a large organization shall be invariably employing large number of 

employees. The organizations studied, have been categorized based on the number of 

employees as those employing 101-500, those employing 501-1000, 1001-2000, 

2001-3000, 3001-5000 and >5000 and the record reported in Table 5.2. 

Table 5.2 Number of employees 

Answer Choices Responses Ratio 

 < 100 
 

0 0 % 

 101- 500 
 

2 3.2 % 

 501-1000 
 

7 11.1 % 

 1001-2000 
 

12 19.0 % 

 2001- 3000 
 

14 22.2 % 

 3001- 5000 
 

13 20.6 % 

 > 5000 
 

15 23.8 % 

  

It can be surmised from Table 5.2 that the responses are spread over from 

employees of organization size of over 100 employees to over 5000 employees. 

Majority of the responses obtained from >1000 employees and above. These 

organizations are mostly concerned with their supply chain performance and showed 
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interest in participating the survey. The lowest % for the number of employees is 3% 

for 101- 500.  

5.4.3 Number of Years in Business 

The period of existence of any organization plays a vital role in deciding SCM related 

issues to an organization. Although, this survey was focused on individual responses, 

but also reviewed organization’s experience in relevant business. Organization’s 

experience in marketplace determines the maturity of the organization and the 

maturity of the supply chain network of the organization. Table 5.3 displays the result. 

Table 5.3 Number of years in business 

Answer Choices Responses Ratio 

 3 years - 5 years 
 

0 0 % 

 More than 5 - 10 years 
 

0 0 % 

 More than 10- 15 years 
 

0 0 % 

 More than 15 - 20 years 
 

14 22.2 % 

 > 20 years 
 

49 77.8 % 

It can be concluded from Table 5.3 that the highest percentage (77.8 ≈ 78%) of 

responses received from organizations with > 20 years in the marketplace is, followed 

by 22.2% responses from 15-20 years. There is no response received from <15 years 

category. 

5.4.4 Usage of SCM software 

Automation has become the order of the day. Computerization has crept into all kinds 

of business, regardless of size and nature. The organizations surveyed were whether 

they are utilizing supply chain management software such as APO (advanced planer 

and optimizer) / CRM (customer relationship management) / EDI (electronic data 

interchange) / RFID (Radio frequency information system) / POS (point-of-sales) / 

DWS (data warehouse system) / CPS (collaborative planning system) / FIS (financial 

information system) / IHS (in-house software system / SDS (sales & distribution 
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system) and logistics management software such as TMS (transport management 

system) / IMS (inventory management system) / OMS (order management system) 

and all of them have responded positive. All of them have responded that “supply 

chain and all these software systems are a part of their everyday work and they are 

heavily dependent on the supply chain software system for distribution of their final 

products”.    
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5.5 Supply Chain Integration (SCI)  Dimension Analysis 

The SCI of the process industries are studied with the help of indicators such as 

advanced planning and optimizing (APO), electronic data interchange (EDI), 

customer relationship management (CRM), collaborative planning and forecasting 

system (CPS), inventory management system (IMS), transport management system 

(TMS), data warehouse system (DWS), in-house system (IHS), point of sales system 

(POS), Radio frequency system (RFI), financial information system (FIS), order 

management system (OMS), sales & distribution system(SDS). The response 

distribution is presented in below Table 5.4. 

Table 5.4 Response distribution-SCI 

  5 
  4 

  3 
  2 

  1 
 

APO (advanced planning & 

optimizing) 

29 

(46.03%) 

34 

(53.96%) 
0 0 0 

EDI (electronic data 

interchange) 

16 

(25.39%) 

35 

(55.55%) 
4 (6.34%) 7 (11.1%) 1 (1.6%) 

CRM (customer 

relationship management) 
20 (31.7%) 36 (57.1%) 3 (4.8%) 4 (6.3%0 0 

.IHS (in house system) 18 (28.6%) 39 (61.9%) 4 (6.34%) 2 (3.2%) 0 

CPS (collaborative 

planning system) 
25 (39.7%) 26 (41.3%) 3 (4.8%) 8 (12.7%) 1 (1.6%) 

IMS (inventory 

management system) 
10 (15.9%) 39 (61.9%) 7 (11.1%) 7 (11.1%) 0 

TMS (transport 

management system) 
10 (15.9%) 38 (60.3%) 8 (12.7%) 7 (1.1%) 0 

DWS (data warehouse 

system) 
24 (38.1%) 35 (55.6%) 2 (3.2%) 2 (3.2%) 0 

POS (point of sales) 13 (20.6%) 35 (55.6%) 8 (12.7%) 7 (11.1%) 0 

RFS (radio frequency 

system) 
22 (34.9%) 31 (49.2%) 3 (4.8%) 5 (7.9%) 2 (3.2%) 

FIS (financial information 

system) 
8 (12.7%) 38 (60.3%) 11 (17.5%) 6 (9.52%) 0 

OMS (order management 

system) 
12 (19.0%0 40 (63.5%) 5 (7.9%) 6 (9.52%) 0 

SDS (sales & distribution 

system) 
11 (17.5%) 40 (63.5%) 7 (11.1%) 5 (7.9%) 0 
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Table 5.4 reports the survey response distribution. Each indicator and its nature of 

relevance with SCI are described in details in the forthcoming sections.  

5.5.1 Priorities of SCI 

The opinion of the respondents surveyed about various business processes integrated 

to manage supply chain have been obtained in a five point Likhart scale, ranging from 

totally agree to totally disagree. The values are presented in ascending order in the 

Table 5.5 according to the mean values assigned to them. The question was based on 

the ranking scale. Ranking questions calculate the ranking average for each answer 

choice, so which answer choice was most preferred can be ascertained. The answer 

choice with the largest ranking average is the most preferred choice. Weights are used 

in reverse. In other words, the respondent's most preferred choice (which they rank as 

#1) has the largest weight, and their least preferred choice (which they rank in the last 

position) has a weight of 1. 
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Table 5.5 Statistics summary 

Variable Mean 
Std. 

deviation 
Rank 

EDI (electronic data interchange) 4.476 0.933 I 

DWS (data warehouse system) 4.253 1.254 II 

IHS (in house system) 4.158 0.661 III 

APO (advanced planning & optimizing) 4.142 1.203 IV 

CPS (collaborative planning system) 4.049 1.019 V 

RFS (radio frequency system) 4.047 1.186 VI 

OMS (order management system) 3.920 1.222 VII 

SDS (sales & distribution system) 3.904 1.238 VIII 

CRM (customer relationship management) 3.826 0.721 IX 

POS (point of sales) 3.857 1.197 X 

IMS (inventory management system) 3.825 1.114 XI 

TMS (transport management system) 3.809 1.504 XII 

FIS ( financial information system) 3.761 1.078 XIII 

In the above table, the Ranking question had five answer choices, weights were 

assigned as follows: 

¶ The #1 choice has a weight of 5 

¶ The #2 choice has a weight of 4 

¶ The #3 choice has a weight of 3 

¶ The #4 choice has a weight of 2 

¶ The #5 choice has a weight of 1 

A practical point to notice here is that, when the population from which the data 

arise have a dispersion that is close to "Normal" (or Gaussian), and so the standard 

deviation provides a utilitarian foundation for interpreting the data in terms of chance. 

Based on Ranking, the above table reveals that APO (advance planning and 

optimizing), has been ranked as a topmost preferred business process integrated with 

supply chain. This means that supply chain professionals give more importance to 

advance planning since most of the important activities in process industries are 

planned well in advance. Surprisingly, the respondents have not displayed significant 
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interest in IMS and TMS with respect to SCI. One of the reasons that can be predicted 

from this that, though logistics is one of the most important and specialized form of 

activities in the supply chain, but organizations do not have enough expertise to 

manage this business activity. Financial system is on lowest priority, which shows, 

finance is not primary activity of supply chain integration. 

5.5.2 Kaiser-Meyer-Olkin (KMO)  Test 

This research has employed KMO sample adequacy test to examine if the dataset is 

suited for Factor Analysis. The KMO result is reported in Table 5.6. In addition, 

Cronbach’s alpha was used to assess the internal consistency or homogeneity among 

the items.  

Table 5.6 KMO sample adequacy 

APO (Advanced planning & optimizing) 0.781 

CPS (collaborative-planning system) 0.759 

CRM (customer relationship management) 0.801 

EDI (electronic-data interchange) 0.861 

DWS (data-warehouse system) 0.877 

IHS (in-house systems) 0.836 

POS (point -of -sales systems) 0.783 

RFI (radio-frequency identification) 0.788 

FIS (Financial information system) 0.840 

SDS (sales & distribution system) 0.828 

IMS (inventory-management system) 0.849 

OMS (order-management system) 0.834 

TMS (transport-management system) 0.823 

Kaiser-Meyer-Olkin (KMO) sampling of adequacy 0.822 

The KMO value of this dataset falls within the third category (KMO=0.822). 

Therefore, KMO value 0.822 means that the data is acceptable to run the factor 

analysis.  
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It was observed that, multiple observed variables have similar patterns of 

responses because they are all associated with a latent variable, SCI in this case. Thus, 

factor analysis was employed to investigate the variable relationships in SCI. Each 

factor normally captures certain amount of the overall variation in the observed 

variables and depending on how much variation they explain, the factors are listed.  

The standardized Cronbach's α was calculated for the whole input table and the 

value appeared as 0.910. The higher the α coefficient, the more the items have shared 

covariance and probably measure the same underlying concept. The result shows that, 

α approaches nearly 1 which means that, all of the items have high covariance, 

Principal component analysis (PCA) was applied to emphasize variation and 

extract strong patterns in a dataset. PCA uses an orthogonal transformation to convert 

a set of observations of possibly correlated variables into a set of values of linear 

uncorrelated variables. Varimax orthogonal rotation was used to validate the 

dimensionality and the appropriateness of the measurement scale. Eigenvalues 

reported in Table 5.7, are those obtained with the principal factor extraction method 

and representing the amount of variance accounted for by a factor. Eigenvalue here 

measures of how much of the variance of the observed variables a factor explains.  

Factor with eigenvalue ≥1 explains more variance than a single observed variable. 

Table 5.7 Eigen values 

  Factor 

 1 2 3 4 5 6 7 

Eigenvalue 6.127 2.680 1.288 0.233 0.173 0.091 0.024 

Variability (%)  47.127 20.617 9.908 1.796 1.328 0.700 0.181 

Cumulative % 47.127 67.744 77.652 79.448 80.776 81.476 81.657 

It can be surmised from Table 5.7 that, the first eigenvalue equals 6.127 and 

represents 47.127 % of the total variance. This means that if only the data represented 

on one axis, a certain % of the total variability can be seen in the data. It can be 

observed that, 3 factors keep 77. 652 % of the variability of the initial data. Fig 5.3 

displays the scree plot which is based on cumulative % of Eigenvalues. 
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Figure 5.3 Scree plot 

The KMO = 0.822 indicating sufficient inter-correlation. Therefore, three factors 

were extracted from 13 variables of SCI. It can be noticed from the Scree plot that, the 

first three eigenvalues correspond to a high % of the variance, which ensure that the 

maps based on the first three factors are a good quality projection of the initial multi-

dimensional table.  

The Varimax rotation results are presented in the below Table 5.8 makes the 

interpretation easier by maximizing the variance of the squared factor loadings by 

column. For a given factor, high loadings become higher, low loadings become lower, 

and intermediate loadings become either lower or higher. 
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Table 5.8 Percentage of variance after Varimax rotation 

  Factor 

 1 2 3 

Variability (%)  33.481 22.447 21.724 

Cumulative % 33.481 55.928 77.652 

This result confirms that, the construct is unidimensional and factorially distinct.   

The factor loadings after the Varimax rotation is displayed in Table 5.9. These are 

the correlation coefficients between the variables and the factors. The variables with 

the highest correlations provide the most meaning (in an interpretive sense) to the 

factor solution. 

Table 5.9 Factor pattern after Varimax rotation 

 

Indicators 

Factor 

1 2 3 

APO 0.194 0.294 0.763 

CRM 0.141 0.135 0.866 

DWS 0.519 0.061 0.529 

HIS 0.089 0.243 0.766 

EDI  0.214 0.858 -0.087 

CPS 0.259 0.824 0.377 

POS -0.002 0.770 0.465 

RFI 0.078 0.801 0.407 

FIS 0.786 0.054 0.106 

SDS 0.951 0.068 0.059 

IMS 0.902 0.190 0.199 

OMS 0.921 0.122 0.118 

TMS 0.845 0.208 0.165 

Values in bold correspond for each variable to the factor for which the squared cousin is the 

largest 

Table 5.9 shows, the first factor is highly and positively related to FIS, SDS, IMS, 

OMS, and TMS. The second factor is loaded on EDI, CPS, RFI, and POS. The third 

factor is loaded on APO, CRM, DWS and IHS. 

Below Table 5.10 displays the consolidated summary of the variables. 
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Table 5.10 Variance explained by factors of supply chain integration 

Component Initial Eigen values 
Rotations sums of squared 

loadings 

 Total 
Variance 

(%) 

Cumulative 

(%) 
Total 

Variance 

(%) 

Cumulative 

(%) 

1 6.127 47.127 47.127 2.841 33.481 33.481 

2 2.680 20.617 67.744 1.997 22.447 55.928 

3 1.288 9.908 77.652 1.729 21.724 77.652 

4 0.233 1.796 79.448    

5 0.173 1.328 80.776    

6 0.091 0.700 81.476    

7 0.024 0.181 81.657    

The squared factor loadings presented in Table 5.11 indicate the percentage of the 

variance of the original variable explained by the factor.  

The three reduced factors are labeled as logistics, transaction and planning for 

easy understanding and are shown in Table 5.11. 
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Table 5.11 Factor loadings for supply chain integration 

Supply chain 

integration 

Component Label 

1 2 3  

 

Logistics 

IMS 0.902   

TMS 0.845   

FIS 0.786   

OMS 0.921   

SDS 0.951   

EDI  0.858   

Transaction 

 

CPS  0.824  

POS  0.770  

RFI  0.801  

APO   0.763  

Planning 
CRM   0.866 

DWS   0.529 

HIS   0.766 

It can be seen that, the first factor containing observed correlated variables IMS, 

TMS, FIS, OMS and SDS have the maximum variance (Values can be seen from 

Table 5.9) and is labeled as logistics group, followed by a second factor labeled as a 

transaction group containing variables EDI, CPS, POS and RFI and third factor 

labeled as planning group containing variables APO, CRM, DWS and IHS. The 

preferences of the respondents on each factor and influence on SCI are discussed in 

the following sections. 

5.5.3 Characteristics of SCI 

Thus, the variables of SCI have been grouped into three factors namely logistics, 

transaction and provision. Logistics comprises 5 variables, transaction and planning 

group have 4 variables each. It has also been observed that, the advanced planning is 

the most important facet of SCI holding the highest average value. To make a 

strategic, tactical and technical decision in the organization, it is necessary to 

understand the nature and characteristics of SCI with respect to the profile of the 

organizations. In this section, the characteristics of SCI are analyzed through the Chi-
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square test, Correspondence analysis, Discriminant analysis, ANOVA and Canonical 

correlation. The chi-square values along with their level of significance are shown in 

Table 5.12. 

Table 5.12 Significance test for Surveyed industries 

Sl 

no 
Variable 

Chi-

square 

p (Sig. 

value) 
Significance 

1 Type of industry 36.41 <0.0001 
Significant, small p-value (≤ 0.05) 

indicates strong evidence. 

2 Number of employees 43.77 <0.0001 
Significant, small p-value (≤ 0.05) 

indicates strong evidence. 

3 Type of ownership 10.122 0.120 
Not significant, large p-value (> 

0.05) indicates weak evidence 

The Chi-square values and significant values from above table reveal that type of 

industry and number of employees have a significant association with SCI while, 

there is no significance with type of ownership. p<05 implies that the within-class 

covariance matrices are different.  

All the answers obtained from managers with over 15 years’ experience, thereby 

number of years of experience was not admitted in this analysis. 

5.5.4 Correspondence Analysis 

Correspondence Analysis is a powerful descriptive/exploratory technique that allows 

to examine the association between two qualitative variables. It is a simple two-way 

and multi-way tables containing some measure of correspondence between the rows 

and columns. Correspondence Analysis was done in this research to test the pattern of 

association between two variables (rows - type of industry and columns- number of 

employees) and the similarities between the categories of each variable respectively 

(rows and columns respectively). The results are discussed below 

The test of result between the rows (type of industry) and the columns (number of 

employees), based on a chi-square statistic are reported in Table 5.13. If the chi-

square observed value > than the critical value, then the p-value is below the chosen 
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level alpha then it can be concluded that the rows and the columns of the table are 

significantly associated.   

Table 5.13 Test of independence 

Chi-square (Observed value) 23.123 

Chi-square (Critical value) 31.410 

DF 20 

p-value <0.001 

Alpha 0.05 

  

Test interpretation: 

H0: The rows and columns of the table are independent. 

H1: There is a link between rows and columns of the table. 

As the computed p-value is lower than the significance level of alpha = 0.05, 

therefore null hypothesis should be rejected and alternate hypothesis is accepted. 

The test result yields the Chi-square value of 23.123. At the 5 % significance level 

with 20 degrees of freedom, the critical Chi-square value is 34.410. The critical value 

is lesser than observed value; so null hypotheses was rejected. Thus it was concluded 

that, type of industry and number of employees are dependent of each other. 

The eigenvalues correspond to the variance extracted by each factor (dimension). 

The quality of the analysis were examined by consulting the table of the eigenvalues 

(Table 5.14) or the corresponding scree plot. If the sum of the two (or a few) first 

eigenvalues, is close to the total represented, then the quality of the analysis is very 

high.    
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  Table 5.14 Eigenvalues and percentages of variance 

Total inertia  (Proportion of 

variance): 
0.367 

  Factor 

 1 2 3 4 

Eigenvalue 0.205 0.098 0.044 0.020 

Inertia (%)  55.742 26.747 11.989 5.522 

Cumulative % 55.742 82.489 94.478 100.000 

It can be observed that, the correspondence analysis is of good quality as the sum 

of the first three eigenvalues adds up to 94.478% of the total inertia. The 

corresponding scree plot presented in Fig 5.4. The term inertia in correspondence analysis 

is used by analogy with the definition in applied mathematics of "moment of inertia," 

which stands for the integral of mass times the squared distance to the centroid. Inertia is 

defined as the total Pearson Chi-square for the two-way divided by the total sum 

(Inertia=Chi- square/Total N). 

 

Figure 5.4 Scree plot-correspondence analysis 

Table 5.16 represents the contributions of the rows and columns respectively. The 

contributions correspond to the importance of each category for each factor 

(dimension). The sum of the contributions equals 1 for each factor. As a rule of 

thumb, if the contribution is greater than 1/I, I being the number of rows and 1/J with 

J the number of columns, the category is important for the given factor. 
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The contributions correspond to the importance of each category for each factor 

(dimension). In this case there are 5 rows, thus, any contribution > 1/5 = 0.20 would 

represent the significance of the type of industry and likewise there are 6 columns, 

thus, any contribution > 1/6 = 0.166 would represent significance.  

Table 5.15 Contribution of type of industry and number of employees 

 

Type of industry (Row) 

 

 

Weight (relative) 
1 2 3 

Chemical 0.063 0.008 0.381 0.033 

Information technology 0.079 0.099 0.013 0.617 

Other process industry 0.079 0.074 0.314 0.308 

Petrochemical 0.286 0.687 0.004 0.003 

Refinery 0.492 0.132 0.289 0.039 

Number of employees (Column)     

1001-2000 0.190 0.261 0.007 0.000 

101- 500 0.032 0.373 0.004 0.006 

2001- 3000 0.222 0.028 0.382 0.287 

3001- 5000 0.206 0.032 0.601 0.140 

501-1000 0.111 0.050 0.000 0.329 

> 5000 0.238 0.256 0.006 0.236 

The bold values are significant values in above table. Therefore, it is evident that, 

type of industry e.g. chemical industry is important for the factor F2 group, other 

process industry is important for F2 & F3 group, petrochemical is important for F1 

group and the refinery is important for F2 group. Considering the column, 1001-2000 

& 101-500 number of employees are important for F1 group, 2001-3000 number of 

employees are important for F2 & F3 group, 3001-5000 number of employees are 

important for F2 grouping, 501-100 number of employees are important for F3 

grouping and > 5000 employees is important for F1 & F3 group. 
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Symmetric plot is shown below Fig 5.5 which is based on principal coordinates 

and displayed in Table 5.16. The row profiles and column profiles are overlaid in a 

joint display (both in principal coordinates). This display is very convenient as both 

row and column points are equally spread out. The distance between the row points 

approximate the inter-row chi-square distance. The proximity between the row and 

column points cannot be interpreted directly. 

Table 5.16 Principal coordinates 

Number of employee (Column)  

 1 2 3 

1001-2000 0.530 -0.060 -0.009 

101- 500 1.550 0.111 0.094 

2001- 3000 -0.160 -0.411 0.239 

3001- 5000 -0.178 0.535 0.173 

501-1000 0.305 0.003 -0.361 

> 5000 -0.469 -0.048 -0.209 

Type of industry (Row)    

Chemical -0.163 0.767 0.152 

Information technology -0.506 0.127 0.585 

Other process industry -0.437 0.623 -0.413 

Petrochemical 0.701 0.035 0.020 

Refinery -0.234 -0.240 -0.059 
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Figure 5.5 Symmetric plot 

It can be observed from above table and symmetric plot that, among type of 

industry the chemical, refinery and other process industries have a significant effect 

while among number of employees group 2001-3000 and 3001-5000 number of 

employee groups have a significant effect.  

Above symmetric plot was drawn based on F1 and F2 axes data from Table 5.15. 

Likewise symmetric plot can also be drawn based on F2 and F3 axes or F1 and F3 

axes. 

5.5.5 Relationship between SCI and Demographic Profile 

The chi-square analysis shows a significant association between SCI with the 

variables of the organizations surveyed such as type of industry and number of 

employees. The forthcoming paragraphs present a detail analysis of the nature of 

relationships among profile of industries surveyed and SCI. Discriminant analysis and 

ANOVA were conducted to examine the relationships between type of industry and 

SCI dimensions. 



170 

5.5.5.1 Discriminant Analysis- Type of Industry 

The factor analysis of SCI variables have categorized into three groups viz logistics, 

transaction and planning, the XLSTAT analysis has grouped the data into three 

groups.  The total numbers of 63 observations group, which represent 100% of the 

observations, were grouped for the Discriminant Analysis. The function indicated the 

first canonical linear discriminant function and provided the projection of the data that 

best discriminant between the groups. The canonical correlations of the predictor 

variables viz logistics, transaction or planning and the grouping of the job is presented 

in the below analysis reported in Table 5.17 and corresponding scree plots portrayed 

in Fig 5.6.  

Table 5.17 Eigen and Canonical Correlation values 

 Logistics Transactions Planning 
Type of 

Industry 

Eigenvalue 0.291 0.095 0.006 0.129 

Discrimination (%) 74.190 24.271 1.539 8.932 

Cumulative % 74.190 98.461 100.000 100.000 

Canonical correlation 0.474 0.295 0.077 0.474 

 

Figure 5.6 Scree plot- supply chain integration vs type of industry 

The Eigenvalue described the proportion of variance explained.  A larger 

Eigenvalue explains a strong function.  Canonical Correlation was used to test the 
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correlation between two sets of variables. The higher the correlation value, the better 

the function that discriminates the values.  The value 1 is considered as perfect.  Here, 

the correlation of 0.474 for the first function which is not very high. 

The Wilks’ lambda test was taken to examine whether the canonical variables are 

related to the initial tables or none. It can be understood that, while F1 is somehow 

linked, although not significantly, F2 and F3 are purely related to the initial tables. 

The results are reported below in Table 5.18. 

Table 5.18 Unidimensional test of equality of the means of the classes 

Variable Lambda F DF1 DF2 p-value 

Logistics 0.858 2.396 4 58 0.03 

Transaction 0.457 13.561 5 57 < 0.0001 

Planning 0.958 0.500 5 57 0.775 

Type of industry 0.703 1.760 12 148 0.06 

It can be surmised that, Wilks Lambda values resulted high scores with 4 degrees 

of freedom. The Wilks’ Lambda value is 1.00 when the observed group means are 

equal. The significant p-value is 0.03 for logistics group and <0.0001 for transaction 

group. These indicate that “Logistics” and “Transaction” variables have significant 

discriminating power among the SCI factor variables. The “Type of industry” has no 

discriminating power over SCI factors since p > 0.05. 

5.5.5.2 Relative importance of each independent variable 

On comparing the standardized coefficient, it is possible to identify which 

independent variable is more discriminating than the other variables.  The higher the 

discriminating powers the higher the standardized discriminant coefficient. 

The XLSTAT output of the Standardized Canonical discriminant function 

Coefficient is reported below in below Table 5.19. 
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Table 5.19 Standardized canonical discriminate function 

  Factor 

 1 2 3 

logistics 0.819 -0.013 -0.583 

transaction 0.037 1.000 0.031 

planning 0.664 -0.102 0.750 

It can be observed from table 5.20 that, “Logistics” has the highest discriminate 

coefficients 0.819 and thus the highest discriminating power in among the “Type of 

industries”. The discriminate coefficient of “Planning” is 0.750 which is second in 

line and thus it can be predicted from this result that “Logistics” and “Planning” are 

two discriminant power among the “Type of industries” and best predictor for the 

efficiency of SCI.  

The chart displayed in Fig 5.7 shows how the SCI measures are correlated with 

the four factors (this chart corresponds to the factor loading table). It can be seen that 

the factor F1 is correlated with “Planning” and “Transaction” and that F3 is correlated 

with “Logistics”. 

 

Figure 5.7 Variable correlation -Type of industry 
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The standardized canonical discriminant coefficients were used to rank the 

relative importance of each predictor variable. The score was calculated as a predicted 

value from the linear regression using the above standardized coefficients and the 

standardized variables. Based on the coefficient above the relative importance 

predictor variables were ranked as summarized in Table 5.20. 

Table 5.20 Relative importance of predictor variables 

Rank of the variable Predictor variable 

1 Logistics 

2 Planning 

3 Transaction 

The Canonical group means is also called group centroids, are the mean for each 

group's canonical observation score. The bigger the divergence between the canonical 

group means, the better the predictive ability of the canonical discriminant function in 

classifying observations.  

The canonical discriminant function is described in Table 5.21. 

Table 5.21 Canonical discriminate function coefficient 

  Factor 

 1 2 3 

Logistics 0.869 -0.014 -0.618 

Transaction 0.039 1.057 0.033 

Planning 0.718 -0.110 0.810 

Thus the Canonical Discriminant Function Coefficient indicates the 

unstandardized scores of the independent variables.    

Fig 5.8 represents the observations on the factor axes.  
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Figure 5.8 Observations of factor axes- type of industry 

The Function of the Group Centroid gives the average discriminant score of the 

three groups. 

The confusion matrix table was used to describe the performance of the 

classification model on a set of test data for which the true values are known. 

Confusion matrix for estimating sample is described in Table 5.22. Below confusion 

matrix table summarizes the reclassification of the reflections, and allows to quickly 

examine the % of well classified observations, which is the proportion of the number 

of observations that have been well classified over the total number of reflections.  
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Table 5.22 Confusion matrix for estimation sample- type of industry 

  Predicted   

 
from \ 

to 
CHM ITC OPI PET REF Total % correct 

A
c
tu

a
l 
c
la

s
s 

CHM 3 1 0 0 0 4 75.00% 

ITC 0 5 0 0 0 5 100.00% 

OPI 0 2 3 0 0 5 60.00% 

OPI 0 4 0 12 2 18 66.67% 

REF 0 9 0 0 22 31 70.97% 

 Total 3 21 3 12 24 63 74.52% 

It can be observed from Table 5.22 that, 74.52% of data were correctly classified 

by the discriminant function. The accuracy of the model may hence be considered 

somewhat adequate. This indicates a very good predictive capacity of the discriminant 

function. It has the capacity to predict which are variables are important to integrate 

with the supply chain for efficient SCM. 

5.5.5.3 ANOVA for type of industry 

The analysis of variance was used to know the effect of the type of industry with 

respect to SCI factors. The relationship between type of industry and SCI is reported 

in 5.23. Fig 5.9 displays the corresponding Least Square (LS) means plot breaking 

down all the variables in SCI. 
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Table 5.23 LS means summary-type of industry 

Variable Logistics Transaction Planning 

Information technology 4.546 3.921 4.717 

Petrochemical 3.525 3.387 4.158 

Refinery 3.553 3.304 4.132 

Chemical 2.556 3.255 3.958 

Other process industry 2.810 3.257 3.539 

Pr>F 0.092 0.002 0.301 

Significance No Yes No 

 

 

Figure 5.9 LS means plot 

It can be observed from Table 5.23 that, the “Transaction” has a significant effect 

with respect to the “Type of industry”. Thus, it can be predicted from this result, that 

depending on the volume of business, the importance to integrate “Transaction” 

related variables with supply chain are required. 

The Tukey's HSD (Honestly Significantly Different) test was conducted to all 

pairwise differences between means. The risk of 5% was chosen to determine the critical 

value q, which is compared to the standardized difference between the means. The result 

is presented in Table 5.24 which shows that “Type of industry” has no significant effect 

on SCI. None of the values in the below shows significant range. 
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Table 5.24 Tukey (HSD) / Analysis of the differences  

Contrast Diff.  
Standardized 

difference 

Critical 

value 
Pr > Diff  Sig. 

Information technology vs 

Chemical 
0.442 0.873 2.824 0.906 No 

Information technology vs 

Refinery 
0.354 0.970 2.824 0.867 No 

Information technology vs 

Petrochemical 
0.349 0.877 2.824 0.904 No 

Information technology vs 

Other process industry 
0.267 0.557 2.824 0.981 No 

Other process industry vs 

Chemical 
0.174 0.347 2.824 0.997 No 

Other process industry vs 

Refinery 
0.087 0.236 2.824 0.999 No 

Other process industry vs 

Petrochemical 
0.082 0.206 2.824 1.000 No 

Petrochemical vs Chemical 0.092 0.217 2.824 0.999 No 

Petrochemical vs Refinery 0.005 0.020 2.824 1.000 No 

Refinery vs Chemical 0.088 0.215 2.824 1.000 No 

Tukey's d critical value: 3.994 

Table 5.25 displays the influence of the “Type of industry” on individual SCI 

variables.
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Table 5.25 Summary of LS Means 

  APO EDI CRM CPS IMS TMS DWS IHS POS RFI FIS OMS SDS 

Information technology 4.706 3.967 4.740 3.623 4.565 4.408 4.677 4.745 4.063 0.188 4.662 4.486 4.609 

Petrochemical 4.326 3.442 4.097 3.299 3.412 3.273 4.175 0.192 3.355 3.452 3.850 3.430 3.662 

Refinery 4.371 3.316 0.197 3.101 3.618 3.408 4.248 3.864 3.257 3.543 3.568 3.612 3.559 

Chemical 0.174 3.427 3.810 3.167 2.687 2.463 4.069 3.942 3.232 3.193 2.459 2.530 2.642 

Other process industry 3.806 0.186 3.782 2.853 2.651 2.495 2.817 3.751 0.127 3.144 3.071 2.858 2.973 

Pr > F 0.105 0.000 0.380 0.000 0.048 0.012 0.113 0.605 0.002 0.006 0.053 0.092 0.256 

Significant No Yes No Yes Yes Yes No No Yes Yes No No No 

It can be predicted from Table 5.25 that, the “Type of industry” which defines the nature of business, has significant influence on individual 

variables such as EDI, CPS, IMS, TMS, POS and RFI. 
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The next section discusses about the discriminant power of the number of 

employees, which are the determining factor for the size of the organization. 

5.5.5.4 Discriminant analysis- number of employees 

The total numbers of 63 responses was grouped for the Discriminant Analysis. The 

canonical correlations of the predictor variables viz logistics, transaction or planning 

and the grouping of the job is given in the below analysis displayed in the Table 5.26. 

Table 5.26 Eigen values and canonical correlation- Number of employee 

  Factor 

 1 2 3 

Eigenvalue 1.272 0.082 0.016 

Discrimination (%)  92.856 5.995 1.150 

Cumulative % 92.856 98.850 100.000 

Canonical correlation 0.748 0.276 0.125 

It can be noticed from the above table that, the correlation of 0.748 for the first 

function which is quite high and shows the significant discriminant power. 

Wilks' Lambda test was conducted is to test which variable contribute 

significantly in discriminate function. Table 5.27 below displays the test result. 

Table 5.27 Unidimensional test of equality 

Variable Lambda F DF1 DF2 p-value 

Logistics 0.858 2.396 4 58 0.03 

transaction 0.457 13.561 5 57 < 0.0001 

Planning 0.958 0.500 5 57 0.775 

Number of employee 0.400 3.990 15 152 <0.0001 

It was observed that “Logistics” and “Transaction” variables have the significant 

discriminating power in SCI. From the above result, it was predicted that, the size of 

the organization in terms of “Number of employees” with p <0.05 has significant 

discriminant power over SCI factors. 
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Fig 5.10 represents the observations along the factor axes. 

 

Figure 5.10 Observations on factor axes - number of employee 

The confusion matrix for the estimation sample is displayed in Table 5.28. The 

confusion matrix summarizes the reclassification of the observations and allows to 

have a brief view of the % of well classified observations, which is the ratio of the 

number of observations that have been well classified over the total number of 

observations.  
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Table 5.28 Confusion matrix for the estimation sample (Number of employees) 

from \ to 
1001-

2000 

101- 

500 

2001- 

3000 

3001- 

5000 

501-

1000 
> 5000 Total % correct 

1001-

2000 
9 0 0 3 0 0 12 75.00% 

101- 500 0 2 0 0 0 0 2 100.00% 

2001- 

3000 
0 0 9 5 0 0 14 64.29% 

3001- 

5000 
0 0 0 13 0 0 13 100.00% 

501-1000 0 0 0 1 6 0 7 85.71% 

> 5000 0 0 0 7 0 8 15 53.33% 

Total 9 2 9 29 6 8 63 79.72% 

It can be observed from Table 5.28 that, 79.72 % of data was correctly classified 

by the discriminant function.  

5.5.5.5 AVOVA for number of employee 

The analysis of variance was used to know the effect of number of employees with 

respect to supply chain integration factors. XLSTAT provides the LS means tool, 

which is useful to compare the effects of the same set of factors and interactions of 

different dependent variables. The relationship between number of employee and 

supply chain integration is displayed below. An LS means summary table (Table 

5.29), as well as an LS means chart (Fig 5.11) is associated to every factor and 

interaction. 

For the number of employee factor, the LS means summary table displays 

estimations of the mean grade of every number of employee variable for each of the 

dependent variables. 
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Table 5.29 Summary LS means- number of employee 

Variable Logistics Transaction Planning 

2001- 3000 3.908 4.461 4.326 

> 5000 3.679 4.400 4.285 

1001-2000 3.725 3.583 4.053 

3001- 5000 3.381 4.098 3.990 

501-1000 3.020 2.341 4.006 

101- 500 2.672 1.662 3.942 

Pr>F 0.009 0.002 0.301 

Significance Yes Yes No 

It can be observed from Table 5.29 that, “Logistics” and “Transaction” groups 

show significant variance with respect to the number of employees. Thus, it can be 

predicted from this result, that depending on the size of the organization which 

corresponds to the volume of business, the logistics and transaction related activities 

played significant decision in supply chain integration. 

Fig 5.11 display the LS means plot after breaking down all the supply chain 

integration related dependent variables. 

 

Figure 5.11 LS Means plot-number of employee 

The chart shows that, regardless of the number of employees, respondents mostly 

disagree on the planning related indicators, but agree to logistics and transaction 
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related indicators, which is supported by p-values associated with the respondents 

effects in both ANOVA models 

A detail analysis was done at this stage to examine as which are the indicators 

under logistics and transaction group have a significant effect on supply chain 

integration depending on size of organization. Table 5.30 presents the detailed 

summary.  

It can be noticed from Table 5.30 that, depending on the type of industry and 

number of employee, respondents have a significant preference over a similar set of 

indicators which are EDI, CPS, IMS, TMS, POS and RFI. Therefore, it can be 

concluded from these results that, this set of indicators requires bigger organization 

and a substantial volume of business to integrate with supply chain systems.
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Table 5.30 Summary of LS means- number of employee and supply chain integration 

 Variable APO EDI  CRM CPS IMS TMS DWS IHS POS RFI FIS OMS SDS 

2001- 3000 4.549  4.629  4.297 4.633  3.963  3.902 4.346 4.112  4.203  4.379  3.809  3.971  3.901  

> 5000 4.487  4.499 4.318 4.488 3.643 3.662 3.861 4.477  4.300  4.313  3.669 3.698  3.725  

1001-2000 4.342  3.748 3.960 3.503 3.616 3.781 3.801 4.111  3.411  3.671  3.572  3.869  3.788  

3001- 5000 0.202  4.295 3.931 4.087 3.270 3.272 0.184  3.957  3.944  4.068  3.506  3.423  3.437  

501-1000 4.116  2.450 4.065  1.630 2.852 2.704 4.128 3.717  2.405  2.883  2.904  3.386  3.255  

101- 500 3.918  2.194 3.997 0.910 2.974 1.936  3.823  0.188  2.027  1.520  3.672  1.953  2.827  

Pr > F 0.105 0.000 0.380 0.000 0.048 0.012 0.113 0.605 0.002 0.006 0.053 0.092 0.256 

Significant No Yes No Yes Yes Yes No No Yes Yes No No No 

It can be noticed from Table 5.31 that, IMS and TMS under logistics group and all the indicators (EDI, CPS, POS and RFI) under the 

transaction group have significant variance on SCI.  
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The table of standardized coefficients was used to compare the relative weights of 

the variables. The higher the rank value of a coefficient, the more important the 

weight of the corresponding variable. When the confidence interval around 

standardized coefficients has value 0 (this can be easily witnessed on the chart of 

normalized coefficients), the weight of a variable is not important. The standardized 

coefficients are reported in Table 5.31 to compare and find out the effect of number of 

employees in the SCI decision. 

Table 5.31 Standardized coefficients 

Variable Value 
Standard 

error  
t Pr > |t| 

Lower 

bound 

(95%) 

Upper 

bound 

(95%) 

1001-2000 0.000 0.000         

101- 500 -0.224 0.119 -1.876 0.066 -0.462 0.015 

2001- 3000 0.304 0.146 2.092 0.041 0.013 0.596 

3001- 5000 0.005 0.144 0.038 0.970 -0.283 0.294 

501-1000 -0.286 0.133 -2.152 0.036 -0.553 -0.020 

Variable-> 

5000 
0.160 0.147 1.088 0.281 -0.134 0.454 

It can be interpreted from Table 5.31 that number of employees variable “1001-

2000” have an effect which 95% confidence range includes 0, indicating that there is 

no evidence that 1001-2000 is very different from 2001-3000. Variable 1001-2000 

was taken as a control factor since most of the responses came from this group.  

The bar chart of the mean standardized coefficients displayed in Fig 5.12 allows 

to visually compare the relative impact of the categories, and to see if the confidence 

intervals include 0 or not. It can be noticed from below Fig 5.12 that organization 

with a number between 100-500 and 501-1000 showed a significant difference in 

opinion on SCI factors. 
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Figure 5.12 Mean standardized coefficient 

To examine if there is a significant difference between the sizes of the 

organizations and how this difference should be classified Tukey's test was conducted 

to all pairwise differences between means. The risk of 5% was used to determine the 

critical value q, which is compared to the standardized difference between the means. 

Three pairs appear to be significantly different (2001-3000, 101-500), (2001-3000, 

501-1000) and (>5000, 501-1000). The Table 5.32 below reports the significance of 

the values obtained. 
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Table 5.32 Tukey (HSD) / Analysis of the differences  

Contrast Difference 
Standardized 

difference 

Critical 

value 

Pr > 

Diff 
Significant 

2001- 3000 vs 101- 500 1.544 2.984 2.949 0.046 Yes 

2001- 3000 vs 501-1000 1.264 3.989 2.949 0.003 Yes 

2001- 3000 vs 1001-2000 0.563 2.092 2.949 0.306 No 

2001- 3000 vs 3001- 5000 0.553 2.097 2.949 0.303 No 

2001- 3000 vs > 5000 0.275 1.080 2.949 0.887 No 

> 5000 vs 101- 500 1.269 2.464 2.949 0.153 No 

> 5000 vs 501-1000 0.989 3.157 2.949 0.029 Yes 

> 5000 vs 1001-2000 0.288 1.088 2.949 0.884 No 

> 5000 vs 3001- 5000 0.278 1.072 2.949 0.890 No 

3001- 5000 vs 101- 500 0.991 1.907 2.949 0.409 No 

3001- 5000 vs 501-1000 0.711 2.216 2.949 0.247 No 

3001- 5000 vs 1001-2000 0.010 0.038 2.949 1.000 No 

1001-2000 vs 101- 500 0.981 1.876 2.949 0.427 No 

1001-2000 vs 501-1000 0.701 2.152 2.949 0.276 No 

501-1000 vs 101- 500 0.280 0.511 2.949 0.996 No 

 It can be observed from Table 5.32 that in the organizations surveyed, significant 

difference exists between the size of organizations in terms of the employee strength 

with respect to SCI factors “transaction’, and “logistics”. 

5.5.5.6 Canonical correlation between supply chain integration and type of industries 

The shared relationship between two or more sets of variables was tested using 

Canonical correlation. This analysis establishes the individual relationship between 

two variables and also explores overall relationship between two sets of variables. 

The first set of variables consists of SCI factors logistics, transaction and planning and 

second set consist of profile of process industries variables, namely the type of 

industry and number of employee. The results are reported in Table 5.33.  
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Table 5.33 Canonical correlation for supply chain integration 

 Logistics Transaction Planning 

R² 0.249027 0.428602 0.182378 

F 1.977782 4.586873 1.335067 

Pr > F 0.092169 0.001897 0.300778 

Type of industry 
2.298425 0.705819 1.621711 

0.084649 0.609001 0.234974 

Number of employees  
1.121466 6.391243 0.773413 

0.422022 0.001696 0.589801 

So, to sum up, two sets of data were considered for this study. The first set 

contained the three factors relating to SCI, while the second set consisted the 

qualitative variables named type of industry and number of employees. Based on 

these two sets of data, Canonical correlation was performed. Only “Transaction” 

factor showed significant variance of 42.86% (R2 value from above table) with 

significance level <0.05. So, it can be interpreted from this results that, depending on 

the nature and volume of business, respondents prefer the related integration. R² is the 

determination coefficient in the above table. The R² is interpreted as the proportion of 

the variability of the dependent variable explained by the model. The “Logistics” and 

“Planning” function remain unchanged as these are rudimentary functions of supply 

chain network. 

5.5.6 Regression analysis of SCI variables  

PLS regression was conducted to predict SCI from the set of independent variables 

and significance of each variables and also the correlation among the variables. Table 

5.34 displays the correlation matrix. All the variables displayed positive correlation 

among each other. The variable importance in the projection (VIP) was also checked 

and found that, almost all variables are important variables for SCI. Table 5.35/ Fig 

5.13 displays the VIP plot. Fig 5.14 displays the correlation map plotted which clearly 

show positive correlations among the SCI variables. This signifies the importance of 

the identified variables for the model. 
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Table 5.34 Correlation matrix (Pearson (n)): 

Variables APO EDI CRM .IHS CPS IMS TMS DWS POS RFS FIS OMS SDS 

APO 1 0.904 0.956 0.929 0.975 0.779 0.773 0.988 0.835 0.986 0.713 0.829 0.807 

EDI 0.904 1 0.989 0.990 0.884 0.968 0.964 0.957 0.983 0.961 0.926 0.986 0.973 

CRM 0.956 0.989 1 0.994 0.931 0.928 0.924 0.990 0.957 0.990 0.880 0.955 0.942 

.IHS 0.929 0.990 0.994 1 0.885 0.953 0.951 0.974 0.974 0.970 0.919 0.974 0.968 

CPS 0.975 0.884 0.931 0.885 1 0.746 0.740 0.961 0.810 0.969 0.668 0.795 0.763 

IMS 0.779 0.968 0.928 0.953 0.746 1 0.999 0.866 0.992 0.866 0.988 0.996 0.998 

TMS 0.773 0.964 0.924 0.951 0.740 0.999 1 0.861 0.993 0.860 0.992 0.993 0.997 

DWS 0.988 0.957 0.990 0.974 0.961 0.866 0.861 1 0.909 0.998 0.810 0.904 0.887 

POS 0.835 0.983 0.957 0.974 0.810 0.992 0.993 0.909 1 0.907 0.977 0.994 0.994 

RFS 0.986 0.961 0.990 0.970 0.969 0.866 0.860 0.998 0.907 1 0.804 0.905 0.884 

FIS 0.713 0.926 0.880 0.919 0.668 0.988 0.992 0.810 0.977 0.804 1 0.973 0.986 

OMS 0.829 0.986 0.955 0.974 0.795 0.996 0.993 0.904 0.994 0.905 0.973 1 0.997 

SDS 0.807 0.973 0.942 0.968 0.763 0.998 0.997 0.887 0.994 0.884 0.986 0.997 1 
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Variable Importance in Projection (VIP) scores estimate the importance of each 

variable in the projection used. The variables with a VIP Score close to or > 1 are 

considered important in the model (Palermo et al., 2009). Thus, all the variables are 

important for SCI. 

Table 5.35 Variable Importance in the Projection (VIP)  

Variable VIP Standard deviation Lower bound (95%) Upper bound (95%) 

IHS 1.033 0.058 0.871 1.195 

EDI 1.032 0.048 0.898 1.165 

CRM 1.026 0.070 0.832 1.221 

POS 1.020 0.127 0.668 1.372 

OMS 1.020 0.165 0.562 1.477 

SDS 1.012 0.185 0.498 1.526 

IMS 1.004 0.214 0.409 1.599 

DWS 1.003 0.171 0.527 1.478 

RFS 1.001 0.178 0.506 1.496 

TMS 1.000 0.217 0.397 1.603 

FIS 0.968 0.268 0.224 1.711 

APO 0.954 0.282 0.172 1.736 

CPS 0.922 0.150 0.150 1.894 

 

Figure 5.13 VIP plot for SCI variables 
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Figure 5.14 Correlation map- SCI variables
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5.6 Selective Disintegration Dimension Analysis 

This section deals with data analysis of DIS related dimensions. Table 5.36 provides a 

snapshot on received responses. All dimensions are labeled as displayed in below 

table. 

Table 5.36 Selective disintegration variables analysis 

  5 
  4 

  3 
  2 

  1 
 

Order management 

(OMS) 

15 (23.8 %) 33 (52.4 %) 15 (23.8 %) 0 0 

Inventory management 

(IMS) 

15 (23.8 %) 31 (49.2 %) 16 (25.4 %) 1 (1.6 %) 0 

Transport management 

(TMS) 

15 (23.8 %) 31 (49.2 %) 16 (25.4 %) 1 (1.6 %) 0 

5.6.1 Priorities of Selective Disintegration 

The opinion of the respondents surveyed about various business processes integrated 

with supply chain for SCM have been obtained in a five point Likhart scale, ranging 

from totally disagree to totally agree.  The priorities of each of the indicators are 

exhibited in Table 5.37 and in ascending order based on the mean values assigned to 

them.  

Table 5.37 Statistics summary 

Variable Mean Std. deviation Rank 

Inventory management (IMS) 3.921 0.848 I 

Order management (OMS) 3.889 0.986 II 

Transport management (TMS) 3.952 0.750 III 

The ANOVA test result shows that neither type of industry, nor number of 

employees has any significant effect on the decision regarding DIS. The results 

obtained are reported in Table 5.38. 
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Table 5.38 ANOVA test result 

Type of Industry  OMS IMS TMS 

Other process industry 4.148 3.968 3.995 

Information technology 2.452 4.116 4.262 

Petrochemical 3.976 3.900 3.913 

Refinery 3.928 3.901 3.908 

Chemical 4.025 3.771 3.821 

Pr > F 0.126 0.439 0.308 

Significant No No No 

No. of employees    

> 5000 4.037 4.149 4.175 

3001- 5000 3.637 4.392 4.401 

101- 500 3.730 4.031 4.067 

2001- 3000 3.978 3.571 3.806 

501-1000 3.440 3.735 3.771 

1001-2000 3.412 3.708 3.660 

Pr > F 0.126 0.439 0.308 

Significant No No No 

No further analysis was conducted, since the analysis of all these variables has 

been covered in section 5.7. The next section discusses the analysis of the dimensions 

of SCE. 
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5.7 Supply Chain Efficiency Variable Analysis 

This section deals with data analysis of SCE related dimensions. SCE is second 

important criteria after SCI in this research work. Table 5.39 is a snapshot on received 

responses. All the variables are labeled as shown in below Table. 

Table 5.39 Supply chain efficiency variables 

  5 
  4 

  3 
  2 

  1 
 

Supply chain 

flexibility (FLX) 

25 (39.7 %) 37 (58.7 %) 1 (1.6 %) 0 0 

Supply chain cycle 

time (SCT) 

26 (41.3 %) 35 (55.6 %) 1 (1.6 %) 1 (1.6%) 0 

Supply chain cost 

(SCC) 

26 (41.3 %) 35 (55.6 %) 1 (1.6 %) 1 (1.6 %) 0 

On time delivery 

(OTD) 

23 (36.5 %) 37 (58.7 %) 3 (4.8 %) 0 0 

Stock-out situation 

(SOS) 

0 14 (22.2 %) 33 (52.4 %) 12 (19.0 %) 4 (6.3%) 

Productivity (PRD) 1 (1.6 %) 14 (22.2 %) 31 (49.2 %) 12 (19.0 %) 5 (7.9%) 

Fulfillment efficiency 

(FFE) 

12 (19.0 %) 37 (58.7 %) 13 (20.6 %) 0 1 (1.6 %) 

5.7.1 Priorities of Supply Chain Efficiency 

The supply chain managers in Malaysia and Singapore were asked to identify and rate  

the SCE measures for their organizations on five points likhart scale, ranging from 

totally agree to  totally disagree. The values are presented in ascending order 

according to their mean values in Table 5.40. 
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Table 5.40 Supply chain efficiency measures 

Variable Mean Std. deviation Rank 

SCC (supply chain cycle) 4.381 0.551 I 

SCT (supply chain cost) 4.333 0.762 II 

OTD (on-time delivery) 4.302 0.586 III 

FLX (flexibility) 4.143 1.060 IV 

FFE (fulfilment efficiency) 3.873 0.813 V 

SOS (stock-out situation) 2.873 0.992 VI 

PRD (productivity) 2.857 1.090 VII 

It can be observed from the above table that, respondents offered more importance 

to SCC, SCT over other variables to identify SCE. Moreover, respondents showed 

less interest on PRD with respect to SCE. 

5.7.2 Factorization of Supply Chain Efficiency 

The sample adequacy test results are reported in Table 5.41.  

Table 5.41 KMO results- supply chain efficiency 

FLX 0.862 

SCT 0.791 

SCC 0.758 

OTD 0.728 

SOS 0.536 

PRD 0.575 

FFE 0.713 

Kaiser-Meyer-Olkin (KMO) sampling of adequacy 0.677 

KMO value 0.677 implies that the data was adequate to run the factor analysis.   

PCA was used to emphasize variation and extract strong patterns in a dataset. 

Varimax orthogonal rotation was used for standard rotation. Eigenvalues reported in 
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Table 5.42 are those obtained with the principal factor extraction method and 

representing the amount of variance accounted for by a factor. 

Table 5.42  Eigen values 

  Factor 

 1 2 3 4 5 

Eigenvalue 2.720 1.248 0.101 0.043 0.022 

Variability (%)  38.855 17.826 1.439 0.610 0.309 

Cumulative % 38.855 56.681 58.120 58.729 59.039 

It can be noticed from Table 5.42 that, the first eigenvalue equals 2.720 and 

represents 38.85 % of the total variance. This means that if we represent only the data 

on one axis, we will still be able to see % of the total variability of the data. It can be 

observed that, 2 factors keep 56.68 % of the variability of the initial data.  

Factor analysis with Varimax rotation was done to validate the dimensionality and 

the appropriateness of the measurement scale. With eigenvalues greater than 1.00 the 

total variance explained, was 58.12%. The KMO measure of sampling adequacy was 

0.677 indicating sufficient inter-correlation. There were seven variables on SCE and 

two factors were extracted. 

Fig 5.14 displays the scree plot which is based on cumulative % of Eigenvalues as 

shown in Table 5.42. 
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Figure 5.15 Scree plot- supply chain efficiency 
 

Factor pattern after varimax rotation is reported in below Table 5.43. 

Table 5.43 Factor pattern after varimax rotation 

 

Variable   

Factor 

1 2 

FLX 0.262 0.049 

SCT 0.719 0.357 

SCC 0.843 0.094 

OTD 0.817 0.135 

FFE 0.378 0.018 

SOS 0.102 0.937 

PRD 0.175 0.885 

It can be observed from Table 5.43 that, the first factor is highly positively related 

to FLX, SCT, SCC, OTD and FFE. The second factor is loaded on SOS and PRD.  

The two reduced factors are labeled as “Delivery” and “Inventory” are shown in 

below Table 5.44. 
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Table 5.44 Factor loadings for supply chain efficiency 

Supply chain 

efficiency 

Component Label 

1 

 

2 

 

 

Delivery 

FLX  0.262  

SCT 0.719  

SCC 0.843  

OTD 0.817  

FFE 0.378  

SOS  0.937 
Inventory 

PRD  0.885 

It can be seen from the above table that, the first factor containing indicators FLX, 

SCT, SCC, OTD and FFE has the maximum variance which is labeled as “Delivery”. 

They second factor labeled as “Inventory” containing variables SOS and PRD.  

Therefore, from 7 different indicators, factor analysis has allowed to identify two 

exclusive factors labeled as “Delivery” and “Inventory”, based on which respondents 

are deciding the efficiency of the supply chain. These factors are exclusive to each 

other. 

5.7.3 Characteristics of Supply Chain Efficiency 

The characteristics of SCE are studied using Chi-square test, Discriminant analysis, 

Anova and Canonical correlation. The Chi-square test values along with their level of 

significance have been reported in Table 5.45. 
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Table 5.45 Significance of demographic variables 

Sl 

no 
Variable 

Chi-

square 

p (Sig. 

value) 
significance 

1 Type of industry 137.70 <0.0001 
Significant, small p-value (≤ 0.05) 

indicates strong evidence. 

2 Number of employees 168.61 <0.0001 
Significant, small p-value (≤ 0.05) 

indicates strong evidence. 

3 Type of ownership 80.122 0.592 
Not significant, large p-value (> 

0.05) indicates weak evidence 

The Chi-square values displayed in Table 5.45 reveal that, type, of industry and 

number of employees has a significant association with supply chain efficiency 

measures. 

5.7.4 Relationship between Supply Chain Efficiency Measures and 

Demographic Profile 

The relationship of demographic profiles grouped on the basis of different profile 

variables and their SCE measures are discussed in the forthcoming paragraphs. 

Discriminant analysis and ANOVA were conducted to examine the relationship 

between type of industry & SCE and number of employee & SCE. 

5.7.4.1 Discriminant Analysis- Type of Industry 

The canonical correlations of the predictor variables viz Supply chain flexibility 

(SCF), Supply chain cycle time (SCT), Supply chain cost (SCC), On time delivery 

(OTD), Stock out situation (SOS), Productivity (PRD), Fulfillment efficiency (SCF) 

is reported in Table 5.46 and corresponding scree plot is portrayed in Fig 5.16. 
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Table 5.46 Eigen values and canonical correlation 

  Factor 

 1 2 3 4 

Eigenvalue 0.343 0.088 0.075 0.010 

Discrimination (%)  66.462 17.086 14.481 1.971 

Cumulative % 66.462 83.548 98.029 100.000 

Canonical correlation 0.505 0.285 0.264 0.100 

 

 

Figure 5.16 Scree plot- supply chain efficiency 

It can be observed from Table 5.46 that, the correlation of 0.505 for the first 

function which shows the less discriminant power.  

Wilks' Lambda test was conducted is to test which variable contribute 

significantly in discriminate function. Table 5.47 displays the test result. 
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Table 5.47 Unidimensional test of equality-supply chain efficiency 

Variable Lambda F DF1 DF2 p-value 

FLX 0.962 0.566 4 58 0.688 

SCT 0.954 0.698 4 58 0.596 

SCC 0.939 0.944 4 58 0.445 

OTD 0.975 0.365 4 58 0.833 

SOS 0.848 2.599 4 58 0.045 

PRD 0.791 3.835 4 58 0.008 

FFE 0.986 0.199 4 58 0.938 

Type of industry 0.630 0.921 28 189 0.584 

It can be noticed from the above table that, p-values for stock-out-situation (SOS) 

and productivity (PRD) are < 0.05 showing significant discriminating power over the 

other variable in supply chain efficiency category. Therefore, from the results, it can 

be concluded that, among the SCE indicators, PRD and SOS has strong discriminant 

power over other variables to determine SCE. Moreover, it can be predicted from the 

above table that, type, of industry has no discriminant power over SCE (insignificant 

p value). 

Fig 5.17 shows how the variables which are SCE measures are correlated with the 

four factors (this chart corresponds to the factor loading table). It can be noticed that, 

the factor F1 is correlated with SOS, SCC, SCT, OTD, PRD and that F3 is correlated 

with FEE, and F4 is correlated with FLX. 

The plot in the below Fig 5.18 shows the observation on factor axes based on type 

of industry. The values in both the plots (Fig 5.17 & 5.18) are linked to Table 5.47.
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Figure 5.17 Correlation matrix- supply chain efficiency 

 

Figure 5.18 Observation on factor axes 

It can be observed from Fig 5.18, that type of industries do not discriminate each 

other over SCE related measures. 
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The confusion matrix displayed in Table 5.48 summarizes the reclassification of 

the observations, and allows to quickly see the % of well classified observations, 

which is the ratio of the number of observations that have been well classified over 

the total number of observations. It is here equal to 62.4%. 

Table 5.48 Confusion matrix - supply chain efficiency 

  Predicted   

 
from \ 

to 
CHM ITC OPI PET REF Total % correct 

A
c
tu

a
l 
c
la

s
s 

CHM 4 0 0 0 0 4 100.00% 

ITC 1 4 0 0 0 5 80.00% 

OPI 1 1 3 0 0 5 60.00% 

PET 1 2 7 6 2 18 33.33% 

REF 2 6 11 0 12 31 38.71% 

 Total 9 13 21 6 14 63 62.40% 

5.7.4.2 ANOVA for Type of industry 

The analysis of variance was used to know the effect of number of employees with 

respect to SCE factors. The relationship between number of employees and SCE is 

presented in Table 5.49 and corresponding LS means plot displayed in Fig 5.19. 
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Table 5.49 LS means-supply chain efficiency 

  FLX SCT SCC OTD SOS PRD FFE 

Information technology 4.913  4.630  4.583  4.525  3.630 4.070 3.288 

Refinery 4.186  4.386  4.379  4.305 2.873 2.850 3.729 

Petrochemical 4.136  4.255  4.377  4.329 2.527 2.355 3.969 

Other process industry 0.177  4.317  4.16 4.154 3.530 3.648 3.527 

Chemical 3.996  4.210  4.166  4.220  2.614 3.240  3.667 

Pr > F 0.227 0.332 0.038 0.884 0.141 0.043 0.489 

Significant No No Yes No No Yes No 

 

 

 
 

Figure 5.19 Summary (LS means) 

 

It can be noticed from Table 5.49 that, SCC (supply chain cycle time) and PRD 

(productivity) appear to be significantly different with respect to the type of industry. 

Rest other variables do not show any significant variation regardless of the type of 

industry. Thus, it can be predicted from this result that, SCC and PRD vary depending 

on the type of industry. 
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5.7.5 Canonical Correlation between Supply Chain Performance and 

Demographics Profile  

Canonical correlation was used to predict the shared relationship between two or more 

sets of variables. This analysis establishes the individual relationship between two 

variables and also explores overall relationship between two sets of variables. The 

first set of variables consists of SCE factors SCC (supply chain cycle time), SCT 

(supply chain cost), OTD (on-time delivery), FLX (supply chain flexibility), FFE 

(supply chain fulfillment efficiency), SOS (stock-out situation), PRD (productivity) 

and second set consist of demographic profile of organizations surveyed. These are 

the type of industry and number of employees. Canonical distribution with respect to 

SCE and demographic variables is displayed in Table 5.50. 

Table 5.50 Canonical correlation of supply chain efficiency measures 

  FLX SCT SCC OTD SOS PRD FFE 

R² 0.188 0.166 0.270 0.075 0.213 0.266 0.139 

F 1.367 1.172 2.180 0.476 1.593 2.130 0.952 

Pr > F 0.227 0.332 0.038 0.884 0.041 0.043 0.489 

Type of industry 
0.653 0.265 0.550 0.251 1.780 3.215 0.695 

0.627 0.899 0.700 0.908 0.147 0.020 0.599 

Number of employees  
1.970 1.525 3.037 0.576 0.821 0.815 1.547 

0.098 0.198 0.018 0.718 0.540 0.544 0.191 

Thus, two sets of data were taken for this study. The first set contains seven 

variables relating to SCE measures, while the second set consists of demographic 

variables of the type of industry, number of employees. Based on these two sets of 

data, Canonical correlation was performed. From the three Canonical functions, the R² 

values are 0.270 for a supply chain cycle time, 0.213 in stock-out situation and 0.266 

for productivity show significant correlation. This implies that the entire Canonical 

model explains a consider portion of about 27%, 21% and 26% of the variance of 

these variables. Hence, there is a decent positive correlation can be observed between 

the two sets of data. 
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5.8 Organizational performance variables 

This section deals with data analysis of PER related variables. Table 5.51 below 

presents a snapshot on received responses with all variables are labeled as shown in 

below table. 

Table 5.51 Organization performance variables 

  5 
  4 

  3 
  2 

  1 
 

Market share (MKT) 17 (27.0 %) 35 (55.6 %) 11 (17.5 %) 0 0 

Sales growth (SGT) 20 (31.7 %) 42 (66.7 %) 1 (1.6 %) 0 0 

Profit margin (PMR) 8 (12.7 %) 15 (23.8 %) 30 (47.6 %) 10 (15.9 %) 0 

Overall competitive 

position (COM) 

20 (31.7 %) 40 (63.5 %) 3 (4.8 %) 0 0 

Return on investment 

(ROI) 

8 (12.7 %) 19 (30.2 %) 33 (52.4 %) 3 (4.8 %) 0 

Return on sales (ROS) 16 (25.4 %) 29 (46.0 %) 18 (28.6 %) 0 0 

5.8.1 Factorization of Organization Performance 

The sample adequacy test results is reported in below Table 5.52. 

Table 5.52 KMO measure of sampling adequacy 

MKS 0.851 

SGT 0.665 

PMR 0.651 

COM 0.697 

ROI 0.679 

ROS 0.878 

KMO  0.736 

KMO value 0.736 implies that the data was adequate to run the factor analysis. 

PCA was applied to emphasize variation and extract strong patterns in a dataset. 

Varimax orthogonal rotation was used for standard rotation. Eigenvalues reported in 

below Table 5.53 are those obtained with the principal factor extraction method and 

representing the amount of variance accounted for by a factor. 
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Table 5.53 Eigen values-Organization performance 

  F1 F2 F3 F4 

Eigenvalue 2.866 0.818 0.103 0.032 

Variability (%)  47.775 13.625 1.721 0.530 

Cumulative % 47.775 61.400 63.121 63.651 

It can be noticed from Table 5.53 that, the first eigenvalue equals 2.866 and 

represents 47.77 % of the total variability. This implies that if the data are represented 

on only one axis, the % of the total variability of the data can still be followed.  

Factor analysis with Varimax rotation was done to validate the dimensionality and 

the appropriateness of the measurement scale. With eigenvalues greater than 1.00 the 

total variance explained, was 47.77%. The KMO measure of sampling adequacy was 

0.736 indicating sufficient inter-correlation. There were six variables on PER and one 

factor was extracted. 

Factor pattern after varimax rotation is reported in below Table 5.54 and 

respective variables are grouped and labeled as Business and Performance. 

Table 5.54 Factor patter after varimax rotation 

  D1 D2 Label 

MKS 0.693 0.281 Business 

SGT 0.995 0.104 

COM 0.835 0.131 

ROI -0.590 -0.296  

PMR 0.192 0.414 Financial 

ROS 0.081 0.872 

From the Table 5.54 it can be observed that, the foremost factor is highly 

positively related to MKS, SGT and COM. The corresponding factor loading plot is 

displayed in Fig 5.20. 
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Figure 5.20 Factor loadings plot 

The squared factor loadings displayed in Table 5.52 indicate the percentage of the 

variance of the original variable is explained by the factor. Therefore, it can be seen 

that, among the variables of PER identified for this research, MKT, SGT and COM 

are having a high influence on PER. 

5.8.2 Priorities  of Organization Performance (PER) 

The supply chain managers in Malaysia and Singapore were asked to identify and rate 

the PER measures for their organizations on five points Likhart scale, ranging from 

totally agree to totally disagree. The mean values assigned to each of these variables 

are displayed below in Table 5.55 and variables have been ranked according to their 

mean values. 
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Table 5.55 Organizational performance measure 

Variable Mean Std. deviation Rank 

Sales growth (SGT) 4.286 0.521 I 

Overall competitive position (COM) 4.270 0.545 II 

Market share (MKT) 4.095 0.665 III 

Return-on-investment (ROI) 3.397 0.959 IV 

Profit margin (PMR) 3.222 1.069 V 

Return-on-sales (ROS) 2.016 0.772 VI 

It can be observed that, the respondents have offered more importance to the SGT 

and COM. It can also be noted that, the respondents showed less interest on the ROS 

because ROS in an effect of SGT. 

5.8.3 Characteristics of Organizational Performance 

The characteristics of the PER are studied using Chi-square test, Discriminant 

analysis, ANOVA and Canonical correlation. The Chi-square test values along with 

their level of significance are presented below in Table 5.56. 

Table 5.56 Significance of demographic variables 

Sl 

no 
Variable 

Chi-

square 

p (Sig. 

Value) 
Significance 

1 Type of industry 106.39 <0.0001 
Significant, small p-value (≤ 0.05) 

indicates strong evidence. 

2 Number of employees 129.98 0.080 
Not Significant, small p-value (> 

0.05) indicates weak evidence. 

3 Type of ownership 80.122 0.063 
Not significant, large p-value (> 

0.05) indicates weak evidence 

The Chi-square values displayed in Table 5.56 reveal that, the type of industry has 

significant association with PER. Organization growth and size may be linked with 

number of employees, but performance measures remain similar to regardless of the 

size of the organization. 
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5.8.4 Discriminant Analysis 

The canonical correlations of the predictor variables viz Sales growth (SGT), Overall 

competitive position (COM), Market share (MKT), Return-on-investment (ROI), 

Profit margin (PMR), Return-on-sales (ROS) is given in the below analysis displayed 

at below Table 5.57 and corresponding scree plots portrayed in Fig 5.21. 

Table 5.57 Eigen value and Canonical correlation 

  Factor 

 1 2 3 4 

Eigenvalue 0.285 0.123 0.043 0.023 

Discrimination (%)  60.139 25.920 9.094 4.847 

Cumulative % 60.139 86.059 95.153 100.000 

Canonical correlation 0.471 0.331 0.203 0.150 

 

 

Figure 5.21 Scree plot-organization performance 

It can be observed from Table 5.57 that, the correlation of 0.471 for the first 

function which shows the less discriminant power.  The correlation circle shown in 

Fig 5.22 shows how the variables which are PER factors are correlated with the three 

factors. It can be observed that, the factor F1 is correlated with COM and ROS; F2 is 

correlated with ROI; F3 is correlated with PMR and F4 is correlated with the MKS. 
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Figure 5.22 Correlation circle - Organizational performance 

Wilks' Lambda test was to examine which variable contribute significantly in 

discriminate function. The results are summarized below in Table 5.58. 

Table 5.58 Unidimensional test of equality 

Variable Lambda F DF1 DF2 p-value 

MKS 0.967 0.490 4 58 Not significant 

SGT 0.971 0.428 4 58 Not significant 

PMR 0.996 0.060 4 58 Not significant 

COM 0.955 0.682 4 58 Not significant 

ROI 0.891 1.779 4 58 Not significant 

ROS 0.970 0.454 4 58 Not significant 

Type of industry 0.650 1.021 24 186 Not significant 

It can be noticed from Table 5.56 that, none of the variable resulted significant 

value <0.05, which means that none of the variants contribute significantly in 

discriminate function. Fig 5.23 displays the observations on the factor axes. 
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Figure 5.23 Observation on factor axes 

The confusion matrix summarizes the reclassification of the observations, and 

allows to quickly see the % of well classified observations, which is the ratio of the 

number of observations that have been well classified over the total number of 

observations. It is here equal to 67.80%. The results are reported below in Table 5.59. 
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Table 5.59 Confusion matrix- organization performance 

  Predicted   

 
from \ 

to 
CHM ITC OPI PET REF Total % correct 

A
c
tu

a
l 
c
la

s
s 

CHM 4 0 0 0 0 4 100.00% 

ITC 1 4 0 0 0 5 80.00% 

OPI 1 0 4 0 0 5 80.00% 

OPI 0 2 3 9 4 18 50.00% 

PET 10 4 3 5 9 31 29.03% 

 Total 16 10 10 14 13 63 67.80% 

5.8.5 Analysis of Variance (ANOVA ) 

The analysis of variance was used to know the effect of number of employees with 

respect to PER variables. The relationship between number of employee and PER 

variables is displayed in below Table 5.60 and corresponding LS means plot 

displayed in Fig 5.24. 

Table 5.60 Summary of LS means - Type of industry 

  MKS SGT PMR COM ROI ROS 

Refinery 4.913 4.630 4.583 4.525 3.630 4.070 

Other process 

industry 
4.186 4.386 4.379 4.305 2.873 2.850 

Petrochemical 4.136 4.255 4.377 4.329 2.527 2.355 

Information 

technology 
4.015 4.317 4.163 4.154 3.530 3.648 

Chemical 3.996 4.210 4.166 4.220 2.614 3.240 

Pr > F 0.227 0.332 0.038 0.884 0.141 0.043 

Significant No No Yes No No Yes 
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Figure 5.24 LS means plot- type of industry 

It can be noticed from Table 5.60 that, the PMR and ROS appear to be 

significantly different with respect to the type of industry. Rest other variables do not 

show any significant variation regardless of the type of industry. Thus, it can be 

predicted from this result that, PMR and ROS vary depending on the type of industry. 

5.8.6 Canonical Correlation between Organization Performance Variables and 

Demographics Variables  

The Canonical correlation is used to predict the shared relationship between the two 

or more sets of variables. This analysis establishes the individual relationship between 

two variables and also explores overall relationship between two sets of variables. 

The first set of variables consists of PER related variables Sales growth (SGT), 

Overall competitive position (COM), Market share (MKS), Return-on-investment 

(ROI), Profit margin (PMR), Return-on-sales (ROS) and second set consist of 

demographic profiles of organization surveyed e.g. the type of industry. Canonical 

distribution in respect to PER and demographics variable is displayed below Table 

5.61. 
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Table 5.61 Canonical correlation 

  MKS SGT PMR COM ROI ROS 

R² 0.103 0.128 0.148 0.122 0.197 0.233 

F 0.680 0.867 1.020 0.815 1.449 1.785 

Pr > F 0.724 0.560 0.436 0.605 0.192 0.093 

Type of 

industry 

0.348 0.387 0.174 0.668 1.561 0.566 

0.844 0.817 0.951 0.617 0.198 0.689 

The above results do not show any significant value, thereby canonical correlation 

is not established between two sets of data. This implies that, the type of industry does 

not have the prediction power on PER variables. 
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5.9 Correlations: Supply Chain Efficiency &  Organizational Performance 

An inclusive set of performance measurement variables of supply chain linked to 

organization performance is conducted as part of configuration approach. Measuring 

and monitoring SCE and PER are imperative in an organization. To measure the 

performance, organizations need to select the relevant variables to evaluate the 

different aspects of supply chain. Therefore, this research has been expanded to 

spearman rank correlation and canonical correlation to determine the associations 

between the variables of SCE and PER. Table 5.62 presents SCE and PER variables.  

Table 5.62 Supply Chain Efficiency & Organization Performance variables 

Supply chain efficiency (SCE) Organization performance (PER) 

Flexibility (FLX) Market share (MKS) 

Supply-Chain-Cost (SCC) Sales Growth (SGT) 

Supply-Cycle-time (SCT) Competency (COM) 

On-time-delivery (OTD) Profit Margin (PMR) 

Stock-out-situation (SOS) Return on Sales (ROS) 

Fulfillment-efficiency (FFE) Return on Investment (ROI) 

Productivity (PRD)  

5.9.1 Spearman Correlation Test Results 

Spearman rank correlation measure was applied to conclude the power and direction 

of connotation that exists between the variables.  All the variables are highlighted in 

bold are resulted p-values (the estimated risk) < 0. The lower the p-value, the more 

different from 0 the correlation. Table 5.63 reports the spearman correlation matrix. 
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Table 5.63 Correlation matrix (Spearman): supply chain efficiency & organization performance 

Variable

s 
MKS SGT PMR COM ROI ROS FLX SCT SCC OTD SOS PRD FFE 

MKS 1 0.731 0.258 0.634 0.382 -0.563 0.084 0.098 0.049 0.021 0.046 0.060 0.082 

SGT 0.731 1 0.192 0.891 0.212 -0.633 0.076 0.042 -0.020 -0.004 0.117 0.070 0.069 

PMR 0.258 0.192 1 0.229 0.544 -0.239 -0.079 -0.063 -0.107 -0.089 -0.144 -0.183 0.065 

COM 0.634 0.891 0.229 1 0.172 -0.542 0.028 0.040 -0.021 -0.008 0.185 0.135 0.139 

ROI 0.382 0.212 0.544 0.172 1 -0.443 -0.075 -0.022 -0.077 -0.017 0.090 0.150 0.129 

ROS -0.563 -0.633 -0.239 -0.542 -0.443 1 0.073 0.037 0.078 -0.021 -0.063 -0.131 -0.008 

FLX 0.084 0.076 -0.079 0.028 -0.075 0.073 1 0.765 0.667 0.650 0.207 0.249 0.220 

SCT 0.098 0.042 -0.063 0.040 -0.022 0.037 0.765 1 0.860 0.874 0.336 0.373 0.331 

SCC 0.049 -0.020 -0.107 -0.021 -0.077 0.078 0.667 0.860 1 0.723 0.198 0.242 0.282 

OTD 0.021 -0.004 -0.089 -0.008 -0.017 -0.021 0.650 0.874 0.723 1 0.233 0.307 0.336 

SOS 0.046 0.117 -0.144 0.185 0.090 -0.063 0.207 0.336 0.198 0.233 1 0.834 0.197 

PRD 0.060 0.070 -0.183 0.135 0.150 -0.131 0.249 0.373 0.242 0.307 0.834 1 0.142 

FFE 0.082 0.069 0.065 0.139 0.129 -0.008 0.220 0.331 0.282 0.336 0.197 0.142 1 

Values in bold are different from 0 with a significance level alpha=0.05 
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Spearman correlation sorted the values being correlated and replaced the values 

by their rank in the sorted list. Correlation relationship can be observed from Table 

5.61 where the value of one variable increases, so does the other. The variables MKS. 

SGT, PMR, COM, ROI, FLX, SCT, SCC, OTD, SOS, PRD and FEE fall in this 

category. But the relationship between MKS and ROS is non-monotonic, where the 

value of one variables increases and other decreases. Table 5.64 shows the factor 

analysis where each eigenvalue match-up to a factor, and each factor to a 

measurement.  

Table 5.64 Eigen values 

  Factor 

 1 2 3 4 5 6 

Eigenvalue 0.238 0.141 0.094 0.027 0.006 0.001 

Variability (%)  46.967 27.714 18.618 5.337 1.114 0.249 

Cumulative % 46.967 74.681 93.299 98.637 99.751 100.000 

From Table 5.64, it can be seen that, the first eigenvalue equals 0.238 and 

represents 46.96% ≈ 47% of the total variability. The first two factors represents 

74.6% of the initial variability of the data. The corresponding Scree plot is shown in 

the below Fig 5.25. 

 

 

Figure 5.25 Scree plot- supply chain efficiency and organization performance 



219 

The Wilks’ lambda test allows to test whether the canonical variables are linked to the 

initial tables or not. Table 5.65 presents the Lambda test result. 

Table 5.65 Wilks' Lambda test of significance 

Lambda F DF1 DF2 Pr > F 

0.573 0.715 42 237.97 0.904 

0.752 0.507 30 206 0.985 

0.875 0.356 20 173.41 0.995 

0.966 0.153 12 140.51 1.000 

0.993 0.062 6 108 0.999 

0.999     

It is evident from the above table that, there is no significant results 

Canonical correlation assessment was performed to examine the relationships 

between the multivariate sets the two dependent variables SCE and PER.  There are 

two sets of data available for each factor; Supply Chain Efficiency consisting of 

flexibility (FLX), cycle time (SCT), cost (SCC), on-time delivery (OTD), stock-out 

situation (SOS), productivity (PRD) and fulfillment efficiency (FFE), while 

Organizational Performance consisting market share (MKS), sales growth (SGT), 

profit margin (PMR), competency (COM), return-on-investment (ROI) and return-on-

sales (ROS). 

Table 5.66 displays the Canonical correlation results. The canonical correlations 

on factor 1 show that, the two tables Y1 and Y2 are correlated. The redundancy 

coefficients show that, a small proportion of the variability of the input variables is 

predicted by the canonical variables. 
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Table 5.66 Canonical correlation - SCE and PER 

Canonical correlations: 

Factor 
 

1 2 3 4 5 6  

0.488 0.375 0.307 0.165 0.075 0.036 
 

Correlations between input variables and canonical variables (Y1): (Organization 

performance) 

  Factor 

 1 2 3 4 5 6 

MKS 0.113 0.063 0.127 0.516 0.535 -0.644 

SGT 0.246 0.273 0.375 -0.108 0.321 -0.781 

PMR 0.150 0.207 0.880 0.371 -0.134 -0.063 

COM 0.554 0.346 0.404 0.114 -0.008 -0.630 

ROI -0.399 0.265 0.523 0.089 0.636 0.291 

ROS 0.382 -0.559 -0.175 0.077 -0.200 0.682 

Correlations between input variables and canonical variables (Y2): (supply chain 

efficiency) 

FLX  0.437 0.416 -0.225 -0.257 0.118 -0.180 

SCT 0.090 0.327 -0.264 0.265 0.631 -0.584 

SCC 0.687 0.523 -0.750 0.491 0.068 -0.288 

OTD 0.350 0.048 -0.561 0.040 -0.029 -0.812 

SOS -0.777 -0.410 -0.125 -0.225 0.368 0.002 

PRD -0.808 0.032 -0.307 -0.123 0.481 -0.028 

FFE 0.413 0.280 0.157 0.623 -0.362 -0.375 

The correlations between the input variables and canonical variables allow to 

understand how the canonical variables are related to the input variables. The below 

Fig 5.26 portrays the correlation circle on axes F1 and F2. It shows a projection of the 

initial variables in the factor space. Horizontal axis linked to PER and vertical axis 

linked to SCE. 
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Figure 5.26 Correlation circle- SCE and PER 

The results show that, FLX, SCC, FFE and OTD are positively correlated to SCE 

and variables such as SGT, COM, PMR and MKS are positively correlated to PER.  

Thus, it can be predicted from the above results that, there is a positive correlation 

between SCE and PER. That implies that, if the SCE improves in terms of the 

flexibility, cycle time, fulfillment and on-time delivery, the PER will also improve in 

terms of the profit margin, market share, competency and sales growth. 

5.10 Common Method Bias (CMB) 

Since the endogenous variables were collected at the same time and using the same 

instrument as the exogenous variables, CMB was tested to establish that such bias did 

not distort the data collected. The research has examined the exploratory, un-rotated 

factor analysis to find the results of the first-order constructs (Harman, 1960). Fig 

5.27 presents an EFA where all variables are loaded onto a single factor and 
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constrained so that there is no rotation. However, this new factor was not this research 

model and was premised only for this analysis.  

 

Figure 5.27 Harman’s Single Factor Analysis 

The aim of the test is to determine if a single factor emerges that explains the 

majority of the variance in the model. As a thumb rule, if the newly presented latent 

variable supports more than 50% of the variance, then CMB may be exist. The 26 
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distinct factors from Fig 5.27, the largest of which accounted for only 28.83% of the 

variance of the model. This suggested that the data did not suffer from CMB. 

However, a growing debate on the significance of this bias has been reported 

(Bagozzi, 2011). Therefore, Pearson’s correlation test was conducted to validate 

CMB. 

5.11 Predictive Validity  

The results from Harman’s single-factor test by examining a correlation matrix of the 

constructs was validated (using Pearson’s correlations) to determine if any of the 

correlations > 0.90 among the indicators. Had there been correlations that high, it 

would have given strong evidence that a CMB existed (Pavlou et al., 2006). Pearson 

correlation coefficient is used to measure the predictive validity of the constructs. 

The predictive validity of the 5 hypotheses introduced in Chapter 3 was tried 

utilizing bivariate Pearson Correlation to check whether there is a statistically 

significant linear relationship. The values can be obtained using the below formula.  

 

Ref: Pearson Correlation Coefficient Formula 

However, XLSTAT software using the above algorithm and automatically 

calculate the results. The results are presented in Table 5.67 derived from XLSTAT 

analysis. 



224 

Table 5.67 Predictive validity test results 

Hypothesis Independent variable 
Dependent 

variable 

Pearson 

correlation 
Significance 

H1 SCI SCE 0.786 <0.0001 

H2 SCI PER 0.386 0.03 

H3 DIS SCE 0.809 <0.0001 

H4 DIS PER 0.453 0.02 

H5 SCE PER 0.353 0.03 

The Pearson correlation coefficient, can take a range of values from +1 to -1. A 

value of 0 indicates that there is no association between the two variables. A value 

greater than 0 indicates a positive association; that is, as the value of one variable 

increases, so does the value of the other variable. It can be observed from the above 

Table 5.65 that, all hypothesized relationships between independent variables SCI, 

DIS and SCE with dependent variables SCE and PER are statistically supported by 

the Pearson correlation at <0.05 level. The final hypotheses testing using PLS-SEM is 

discussed in the next section. 

The point to be noted here that, the statistically significant bivariate correlations 

may not stand valid in a multivariate environment because of the interactions among 

variables for all hypothesized associations. 

5.12 Casual Model and Hypotheses Testing 

All the constructs have already been validated in this research using Smart PLS v3.0. 

A discussions on   PLS-SEM followed by the path diagram is presented below. 

5.12.1 Introduction to Structura l Equation Modeling (SEM) 

The proposed conceptual model in this research was tested using partial least square-

structural equation modeling and partial least squares path modeling (PLS-PM, PLS-
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SEM). This section presents a discussions and comparisons between the two SEM 

modeling approach. 

PLS-SEM functions like a multiple regression analysis (Hair et al., 2011). This 

attributes of PLS-SEM suitable for exploratory research purposes (Hair et al., 2014). 

In the same study, Hair et al., 2014 noticed a substantial increase in the use of PLS-

SEM in recent years especially in the field of information systems management 

(Ringle et al., 2012). Henseler, 2010 has indicated the advantage of PLS-SEM in 

achieving higher levels of statistical power and establishes better convergence 

behavior than covariance based SEM. Hair et al., 2016 have recommended that, PLS-

SEM works efficiently with small sample sizes and complex models and makes no 

norms about the essential data.  

Therefore, keeping the above discussions in view, this research has used PLS-

SEM to test the model and establish the hypotheses. 

While a global goodness-of-fit measure for PLS-SEM has been proposed by 

Tenenhaus et al., 2004, but Henseler et al., 2014 found that the measure is unsuitable 

for identifying un-specified models. PLS-SEM relies on measures of model’s 

predictive capabilities to judge the model’s quality. In terms of measurement error 

Henseler et al., 2014 commented that, PLS-PM capitalizes on correlations among 

composite factor indicators to produce more reliable constructs.  

5.12.1.1 PLS-PM algorithm 

This section explained the PLS path modeling algorithm to estimate the relationships 

among Q (q = 1…Q) variables, which are expression of unobservable constructs. 

Essentially, PLS-PM is made of a system of interdependent equations based on simple 

and multiple regressions. Such a system estimates the network of relations among the 

latent variables as well as the links between the manifest variables and their own 

latent variables.  

Assuming P variables (p = 1….. P) observed on N units (n = 1….. N). The 

resulting data (xnpq) are collected in a partitioned data table X:  
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X = [X1…. Xq….XQ where Xq]    (5.1) 

Where, Xq is the generic q-th block made of Pq variables.  

Each SEM has two sub-models- (1) measurement model and (2) structural model. 

The measurement model is outer model and represents the relationships between the 

manifest variables and the latent variables. Measurement model is tested for internal 

consistency reliability, indicator reliability and convergent validity in order to achieve 

the fitness of measurement model. 

In the PLS Path Modeling framework, the structural model can be written as:  

   (5.2) 

Where,  

ξj  (j = 1….. J) is the generic endogenous latent variable,  

βqj is the generic path coefficient interrelating the q-th exogenous latent variable to 

the j -th endogenous one,  

ζj is the error in the inner relation (i.e. disturbance term in the prediction of the j -

th endogenous latent variable from its explanatory latent variables). 

The measurement model or outer model relates observed/manifest variables 

(MVs) to their latent variables (LVs). Within the PLS framework one MV can only be 

related to one LV. All MVs related to one LV are called a block. So each LV has its 

own block of observed variables. Without the loss of generality the following 

assumptions can be made:  

1. All MVs contained in the data matrix X are scaled to have zero mean and unit 

variance.  

2. Each block of MVs Xg is already transformed to be positively correlated for all 

LVs yg, g = 1. . . G. 



227 

Reflective measurement which is used in this research where, each variable of 

MVs reflects its LV and can be written as the multivariate regression:  

Xg =Yg  + Fg  E [Fg | yg ] = 0. 

So  can be estimated by least squares as  

= ( yg) ī1  Xg     

= VAR (yg) ī1 COV (yg, Xg) 

= COV (yg, Xg) 

= COR (yg, Xg)   (5.3) 

5.12.2 Theoretical & Empirical Considerations of model  

The theoretical and empirical considerations are important to decide whether the 

measurement model is formative or reflective. These considerations include:  

i. the nature of the constructs,  

ii. the direction of causality between the variables and the latent constructs, and  

iii. the characteristics of the variables used to measure the constructs (Coltman et 

al., 2008).  

Practically all scales in business and related methodological texts on scale 

development (Bruner et al., 2001; Netmeyer et al., 2003) used a reflective approach to 

measurement and many authors claimed the superiority of reflective model (Hair et al 

2013; Vinzi et al 2010). This research adopted reflective model for testing. Following 

theoretical and empirical considerations are considered in this research. 

¶ Latent constructs exists independent of the measures used. 

¶ Variation in the constructs causes variation in the variables measured. 

¶ Variation in item measures does not cause variation in the constructs. 
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¶ Variables share a common theme. 

¶ Variables are interchangeable. 

¶ Adding or dropping a variables does not change the conceptual domain of a 

construct. 

¶ Empirical test: internal consistency and reliability assessed via Cronbach 

alpha, average variance extracted and factor loadings (e.g., from common or 

confirmatory factor analysis). 

¶ Empirical test: content validity is established based on theoretical 

considerations and assessed empirically via convergent and discriminant 

validity. 

5.12.3 Guidelines to Ensure Correct PLS Application 

PLS-SEM is a multivariate data analysis method and still evolving. Therefore, some 

general guidelines were followed when performing PLS path model. There are some 

general guidelines have been indicated in the literature (Wong, 2013). Table 5.68 

displays some of the guidelines that are considered in this research. This research 

followed the below guidelines to examine PLS-PM and empirical analysis.   
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Table 5.68 Guidelines for PLS application 

Topics Suggestions References  

Measurement scale 
Avoid using a categorical scale in 

endogenous constructs. 
Hair et al., 2010 

Value for outer 

weight 

Use a uniform value of 1 as starting weight 

for the approximation of the latent variable 

score 

Henseler, 2010 

Maximum number 

of iterations 
300 Ringle et al., 2005 

Bootstrapping 

Number of bootstrap “samples” should be 

5000 and number of bootstrap “cases” 

should be the same as the number of valid 

observations 

Hair et al., 2011 

Inner model 

evaluation 
Do not use goodness-of-fit (GoF) Index 

Henseler and Sarstedt, 

2013 

Outer model 

evaluation 

(reflective) 

Report indicator loadings. Not to use 

Cronbach’s alpha for internal consistency 

reliability. 

Bagozzi and Yi, 1988 

Reflective 

measurement scale 

Reliability and validity should be 

thoroughly examined 

Haenlein & Kaplan, 2004; 

Hair et al., 2013; Petter et 

al., 2007 

5.12.4 Proposed Conceptual Model 

The proposed conceptual model has been portrayed in Fig 5.28 which is the same 

theoretical framework presented in Chapter 3, Fig 3.5. There are four constructs or 

variables in the model: Supply chain integration (SCI), Selective disintegration (DIS), 

Supply chain efficiency (SCE) and Organization performance (PER). SCI and DIS are 

viewed as the independent variable, and SCE and PER are dependent variables. The 

four constructs presented in the conceptual model are employed to test the casual 

relationship among supply chain integration, selective disintegration, supply chain 

efficiency and organizational performance. 
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Figure 5.28 Proposed conceptual model 

The 5 hypotheses were proposed in Chapter 3 are represented by the 5 causal 

relationships in the model. Hypothesis 1 which is H1 in the above figure, is 

represented in Fig 5.28 by the relationship SCI → SCE; Hypothesis 2 which is H2 in 

the above figure, is represented by the relationship SCI → PER; Hypothesis 3 which 

is H3 in the above figure, is represented by the relationship DIS → SCE; Hypothesis 4 

which is H4 in the above figure, is represented by the relationship DIS → PER; and 

Hypothesis 5 which is H5 in the in above figure, is represented by the relationship 

SCE → PER.  

5.12.5 Exploratory Factor Analysis (EFA) of Measurement Model 

Factor analysis of the measurement model with respect to each variables, namely SCI, 

DIS, SCE and PER are shown in Fig 5.29. The model was tested using SmartPLS 3.0 

PLS-SEM in a series of hierarchical steps. The empirical assessment of the reflective 

model is presented below. 
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Based on the result of factor analysis for SCI, the thirteen variables were grouped 

into three factors and named as Logistics, Planning and Transaction. Similarly, for 

Supply Chain Efficiency, seven variables were into two factors and named as 

Delivery and Storage; for Organizational Performance, six variables into two factors 

and named as Finance and Business. Fig 5.29 presents the theoretical framework 

which include all the factors as latent variable comprising of associated manifest 

variables. 

 

Figure 5.29 14 pathway SEM model  

A quick bootstrap run was conducted with 500 sub samples to validate the 

significances of all the paths. It can be seen from Fig 5.27 that, most of the regression 

paths (12 paths) are insignificant. The significance t-value should be > 1.96. 
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Therefore, the data does not support this model structure. The results are reported 

below in Table 5.69. 

Table 5.69 Bootstrap result for 14 pathway model 

 
Path 

coeff. 

Sample 

mean 

Std 

Dev 

t-

value 
p-value 

SCE_Delivery→ PER_Business 0.244 0.250 0.158 1.543 0.113** 

SCE_Storage → PER_Financial -0.020 -0.169 0.156 0.129 0.892** 

SCI_Logistics→ PER_Business 0.216 0.209 0.161 1.340 0.166** 

SCI_Ligistics → PER_Financial -0.056 0.003 0.168 0.334 0.723** 

SCI_Logistics → SCE_Delivery -0.242 -0.214 0.154 1.546 0.085** 

SCE_Logistics → SCE_Storage 0.075 0.074 0.219 0.342 0.720** 

SCI_Planning→ PER_Busines -0.372 -0.359 0.155 2.397 0.015 

SCI_Planning→ PER_Financial -0.066 0.013 0.189 0.350 0.739** 

SCI_Planning→ SCE_Delivery 0.319 0.334 0.242 1.317 0.190** 

SCI_Planning → SCE_Storage -0.018 0.026 0.219 0.080 0.933** 

SCI_Transaction→ PER_Business -0.091 -0.105 0.164 0.553 0.569** 

SCI_Transaction→ PER_Financial -0.157 -0.024 0.251 0.624 0.523** 

SCI_Transaction→ SCE_delivery 0.386 0.365 0.184 2.097 0.036 

SCI_Transaction→ SCE_Storage 0.239 0.217 0.219 1.092 0.242** 

** Not significant, p value > 0.05 

Therefore, it was necessary to revise the model to fit the data. The revised model 

with the reduced pathway is shown in Fig 5.30. SCI variables are shown as reflective 

indicators under the SCI latent variable. The logistics variables IMS, TMS and OMS 

are brought under DIS latent variable as reflective indicators. All the manifest 

variables linked to the SCE and PER are shown in the diagram as reflective 

indicators. 
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Figure 5.30 Pathway for revised model 

It can be seen from Fig 5.30 that, all the regressions paths are significant except 

SCE → PER, t-values > 1.96 for all other paths. The revised model has 5 pathways 

and the data aptly fit this model structure. This model was chosen for further analysis. 

The DIS variables (IMS, TMS and OMS) data were taken from the responses of Q10 

(following instances of ERP if moved to the cloud will lead to supply chain flexibility, 

less maintenance, less cost). 

Fig 5.31 displays the factor loadings of the initial assessment.  
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Figure 5.31 Measurement model 

By looking at the diagram, some initial observation can be made. In this research 

the criteria of the 0.50 (recommended by Hulland & Richard, 1999) were adopted for 

the retention of the factors. Hence, there is no empirical support to retain variables 

such as FIS under SCI, FFE, FLX under SCE and ROI, ROS, PMR under PER. 

Fig 5.32 displays the revised model with Bootstrap run. Advantages of PLS-

Bootstrap have been discussed in Chapter 4. Bootstrapping can refer to any test or 

metric that relies on random sampling with replacement. Bootstrapping allows 

assigning measures of accuracy (defined in terms of bias, variance, confidence 

intervals, prediction error or some other such measure) to sample estimates.  
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Figure 5.32 Revised measurement model 

All the t-values shown along the arrow display significant results (> 1.96). 

Revised model constructs are reported in Table 5.70. 

Table 5.70 Revised model constructs 

Outcome constructs (endogenous) Supply chain efficiency (SCE) 5 items 

Organization performance (PER) 3 items 

Driver constructs (exogenous) Supply chain integration (SCI) 9 items 

Selective dis-integration (DIS) 3 items 

It can be inferred from Table 5.70 that, the model has three main 

conceptual/theoretical components:  

a. The target constructs of interest (i.e., SCE and PER);  
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b. The supply chain integration (SCI), that represent key determinant of the 

target constructs; and  

c. The selective dis-integration, which is another determinant of the target 

constructs and represents the research goal. 

Following tests were conducted to assess the PLS-SEM output. 

1. Explanation of target endogenous variable variance  

2. Inner model path coefficient sizes and significance  

3. Outer model loadings and significance  

4. Indicator reliability  

5. Internal consistency reliability  

6. Convergent validity 

7. Discriminant validity  

8. Checking Structural Path Significance in Bootstrapping 

Base data settings for the revised model is displayed in Appendix E. 

5.12.5.1 Explanation of Target Endogenous Variable Variance 

The most commonly used measure to evaluate structural model is the coefficient of 

measurement (R2). This coefficient is a measure of the model’s predictive power and 

is calculated as the squared correlation between a specific endogenous construct’s 

actual and predicted values and represents the exogenous latent variables’ combined 

effect on endogenous variable. Because the R2 is the squared correlation of actual and 

predicted values as such, includes all the data that have been used for model 

estimation to judge the model’s predictive power, it represents a measure of in-sample 

predictive power (Rigdon, 2012; Sarstedt et al., 2014).  Hair, et al., 2012c suggested 
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that, the average R2 value is 0.36 in strategic management research studies. The 

coefficient of determination is reported in Table 5.71. 

Table 5.71 Coefficient of determination 

 R2 
R2 

(adjusted) 

Sample 

mean  
(STDEV) t statistics      

p 

values 

PER 0.466 0.547 0.210 0.088 5.292 0.000 

SCE 0.394 0.423 0.452 0.099 3.964 0.000 

 The coefficient of determination (R2) for PER is 0.466 and for SCE is 0.394. This 

means that, two latent variable supply chain integration (SCI) and selective 

disintegration (DIS) explain almost 39 % of the variance of supply chain efficiency 

(SCE) and 46% of the variance of organization performance (PER). The R2 plot is 

portrayed in Fig 5.33. 

 

Figure 5.33 R squared plot  

5.12.5.2 Outer Model Loadings and Significance 

To view the correlation between each latent variable and indicators in its outer model, 

outer loadings have been examined. The relationship of each variable to the 

underlying factor is expressed by the outer loading in Table 5.72. The algorithm 

converged only after 6 iterations, which implies that, the estimation is good for the 

revised model.  
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Table 5.72 Results summary- revised measurement model 

Indicators Loadings 
Sample 

mean 
Std dev. t-value p-value 

Composite 

reliability 
AVE 

Supply Chain Integration (SCI) 

CPS 0.883 0.875 0.034 25.810 0.000 

0.912 0.541 

POS 0.845 0.843 0.048 17.520 0.000 

RFI 0.827 0.825 0.055 14.990 0.000 

APO 0.740 0.760 0.044 16.757 0.000 

IHS 0.732 0.747 0.081 9.065 0.000 

CRM 0.684 0.667 0.129 5.295 0.000 

DWS 0.677 0.662 0.128 5.309 0.000 

EDI 0.636 0.617 0.124 5.130 0.000 

SDS 0.528 0.505 0.179 2.927 0.001 

Selective Disintegration (DIS) 

TMS 0.984 0.981 0.030 32.889 0.000 

0.904 0.766 IMS 0.974 0.969 0.031 31.409 0.000 

OMS 0.618 0.616 0.256 2.414 0.016 

Supply Chain Efficiency (SCE) 

SCT 0.869 0.892 0.050 17.320 0.000 

0.858 0.556 

OTD 0.848 0.855 0.057 14.994 0.000 

SCC 0.816 0.823 0.074 11.186 0.000 

PRD 0.589 0.569 0.169 3.482 0.001 

SOS 0.525 0.507 0.507 2.927 0.004 

Organization performance 

COM 0.855 0.874 0.093 9.176 0.000 

0.811 0.595 MKS 0.840 0.778 0.196 4.292 0.000 

SGT 0.585 0.538 0.152 3.838 0.000 

The significance of all variables can be seen above from Table 5.72. All the p-

values and t-values (an estimation of how much a particular indicator loads onto a 

construct in the model) are meeting the criteria (t >1.96 / p < 0.01), which implies that 

outer model loadings are highly significant. 
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5.12.5.3 Internal Consistency Reliability 

The Composite Reliability (CR) values of the measurement model are larger than 0.6 

(Table 5.72) for all the latent variables, so high levels of internal consistency 

reliability have been demonstrated among all reflective latent variables. Some 

researchers prefer to use CR rather than Cronbach Alpha because Cronbach Alpha is 

being knocked for its lower bound value which underestimates the true reliability 

(Peterson & Kim, 2013) and value is lightly higher. Fig 5.34 displays the composite 

reliability plot of the revised measurement model. 

 

Figure 5.34 Composite reliability of revised measurement model 

All the reflective constructs have high levels of internal consistency reliability, as 

demonstrated by the above composite reliability values.  

5.12.5.4 Convergent Validity 

To estimate convergent validity, each latent variable’s Average Variance Extracted 

(AVE) was evaluated. It is found that all AVE values are all greater than acceptable 

threshold 0.5, for all latent variables (Table 5.72). Fig 5.35 displays the AVE plot for 

the revised measurement model. 
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Figure 5.35 AVE for the revised measurement model 

The AVE values (convergent validity) are well above the minimum required level 

of 0.50, thus demonstrating the convergent validity for all four constructs. These 

results indicate strong convergent validity in the model for the constructs. 

5.12.5.5 Discriminant Validity   

Discriminant validity assessment has become a generally accepted prerequisite for 

studying relationships between latent variables. For variance-based structural equation 

modeling, such as partial least squares, the Fornell-Larcker criterion and the 

examination of cross-loadings are the dominant approaches for evaluating 

discriminant validity. Henseler et al., 2015 have shown by means of a simulation 

study that, these approaches do not reliably detect the lack of discriminant validity in 

common research situations. Henseler et al., 2015 therefore propose an alternative 

approach, based on the multitrait-multimethod matrix, to assess discriminant validity: 

the heterotrait-monotrait ratio of correlations (HTMT). Henseler et al., 2015 

demonstrate this approach’s superior performance by means of a Monte Carlo 

simulation study, in which they compare the new approach to the Fornell-Larcker 

criterion and the assessment of (partial) cross-loadings. Finally, they provide 

guidelines on how to handle discriminant validity issues in variance-based structural 

equation modeling. The HTMT estimation based on Bootstrap model is discussed in 

below section.  
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Discriminant validity results of PLS algorithm are displayed in below Table 5.73. 

Table 5.73 Discriminant validity 

Variable DIS PER SCE SCI 

DIS 0.875    

PER 0.211 0.771   

SCE 0.461 0.366 0.746  

SCI 0.283 0.653 0.536 0.736 

 

It can be observed that, all the values marked in bold are higher than the 

respective row and column values of the variables. This result indicates that, 

discriminant validity is well established. 

Hence, the above results suggest that, the model needs no further modification and 

the work will continue with further analysis. The construct measures have been 

confirmed as reliable and valid, the next step is to assess the structural model results. 

These reports suggest that the proposed is a good fit of the available data. It should be 

noted here that, the above values change a little after bootstrapping run of the model. 

5.12.5.6 Heterotrait-Monotrait Ratio of Correlations (HTMT) 

The HTMT approach to assess discriminant validity was proposed by Henseler et al., 

2015. HTMT is the average of the heterotrait-heteromethod correlations relative to the 

average of the monotrait-heteromethod correlations. HTMT values smaller than 1 

show that the true correlation between the two constructs should differ. As a criterion 

HTMT values are compared with a predefined threshold: If the value of the HTMT is 

higher than this threshold, there is a lack of discriminant validity. Some authors 

suggest a threshold of HTMT0.85 (Kline 2011), whereas others propose a value of 

HTMT0.90 (Teo et al. 2008). Table 5.74 reports the HTMT ratio of correlations. 
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Table 5.74 Heterotrait-monotrait ratio of correlations 

 
Original 

sample 
Sample mean 

Standard 

deviation 
t-statistics p-values 

PER→DIS 0.437 0.446 0.099 4.414 0.007 

SCE→DIS 0.472 0.499 0.100 4.719 0.000 

SCE→PER 0.409 0.509 0.150 2.738 0.006 

SCI→DIS 0.329 0.377 0.099 3.314 0.001 

SCI→PER 0.719 0.745 0.104 6.942 0.000 

SCI→SCE 0.599 0.609 0.128 4.679 0.000 

It can be seen from the above table that, all the HTMT values are < 0.850 in the 

original sample column. Therefore, the discriminant validity has been established 

between the reflective constructs. It should be mentioned here that, although the 

Heterotrait-monotrait ratio of correlations have been established, a value closer to 

0.850 likely to bring a better result for the model validation. With the large data set 

(200 or above) these values should ideally appear closer to 0.850. 

5.12.6 Structural  Path Significance of Inner Model 

After applying the PLS-SEM algorithm, estimates is obtained for the structural model 

relationships (the path coefficients), which represent the hypothesized relationships 

between the constructs.  

The path coefficients in the structural model are shown in the next several steps. 

PLS-SEM does not assume that the data is normally distributed, which implies that 

parametric significance tests cannot be applied to test whether coefficients such as 

outer weights, outer loadings and path coefficients are significant. Instead, PLS-SEM 

relies on a nonparametric bootstrap procedure to test the significance of estimated 

path coefficients in PLS-SEM. Before examining the sizes of the path coefficients, 

their significance was examined.  
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A Bootstrap analysis was conducted using 5000 sub samples from original 

samples to assess the statistical significance of each path coefficient. Fig 5.36 

represents the Bootstrap analysis model. The Bootstrap result approximates the 

normality of the data. 

 

Figure 5.36 Bootstrap path model 

Fig 5.36 portrays five associations. These are the association between Supply 

chain integration (SCI) and Supply chain efficiency (SCE), Supply chain integration 

(SCI) and Organization performance (PER), Selective disintegration (DIS) and supply 

chain efficiency (SCE), Selective disintegration (DIS) and Organization performance 

(PER), finally, Supply chain efficiency (SCE) and Organization performance (PER).  
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5.12.6.1 Standardized Root Mean Square Residual (SRMR) 

A global goodness-of-fit measure for PLS-SEM has been proposed by Tenenhaus et 

al., 2004, but instead of assessing goodness-of-fit, the structural model is primarily 

assessed on the basis of heuristic criteria that are determined by models predictive 

capabilities. PLS-SEM focuses on the discrepancy between the observed (in the case 

of manifest variables) or approximated (in the case of latent variables) values of the 

dependent variables and the values predicted by the model in question (Hair et al., 

2012a). These criteria, by definition, do not allow for testing the overall goodness of 

the model fit in a CB-SEM sense. Instead, the model assessed in terms of how well it 

predicts the endogenous variables (Sarstedt et al., 2014). The key criteria for assessing 

the structural model in PLS-SEM are the significance of the path coefficient. The 

model was run using SmartPLS v3.2.4 to examine the Goodness of model fit; this is 

done by measuring the discrepancy between the empirical correlation matrix and the 

implied correlation matrix of a particular model (Henseler & Dijkstra 2015). The 

program provides the Goodness of model fit in terms of standardized root mean 

squared residual (SRMR). Henseler et al., (2014) have recommended that, the PLS 

can help detect a wide spectrum of measurement model misspecifications as long as a 

composite factor model is assumed and the test of exact fit and/or the SRMR are used 

for model validation purposes. 

 While the root mean square residual (RMSR) is a measure of the mean absolute 

value of the covariance residuals, the standardized root mean square residual (SRMR) 

based on transforming both the sample covariance matrix and the predicted 

covariance matrix into correlation matrices. The SRMR is defined as the difference 

between the observed correlation and the predicted correlation. Thus, it allows 

assessing the average magnitude of the discrepancies between observed and expected 

correlations as an absolute measure of (model) fit criterion. Usually, when using PLS, 

the composite model SRMR is relevant. A value less than 0.10 and of 0.08 (Hu and 

Bentler, 1999) is considered a good fit. Table 5.75 reports the SRMR results. 
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Table 5.75 Standardized root mean square residual assessment 

 
Original sample 

Sample 

mean 
Std. Dev t value p value 

Common factor 

model 
0.130 0.151 0.016 8.328 0.000 

Composite model 0.075 0.118 0.014 5.357 0.000 

A recent simulation study shows that even entirely correctly specified model can 

yield SRMR values of 0.06 and higher (Henseler et al., 2014). However, the cutoff 

proposed by Hu and Bentler (1999) appears to be more adequate for PLS path models. 

Composite model is relevant to reflective model and it can be seen from the above 

table that, for the composite model, the value is 0.075 (<0.10). This establishes the 

model fit criteria. 

5.12.6.2 Hypotheses Test  

Table 5.76 reports the significance of structural path coefficients, i.e. path coefficients 

along with their bootstrap t-values. Fig 5.37 is the screen shot of SmartPls evaluation. 

The path coefficient denotes the estimated values for path relationship in the structural 

model and should at significance level (p<0.05). According to Chin, 1998, the 

standard deviation and t >1.96 value allows the measuring of the significance of the 

path coefficient. 

The effect size (f2), which shows how much an exogenous latent variable 

contributes to an endogenous latent variable’s R2 value. In simple terms, effect size 

assesses the strength of the relationship of an independent variables on dependent 

variable (Tabachnick & Fidell, 2007). Effect size also helped to assess the overall 

contribution of this research. Chin et al., 2003 have clearly pointed out the necessity 

of reporting the effect size between these variables in research. The values of f2 0.02, 

0.15 and 0.35 indicates small, medium and large effect respectively. 
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Table 5.76 Bootstrap run report 

Hypo

thesis  
Relation 

Original 

sample 

Sample 

mean 

Std. 

Dev 
t value 

p 

value 
support f2 

H1 SCI→ SCE 0.441 0.457 0.111 3.959 0.000 Yes 0.295 

H2 SCI→ PER 0.650 0.667 0.117 5.568 0.000 Yes 0.563 

H3 DIS→ SCE 0.339 0.335 0.125 2.707 0.007 Yes 0.174 

H4 DIS→ PER -0.215 -0.207 0.089 2.429 0.015 Yes 0.168 

H5 SCE→ PER 0.122 0.152 0.153 0.801 0.423 No 0.017 

 

Figure 5.37 Bootstrap path model 

The above results show the significance of the path coefficients. Path coefficients 

are shown in the Original Sample column. It can be seen from the above table that, 

four paths are significant (p<0.05) and one path (SCE→ PER = 0.815) is 

insignificant. Hypothesis 5 (H5) which is supply chain efficiency has a positive 

influence on organizational performance is not supported. The significance of other 

relationships is discussed below. 

Table 5.73 displays the path co-efficient, sample mean, standard deviation and t-

value corresponding to the first association between supply chain integration (SCI) 

and supply chain efficiency (SCE) are 0.441, 0.457, 0.111 and 3.959 respectively at a 

significance of p = 0.000. This demonstrates as an empirical proof to accept and 
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support the hypotheses that supply chain integration has a positive influence on 

supply chain efficiency (H1). 

Considering the second association, the path co-efficient, sample mean, standard 

deviation and t-value corresponding to the second association between Supply chain 

integration (SCI) and Organization performance (PER) are 0.650, 0.667, 0.117 and 

5.568 respectively at a significance level of p = 0.000. This serves as testimony to 

accept and support the hypothesis that supply chain integration has a positive 

influence on organizational performance (PER), which is Hypothesis 2 (H2). 

Considering the third association, the path co-efficient, sample mean, standard 

deviation and t-value corresponding to the third association between Selective 

disintegration (DIS) and Supply chain efficiency (SCE) are 0.339, 0.335, 0.125 and 

2.707 respectively at a significance level of p = 0.007. This serves as statistically 

significant evidence to accept and support the third Hypothesis (H3) that the Selective 

disintegration has a positive influence on Supply chain efficiency. 

Considering the fourth association, path co-efficient, sample mean, standard 

deviation and t-value corresponding to the fourth association between Selective 

disintegration (DIS) and Organization performance (PER) are -0.215, -0.207, 0.089 

and 2.429 respectively at a significance level of p = 0.015.  The path co-efficient 

turned out to be negative for this association. Therefore, the effect size (f2) was 

checked for this association. The f2= 0.174 represents medium effect of DIS on PER. 

This serves as testimony to accept and support the fourth hypothesis (H4) that 

Selective disintegration has a positive influence on organizational performance (PER).  

Considering the fifth association, path co-efficient, sample mean, standard 

deviation and t-value corresponding to the fifth association between Supply chain 

efficiency (SCE) and Organization performance (PER) are 0.122, 0.152, 0.153 and 

0.801 respectively. It can be find that, the path coefficient value to organization 

performance lacks necessary confidence level and did not pass the t-test. Therefore, 

there is no empirical support to accept fifth Hypothesis (H5) that, supply chain 

efficiency directly influences organization performance.  
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The p-values summarize statistical significance and depend upon both the 

magnitude of association and the precision of the estimate (the sample size). When the 

sample size is large, results can reach statistical significance (i.e., small p-value) even 

when the effect is small. Conversely, with small sample sizes, results can fail to reach 

statistical significance yet the effect is large and potentially important. Statistical tests 

allowed to draw conclusions of significance or not, based on a comparison of the p-

value to the selected level of significance. The conclusion in this research was based 

on the selected level of significance (α) and could change with a different level of 

significance. When conducting any statistical analysis, there is always a possibility of 

an incorrect conclusion. With many statistical analyses, this possibility is increased.   

Thereby, this research has conducted the statistical analyses of interest and not all 

possible tests. 

It can be seen from Table 5.76 that, apart from SCE→PER, rest all for relations 

have medium to large effect on their respective endogenous variables. 

5.12.6.3 Blindfolding - Predictive Relevance 

Blindfolding is a sample re-use technique that starts with the first data point and omits 

every d-th data point in the endogenous construct’s indicators. This research has 

conducted Stone-Geisser’s Q² test to check the predictive relevance (Geisser, 1974, 

Stone, 1974).  The Q2 value evaluates how much the model approaches, what was 

expected of it (or the model prediction quality or accuracy of the adjusted model). As 

criteria of the evaluation, values greater than zero should be obtained (Hair et al., 

2016). A perfect model would have Q2 = 1 (shows that the model reflects reality – 

without errors). 

The predictive measure for the block is based on the following parameters: 

Q2 = 1 – ΣE / ΣO 

Where: ΣE = Sum square of prediction error [Σ(y –  ye)2] for omitted data and ΣO 

= Sum square of observed error [Σ(y –  y)2] for remaining data D = Omission 

distance. 
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Fig 5.38 portraits the Blindfolding statistical analysis and corresponding cross 

validated redundancy results are reported in Table 5.77. 

 

Figure 5.38 Cross validated redundancy- Blindfolding run 
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Table 5.77 Inner model cross validated results- Blindfold 

 SSO SSE Q2=SSE/SSO 

PER 189.000 153.036 0.190 

SCE 315.000 256.939 0.184 

Q2 > 0 implies that the model has predictive relevance while Q2 < 0 indicates a lack of 

predictive relevance. 

  

Using an omission distance of 7, the research has obtained Q2 values of 0.190 and 

0.184 respectively, for the endogenous constructs, which is an indicative of a 

predictive model. 

The PLS path modeling’s tests of model fit rely on the bootstrap to define the 

likelihood of obtaining a variance between the empirical and the model-implied 

correlation matrix that is as high as the one obtained for the sample at hand if the 

hypothesized model was indeed correct (Dijkstra & Henseler, 2015). Bootstrap 

samples are made from modified sample data. This modification entails an 

orthogonalization of all variables and a subsequent imposition of the model-implied 

correlation matrix. If α > 5 % of the bootstrap samples yield discrepancy values above 

the ones of the actual model, it is not that unlikely that the sample data stems from a 

population that functions according to the hypothesized model. The model thus cannot 

be rejected. Table 5.78 summarizes the hypotheses results and address the research 

questions. 
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Table 5.78 Research question & hypotheses results 

Research Questions Research hypotheses Findings 

Question 1: What is the relationship 

between the SCI and SCE? 

(H1) → Supply chain efficiency is 

positively influenced by supply chain 

integration. 

Accepted 

Question 2: What is the relationship 

between the SCI and PER?  

(H2) → Supply chain integration has 

significant positive influence on 

organization performance 

Accepted 

Question 3: What is the impact of 

DIS (selective disintegration) on 

SCE??  

(H3) → Selective disintegration has 

significant positive influence supply 

chain efficiency 

Accepted 

Question 4: What is the impact of 

DIS on PER?  

(H4)→Selective dis-integration has 

significant positive impact on 

organization performance 

Accepted 

Question 5: Is SCE directly linked to 

PER? 

(H5) → Supply chain efficiency has 

significant positive influence on 

organization performance. 

Not 

accepted 

Since the integration efforts involve huge amount of costs (O’Leary-Kelly & 

Flores, 2002 and risks (Fabbe-Costes & Jahre, 2008), it is important to inform 

managers precisely which SCI efforts are effective under specific environmental 

conditions. 

5.12.7 Discussions of SEM and Hypotheses Testing Results 

This research work is a first of its kind conducted on the SCI and DIS principles. The 

examination of the theoretical or conceptual model using SEM and hypothesis tests 

has been conducted through a series of PLS-PM statistical methods. The results 

reported under different headings in the above. To recapitulate the conclusion that, out 

of 5 hypothesized relationships 4 displayed significant results (Hypotheses 1, 2, 3 and 

4) at <0.05 level, 5th hypothesis was not empirically supported (Hypothesis 5). The 

final PLS structural model exhibited good fit to the data even though data collection 

was not overwhelming.  
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The available data, though small size, but aptly fit into the proposed conceptual 

model. However, the statistical significance and fitness of the data set into the model 

does not make any research work complete in all aspects. The results required to be 

compared with results of earlier studies undertaken on similar aspects in different 

countries with different background and different variables, to arrive at a meaningful 

inference. This shall lead to good indulgent of the subject matter under examination 

and detection of some new casual relationships. 

The implications of the results vis-à-vis the reference literatures for comparison of 

each hypothesis are discussed as follows. 

Hypotheses of the supply chain integration has a positive influence on supply 

chain efficiency and organization performance. 

(H1) Ÿ Supply chain efficiency is positively influenced by supply chain integration.  

(H2) Ÿ Supply chain integration has a significant positive influence on 

organizational performance 

Hypothesis H1 is empirically supported and this establishes that, Supply Chain 

Integration (SCI) has a positive and significant influence on Supply Chain Efficiency 

(0.441). Leuschner et al., 2013 have done a comprehensive, quantitative and 

integrative review of empirical research linking SCI to organization performance and 

found a positive and significant correlation between SCI ad PER. Lambert, 2008 has 

indicated that, the integration of key business processes across the supply chain is 

necessary for the purpose of creating value for customers and stakeholders to improve 

supply chain performance. This research has provided an empirical back-up to support 

Lambert’s investigation. Swafford et al., 2008 have investigated the relationship 

among IT integration, SC flexibility, SC agility and business performance. Their work 

reveals the supply chain performance is the cumulative effect of the stated events. In 

their study, Sukhati et al., (2012) have found out the existence of a significant 

relationship between supply chain competence and supply chain performance. Their 

study has drawn a relation between supply chain efficiency to supply chain 

competence. In the same study, they have indicated that, supply chain integration 

exerts 13% impact of supply chain performance of Malaysian manufacturing firms. 
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Flynn et al., 2010 have demonstrated the positive association between supply chain 

integration, supply chain efficiency and organization performance. However, most of 

these studies are on discrete manufacturing industry perspective in contrast to the 

focus area of this research which is on the best supply chain practices in process 

industries. 

This research has empirically tested the direct relationship between SCI and PER. 

In this research it is established that, SCI significantly and positively affects PER 

(0.650); many authors have shown pro-integration interest (Prajogo & Olhager, 2012; 

Flynn et al., 2010; Villena et al., 2009; Carter et al, 2008; Devaraj et al., 2007; 

Koufteros et al., 2005) and have found that, a high degree of internal integration 

activities is essential for empowerment of supply chain, which develops the 

competitive capabilities of the organization. In their study, He et al., 2014, Koufteros 

et al., 2010, Devaraj et al., 2007, Das et al., 2006, Vereecke & Muylle, 2006 and 

Frohlich & Westbrook, 2001 have found a positive significant relation between SCI 

and PER. 

This research has presented an empirical test results to demonstrate the significant 

and positive impact of SCI (supply chain integration) on SCE (supply chain 

efficiency) and PER (organization performance). Based on the structural equation, 

this research has argued that, SCI should be aligned together with organizational 

performance and supply chain efficiency to enable the best operational performance. 

Hypotheses of selective disintegration have a positive influence on supply chain 

efficiency and organization performance 

 (H3) Ÿ Selective disintegration has significant positive influence supply chain 

efficiency. 

(H4) ŸSelective dis-integration has significant positive impact on organizational 

performance. 

The significant and positive impact of selective disintegration on supply chain 

efficiency (0.339) and organization performance (0.215) was established through 

structural model. 
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 The results of this research are consistent with theoretical analysis of Bask & 

Juga, 2001. Their finding reveals that supply chain integration is best described as a 

cycle: a cycle of integration and selective disintegration. Bagchi et al., 2005 have 

found an interesting and surprising finding from their survey that, the significant 

negative correlation between the length of relationship with suppliers and 

performance measures such as total logistics costs, onȤtime delivery and rate of return.  

In a comparatively recent study Leuschner & Charvet, 2013 have found that, the 

impact of SCI on business performance, which is generally associated with revenue 

generation and profitability, is not significant. Wu et al., 2006 have shown that usage 

of IT enabled supply chain process does not guarantee an enhanced organizational 

performance. In their study, He et al., 2014, Koufteros et al., 2010, Devaraj et al., 

2007, Das et al., 2006, Vereecke & Muylle, 2006 and Frohlich & Westbrook, 2001 

have found a positive significant relation between SCI and PER. There are few 

authors who have different views because they have not found a direct association 

between SCI and PER (Droge et al., 2012; Stank et al., 2001). Therefore, considering 

the results of this research with other SCI research, it can be claimed that, such mixed 

results can be justified by examining the impact of selective disintegration on supply 

chain efficiency and organization performance. This research has examined the effect 

of integration and presented selective disintegration for better supply chain efficiency 

and organization performance. 

As organizations are trying to focus on their core competencies and becoming 

more flexible, they are attempting to reduce their ownership of distribution channels 

through this process. Certain non-core functions are increasingly being outsourced to 

other firms who can perform better and cost effective work. The effect is to increase 

the organizations involvement in satisfying customer demand, while reducing 

managerial control of daily logistics operations. Less control and more supply chain 

partners lead to the creation of the concept of lean and agile SCM. 

Hypothesis of supply chain efficiency has a positive direct influence on 

organizational performance 

(H5) Ÿ Supply chain efficiency has significant influence on organizational 

performance. 
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The path between supply chain efficiency and organization performance did not 

show significant result (0.122 as the p value resulted > 0.05). The result did not 

support the original hypothesis that supply chain efficiency directly influences 

organization performance. 

Leuschner & Charvet, 2013 have demonstrated impact of SCI on organization 

performance, which is generally associated with revenue generation and profitability, 

is not significant. Though, Wu et al., 2006 have shown that usage of IT enabled 

supply chain process does not guarantee an enhanced organizational performance, but 

a number of studies have favored IT-enabled supply chain efficiency for positive 

organizational performance (Prajogo and Olhager, 2012; Flynn et al., 2010; Villena et 

al., 2009; Carter et al, 2008; Devaraj et al., 2007). 

As already discussed that, path coefficient is data sensitive and therefore, the 

above result could be of small data size for this research. Yet, with this information, if 

the paths between SCI → PER and DIS → PER are removed, that improves the path 

coefficient between SCE → PER as shown in Fig 5.39. Significant t-value between 

SCE → PER (3.982 at p<0.001) can be observed. 
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Figure 5.39 Significant path coefficient between SCE & PER 

This could imply that, maybe the SCI and DIS have a direct effect on the SCE and 

indirect effect on the PER through an efficient supply chain. Nevertheless, this is not 

discussed in the current research. All the above results show that, the model was 

reasonably consistent with the data and has provided optimal prediction accuracy.  

5.12.7.1 Limitations of PLS-SEM 

There are a few limitations of the PLS-SEM. Hair et al., 2016 found that, the 

technique cannot be applied when the structural model contain casual loops or circular 

relationships between the latent variables i.e. when the model is recursive. Since, the 

PLS-SEM does not have an adequate global goodness-of-fit measure, its use for the 

theory testing and confirmation is limited. In additions, in general, PLS-SEM 



257 

parameter estimates are not finest regarding bias and consistency which is a property 

frequently referred to as PLS-SEM bias. Even though SmartPLS includes some model 

fit assessment criteria, but, these are at very early stage of research and the significant 

values are not implicit yet. 

However, Hair et al., 2016 has observed that, the results either from CB-SEM or 

PLS-SEM usually not very different; so, PLS-SEM can be a good substitution to CB-

SEM. 

5.13 Chapter Summary 

The 5-research hypotheses and theoretical framework were subject to pragmatic 

investigation in this chapter. The research design and methodology was employed in 

this chapter to conduct the investigation. A detailed explanation was presented in this 

chapter on the process of pilot and full-fledged data collection. As a part of the 

analysis process, this research first tested for demographic and descriptive which total 

response rate and non-response bias and determined the demographics which includes 

type of organization and number of employees. After demographic and descriptive 

analysis, the research carried out the required steps for factor analysis. Overall, the 

results indicate that supply chain integration and selective disintegration are both 

necessary to boost supply chain efficiency and organization performance.  

This research thus accomplished the research goal by delving deep into the 

literature review, thorough analysis and PLS-SEM technique. However, the findings 

did not empirically support the direct influence of supply chain efficiency on 

organizational performance.  

The next chapter presents the shortcomings of the research, contributions, 

research implications and recommendations for future research and finally the 

conclusion of the research. 
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CHAPTER 6  

CONCLUSIONS, IMPLICATIONS OF THE STUDY AND DIRECTIONS 

FOR FUTURE RESEARCH 

After accomplishing the research goal in previous chapter, this chapter exhibits an 

outline of the research findings and major contributions, implications for practitioners, 

shortcomings of this research, and recommendations for future research. The 

dissertation ends with a final conclusion which is presented in the chapter too.    

6.1 Research Summary 

The key research finding is that, supply chain efficiency (SCE) and organization 

performance (PER) are both persuaded by supply chain integration (SCI) and 

selective disintegration (DIS). Thus, it is critical to consider SCM as a cycle of 

integration and selective disintegration. 

The oil & gas industry facing the biggest ever operational challenges of the 

century. Aside from rising operational cost, the continuous violence in the Middle 

East, unsteady generation limit of oil makers, the dramatic fall in oil price, long and 

erratic lead-times, demand & supply variations and logistical constraints have set off 

the organizations to center and viably deal with effectively manage the supply chain 

which leads to competitive advantage. These difficulties connected with the elevated 

amounts of risk, has constrained the oil & gas organizations to implement inflexible 

organization structures clubbed with SCI, which is not an advisable combination. 

Moreover, not all supply chain members are cooperative. Information and data 

sharing is important for the success of SC and this has posed another major 
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issue. While knowing that, information and data sharing are closely associated with 

SCE and efficient SC will lead to PER, oil & gas companies are still guarded and 

careful about following them. It was indicated that poor collaboration and information 

sharing could lead to bullwhip effect and which can reduce the organization to 

effectively perform. More so, this will also affect the reactive decision making ability 

of the operational managers. Reactive decision making ability is very important in this 

volatile business atmosphere. Therefore, the significance of the study of SCI comes 

into effect in such environment. 

It has also been noticed that, less attention was given in the academic field in SCI 

and optimization area of oil & gas industries even though the industry is being 

considered as a core sector of the global economy. Especially, in a country like 

Malaysia, oil & gas contributes a significant amount to the nation’s GDP. 

Unfortunately, most of the studies that found are based on discrete manufacturing and 

retail sector. The unpredictable, but at the same time dynamic and essential nature of 

the industry demand more research and provide a unique learning curve for academics 

and practitioners. Academics and practitioners get an opportunity to improve the 

current understandings in supply chain integration (SCI), supply chain efficiency 

(SCE) and organizational performance (PER). For this reason the literature in the area 

of SCI, SCE-supply chain performance or efficiency or competence, PER were 

completely explored to distinguish research gap and figure the theoretical framework 

for this study. 

This research has conducted a pragmatic investigation of the complex causal 

relationship between constructs SCI in the information science domain with SCE and 

PER. The benefits of DIS have been presented in this research which is a unique 

construct in the academic research arena. The essential research questions as stated 

below, have been analytically solved in this research with the help of PLS-SEM.  

Question 1: What is the relationship between SCI and SCE? 

Question 2: What is the relationship between SCI and PER? 

Question 3: What is the impact of DIS (selective disintegration) on SCE? 

Question 4: What is the relationship between DIS and PER? 
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Question 5: Is SCE directly linked to PER? 

A mail survey for oil & gas industries and completed a quantitative investigation 

was used for large scale data collection. Table 6.1 offers a summary of the research 

findings. 

Table 6.1 Survey analysis results 

Research Questions Research hypotheses Findings 

Question 1: What is the 

relationship between the SCI and 

SCE? 

(H1) → Supply chain efficiency is 

positively influenced by supply chain 

integration. 

Accepted 

Question 2: What is the 

relationship between the SCI and 

PER?  

(H2) → Supply chain integration has 

significant positive influence on 

organization performance 

Accepted 

Question 3: What is the impact of 

DIS (selective disintegration) on 

SCE??  

(H3) → Selective disintegration has 

significant positive influence supply 

chain efficiency 

Accepted 

Question 4: What is the impact of 

DIS on PER?  

(H4)→Selective dis-integration has 

significant positive impact on 

organization performance 

Accepted 

Question 5: Is SCE directly linked 

to PER? 

(H5) → Supply chain efficiency has 

significant positive influence on 

organization performance. 

Not 

accepted 

The discussions on the equivocal meaning of constructs and conceptual 

frameworks on the SCI exists in the scholastic literature and have been covered in 

Chapter 2. Most of the empirical research pertinent to system integration and 

information science is essentially centered on the physical parts of IT mix, for 

example, information reconciliation and the system network. There are few studies 

accessible which have endeavored to empirically study the concept of IT integration; 

however, these are not exceptionally engaged and primarily related to the area of 

infra-integration (infrastructure). This research has presented a complete set of 

measurements for business process integration involving IT for strategic reason, 

which can be called business-system integration. The integration framework 

developed in this research considered the internal SCI. The proposed hypothetical 

model was tested using PLS-SEM as a part of this research taking into account the 
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information gathered from 63 top managements and executives. This research has 

offered significant contribution to the understanding of SCI, and presents DIS in the 

supply chain research.  

First, a theoretical framework was developed in this research. The IT related 

indicators or variables for SCI were identified and presented in this research along 

with supply chain efficiency and organization performance indicators. The framework 

developed in this research provides an ingredient for future research. In future, new 

variables and indicators may be added to provide an elaborative understanding of 

information systems integration theory. 

Second, the research provides reliable and valid measurement instruments in this 

research context. The measurement instruments include four constructs: 1) SCI, 2) 

DIS, 3) SCE and 4) PER. The development of these measurement scales should 

encourage future researchers and facilitate theory development in this field. All the 

necessary tests were conducted using extensive statistical analysis. Relevant statistical 

and user friendly software XLSTAT was used to conduct all statistical analysis, such 

as reliability, validity, unidimensionality etc. 

Third, this research offers supporting evidence, selective disintegration and 

provide empirical support to the statement “perhaps supply chain integration is best 

described as a cycle: a cycle of integration and selective disintegration” (Bask & Juga, 

2001). The finding from this research has established the fact that, the selective 

disintegration indeed helps improving the supply chain efficiency and the 

organization performance. 

6.2 Research Implications 

The results of this research will have significant managerial and academic 

implications. It has already been noticed that, competition is to compete between 

supply chains and organizations are increasingly acquiring advanced IT to improve 

supply chain performance. System integration is the intonation for success in SCM. 

But there are doubts about the effective integration. The findings of this research 
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assure the practitioners that, it is not just total integration, but effective integration 

brings credible benefits to SCE and PER. This is a highly complex task involving 

multiple stakeholders and IT vendors, different business processes and IT platforms 

and not but the least, this is in production environment. 

6.2.1 Managerial Implication  

The finding has a number of implications for managers. First, it highlights the 

important role business-system integration plays in the functioning of supply chain 

systems. Based upon this finding, the degree and level of integration should be given 

higher priority for supply chain performance. The integration of necessary business 

processes e.g. APO, CPS, EDI, RFID, CRM etc. with SC with the help of IT, would 

result in better SCE and improved PER. However, a few elements of logistics such as 

inventory management (IMS), transport management (TMS) and order management 

(OMS) can be disintegrated to reduce stress on core SC system and to create a lean 

and agile supply chain system.  

6.2.1.1 Implication 1 

Table 6.2 presents an analytical report based on statistical analysis where the 

significance of R-squared (R2) is reported. R2 is also known as the coefficient of 

determination and a statistical measure of how close the data are in the fitted 

regression line. 
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Table 6.2 Significance of R squared 

 R2 
R2 

(adjusted) 

Sample 

mean  
(STDEV) t statistics      

p 

values 

PER 0.466 0.547 0.210 0.088 5.292 0.000 

SCE 0.394 0.423 0.452 0.099 3.964 0.000 

It can be seen from Table 6.2 that, almost 39% of SCE is contributed by SCI and 

DIS combining together; 46% of organizational performance is contributed by SCI 

and DIS combining together. Therefore, managers should be aware of the significance 

of selective disintegration from business standpoint and SC perspective. In theory SCI 

is an optimization process and likely to improve overall efficiency and in turn 

organization performance. This research suggests that, in practice selective 

disintegration would enhance the optimization process and improve overall 

performance. Supply chain integration and selective disintegration combined together 

with improve supply chain efficiency in terms of ensuring on-time delivery (OTD), 

improving supply chain cycle time (SCT), productivity (PRD) and stock-out situation 

(SOS) and reducing supply chain cost (SCT). The overall effect on organization is 

that, the organization’s sales growth (SGT) improves, which as a result enhance 

market share (MKT) and a competitive (COM) organization.  

6.2.1.2 Implication 2 

Another thought-providing outcome is the table of total effects (Sanchez et al., 2013). 

Each construct has on the rest of constructs in the inner model is presented in this 

table. The direct effects = path coefficients. The impact of one construct on another 

through an indirect path cause indirect effect. The total effects are the sum of both the 

direct and indirect effects. Table 6.3 reports the total effect of independent variables 

SCI and DIS on dependent variables SCE and PER.  
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Table 6.3 Total effects results 

##  Relationship Direct Indirect total  

## 1 SCI→SCE 0.441  0.441 

## 2 SCI→PER 0.650 0.054 0.704 

## 3 DIS→SCE 0.339  0.339 

## 4 DIS→PER -0.215 0.041 0.174 

## 5 SCE→PER 0.122  0.122 

 

The results reported in Table 6.3 are explained below,  

¶ SCI positively influences SCE by 44%, which provides an empirical support 

to accept and support the hypothesis that SCI has significant influence on SCE 

(H1). 

¶ SCI positively affects PER by 70%, which provides an empirical support to 

accept the hypothesis that SCI has a significant effect on PER (H2). 

¶ DIS positively influences SCE by 34%, thus provides an empirical support to 

accept the hypothesis that, DIS has significant influence on SCE (H3). 

¶ The direct effect between DIS and PER appeared negative but the total effect 

appeared moderate (> 0.15). Therefore, DIS has a moderate effect on PER by 

17.4%, which serves as a testimony to accept the hypothesis that selective 

disintegration has a substantial effect on organizational performance (H4). 

Fig 6.1 & 6.2 displays the histograms which, clearly show the vibrations towards 

PER in both the instances wherein for SCI the effect is higher compared to DIS. 
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Figure 6.1 Histogram (DIS & PER relationship) 

 

Figure 6.2 Histogram (SCI & PER relationship) 

6.2.1.3 Implication 3 

Nevertheless, standard PLS-SEM analyses provide information on the comparative 

importance of constructs in explaining other constructs in the model. Information on 

the importance of constructs is relevant for drawing conclusions. The importance-

performance matrix analysis (IPMA) extends the results of PLS-SEM by taking the 

performance of each construct into account, which includes the actual importance and 

performance of each construct (Ahmad & Afthanorhan, 2014). As a result, 

conclusions can be drawn on two dimensions (i.e., both importance and performance), 

which is particularly important to prioritize managerial actions.  

Therefore, the IPMA analysis of path modelling was carried out in order to 

identify the possible areas that need to be addressed and improved with management 
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activities. Specifically, by assessing IPMA the impact of LVs with a relatively high 

importance and relatively low performance of a particular endogenous latent variable 

would be identified (Hock, Ringle, & Sarstedt, 2010). Subsequently, IPMA results 

provide managerial insights to address and improve the identified areas with high 

importance and low performance (Schloderer et. al., 2014). Below Table 6.4 presents 

the results of IPMA. 

Table 6.4 Importance-Performance Matrix Analysis 

Constructs 
Total effects 

(Importance) 
Unstandardized effect 

Index value 

(Performance) 

 Organization performance (PER) 

DIS 0.339 0.160 73.312 

SCI 0.441 0.645 75.142 

 Supply chain efficiency (SCE) 

DIS 0.215 0.239 73.312 

SCI 0.650 0.309 75.142 

  

It is evident from the total importance value that, though SCI leads the way to 

SCE, however, DIS is an important criteria to optimize the SCE.  

6.2.1.4 Implication 4 

The bar charts displayed in Fig 6.3 & 6.4 are based on the outer model loadings of the 

constructs SCI, DIS, SCE and PER. These clearly shows the significant role of the 

variables based on their importance related to each constructs. It can be seen that, 

CPS, POS, APO and RFI are the frontline loadings in SCI, which shows their 

importance in SCI. Likewise, TMS &IMS are two important variables in DIS. 
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Figure 6.3 SCI & DIS variables outer loadings 

 

Figure 6.4 SCE & PER variables outer loadings 

The cycle time (SCT), cost (SCC) & delivery (OTD) of supply chain efficiency 

variables have shown substantial improvements. Subsequently organization 

competency (COM) has shown improvements too with selective disintegration. 

Therefore, evidence suggests that, cycle time, on-time delivery and cost are the 

essential components of efficient supply chain with respect to supply chain 

integration. Organization’s competitive advantage is the most important variable to 

measure organization performance with respect to integrated supply chain. 
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6.2.2 Conclusions from managerial implications 

This research finds the key variables of SCI in the information science domain. 

Previous studies reported mixed results of SCI on PER. The role of IT in integration is 

undisputed but many organizations still using IT for infrastructural and operational 

functions, but not for strategic use. Though, the awareness is improving and many 

organizations have realized the significance of adopting IT for strategic purpose, but 

mostly just focus on part of technologies without knowing what to implement.  

However, the context of this research is effective SCI and the findings from this 

research demonstrate to the managers that, to accomplish complete benefits, strategic 

integration should be a high priority. Not just integration, but strategic integration 

provides a full benefit for effective SCM and ultimately improved performances. 

Nonetheless, managers, particularly in fast changing organizations, may need to 

revisit supply chain designs every few years, in parliamentary procedure to avoid 

misfit and performance loss (Donaldson, 2006). 

This research concluded that, the three essential components of logistics (TMS, 

OMS and IMS) can be disintegrated from core supply chain system for improved 

functioning of supply chain. This selective disintegration, not only improves SCE but 

positively contribute to PER.  

Oil & gas is playing a dominant role in Malaysian economy. The downstream 

activities including refining contributes substantial amount to Malaysian economy. 

The Malaysian oil & gas outlook reports unlikely growth in production beyond 

current levels although the downstream marketing are likely to also show at least 

modest growth levels. An efficient supply chain are closely linked to the broad 

economy and therefore will help Malaysia to be a regional hub for downstream 

marketing activity. 

6.2.3 Academic Implication  

This research contributed to the SCI literature in many significant ways. This research 

provides a complete set of measurements for SCI involving IT and business 

processes. The proposed theoretical model was tested using PLS-SEM based on the 
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data collected from 63 top supply chain managers from oil & gas and related process 

industries. Findings from this research contributes to the understanding of SCI 

research in a number of ways.  

¶ The first implication of this research is the potential of simplifying the result 

of assembling all the key variables that mentioned in other related literatures 

in one model. 

¶ With the introduction of selective disintegration as a new instrument along 

with SCI, SCE and PER, the research offers ideas to the SCI literature.  

¶ The second contribution lies in finding the internal SC integration variables. 

This is one of the few empirical efforts to systematically examine the 

performance effect of SCI from both a contingency and a configuration 

perspective. The findings provide preliminary evidence of the links between 

SCI & SCE, SCI & PER, without which organizations are unable to reap the 

full benefits of their SCI efforts. 

¶ The third contribution originates from covering the SCI literature by 

enlightening the significance of SCI practices across oil & gas industries in 

Malaysia. Malaysia plays an important role in global supply chains and many 

Fortune 500 firms have built their manufacturing bases here. Effective SCI can 

make Malaysia companies attractive SC partners. Malaysian organizations can 

improve their operational and financial performance through enhancing their 

internal integration. 

¶ The fourth contribution derives from logistic functions in a SC which is very 

critical, expensive and directly linked to organization profit. Thus, a careful 

estimation is needed to disintegrate logistics elements. This research has used 

some variables to develop the disintegration constructs. Future researchers 

might want to utilize these measures to study the factors affecting SC 

performance and PER. The SCI measures are useful to researchers who are 

who are keen on considering the effect of SCI on the strategic variables such 

as supply chain performance and organizational performance. 
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6.3 Shortcomings of Research 

There are a few shortcomings encountered while conducting this research which 

could not be controlled. These are presented below- 

1. First, since the data were primarily collected from oil & gas industries, some 

measurement inaccuracy may be generated. Future studies can broaden the 

research scope by collecting data from all supply chain partners, including 

manufacturers and their customers and suppliers. 

2. Second, although this research provides some interesting findings about the 

relationship between SCI and supply chain efficiency & organization 

performance in Malaysia, it is not clear whether these relationships will be the 

same in other contexts. As with most research, generalization beyond the 

sample frame must be undertaken with care. The findings may be limited to 

the institutional and business culture context of Malaysia, since it could be 

argued that different relationships between SCI and organization performance 

might exist in alternative settings. Future research should examine cross-

cultural differences in the relationship between SCI and organization 

performance, and include national-level factors such as economic 

development, social norms and business cultures in an integrated analysis. 

3. Third, the individual respondents such as SC managers and top management in 

an organization were asked to respond to complex and highly technical 

information systems integration issues, SCE and PER. It was realized during 

the course of the interview that, there is a lack of awareness and knowledge of 

the entire SC for one person. Therefore, the use of single respondent responses 

may generate some measurement inaccuracy. Therefore, questionnaire can be 

more simplified for easy understanding of the respondents. An English and a 

statistician can be included during content validating stage to improve the 

questionnaire and statistical validation. 

4. Fourth, although PLS is known for its capability of handling small sample, 

there is no proof that, it manages to provide the result similar to Covariance 

based-SEM (CB-SEM) in a large data set. Prior research suggests that a 
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sample size of 100 to 200 is usually a good starting point in carrying out path 

modeling; meaning that path modeling, including PLS-SEM needs at least 100 

data to conduct the particular analysis and CB-SEM is much better in handling 

large sample size (Hooper et al., 2008; Vinzi et al., 2010; Hwang et al., 2010; 

Wong, 2010). Therefore, future research in similar context, need more effort 

to collect more samples. 

5. Fifth, the length of questionnaire and multiple survey (qualitative and 

quantitative) from the same respondents could be a reason for low response 

rate. In light of the time limitation of top management, SC managers and 

executives are unrealistic to take an interest in the protracted study. This issue 

can be tended in the future research by reducing the number of questions in the 

questionnaire and concentrating the focus of the questionnaire to the areas 

requiring further clarification.   

6. Finally, this research has used EFA for data analysis and hypotheses testing. 

However, though PCA with varimax rotation and KMO are the norm, but they 

are non-optimal and EFA is an error prone procedure, even at large sample 

size (Osborne, 2014) and a mass of researchers think that, EFA is not 

contrived to test the theories. Future research may use confirmatory factor 

analysis to obtain research goal. 

6.4 Recommendation for Future Research 

The testimonials for future research are proposed in below points- 

1. Definition and estimation items ought to be refined in view of the 

consequences of the estimation model investigation. Future examination ought 

to utilize minimal measures of parsimony. Since the adequacy of an estimation 

scale originates from its generalizability, the estimation scales created through 

this research ought to be reevaluated in a future examination by utilizing the 

comparative reference populaces. 
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2. Future research may explore the Measurement invariance or measurement 

equivalence tests. Measurement invariance or measurement equivalence is a 

statistical property of measurement that indicates that the same construct is 

being measured across some specified group. The measurement instruments 

developed in this research can be used to test for Measurement invariance or 

measurement equivalence within an organization, across different size of the 

organization and across organizations having different supply chain structure. 

3. For data collection, knowing the difficulties involve to collect longitudinal 

data, future research may explore longitudinal survey to reduce measurement 

error. Future research may explore multiple respondents from each 

participating organization. 

4. Future studies should look into reducing the number of open ended qualitative 

questions to maximum 10 to qualify as robust research. 

5. The hypothesized structural relationships across industries and across 

countries should be examined by future research. The across countries study 

will offer country-specific integration issues in the supply chain context. The 

cross industry study may offer industry-specific structural relationships and 

invariance of structural relationships across industries. The point to be noted 

here that, adequate sample size is required for such study.   

6. Future studies may consider introducing some functional and operation 

variables into the model, such as organizational size in terms of revenue, 

management structure in terms of state owned or privatized and structure of 

supply chain in terms of logistics management. For example, it will be 

interesting to investigate how supply chain integration practices differ with the 

size of the organization. It will also be interesting to examine the impact of the 

supply chain structure in terms of the length of the chain, organization’s stand 

point in the supply chain etc. on supply chain integration and performance. 

This research indicates that SCI with the help of IT plays an important role to 

improve PER. This research has identified the degree of integration required 

for successful and efficient supply chain. Organizations normally invite a 3rd 

party software house or system integrator to implement supply chain systems 
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and integrate with organizations internal processes. There are quite a few 

challenges exist in such scenario such as the credibility of the implementation 

partner, commitment towards the implementation, understanding of the 

organization’s vision and the business processes etc. to name a few. These 

may be addressed in future research.  

a. In this research, composite measures were applied to represent each 

construct, and the structural model was tested using SmartPLS v3.0. 

However, the strength and nature of relationships among sub-

constructs across variables may vary. For example, it is certain that 

both SCI and DIS play critical roles in affecting PER and SCE. 

Detailed question like which SCI factors have more impact on 

efficiency and performance, or which variables of SCE (i.e. Cost, cycle 

time, delivery, stock-out situation, etc.) influence competitive 

advantage, sales growth, market share; which factors in the existing 

supply chain causing overload and thus affecting the whole chain 

system etc. can be added. Furthermore, numerous alternative models of 

structural relationships can be explored by assessing the relationships 

at the sub-construct level to establish a more meaningful findings for 

the strategy makers.   

7. In accordance with Borsboom et al. 2003, future research can expand the 

current theoretical framework by introducing formative order assessment. 

However, the process for establishing formative latent variables is not widely 

known, especially in SCI research field. This is due to the limited use of 

formative constructs in information system research. Freeze & Raschke, 2007 

found that, only 6% of the constructs reviewed were specified as formative.  

8. Finally, future research may use the CB-SEM and relevant fit indices to 

establish the model fit and test the hypotheses. 

The topic of SCI is still in at an immature stage and thus, there are many 

opportunities for future research in this area. The researchers and academics are 

advised to take up these challenges and come out with the more empirical 

investigation in this area. 
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6.5 Summary  

This research has attempted a far reaching SCI appraisal keeping the research 

questions as an organized rule. The research led to the degree of business system 

integration in oil & gas industries and facilitate in producing a lean and agile supply 

chain system linking organizational performance. The results are translated in a 

logical and easily way in this dissertation. The major outcome of the research 

indicates that SCE and PER are both persuaded by SCI and DIS. Hence, practicing 

supply chain managers should review and reassess their value streams to the 

advantages of themselves and their supply chain members. The proactive acceptance, 

implementation and effective utilization of necessary advanced IT systems, such as 

ERP (enterprise resource planning), EDI (electronic data interchange), RFID (radio 

frequency), CRM (customer relations management) and APO (advanced planning and 

optimization) and the alignment of IT philosophies, patterns and practices among 

supply chain members should result in better SCI. However, logistics is an important 

function in SC and some elements such as inventory management system (IMS) and 

transport management system (TMS) can be disintegrated to reduce stress on core SC 

system and to create a lean and agile SC. 

 This research has provided threefold contribution. First, it offers a unique 

topology, which groups all the different possible IS related applications connected 

with supply chain to form SCI and highlights their impact on SCE and PER. Second, 

this research takes into account the main challenge faced by the Chief Information 

Officer and SC Heads and provides relevant clues to foster rational selection of IS 

application integrated with SC system and improve the success of SC optimization. It 

is definitely a recent topic because of the growing pressure of clients on the IT 

vendors and in the general context of financial pressure that tend to kill a lot of 

innovative Information Technology projects. Finally, the findings from this research 

are significant for SC managers and decision makers, since the findings offer insights 

on SCI strategies. Therefore, somehow opposite to viewing SCI always as 

performance booster, this research recommends that, downstream SCI should be 

looked as a cycle of integration and selective disintegration. 
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In theory, integration has always been considered as a tool for optimization and 

performance enhancement. The investigation conducted in this research encompasses 

the current understanding of system integration within the context of SC and provides 

an empirical work to offer research agendas that can invigorate future researchers to 

carefully research the issue. Moreover, pragmatic investigation on benefits of 

selective disintegration has opened up new variables to the key decision makers.  

This research may look confined from the point of empirical basis, yet it meets the 

principles of good believability and the outcomes give some useful ramifications to 

the oil & the gas industry on how they are standing in respect to SCI 

Limitation of studying complex phenomena with elements like data collection, 

relevant experts who have expertise in the entire SC (mostly centered on their own 

work and neglect the broader picture throughout the SC) can be seen.  The research 

also limited to one particular flow (downstream). A future study combining upstream, 

midstream and examining other industries like manufacturing, retail, etc. may be 

useful for next generation intelligent SC. The organization should also measure the 

intrinsic value of the process & data and decide whether disintegration will give more 

agility to business.  

SCI is a formidable task. Research on the integration of the SC is almost as 

formidable as the tasks involved in integrating the actual SC. This research makes a 

contribution by identifying the key variables that should be considered. Researchers 

are encouraged to take the next steps by testing the propositions from this research 

and extending those propositions through the introduction of additional constructs. 

Yet, the integration of various frameworks, there are a few future difficulties for the 

logistics, which require more connected examination for execution. The requirements 

for real-time information is increasing from data accuracy to material flow. RFID 

system has the possibilities for automated real-time traceability process. Evolving 

logistics network architectures require flexible IT systems that are easily inter-

connectable, but also fast to change whenever require. 

It ought to be remembered that, the best practice studies are not without slander. 

Foggin et al., 2004 and Laugen et al., 2005 have indicated that, it is impracticable to 

cover all the factors or practices that influence performances in the best practice 
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studies. Moreover, no scientific studies are everlasting and require persistent 

assessment. Having said so, this research has demonstrated a crisp new thought with 

empirical backing to enhance SC network proficiency and in this manner has 

accomplished the research objective. It should be noted that, SCs are dynamic systems 

that have to constantly acclimatize to remain competitive in the current business 

scenario, thus there is always a challenge to manage and improve SC. 
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Appendix A 

Qualitative survey to validate selective system disintegration- "Selective System Disintegration 

Enhances Supply Chain Efficiency and Organizational Performance" 

 

Dear Sir / Madam, 

 

My name is Sarit Maitra and I am a graduate student at University Technology Petronas. For my final 

project, I am examining “SELECTIVE SYSTEM DISINTEGRATION ENHANCE SUPPLY CHAIN 

EFFICIENCY AND ORGANIZATIONAL PERFORMANCE”. My research is focused on oil & 

gas/refinery/petroleum/ petrochemical industries downstream supply chain flow. Because you are one 

of the member in supply chain who has sufficient knowledge on supply chain system and business 

processes, I am inviting you to participate in this research study by completing the attached surveys. 

Your valuable inputs will help me to design research framework. 

 

There is no compensation for responding nor is there any known risk. In order to ensure that all 

information will remain confidential, please do not include your name. Copies of the project will be 

provided to my instructor (Dr. P D D Dominic, Associate Professor, Computer and Information 

Sciences Department, Universiti Teknologi PETRONAS, Bandar Seri Iskandar, 31750, Tronoh, Perak, 

Malaysia) . If you choose to participate in this project, please answer all questions as honestly as 

possible and return the completed questionnaires promptly. 

 

Participation is strictly voluntary and you may refuse to participate at any time. The data collected will 

provide useful information regarding supply chain system and system integration.  

 

The goal of this project is to develop and execute a research project to study system integration in the 

oil and natural gas industry, and how an efficient supply chain can be used to gain advantage.  The 

project at this stage examining an existing supply chain workflow in the industry, investigate and 

identify variables that cause an overload and can therefore be disintegrated from the distribution 

process. There are dependent and independent variables integrated with supply chain system. Project 

targets selective disintegration and will propose the degree of integration required for efficient supply 

chain. 

 

Information from oil & gas/refinery/petroleum/petrochemical, chemical or other process industries will 

be highly useful for this survey. 

 

The answers will be used to identify variables which are causing overload on supply chain system and 

can therefore be disintegrated from the distribution process. Thank you for taking the time to assist me 

in my educational endeavors. 

 

If you would like a summary copy of this study please request in separate email. Completion and return 

of the questionnaire will indicate your willingness to participate in this study. If you require additional 

information or have questions, please contact me at the number listed below. If you are not satisfied 

with the manner in which this study is being conducted, you may report (anonymously if you so 

choose) any complaints to the Computer and Information Sciences Department, Universiti Teknologi 

PETRONAS, Bandar Seri Iskandar, 31750, Tronoh, Perak, Malaysia. 

 

Sincerely, 

 

(Student-Sarit Maitra, email: saritmaitra@hotmail.com) 

 

(Instructor’s Name- Dr. P D D Dominic, e-mail: dhanapal_d@petronas.com.my) 

 

P.S. All confidential data will be securely stored and protected to the extent required by law. Data will 

be accessible only by research team members and will be destroyed 5 years following the end of this 

study. 

 

The project at this stage examining an existing supply chain system in the industry, investigating and 

identifying variables that cause an overload and can therefore be disintegrated from the distribution 

mailto:saritmaitra@hotmail.com
mailto:dhanapal_d@petronas.com.my
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process. There are dependent and independent variables integrated with supply chain system. Project 

targets selective disintegration and will propose the degree of integration required for efficient supply 

chain management. 

 

 

 

1. Please describe your position and role. 

2. In thinking about your supply chain, please describe what information technology (IT) 

solutions you use. 

3. What specific software does your company use to promote an efficient supply chain? 

4. What is your involvement in making the decisions about which software solutions are used? 

5. What factors do you consider when making software and IT related decisions? 

6. Which software and IT solutions do you believe have the best effect on increasing your supply 

chain performance? 

7. Which, if any, software or IT solutions do you believe are unnecessary? 

8. What lead to the implementation of these (referring to the unnecessary software) solutions? 

9. How do you or your company determine whether or not a solution is effective? 

10. What factors are most important to you and your company when looking for IT solutions? 

11. What factors are not important to you and your company when looking for IT solutions? 

12. For your company, what aspects of IT integration have been helpful in increasing the supply 

chain efficiency? 

13. What aspects of IT integration have been unhelpful in increasing the supply chain efficiency? 

14. What methods of IT dis-integration or semi-integration have you or your company used? 

15. In relate to above question (15), which were effective? 

16. In relate to above question (15), which were in-effective? 

17. What factors lead to making the decision to disintegrate technology? 
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Appendix B 

Qualitative Survey 

 

 

 

 

 

 

 

 

 
Selective disintegration has positive influence on supply chain efficiency and organization 

performance. 

 

Dear Sir /Madam, 

This survey is being conducted by Sarit Maitra, a Ph.D. candidate, The Universiti Teknology 

PETRONAS This research will study the effect of Supply Chain Integration and supply chain 

optimization practices of a firm on an organization’s Supply Chain Efficiency and Competitive 

Advantage. We hope to determine selective disintegration will offer competitive benefit to downstream 

oil and gas business and add to supply chain efficiency and organization performance. Please answer 

all questions. There is no right or wrong answer. Please provide your best estimate. If you would like to 

get a copy of the executive summary of results, please provide information requested on the last page 

of the questionnaire. If you have any question, please contact: 

 

Sarit Maitra 

Computer and Information Science Department 

Universiti Teknology PETRONAS 

Badar Seri Iskandar, 31750, Tronoh, Perak, Malaysia 

Sarit.maitra@gmail.com  

Phone: 998 738 7808 

 

 

(Instructor’s Name- Dr. P D D Dominic, e-mail: dhanapal_d@petronas.com.my) 

P.S. There is no compensation for participating nor is there any known risk. The data provided by you 

is strictly confidential in nature and is purely for academic research purpose. In order to ensure that all 

information will remain confidential, please do not include your name. Copies of the project will be 

provided to my instructor (Dr. P D D Dominic, Associate Professor, Computer and Information 

Sciences Department, Universiti Teknologi PETRONAS, Bandar Seri Iskandar, 31750, Tronoh, Perak, 

Malaysia). 

mailto:Sarit.maitra@gmail.com
mailto:dhanapal_d@petronas.com.my
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Appendix C 

1. What does supply chain integration mean to you?  

2. In your opinion, what are the key drivers for supply chain integration?  

3. Out of 3 broad system integration techniques (data warehousing, ERP and EAI-enterprise 

application integration) which one your organization is using and is there any specific reason for 

using so?  

4. What all enterprise systems and business processes are integrated with the supply chain in your 

organization?  

5. Supply chain is closely integrated with the internal functions within the company and closely 

linking them with external operations of suppliers, customers, and other channel members. Degree 

of integration often varies from company to company depending on a number of factors and 

company objectives. In your organization, which are the processes tightly or loosely integrated 

with supply chain?  

6. In your knowledge, how much systems integration is needed to get business integration? 

(Description- System integration is a process of creating a complex information system that may 

include designing or building a customized architecture or application, integrating it with new or 

existing hardware, packaged and custom software, and communications. Most enterprises rely on an 

external contractor for program management of most or all phases of system development. Business 

integration-Businesses depend on a very complex and heterogeneous mix of information. Establishing 

a supply chain requires integrating many different sources of information from many different 

enterprise systems which is business integration) 

7. In your knowledge, how much internal systems or business integration is needed to get external 

systems or business integration? 

8. How do you protect your confidential data/information flow in an integrated environment, 

especially in external integration?  

9. Considering flexibility an important aspect of an efficient supply chain, how ERP integrated 

supply chain is fulfilling that aspect? (ERP is pre-packaged software with limited configuration 

options). 

10. What benefits (if any) you see of un-bundling and disassembling of ERP mega-system with SOA 

(service oriented architecture) for certain applications e.g. order tracking, sales, supply chain 

management etc.?  

11. Do you think that instead of relying on one big ERP, some of the ERP functionality can be broken 

and move to cloud for supply chain flexibility and better performance? If yes, what benefits you 

foresee?  

12. How does your company evaluate the performance of its supply chain? If specific metrics are used, 

please include them in your answer.  
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13. What are your supply chain performance criteria? Example such as reliability, flexibility, supply 

chain response time, supply chain cycle cost etc.  

14. Which of the following systems does your company utilize for supply chain flow? Kindly mention 

if there is any additional processes or systems.  

 

15. Are there any aspects of your supply chain that you believe are too integrated to a degree that 

hinders the operational efficacy? If so, please describe these aspects.  

16. Which are the applications or processes or systems that you think are integrated but not really 

important for supply or distribution planning and thereby can be disintegrated for easier and better 

management?  

17. In supply/ distribution flow, which are the business processes in your organization are vendor 

managed and what is/was your integration strategy for those? (Required answer Examples of 

vendor managed processes are warehouse management, transport management, logistics 

management etc. 

18. If you are using EDI technology, how successful you are so far using this?  

(One of the difficulties in EDI adoption is that its full benefit can be reached only if enough critical 

mass is achieved. To transact EDI messages, one needs to have partners who are willing to adopt EDI. 

Moreover, availability of EDI standards is also a critical factor) 

19. If you have autonomous and heterogeneous software applications that co-exist in company with 

ERP systems, how did you address the integration issues of those?  

20. Considering CRM is integrated with supply chai- is your organization using CRM as software or 

management tool?  

(Unless a company adopts the CRM management philosophy and makes the corresponding changes in 

the company’s business practices (e.g., restructuring sales territories, changing commission systems), 

the software alone is unlikely to produce satisfactory results) 
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21. I have segregated supply chain integration in two parts- scope and layers of integration as shown 

below. Both scope and layers are interconnected in some or other way with each other as shown 

below. Each process below from 1 to 7 will have their subset of processes are integrated with them 

to form a complex web linkage. Which subset of processes in your knowledge is/are not relevant to 

distribution operation in the supply chain? (Subset of processes is not shown here and please start 

from your knowledge the different processes that you know)  

Layers of integration- 1) Supply chain flow integration, 2) business process integration, 3) information 

technology integration, 4) supply chain members integration Scope of integration-5) internal 

integration, 6) external integration, 7) Global integration 

 

22. If you have any suggestions/ advice in respect to supply chain integration and selective 

disintegration, kindly write here.  
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Appendix D 

LARGE -SCALE MAIL SURVEY QUESTIONNAIRE  

 
A SURVEY OF SUPPLY CHAIN INTEGRATION & SELECTIVE DISINTEGRATION TO 

ENHANCE SUPPLY CHAIN EFFICIENCY AND ORGANIZATION PERFORMANCE. 

 

 

General Instructions and Information 

¶ This survey is being conducted by Sarit Maitra, a Ph.D. candidate, The Universiti Teknologi 

PETRONAS  

¶ This research will study the effect of Supply Chain Integration and SCM practices of a firm on 

an organization’s Supply Chain Efficiency and Competitive Advantage.  

¶ We hope to determine selective disintegration will offer competitive benefit to downstream oil 

and gas business and add to supply chain efficiency and organization performance. 

¶ Please answer all questions completely. There is no right or wrong answer. Please provide 

your best estimate.  

¶ If you would like to get a copy of the executive summary of results, please provide the 

information requested on the last page of the questionnaire.  

¶ If you have any questions, please contact: 

Sarit Maitra 

Computer and Information Sciences Department,  

Universiti Teknologi PETRONAS,  

Bandar Seri Iskandar, 31750, Tronoh, Perak, Malaysia 

Sarit.maitra@gmail.com 

Phone: 998 738 7808 

There is no compensation for responding nor is there any known risk. In order to ensure that all 

information will remain confidential, please do not include your name. Copies of the project will be 

provided to my instructor (Dr. P D D Dominic, Associate Professor, Computer and Information 

Sciences Department, Universiti Teknologi PETRONAS, Bandar Seri Iskandar, 31750, Tronoh, Perak, 

Malaysia). If you choose to participate in this project, please answer all questions as honestly as 

possible and return the completed questionnaires promptly. 

mailto:Sarit.maitra@gmail.com
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Participation is strictly voluntary and you may refuse to participate at any time. The data collected will 

provide useful information regarding supply chain system and system integration.  

If you would like a summary copy of this study, please request in separate emails. Completion and 

return of the questionnaire will indicate your willingness to participate in this study. If you require 

additional information or have questions, please contact me at the number listed above. If you are not 

satisfied with the manner in which this study is being conducted, you may report (anonymously if you 

so choose) any complaints to the Computer and Information Sciences Department, Universiti 

Teknologi PETRONAS, Bandar Seri Iskandar, 31750, Tronoh, Perak, Malaysia. 

P.S. All confidential data will be securely stored and protected to the extent required by law. Data will 

be accessible only by research team members and will be used for statistical analysis only. 
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Appendix E 

Type of industry 

 Refinery 

 Petrochemical 

 Chemical 

 Information technology 

 Other process industry 

Number of employees in your organization 

 < 100 

 101- 500 

 501-1000 

 1001-2000 

 2001- 3000 

 3001- 5000 

 > 5000 

Number of years in business 

 3 years - 5 years 

 More than 5 - 10 years 

 More than 10- 15 years 

 More than 15 - 20 years 

 > 20 years 

Following IT models are integrated with supply chain in your organization 

Question instructions: 1 Strongly disagree 2 Disagree 3 neither agree nor disagree 4 Agree 5 Strongly 

agree 

 1 2 3 4 5 

ERP           

EDI           

CRM           
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Collaborative planning and forecasting           

Inventory management system           

Transport management system           

Data warehouse           

In-house system           

Point of sales system           

Radio frequency identification system           

Financial system           

Order management system           

Sales & distribution system           

Following ERP modules are integrated with supply chain system in your organization 

Question instructions: 1 Strongly disagree 2 Disagree 3 neither agree nor disagree 4 Agree 5 Strongly 
agree 

 1 2 3 4 5 

Financials           

Human resource           

Advanced planner & optimizer           

Sales & distribution           

Order management           

CRM           

Data warehouse           

Transport management system           

Inventory management system           

System Integration has a direct impact on the overall supply chain efficiency in your 

organization 

 Strongly disagree 

 Disagree 
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 Neither agree nor disagree 

 Agree 

 Strongly agree 

Supply chain integration improved supply chain efficiency in your organization 

 Strongly disagree 

 Disagree 

 Neither agree nor disagree 

 Agree 

 Strongly agree 

Business system integration in the supply chain is best termed as a cycle: a cycle of integration 

and selective dis-integration 

 Strongly agree 

 Agree 

 Neither agree nor disagree 

 Disagree 

 Strongly disagree 

Disintegrating and moving some functionalities of ERP from core supply chain system to the 

cloud will lead to lean and efficient supply chain 

 Strongly disagree 

 Disagree 

 Neither agree nor disagree 

 Agree 

 Strongly agree 

Following instances of ERP if moved to the cloud will lead to supply chain flexibility, less 

maintenance, less cost 

Question instructions: 1 Strongly disagree 2 Disagree 3 neither agree nor disagree 4 Agree 5 Strongly 

agree 

 1 2 3 4 5 

Order management           

Inventory management           
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Transport management           

Supply chain efficiency is measured through following dimensions in your organization 

Question instructions: 1 Strongly disagree 2 Disagree 3 neither agree nor disagree 4 Agree 5 Strongly 
agree 

 1 2 3 4 5 

Supply chain flexibility           

Supply chain cycle time           

Supply chain cost           

On time delivery           

Stock out situation           

Productivity           

Fulfillment efficiency           

Efficient supply chain lead to positive organizational performance 

 Strongly disagree 

 Disagree 

 Neither agree nor disagree 

 Agree 

 Strongly agree 

Supply chain efficiency lead to your organization performance on following dimensions 

Question instructions: 1 Strongly disagree 2 Disagree 3 neither agree nor disagree 4 Agree 5 Strongly 

agree 

 1 2 3 4 5 

Market share           

Sales growth           

Profit margin           

Overall competitive position           

Return on investment           
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Return on sales           
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Appendix F 

Base Data Settings 

Data File Settings 
 

Data file  63 records 

Missing value marker none 

  
Data Set-Up Settings 

 
Algorithm to handle missing data None 

Weighting vector  - 

  

PLS Algorithm Settings  

Data metric Mean 0, Var 1 

Initials weights 1.0 

Max. number of iterations 300 

Stop criterion 7 

Use Lohmoeller setting? No 

Weighting scheme Path 

  

Bootstrap Settings  

Complexity Complete Bootstrapping 

Confidence interval method 
Bias-Corrected and Accelerated (BCa) 

Bootstrap 

Parallel processing Yes 

Samples 5000 

Sign Changes No Sign Changes 

Significance Level 0.05 

Test Type Two Tailed 

  

Construct Outer Weighting Mode 

Settings 
 

DIS Automatic 

PER Automatic 

SCE Automatic 

SCI Automatic 

 


